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Abstract

This research was conducted to study and classify the physico-chemical
properties of soil, yield components of wheat and to determine the significance of
these parameters on the grain yield formation. In this research, seven statistical
methods consisting of simple correlation analysis (SCA), multiple linear regression
(MLR), stepwise regression (SR), factor analysis (FA), principal component
analysis (PCA), cluster analysis (CA) and path analysis (PA) have been
investigated. The physico-chemical properties of soil, different morphological traits
and wheat yield have been obtained from a field with 250x300 meter dimension
located in Bajgah (with silty clay loam soil) that consisted of 30 samples. Among
statistical analysis performed, MLR has provided more acceptable results. In this
method, among the examined characteristics, five traits i.e., the number of stems
without spikes per plant, biological yield, harvest index, soil soluble potassium and
soil available phosphorus, examined 98.3% of the variations of the yield (P<0.05).
Lack of soil nitrogen effect on yield is due to drought stress conditions in which the
plant growth is less sensitive to nitrogen. Furthermore, the negative effect of
phosphorus on the yield of plant may be due to the inverse relationship between the
soil phosphorus and micronutrient elements on the plant growth. Generally, among
the yield components, biological yield is the most important and effective trait on
grain yield, that has presented a significant contribution in different statistical
methods. For some of the used statistical methods, the measured traits, like length
of spike, the number of spikes per square meter, the number of grains per spike
and harvest index showed positive effects on the grain yield and other traits like
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1000-grains weight, the weight of grain per spike and the number of tillers without
spikes per plant showed negative effects on the grain yield with the highest
correlation. Among different soil nutrition, soluble potassium, phosphorus, sulfate
and available potassium with positive effects and the clay content with negative
effects showed the most correlation with the grain yield.

Keywords: Statistical analysis; Physico-chemical properties of soil; Morphological
traits; Wheat grain yield.

Introduction

In semi-arid regions like Iran, the crops that could be produced without
irrigation are fairly limited and none of these crops are able to get priority
on wheat which is the most important crops in these regions. Therefore,
grain crops, especially wheat in arid and semi-arid regions showed a great
economic importance. The total production of world cereal is 1.8 billion Mg
and the highest amount of that (about 500 to 600 million Mg) is wheat.
Furthermore, in terms of the cultivated area and the annual production,
wheat is primarily important. The mean wheat annual consumption per
capita is 130 kg in the world and 220 kg in Iran.

Texture and structure of soil, available nutrients in soil, the water holding
capacity and hydraulic properties of soil, soil micro-organisms, acidity and
available air in soil are the factors that directly affect the quality and
quantity of produced wheat. Furthermore, the structure of soil causes the
difference in penetration of roots, transmission of water and absorption of
nutrients and consequently affects on the percentage of available protein.
The soil water content has a direct and indirect effect on the growth of
wheat. The direct effect is related to available water around the root that is
absorbed by roots. The indirect effect is related to the characteristics of soil
for plant water and nutrient absorption ability which is dependent on the soil
water content and the spreading of the roots systems. The amount of soil
oxygen is one of the important factors in the growth of the plant. Soil pores,
particles dispersion and physical properties of soil determines the aeration
of soil. The soil water content is one of controller factors of soil oxygen
for plants. Wheat is grown up in clay soils, even in soil with saturation
condition, in comparison to other plant; however, when saturation prolongs,
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it vanishes the growth easily. Neutral and alkaline pH is favorable for
wheat. Therefore, the wheat growth is sensitive in acidic soils. Wheat grows
in clay or sandy soils with enough water content and has satisfactory yield.
Nitrogen, phosphorus and potassium are macro nutrient elements for
wheat growth that must be available in soil. Nitrogen is the first element that
wheat needs it more than other nutrients. In the rain-fed (dry farming)
regions because of weather conditions and low soil organic matter, there is
nitrogen deficiency in most of soils. The reason for this phenomenon is
improper method of cultivation and harvest of crop. Nitrogen fertilizer is
needed for better growth of wheat, grain yield and protein content. By
inadequate supply of soil nitrogen both the yield and quality of wheat
grain is decreased. Phosphorus plays a very important role in vital and
constructional functions of plants. Phosphorus is needed in creation of main
roots, tillering, enhancing the seed weight and the quality of cooking,
formation of carbohydrate in plants. Furthermore, phosphorus results in
increase in nitrogen absorption and resistance of wheat to disease and is a
controller of the negative effect of excess nitrogen. Potassium is another
element that plant needs it and often there is a sufficient amount of K in
heavy soils. Potassium application increases the resistance of plants to frost,
drought, lodging and also it increases the storage of starch. In order to
determine the effects of soil characteristics on wheat yield, extensive studies
have been conducted in all over the world. The results presented the
importance of the studying of the relationship between crops yield and
properties of soil. Therefore, studying and classification of the
physico-chemical properties of soil on wheat yield by using multivariate
statistical methods would be a major step towards increasing grain yield.
Davatgar et al. (2012) analyzed different soil properties by using principal
component analysis (PCA) and fuzzy cluster algorithm. These results
indicated that cluster analysis by reducing within- zone variability provided
an opportunity for farmers to adopt site-specific nutrient management.
Khormali et al. (2007) studied the relationship between soil physico-chemical
properties and tea yield in Lahijan area, Guilan province, Iran. They found
that the soil properties such as organic carbon, total N, clay, carbonate and
exchangeable Mg varied significantly at different slope positions; however,
the tea yield was not significantly different at different positions. Grain
yield is a complex trait that in addition to soil parameters, it depends on the
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other different yield components. We could mention morphologic yield
components that are measured easily and carefully. Yield components have
a lot of mheritability, therefore based on these traits the plant selection
would be a confident and quick way for riddling all of the plants and
improvement of the yield (Yap and Harvey, 1972). Among morphological
characteristics we can name root length, plant height, number of spikes
per unit area, number of seeds per spike, number of fertile tillers per
plant, 1000-grain weight, stem length, spike weight, stem weight, seed
weight per spike.

