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The present study was carried at the Field Crop Institute-Agricultural Experimental Station of
Setif (Algeria) during 2011/12 crop season. Correlation, Path analysis and stepwise regression
were executed to investigate the relationships between grain yield and other important yield
components in durum wheat (Triticum durum Desf.). The experimental material consisted of
fifteen hybrids produced using a half diallel fashion in 2010/11 season and theirs six parents.
Differences among all the traits were statistically significant. Grain yield per plant was
significantly and positively correlated with above ground biomass, straw yield, number of spikes
per plant and number of grains per spike. Results of stepwise regression and path analysis
revealed that both above ground biomass and harvest index can be a criterion to select high-
yielding genotypes in breeding durum wheat programs.
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Introduction

Durum wheat is one of the most extensively cultivated crops under dryland
conditions in the Mediterranean environments (Araus et al., 2002). It is an
important source of human nutrition and serves as the raw material of numerous

foods such as couscous (North Africa), pasta (Europe) and bulgur (Middle Eastern)
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in the alimentation of world population. The need and importance of wheat is
increasing day by day due to increase in human population. Drought is one of the
most important factors which strongly affect the production of wheat in the world
and Algeria. Developing plants with suitable advantages under water stress
conditions is a basic challenge for wheat improvement programs (Moayedi et al.,
2010). Yield of wheat is complex quantitative character that results to the actions
and interactions of various component traits (Singh and Diwivedi, 2002).
Correlation and path coefficient analysis could be used as an important tool to
bring information about appropriate cause and effects relationship between yield
and some yield components (Khan et al., 2003). Selections based on simple
correlation coefficients without regarding to interactions among yield and yield
components may mislead the breeders to reach their main breeding purposes
(Garci’a del Moral et al., 2003). Some researchers reported a positive and
significant correlation between plant height and yield (Anwar et al., 2009; Akram
et al., 2008); however, Tas and Celik (2011) in their study reported a negative
and no significant correlation between them. In many studies, it has been
reported that grain number per spike has a positive effect on yield (Dogan, 2009;
Aycicek and Yildirim, 2006). Above ground biomass has been found to have a
positive effect on yield (Leilah and Al-Khateeb, 2005). Khan et al. (2003) showed
significant and positive correlation between grain yield and number of tillers per
plant. Correlations themselves express only the degree of traits
Iinterrelationships, while path analysis developed by Wright (1921) and applied
by Dewey and Lu (1959), is used to separate the correlation coefficients to their
direct and indirect effects through other traits. Path analysis procedure was
used by number of researchers in wheat. It can provide useful information about
affectability form of traits to each other and relationships between them.
Mollasadeghi et al. (2011) indicated that number of grain per spike, grain weight,
1000 kernel weight and biological yield had the most direct and positive effect on
grain yield. In additional, stepwise regression is a method that is used to
estimate the value of a quantitative variable regarding its relation with one or
some other quantitative variables. This relation is such that it is possible to

predict other changes using one variable. Many investigators have used this
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technique on wheat such as Mohamed (1999), Przulj and Momecilovic (2011),
Soleymanifard et al. (2012).

The present study was conducted to establish the inter-relationship and direct
and indirect effects of various wheat components among themselves and with
yield under rainfed conditions.

Materials and methods

Six durum wheat genotypes (Triticum durum Desf) wviz., Waha, Zenati
Bouteille/Flamengo, Mexicali7s, Ofanto, Gaviota durum, and Guemgoum Rkhem
were crossed in a diallel mating system without reciprocals according to Griffing
(1956), to produce 15 hybrids F1 during the 2010/2011 crop season. The Fi’s and
their six parents were grown in the field at the Agricultural Experimental
Station (AES) of Setif (Algeria) in the 2011/2012 growing season. Seeds of 15 F1
along with their self-pollinated parents were sown in a single row, 2.5 m long, per
replicate in a randomized complete block design with three replications. Rows
were 30 cm apart and seeds were spaced 15 cm on the row. Mineral fertilization
and chemical weed control were applied as per the AES recommendations. The
following traits were measured: plant height (PH); spikes number per plant (SN);
number of grains per spike (NGS); thousand-kernel weight (TKW), harvest index
(HI); straw yield, (SY); above ground biomass (BIO) and grain yield (GY). Data,
recorded on 05 random plants per replicate, were subjected to analysis of
variance (ANOVA) according to Steel and Torrie (1980). Correlation coefficients
between each pairs of the traits were computed according to Snedecor and
Cochran (1981). In path analysis, grain yield used as dependent variable, and the
other studied traits were use as predictor variables. The stepwise regression
analysis was also carried out for the data obtained to test the significance of the
independent variables affecting the grain yield.