So far, different models have been proposed to justify the relationships
between these traits and grain yield. Correlation studies between yield and
yield components in bread wheat under drought conditions were done by
Munir et al. (2007) and they concluded that grain yield in the plant has
positive and meaningful correlation with leaf area, number of tillers per
plant, number of grains per plant and weight of grain per plant and 1000-
grain weight. According to various reports, the correlation between grain
yield and 1000-grain weight, number of fertile tillers or spikes per plant,
number of spikelets per spike, number of grains per spike and spike length
is significant (Bahatt, 1973; Bulman and Hunt, 1988; Ledent and Moss,
1979; Mohiuddin and Cory, 1980; Shanahan et al., 1985; Srivatsava et al.,
1971; Virk and Vema, 1972).

Recognition and perception of relations between soil and plant trait and
yield, especially in rainfed conditions, have an extraordinary effect in crop
management. Therefore, in this research seven statistical methods consisting
of simple correlation analysis (SCA), multiple linear regression (MLR),
stepwise regression (SR), factor analysis (FA), principal component analysis
(PCA), cluster analysis (CA) and path analysis (PA) have been investigated
in order to classify the physico-chemical properties of soil and yield
components on wheat yield and to determine the significance of the traits
that are relevant to grain yield.

Materials and Methods
In this research, in order to study the relationship between soil properties,

yield components and grain yield of rain-fed wheat, expertise knowledge
and statistical analysis were used. For performing this research, physico-
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chemical properties of soil and different morphologic characteristics of
rain-fed wheat that have been harvested from a field with 250 mx300 m area
located in Bajgah (with silty clay loam soil) were used. Data consisted of
30 samples obtained from the 1.25 m’ area and the spacing between each
sample was 50 m.

In this field, sardari rainfed local cultivar was planted at a seeding rate of
120 kg ha™' on lines with 0.25 m spacing at second week of November.

Physical and chemical analysis of soil

Soil samples were collected from 0-30 cm depth. After air drying of soil
samples and passing through a 2 mm sieve, some physico-chemical
properties were measured as follows:

* Acidity in saturated paste by pH meter (Thomas, 1996).

* The electrical conductivity of the saturated extract by electrical
conductivity meter (Rhoades, 1996).

* The capacity of soil water saturation determined as difference between the
soil water of saturation and the dried sample weight at 105 °C for 24 hours.

* Sodium and potassium by Flame Photometers apparatus (soluble K with
extraction water from the saturated soil and soil available K extracted by
ammonium acetate with pH=7) (Helmake and Sparks, 1996).

* Measurement of organic carbon by the method of wet ashing (Nelson and
Sommers, 1996).

* Bicarbonate, titrated with sulfuric acid (Loppert and Suarze, 1996).

* Chloride by titrating with silver nitrate (Frankenberger et al., 1996).

* Calcium and magnesium and soluble sulfate (titrating with Na EDTA)
(Richards, 1954)

* Total nitrogen by Kjeldahl (Bremner, 1996)

* Available P by extracting with sodium bicarbonate (Olsen et al., 1954).

* Soil texture by hydrometer (Gee and Bauder, 1986).

Recording the yield components
The yield components of wheat were recorded, included the number of

spikes per plant, number of tillers per plant, number of tiller without spike
per plant, length of spike, 1000-grain weight, number of spikes per m’
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number of grains per spike, grain weight per spike, biological yield (straw
weight + grain weight), harvest index (grain weight / total weight) and grain
yield. Furthermore, the plant density was not very different in different
locations; therefore, it was not considered in the analyses.

Methods of statistical analysis

The effects of every characteristics of soil and yield components on the
grain yield were investigated by seven statistical methods consisting
of simple correlations analysis (SCA), multiple linear regression (MLR),
stepwise multiple regression (SMR), factors analysis (FA), principal
component analysis (PCA), cluster analysis (CA) and path analysis (PA).
Leilah and Khateeb (2005) have explained these statistical methods. All
calculations and statistical analysis was done by softwares: Spss, Minitab
and Path.

Results and Discussion
Simple correlation analysis

The descriptive statistics of all morphologic characteristics of wheat and
physico-chemical properties of soil are summarized in Table 1. The mean of
grain yield is 121.28 g/m’ that has a broader range as well. The values of
variation coefficients (CV) of soil properties showed that the variation
percentage in the area is at least 2.46% for acidity and a maximum of
72.34% for soil chloride. According to the classification given by Wilding
(1985) and the values of variation coefficients, nitrogen and sulfate showed
low variability and other nutritious elements of soil, showed high
variability. The highest variation coefficients of morphologic traits belong
to the number of tillers per plant and the lowest is related to 1000-grain
weight.

The values of simple correlation coefficients among different traits are
given in Table 2. The analysis of correlation coefficients for different traits
with grain yield helps to decide on the relative importance of these traits and
their values as selection criterions (Leilah and Khateeb, 2005). It has shown
that there is a positive and significant correlation at 5% of probability level
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between grain yield and the traits of spike length (r=0.438), number of
spikes per m’ (r=0.883), number of grains per spike (r=0.447), biologic
weight (r=0.908) and sulfate (r=0.374). Also, negative and significant
correlation between 1000-grain weight and grain yield (r= -0.478) indicated
that 1000-grain weight and grain yield have opposed behavior with each
other. This could result from ontogenic relationships between seed number
and weight. The percentage of clay, has a significant negative correlation
with the grain yield as well (= -0.303). However, simple correlation
coefficient between yield and other traits are not significant at the 5% level
of probability. Therefore, the grain yield has the highest correlation with
biological yield. The results of causality analysis in the study of Vrindts
et al. (2003) showed that soluble P (r=0.55) and fine sand (r=0.52) have a
significant correlation with the yield of wheat grain. Also, Vrindts et al.
(2003) achieved in another study, a positive and significant correlation
between grain yield and straw with the soil soluble phosphorus, the
percentage of coarse silt and sand and a negative and significant correlation
with the percentage of coarse silt, clay and potassium. According to Table 2,
salinity has no significant relationship with the yield that it might be due to
the limited range of salinity in this study. Thus, salinity has not appeared as
a negative factor for plant growth. However, it has a positive and significant
correlation with soluble potassium (r=0.394), bicarbonate (r=0.519), plant
available P (r=0.39) and sand (r=0.383) and a negative and significant
correlation with chloride ions (r= -0.422) and silt (r= -0.417). Corwin et al.
(2003) have achieved significantly the correlation coefficients between
electrical conductivity and the yield of cotton (0.53), acidity (0.33), chloride
(0.61), clay (0.76) and saturation capacity (0.77). Kumbhar et al. (1983) and
Mohamed (1999), using correlation coefficients showed that grain weight
per spike, biological yield and number of spike per m’ have a high
correlation with grain yield. These results are similar to our results. Also, in
the study of Aycicek and Yildirim (2006) there was a positive and
significant correlation between the number of grains per spike and the yield.
Since the different relations between yield components with grain yield may
be occurred due to environmental effects on plant growth (Assenge et al.,
2002), therefore, the lack of a positive and significant correlation between
harvest index and grain yield is justified.
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Table 1. Basic statistics [minimum and maximum values, arithmetic mean and standard
deviation (SD)] for the variable.