All statistical analyses were down using LazStats software.

Results and Discussion

Analysis of variance
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Mean squares due to genotypes were significant for all traits understudy except
for above ground biomass, spikes number per plant and grain yield (Table 2) as

revealed by ANOVA. This provides evidence for sufficient genetic variability.

Simple correlation analysis

Correlations coefficients between studied traits are presented in Table 3. Grain
yield showed positive and significant correlation with above ground biomass (r =
0.81*%%), straw yield (r = 0.47%), number of spikes per plant (r = 0.88**) and
number of grains per spike (r = 0.51%). Our findings were in accordance with the
results of Ali and Shakor (2012) and Khan et al. (1999), who reported significant
and positive correlations between grain yield, biomass yield and straw yield
respectively. Previous authors reported similar results between grain yield,
spikes number and number of grains per spike (Sharma and Rao, 1989; Singh
and Sharma, 1994; Subhani and Khaliq, 1994; Khan et al., 1999; Mohammad et
al., 2002; Aycicek and Yildirim, 2006). On the other hand, harvest index showed
negative and significant correlation with plant height (r = - 0.76*¥), straw yield (r
= - 0.63**) and thousand-kernel weight (r = - 0.66**). However, it registered
positive and significant correlation with number of grains per spike (r = 0.73*¥).
Other researchers such as Mollasadeghi and Shahryari (2011) reported a
negative correlation between harvest index and plant height. The other positive
and significant correlations were showed between PH/BIO, PH/SY, PH/TKW,
BIO/SY, BIO/SN, SY/SN and SY/TKW (Table 3).

Path analysis

Path coefficient technique was performed to divide the correlation coefficients
between grain yield and yield related traits into direct and indirect effects via
alternative characters or pathways. Table 4 exhibited that above ground biomass
and harvest index exerted positive direct effect on grain yield (1.365%*** and
0.235*, respectively), whereas straw yield had a negative direct effect on grain
yield (-0.713***). The highest indirect effects on grain yield were observed with
straw yield (1.220), spikes number per plant (1.128), plant height (0.647), and
thousand-kernel weight (0.463) through above ground biomass and with harvest
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index via straw yield (0.453). However, plant height, spikes number per plant,
number of grains per spike and thousand-kernel weight exerted insignificant
effects on grain yield. Similar results were reported by Singh and Diwivedi, (2002)
and Leilah and Al-Khateeb (2005) who revealed that biological yield per plant
and harvest index had positive and high direct effect on grain yield. Conversely,
Baranwal et al. (2012) revealed that sheath length followed by grains per spike,
spike length and 1000-grain weight exhibited the maximum positive direct effect.

Stepwise regression
Stepwise regression 1s a semi-automated process of building a model by
successively adding or removing variables based solely on the t-statistics of their
estimated coefficients. In order to remove effect of non-effective characteristics in
regression model on grain yield, stepwise regression was used. Results of
stepwise regression (Table 5) showed that the biological yield and harvest index
with R square of 98.3%, had justified the maximum of yield changes. Therefore
the following equation can be obtained:

GY = -26.575+0.756*** HI + 0.351*** BIO
With GY: Grain yield, HI: Harvest index and BIO: Above ground biomass.
Existence of significant R square in a successful regression equation indicates the
effectiveness of these traits to increase grain yield. Leilah and Al-Khateeb (2005),
Ahmadizadeh et al. (2011) and Zarei et al. (2011) reported importance of Harvest
index and above ground biomass to grain yield. However, obtained results were
in the opposite of those of Soleymanifard et al. (2012), who found that 75% of
variation in grain yield is explained by spikes/m2, 1000 grain weight and Plant
height traits. With respect to the positive and significant regression coefficients
of biological yield and harvest index, it could be stated that increasing the
amount of these traits will cause an increase in the yield. Thus, in this study, two
traits, biological yield and harvest index had the most effect on the grain
performance in semi arid conditions.
Conclusion
The multiple statistical procedures which have been used in this study showed
that above ground biomass and harvest index were the most important yield

variables to be considered under drought condition. This was clear with all used
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statistical procedures (Table 6). Hence, we concluded that above ground biomass
and harvest index are good measurement for predicting grain yield. However, we
suggest that breeders do not generally select for specific traits to improve yield
under drought principally because drought is unpredictable from year to year.