Variables Minimum Maximum  Mean S,td', C,OG,ff of
Deviation  variation (%)
Number of spikes per plant (X;) 4.32 15.36 7.67 2.70 35.16
Number of stems per plant (X;) 4.03 16.16 8.24 3.03 36.79
:;“;?:;to&;ler with no spike 0.14 3.06 0.60  0.59 98.16
Lengths of spike (X4) 4.72 10.06 6.96 1.05 15.07
1000-grain weight (gr) (Xs) 34.2 46.70 42.34 3.52 8.32
Number of spikes/m’ (Xe) 68 326.40 183.65 54.50 29.68
Number of grains/spike (X7) 11.7 30.60 20.73 4.14 19.96
Weight of grain/spike (gr) (Xs) 0.5 6.50 1.07 1.04 97.11
Biological yield (gr/m?) (Xs) 117 644.00 388.3 137.57 35.43
Harvest index (X0) 0.27 0.57 0.40 0.06 13.94
pH (X11) 7.72 8.51 8.24 0.20 2.46
EC (dS/m) (X1,) 0.21 0.32 0.26 0.03 11.44
S.P (%) (Xi3) 40 49.00 43.93 2.72 6.18
Na (ppm) (X14) 1.4 8.00 4.05 1.92 47.43
K (ppm) (X;5) 2.75 11.50 5.55 2.26 40.76
O.M (%) (X16) 0.36 0.65 0.54 0.08 14.28
HCO;™ (meg/l) (X;7) 3.2 5.20 4.36 0.51 11.66
CI' (meg/1) (Xi5) 7.5 46.00 13.77 9.96 72.34
Ca®*+ Mg* (meg/l) (X) 5.9 9.50 7.75 0.95 12.30
SO4* (meq/1) (Xa0) 3 5.50 4.15 0.66 15.80
T.N (%) (X21) 0.073 0.24 0.12 0.03 29.21
P (ppm) (Xy2) 18 64.00 34.73 10.16 29.26
Kava (ppm) (Xp3) 360 840.00 558.33 120.00 21.49
Sand (%) (X24) 9.56 23.44 15.61 3.99 25.59
Silt (%) (Xas) 34.56 49.56 41.09 5.08 12.36
Clay (%) (Xa6) 31 51.00 43.33 6.19 14.29

Grain yield (Y) 53.2 217.60 121.28 37.18 30.66
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Multiple linear regression

The correlations between different factors were discussed in previous
section, however, their relative importance and combined effects are not
presented. Therefore, in multiple regression analyses, grain yield as a
dependent variable against the other traits as independent variables are
examined. The achieved equation for yield (Y) was obtained by entering
and using the variables of yield components and physico-chemical
properties of soil as follows:

Y =26.82-8.52.X; +0.328 X +282.3X, +4.464X,5 —1.207X 5, (1)
R?>=0.995, SE=7.93,N=30, P=0.011

Where Y is the grain yield in g per harvest area (1.25 m’), (x3) is the
number of the tillers without spike per plant, (x9) is the biological yield,
(X10) 1is the harvest index, (x;s) is the soluble potassium and (x»») is the soil
available phosphorous. This might attributed to the rainfed condition in
which the crops show lower growth and require less nitrogen. All the
studied traits with R*=99.5% justify well the yield variations and only 0.5%
depends on the remaining effects on wheat yield. However, as it is shown
among all the studied traits only 5 traits are known significant. Therefore,
the grain yield as a dependent variable against significant traits as
independent variables was investigated and the final equation is as follows:

Y =—104.518—6.421X; +0.316.Xy +294.504.X,, +4.01.X,5 —0.979.X,, 2)
R?=0.983, SE=5.399,N =30, P=0.001

It is shown that Eq. (2) explained 98.3% of the variations in grain yield by
using the number of the stems without spike per plant (x3), biological yield
(x9), harvest index (x9), soluble potassium (X;5) and phosphorous (x22).

Grain yield was not dependent on the soil nitrogen in the regression
equation. This might be due to the rain-fed conditions for wheat production.
In these conditions, plant growth is low and it needs less nitrogen. Also, the
negative effect of phosphorus on yield may be due to the inverse
relationship between phosphorous and the micro nutrient uptake in the plant.
In Iran, highly calcareous soils are frequently used for wheat production;
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however, despite of relatively high total soil P, crops often suffer from
P deficiency because of interaction with other nutrients especially
micronutrients (Sepehr et al., 2009).

Results of the multiple regression in the study of Ayoubi et al. (2009 ) on
soil parameters including total nitrogen, available phosphorus, available
potassium, the capacity of cation exchange, electrical conductivity, acidity,
MWD], WSAZ, FC? , AWHC4, BD’ and CCE® showed that soil properties
justify 78 and 73% of the variations of the grain yield and bio-mass of
barley. Leilah and Al-khateeb (2005) in their studies on yield and yield
components by using the statistical method of multiple regression showed
that according to the t-student test, the traits of spike length, number of
spikes per m”, grain weight per spike, harvest index and biological yield
have significant effects on wheat yield that they enter in the equation of
multiple regression by stepwise linear regression.

Stepwise linear regression

Using stepwise regression based on the order of traits importance, three
traits were selected and their causalities were analyzed. Biological yield was
the first trait included in the model and 82.5% of the yield variation was
justified by itself. Next traits entered in the model, were harvest index and
number of stems without spikes per plant that totally these traits justified
96.1% of the variations of grain yield. The equations achieved from 3 steps
are as follows:

Y =25.974+0.245X, R*=0.825 (3a)
Y =—122.305+0.321X, +295.7.X,, R*=0.947 (3b)

Y =-92.924 +0.319 X ¢ +237.996 X, — 9.256 X

2 (3¢)
R-=0.961, SE =7.738, N =30, P =0.001

1.Mean weight diameter of aggregates
2.Water-stable aggregates
3.Volumetric field capacity
4.Available water-holding capacity
5.Bulk density

6.Calcium carbonate equivalent
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Where Y is the grain yield in g per harvest area (1.25 m?), (x3) is the
number of the tillers without spikes per plant, (x9) is the biological yield and
(x10) 1S the harvest index. According to the results of stepwise regression
analysis, physico-chemical parameters of soil have not entered in the
equation and the grain yield was dependent only on the morphological traits
mcluding number of the tillers without spikes per plant, biological yield and
harvest index: This indicated that the higher biological yield and harvest
mdex are, the higher grain yield is obtained. Furthermore, the number of
tillers without spikes per plant has a negative relation with the yield. By
increasing of this trait, the grain yield decreased. However, since the role of
soil elements in plant growth is undeniable and nitrogen, potassium and
phosphorus are the macro-nutrient elements of the plant, so using the
method of multiple regression in order to study and classify the effects of
physico-chemical properties of soil on wheat yield is more suitable. In
contrary to the method of stepwise regression analysis, the parameters of
soil (soluble K and P) as independent variables that are effective on wheat
yield besides yield components (number of the tillers without spikes per
plant, biological yield and harvest index) entered in the equation. It is shown
that different methods present different results as the main factors affecting
the grain yield. However, by comparison between the different models, we
will conclude the main factors affecting the grain yield and present the best
method. Yan et al. (2007) by using the method of stepwise regression
installed a relationship between chemical parameters of soil (6 main limiting
factors of growth) and cotton yield. In this method ECy', organic carbon,
total nitrogen and the exchange capacity of cation entered in the equation
and totally made clear 42% of the variations of plant yield.

Jiang and Thelen (2004) investigated the effect of physico-chemical
parameters of soil on the yield of corn. According to the results of the
stepwise regression, clay with explanation of 32% of the variations of plant
yield in the first year and 20% of the variations of soybean yield in the
second year, entered in the equation. Furthermore, Stone et al. (1985),
Miller et al. (1988) and Wright et al. (1990) achieved a negative correlation
between the percentage of clay and plant yield that was obtained due to the
slowdown of drainage in the root zone. In the second year, acidity, very fine
sand and potassium entered in the equation, respectively and justified 85%
of the variations of corn yield. Ezrin et al. (2010) examined through
stepwise regression the relation between the yield of rice and EC,. Althogh

1.Bulk electrical conductivity
2.Apparent soil electrical conductivity
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EC,4' is more important than ECaSZ, results showed that both variables, EC,q
and EC,, are required to produce the models of linear regression. Mohamed
(1999) in his research, by using stepwise regression entered spike length,
number of spikes, number of grains per spike, spike weight and straw
weight and recognized these traits effectively on grain yield. However, in
the studies of Leilah and Al-khateeb (2005), the traits of spike length,
number of spikes per m’, grain weight per spike, harvest index and
biological yield entered the model of stepwise regression. Harvest index and
biological yield were common in both researches of Mohammad (1999) and
Leilah and Al-Khateeb (2005).

Factors analysis

Factors analysis was investigated in order to classifying the traits,
determining the order of traits importance and the relation between each of
them in creating the variation of all the data. This investigation in 2 cases
was considered: 1) including the grain yield and 11) without the grain yield.
Damania and Jackson (1986) in factors analysis did not consider the grain
yield. While in factors analysis most researchers emphasized on estimating
the yield with including it in the other traits (Bramel et al., 1984).

Based on the results, according to Tables 3, standard of KMO is less than
0.5, (KMO=0.392 for the first case and KMO=0.36 for the second case). It
stated that the value of correlation for primary variations for performing
factors analysis is insufficient. Therefore, in these conditions factors
analysis is not a suitable tool for analysis and we disregarded to mention the
other results of this analysis; also non-coincidence of available parameters
in each group and as a result according to Table 4 the unsuitable
classification confirmed the truth of this finding. Mallarino et al. (1999) in
studying the relation between the yield of corn and the variables of soil and
the plant, used factors analysis for classification of some measured
variations and presented 3 hidden factors that are effective on the yield of
plant including the conditions of primary growth of the plant, controlling of
weed and fertility of soil. Also Ayoubie et al. (2009) by using factors
analysis recognized 4 hidden factors that are effective on the yield of grain
and biomass of barely including salt and Na of soil, fertility of soil and soil
available water.

1.Deep ECa
2.Shallow ECa
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Table 3. KMO and Bartlett's Test of variable by the factor analysis.

With grain Without grain
yield (Y) yield (Y)
Kaiser-Meyer-Olkin Measure of sampling adequacy 0.392 0.36
Approx. Chi-Square 773.293 682.247
Bartlett's Test of Sphericity df 351 325
Sig. 0.000 0.000

Table 4. Summary of factors loading of variable by the factor analysis.

With grain yield (Y) Without grain yield (Y)

Variables Loading Variables Loading
Factor 1 4.391 Factor 1 3.488
Number of non fertile tiller 0.500 EC(dS/m) (x) 0.560
per plant (X3)
1000-grain weight (g) (Xs) -0.765 K(ppm) (x;5) 0.895
Number of spikes/m2 (Xe) 0.826 P(ppm) (x22) 0.794
Biological yield (g/m?) (Xo) 0.848 Kava (ppm) (X23) 0.795
Harvest index (Xjg) -0.585 3.436
Na(ppm) (14) 0.472 Factor 2 0.704
Grain yield (g/m?) (Y) 0.737 Number of non fertile tiller per 0.672

plant (X3)

1000-grain weight (g) (Xs)
Factor 2 3.980 Number of spikes/m?* (X¢) 0.664
K(ppm) (x;5) 0.862 Biological yield (g/m’) (Xo) 0.689
P(ppm) (x22) 0.787 Harvest index (X0) -0.662
Kava (ppm) (X23) 0.861 Na(ppm) (Xi4) 0.619
Clay(%) (X26) 0.643 2.893

Factor 3
Factor 3 2.566 EC(dS/m) (x12) 0.560
EC(dS/m) (x1,) 0.598 HCOj5™ (meq/l) (x17) 0.876
HCO;™ (meg/l) (x17) 0.895 TN(%) (X21) 0.599
TN(%) (X21) 0.513 Sand(%) (X24) 0.778
Sand(%) (X24) 0.677 Clay(%) (X26) -0.526
Factor 4 2.447 Factor 4 2.809
Lengths of spike (cm) (x4) 0.900 Number of stems per plant (X;) 0.640
Number of grains/spike (X7) 0.926 CI" (meq/1) (x;3) 0.891

Silt(%) (xas)
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Continue Table 4.
With grain yield (Y) Without grain yield (Y)

Variables Loading Variables Loading

Factor 5 2.444 Clay(%) (X26) 0.760

Number of stems per plant (X;) 0.731 -0.501

CI' (meq/1) (x;5) 0.827 Factor 5 2.624

Silt(%) (X2s) 0.622 Lengths of spike (cm) (x4) 0.929
Number of grains/spike (X7)

Factor 6 2.270 0.944

Number of spikes per plant (X;) -0.549 Factor 6 2.259

Ca®*+ Mg* (meg/l) (x;5) 0.880 Number of spikes per plant (X,) -0.521

SO4” (meq/1) (xa0) 0.655 Ca®*+ Mg* (meg/l) (x5) 0.904
SO4” (meq/1) (xa0)

Factor 7 2.040 0.728

Weight of grain/spike (g) (Xs) -0.773 Factor 7 1.813

pH (x11) 0.696 Weight of grain/spike (g) (Xs) -0.794
pH (x11)

Factor 8 1.641 0.636

SP(%) (X13) 0.536 Factor 8 1.702

OM(%) (X16) 0.864 SP(%) (X13) 0.551
OM(%) (X16) 0.868

Principal components analysis

The purpose of principal components analysis is analyzing the available
variance in multiple variables data into different components so that the first
component would be the cause of the most available variance in data and the
next components justify slowly less variance of the variations. In this
method, each component is independent of the other components, i.e., there
is no correlation between the resulting components.

With due regard to the Eigen value above 1.0, according to Table 5 and
also the choice of components, according to Figure 1, including the highest
slope of graph, 5 principal components were selected. Based on this
selection we can explain principal component analysis in 5 groups or
elements having the most variance.
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Scree Plot of x1, ..., x26

Eigenvalue

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Component Number

Figure 1. Scree plot showing eigen values in response to number of components for the
estimated variables of wheat.

Based on these results, 5 principal components justify about 65% of the
variations. In general, an important feature of each major component is its
variance. Principal components are often ordered by decreasing of variance.
Each component is a linear combination of all the variations with different
weights. To select important features for the interpretation of each
component, according to the SC (the standard of choice increasing the
amount of that from the first component till the last component), weights are
extracted that in each component the amount of weight ABS would be more
than the amount of SC. For example, in the first component, the variables of
number of spikes per m’ biological yield, acidity, the percentage of
saturation, sodium, chloride, phosphorus, available potassium, percentage of
sand, silt and clay have greater weight of the selection standard for this
component (0.21) and therefore, other variables are not important in the
interpretation and are not presented in the Table 5. When the Eigen value
decreased, the numbers of important traits in the component also declined as
the first two components have more traits. It is shown that the first principal
component (PC;), the percentage of saturation, phosphorus, available
potassium and the percentage of clay have the highest positive weights and
number of spikes per m’, biological yield, acidity, sodium, chloride , the
percentage of sand and silt have the highest negative weights which this
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component included 20.9% of the total variance. In the second principal
component (PC,) the highest loading is related to spike length, number of
spikes per m’, biological yield, soluble potassium, phosphorus and available
potassium with the highest positive weight and 1000-grain weight and
harvest index with the largest negative weight. This factor includes 16.8%
of the total variance. The third principal component (PC;), includes the
number of tillers per plant and chloride with the largest positive weight and
electrical conductivity, bicarbonate and the percentage of sand with the
largest negative weight and has 11.5% of the total variations. The fourth
principal element (PC,), included the electrical conductivity with the most
positive weight and the ions of calcium, magnesium and sulfate with the
highest negative weight. This element explained 7.9% of the total variance.
The fifth principal component (PCs) included spike length and number of
grains per spike with the most positive weight and have 6.2% of all the
variations that totally these five components justify 65% of the total
variance. By using this method we can say that the most important
parameters affecting on grain yield are: number of grains per spike, spike
length, number of tillers per plant, soluble K, the percentage of clay,
biological yield, chloride and number of spikes per m’ with positive
coefficient and sulfate, the percentage of sand, Ca and Mg, electrical
conductivity and carbonate with negative coefficient. The positive
coefficient for chloride and the percentage of clay and also the negative
coefficient of sulfate are not explicable and the available parameters in each
group do not fit together.

In the study of Vrindts et al. (2003) the first three factors justified 85% of
all the yield variance of winter wheat and the first factor included general
texture variations, the second factor included organic carbon and nitrogen
distribution in spring and the third factor included distribution of
phosphorus, pH of soil and calcium.

The achieved results from principal components analysis in the study of
Jiang and Thelen (2004) in two fields of corn demonstrated that in the first
field 5 chief parts and in the second field 4 chief parts justified, respectively,
89 and 88% of variations of corn yield. In both fields, PC; is representative
of soil texture variable including sand, fine sand and silt and in PC,
chemical and fertility variables of soil such as acidity, total bases, base
saturation and magnesium concentration are effective factors on the yield.
Richardson and Bigler (1984) in their study on wet soils reported that PC,
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covers chemical potentiality, PC, covers organic C and PC; covers soil
texture. The difference between two recent studies indicated that the results
of principal component analysis on soil parameters depend on conditions of
soil and location and special processes of soil forming. In the first field, the
percentage of clay in PC;, the percentage of potassium in PCs; and the
percentage of very fine sand in PCs and in the second field the percentage of
very fine sand and electrical conductivity in PC; and the percentage of
coarse sand and horizon thickness of soil in PC4 are the most important
variables affecting on the yield of corn.

Leilah and Al-Khateeb (2005), in their study on the genotypes of wheat
under drought conditions achieved three major factors including 74.4% of
the total variations of variance, which according to special amounts in the
principal components, harvest index, biological yield, diameter of spike,
the number of spikes per m’, length of spike, weight of grain per spike,
1000-grain weight, were the most important parameters affecting on the
yield.

Cluster analysis

In order to classify the studied traits, we used the method of aggregation
hierarchical called cluster analysis. It is shown in Figure 2, 26 variables
were laid in 4 different groups. In the first group the number of spikes per
plant, acidity, number of tillers spikes without per plant, Na, number of
tillers per plant, chloride and the percentage of silt; in the second cluster,
spike length, number of grains per spike, number of spikes per nr,
biological yield, the yield, soil calcium, magnesium and sulfate; in the
third cluster, 1000-grain weight, harvest index, electrical conductivity,
bicarbonate, the percentage of sand and total soil nitrogen; and in the forth
cluster, weight of grain per spike, the percentage of saturation, clay, organic
carbon, soluble potassium, available potassium and phosphorus are
categorized. Classifying by clustering technique is performed based on
similarities and distances. As the level of similarity increased, the number of
clusters increased too. According to Table 7 and Figure 2, it can be
concluded that spike length, number of grains per spike, number of spikes
per m’, biological yield, soluble potassium, available potassium and
phosphorus have the highest level of similarity and these traits have the
greatest effect on the yield.
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Table 5. Eigen value of the correlation matrix of the variables using the principal
component procedure.

Variable PC, PC, PC; PC, PC;

Number of spikes per plant (X;) -0.17 0228  0.151 0.305 0.27

Number of stems per plant (X;) -0.094 0.004 0379 0.116  0.258
Number of non fertile tiller per plant (X;) -0.09 0232 0.136  0.149 -0.243
Lengths of spike (cm) (x4) -0.16 0.27 0.005 -0.244 0.423
1000-grain weight (g) (Xs) 0.117 -0.268 -0.072 -0.022  0.19

Number of spikes/m” (X¢) -0.215 0.3 -0.143  -0.018 -0.148
Number of grains/spike (X5) -0.198  0.172 0.01 -0.284  0.467
Weight of grain/spike (g) (Xs) 0.115 0.05 0.067 -0.097  0.068
Biological yield (g/m’) (Xs) -0.233  0.338 -0.081 -0.09 -0.074
Harvest index (X) 0.177  -0.29  -0.048  0.045 0.13

pH (x11) -0.239  0.039 -0.026 0.261 -0.025
EC (dS/m) (x12) 0.024 0.13 -0382 0334 0.174
SP (%) (x13) 0272 0.196 0.031 -0.178  0.067
Na (ppm) (X4) -0.229  -0.005 -0.147  0.069  -0.355
K (ppm) (x;5) 0.19 0368 -0.041 0.092 -0.021
OM (%) (X16) 0.114 0224 0.012 0.072 -0.177
HCO5™ (megq/l) (x17) -0.076 -0.075 -0.332  0.245 0.144
CI' (meq/l) (x1s) -0.236  -0.045 0312 -0.055 -0.041
Ca*"+ Mg (meq/l) () 0.025 0.042 -0.228 -0.38 -0.226
SO,” (meq/1) (xa) -0.136  0.056 -0.241 -0.418 -0.034
TN (%) (X21) -0.161 -0.063 -0.182  0.187 0.09

P (ppm) (x2) 0233  0.268 -0.061 0.242  0.003
Kava (ppm) (X23) 0.279 0.28  -0.052 -0.023 0.001
Sand (%) (X24) -0.218 -0.118 -0.407 0.004  0.126
Silt (%) (X2s) -0.278 0.001 0.285  0.011 -0.157
Clay (%) (Xa6) 0367  0.075 0.04  -0.006 0.055
Eigen value 54255 43663 29774 2517 1.6192
Proportion 0209 0.168 0.115  0.097  0.062
Cumulative 0.209 0377 0491  0.588 0.65

SC 0.215 0239 0290 0315 0.393




A. Ranjbar et al. / International Journal of Plant Production (2015) 9(3): 433-466 453

Table 6. Similarity Number of clusters and distance levels of the variables using the
hierarchical cluster analysis.

Step Number of clusters Similarity Distance
level level
1 26 95.408 0.09185
2 25 94.453 0.11094
3 24 93.299 0.13402
4 23 90.947 0.18107
5 22 85.045 0.2991
6 21 80.574 0.38852
7 20 79.408 0.41185
8 19 77.603 0.44794
9 18 77.025 0.45949
10 17 74.578 0.50843
11 16 70.593 0.58814
12 15 70.264 0.59472
13 14 67.915 0.64169
14 13 64.035 0.71931
15 12 62.508 0.74983
16 11 60.723 0.78554
17 10 58.881 0.82239
18 9 54.168 0.91664
19 8 44.435 1.1113
20 7 40.282 1.19436
21 6 32.065 1.3587
22 5 28.661 1.42677
23 4 25.401 1.49198
24 3 -19.06 2.38119
25 2 -53.8 3.07601
26 1 -111.3 4.22599
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Dendrogram with Ward Linkage and Correlation Coefficient Distance

-111.30+

-40.871

Similarity

29.574 ‘

Figure 2. Similarity levels of the estimated 26 characteristics of wheat and soil (variables)
using the cluster analysis.

Table 7. Path coefficient (direct and indirect effects) of the variables on grain yield
variation of wheat.

Path coefficient

Variables - - Total correlation
Direct effect Indirect effect
Lengths of spike (cm) (x4) -0.067 0.504 0.437
1000-grain weight (g) (Xs) -0.008 -0.47 -0.478
Number of spikes/m” (Xe) 0.3 1.183 0.883
Number of grains/spike (X5) -0.005 0.451 0.446
Biological yield (g/m?) (Xo) 1.275 -0.368 0.907
Harvest index (X¢) 0.455 -0.749 -0.294
SO,” (meq/1) (x20) 0.018 0.356 0.374
Sand (%) (X24) 0.552 -0.371 0.181
Silt (%) (x25) 0.593 -0.384 0.209
Clay (%) (X26) 0.848 -1.152 -0.304

Residual effect=0.075.
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Path analysis

The correlation coefficient does not specify the relationship between
traits; therefore analysis of path coefficients is a method for separating the
correlation coefficients into direct effects of traits and the indirect through
other traits and it can provide useful information in the manner of
effectiveness of the traits on each other and their relationships (Dewey and
Lu, 1959).

The purpose of conducting analysis of path coefficients is determining
the parts from the yield and characteristics of soil that have some traits such
as correlation and high direct effect with the yield and also these traits have
minimum of negative indirect effects through other traits on the yield;
therefore, these traits could be used as the standard traits for selection tool in
plant breeding program. The results of path analysis have been brought to
investigate more closely the relationships between the traits and the yield in
Tables 8 and 9. Path coefficients for the direct effect in Table 8
demonstrated that biological yield, the percentage of clay, the percentage of
silt, the percentage of sand and harvest index have respectively, the highest
positive and direct effect on the yield. Soil texture itself is a qualitative
factor that can not be inserted in the models; therefore, the percentages of
soil particles are used. Furthermore, the highest positive and indirect effect
is respectively related to the number of spikes per m”* and number of grains
per spike and the highest indirect and negative effect is related to the
percentage of clay, harvest index and 1000-grains weight.

Based on Table 9, spike length has the highest positive and indirect effect
through biological yield and the highest negative and indirect effect through
harvest index and clay on the yield and finally this trait has positive and
significant correlation (0.437) with the grain yield.

1000-grain weight has the highest positive and indirect effect through
harvest index and the percentage of clay and the highest negative and
indirect effect through biological yield and the percentage of silt and finally
by its high negative and indirect effect and its insignificant direct effect, it
has negative and significant correlation (-0.478) with the grain yield.

Number of spikes per m® has the highest positive and indirect effect
through biological yield and the percentage of sand and silt and the highest
negative and indirect effect through the harvest index and the percentage of
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clay on the grain yield. Considering that the negative and indirect effect is
lower than the positive and indirect effect, as a result the number of spikes
per m* has the positive correlation (0.883) with the grain yield and its effect
on the grain yield is high.

Number of grains per spike has the highest positive and indirect effect
through biological yield and the percentage of sand and highest negative and
indirect effect through harvest index and the percentage of clay on the yield
and it has the effect of positive and significant (0.446) with the yield.

Table 8. Path coefficient analysis showing direct and indirect effects of the variables on
grain yield of wheat.

Effect

Variables

Xo Xio Xoa Xos X6
Number of spikes per plant (X;) 0.493 -0.189 -0.04 0.173 -0.15
Number of stems per plant (X;) -0.007  -0.022  -0.136 0.188 -0.06
Number of non fertile tiller per plant (X;5)  0.423 -0.259  -0.104 0.093 -0
Lengths of spike (cm) (x4) 0.716 -0.217 0.072 0.056 -0.14
1000-grain weight (g) (Xs) -0.661 0.113 0.032 -0.219 0.229
Number of spikes/m? (X¢) 1.109 -0.191 0.109 0.156 -0.3
Number of grains/spike (X7) 0.603 -0.129 0.139 0.076 -0.23
Weight of grain/spike (g) (Xs) -0.036 0.044 -0.062  -0.059 0.128
Biological yield (g/m?) (Xo) 1.275 -0.284 0.075 0.175 -0.29
Harvest index (X) -0.795 0.455 0.009 -0.183 0.197
pH (x11) 0.339 -0.141 0.094 0.16 -0.28
EC (dS/m) (x12) 0.193 -0.013 0.211 -0.248 0.077
SP (%) (x13) -0.035 -0.01 -0.215  -0.212 0.458
Na (ppm) (X14) 0.353 -0.097 0.253 0.051 -0.31
K (ppm) (X;5) 0.364 -0.114 -0.2 -0.116 0.331
OM (%) (X16) 0.238 -0.1 -0.103  -0.084 0.203
HCO;™ (meq/l) (x;7) 0.051 0.068 0.324 -0.024 -0.31
CI' (meq/l) (x;s) 0.281 -0.048  -0.031 0.359 -0.39
Ca"+ Mg* (meq/l) (x10) 0.265 -0.039 0.074 -0.092 0.02
SO,> (meq/1) (Xa) 0.469 -0.113 0.194 -0.017 -0.18
TN (%) (X21) 0.175 -0.003 0.232 0.063 -0.3
P (ppm) (X2,) 0.098 0.009 -0.166  -0.196 0.391
Kava (ppm) (X23) 0.012 -0.022  -0.225  -0.256 0.547
Sand (%) (X24) 0.173 0.007 0.552 -0.048 -0.5
Silt (%) (X25) 0.377 -0.141  -0.045 0.593 -0.64

Clay (%) (x26) -0.433  0.106 -0.325  -0.451 0.848
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Biological yield has the highest positive and indirect effect through the
percentage of silt and the highest negative and indirect effect through
harvest index and the percentage of clay on the grain yield. Considering that
the positive and direct effect is higher than the negative and indirect effect,
biological yield has the positive correlation effect (0.907) on the grain yield
and also its effect on the yield is high.

Sulfate has the highest positive and indirect effect through biological
yield, phosphorus and the percentage of sand and the highest negative and
indirect effect through harvest index and the percentage of clay on the yield
and finally sulfate has positive and significant correlation effect (0.374) on
the grain yield.

The percentage of clay has the highest positive and indirect effect
through harvest index and the highest negative and indirect effect through
biological yield, phosphorus and the percentage of sand and silt on the yield.
Considering the high negative and indirect effect, this trait has the negative
and significant correlation (-0.304) with the yield.

The existence of residual effects is representative of other effective traits
on the yield of grain. According to the insignificance of this residual
(r=0.075) we can realize the sufficiency of studied variables in this
investigation.

The results of this method demonstrated that biological yield, number of
spikes per m’, number of grains per spike, spike length and sulfate with
positive coefficients and 1000-grain weight and clay with negative
coefficients (respectively with the most correlation), are effective traits on
the grain yield.

Chung et al. (2005) by calculating path coefficients showed that calcium
has the highest direct effect (0.52) and magnesium has the highest indirect
effect (-0.37) on the yield of rice. In the upland cropping condition, height
and slope of land has negative and direct effect (-0.28 and -0.2) on the yield
of corn as well. Kozak et al. (2007) studied the relationship between the
yield of rye with available potassium, exchangeable potassium and total
nitrogen in the form of path analysis. The results showed that total nitrogen
has the highest direct effect (0.685) on the yield that leads to a strong
correlation (0.76) between the characteristic of soil and the yield. Also
exchangeable K has a negative and direct effect.

Talebi et al. (2010) by using the analysis of path coefficient, studied the
effects of yield components and some agronomic traits of wheat genotypes
under water stress and irrigation conditions. In non-stress conditions, plant
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biomass, number of grains per spike, the yield of spike (g/plant) and harvest
index has the highest positive and direct effect on the yield and the yield of
spike has the highest indirect effect through plant biomass and number of
grains per spike on the yield. Under water stress conditions, spike length,
the yield of spike and harvest index have negative and direct effect on the
yield and plant biomass has the highest positive and direct effect on the
yield.

Zaeifizadeh et al. (2011) performed path analysis between the yield of
wheat and yield components and introduced the highest positive and direct
effect on the yield through minimum of number of fertile tillers and spike
length and the highest indirect effect through the weight of fertile tillers in
the plant and minimum number of fertile tillers.

In the study of Nofouzi et al. (2008) by using this method, the highest
positive and direct effect on the yield was related to the number of grains
per spike, spike length and 1000-grain. Yagdi (2009) in his study concluded
that 1000-grain weight and weight of grain per spike have the highest
positive and direct effect on the yield. Aycicek and Yildirim (2006) by using
this method realized the positive and direct effect of plant height and weight
of grain per spike.

Conclusions

In this research, using 7 statistical methods resulted in determining the
effective traits on the yield of wheat in Bajgah, classifying and
distinguishing the relationships between traits; also it represented the
importance of traits and the effect of them on the yield of grain. Studying
coefficients of correlation between different traits allowed to decide more
exactly about the selection of indirect standard traits and removing the
ineffective traits. Also, the usage of regression, resulted in the equation
between the yield and components that these components have a significant
effect on the yield. However, using multivariate methods such as factors
analyses to identify the independent factors that separately are effective and
important plant characteristics, are very important for improving the plant
breeding program. We used the method of gathering hierarchical order
named cluster analysis as well to classify the studied traits. By path analysis
it can be determined the direct effect of each component of the yield from
the indirect effects that is achieved by reciprocal relations between its
components.
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The results of this study, according to Table 9 are listed as follows:

Among statistical analysis, multivariate regression represents higher
acceptable results. In this method, among studied traits number of the tillers
without spike per plant, biological yield, harvest index, soluble potassium
and phosphorous justify 98.3% of yield variations and have a significant
effect on the yield and the other variations at the probability of 5% are not
significant and the final equation for the yield is as follows:

Y =—104.518—6.421X; +0.316.Xy +294.504.X,, +4.01.X,5 —0.979.X,, 4)
R?=0.983, SE=5.399, N =30, P=0.001

Where Y is the grain yield in g per harvest area (1.25 m’), (x3) is
the number of tillers without spike per plant, (x9) is the biological yield,
(x10) 1s the harvest index, (x;s) is the soluble potassium and (x;;) is the
phosphorous.

No effect of nitrogen on grain yield in the regression equation is due to
the rain-fed conditions for wheat. Because in these conditions, plant growth
is low and it needs less nitrogen. Also, the negative effect of phosphorus on
grain yield may be due to the inverse relationship between phosphorous and
the micro-nutrient elements of the plant.

Since the role of soil elements in plant growth is undeniable and nitrogen,
potassium and phosphorus are the macro-nutrient elements of the plant, so
using the method of multiple regression in order to studying and classifying
the physico-chemical properties of soil on wheat grain yield is more
suitable. In contrary to the method of stepwise regression, the parameters of
soil (soluble K and P) as independent variables that are effective on wheat
yield besides the yield components (number of the stems without spikes per
plant, biological yield and harvest index) entered in the equation. Also in
comparing with the other methods, it represents more logical results.
Among the components of the yield, the biological yield is the most
important and effective trait on the yield of grain under soil water stress
conditions. Also, spike length, number of spikes per m”, number of grains
per spike and harvest index with positive coefficients and 1000-grain
weight, weight of grain per spike and number of the tillers without spikes
per plant with negative coefficients showed the highest correlation with the
grain yield, that is observed in the most used statistical methods.

Based on the different statistical methods, among the soil parameters,
soluble potassium, phosphorus, sulfate and available potassium with
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positive coefficients and clay with negative coefficient have the highest
correlation with the grain yield.

Only through the principal components analysis, some characteristics like
electrical conductivity (salinity), bicarbonate, calcium, magnesium and the
percentage of sand showed a negative and significant correlation with the
yield and due to the limited range of electrical conductivity in this study, its
negative effect on the growth has not appeared in any methods.

According to the standard of KMO and the test of sphercity, the
correlation of primary variables, factors analysis is not a suitable tool for the
analysis and the obtained results are not justified.

Classifying of the components of the yield and the parameters of soil,
performed by principle components analysis, is not suitable and the
available parameters in every group are not correlated with each other.

Therefore, as it is conducted that multivariate regression for studying and
classifying the effects of components of the yield and the parameters of soil
on the yield of wheat is the most suitable method.
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