These make breeding for drought resistance particularly slow and difficult.
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Table 1: Origin and pedigree of durum wheat cultivars used as parental

genotypes for the diallel cross.

130

Cultivar Origin  Pedigree

1. Waha Icarda  Plc/Ruff/Gta’s/3/Rolette CM.17904

2. Zb/Fg Cimmyt Zb/Fg’s//Lk/3/Ko120/4/Ward

3. Mexicali75 Cimmyt Gdo.vz 469/3/J0’s//61.130/ Lds/4/Stk. CM .470

4. Ofanto Italy Adamelo /Appulo

5. Gaviota durum Cimmyt Crane/4/PolonicumPI185309//Triticum glutinosum

enano/

2*Tehuacan60/3/Grulla

6. Guemgoum Rkhem Algeria local land race

Table 2: Results of analysis of variance (ANOVA) for studied traits

Source of Mean squares

variation | DF PH BIO SY SN NGS TKW HI GY
Blocks 2 278.26 | 3232.0 | 460.6 | 47.3 95.18 |143.45 | 19.66 |485.59
Genotypes | 20 | 373.32**| 1034.0 | 338.0* | 28.0 | 335.14** | 49.26* | 81.01** | 138.04
Error 40 43.67 |603.28 | 113.0 | 20.61 | 85.03 24.82 | 11.67 | 89.88

PH: Plant height, BIO: above ground biomass, SY: straw yield, SN: spikes number per plant, NGS:

number of grains per spike, TKW: thousand-kernel weight, HI: harvest index and GY: grain yield.

* and **: significant at 5% and 1%, respectively.

Table 3: Correlation coefficients between 8 traits.

PH BIO SY SN NGS TKW HI GY

PH 1.000 | 0.474* | 0.728 ** | 0.061 -0.587 ** 1 0.833** | -0.765 ** | 0.014
BIO 1.000 | 0.892** | 0.826** | 0.092 0.339 -0.253 0.817**
SY 1.000 0.588** | -0.231 0.569** | -0.635** | 0.478*
SN 1.000 0.389 -0.114 0.149 0.886**
NGS 1.000 -0.623%* | 0.739** 0.518*
TKW 1.000 -0.667** | -0.059
HI 1.000 0.336
GY 1.000

PH: Plant height, BIO: above ground biomass, SY: straw yield, SN: spikes number per plant, NGS:

number of grains per spike, TKW: thousand-kernel weight, HI: harvest index, GY: grain yield. *

and **: significant at 5% and 1%, respectively.
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Table 4: Partitioning of correlation coefficient analysis direct (diagonal) and

indirect effects for mean yield

PH BIO SY SN NGS TKW HI
PH 0.061 | 0.647 -0.519 0.007 -0.046 0.043 -1.180
BIO | 0.029 1.365% | .0.636 0.094 0.007 0.018 -0.060
SY 0.044 1.220 -0.713%%* 0.067 -0.018 0.030 -0.149
SN 0.004 1.128 -0.419 0.114»s | 0.030 -0.006 0.035
NGS |-0.036 | 0.126 0.165 0.044 0.078~ | -0.032 0.174
TKW | 0.051 0.463 -0.406 -0.013 -0.049 0.052 s -0.157
HI -0.047 | -0.345 0.453 0.017 0.058 -0.035 0.235%

PH: Plant height, BIO: above ground biomass,

SY: straw yield, SN: spikes number per plant, NGS:

number of grains per spike, TKW: thousand-kernel weight, HI: harvest index and GY: grain yield.

ns, ¥ and ***: not significant and significant effects at 5% and 0.1% levels, respectively.

Table 5: Regression coefficient, standard error, ¢-value and probability of the

accepted variables by the stepwise procedure to predict grain yield.

Variable B SE t Prob.>t VIF
HI 0.756 0.041 18.284 0.000*** 1.068
BIO 0.351 0.012 30.379 0.000*** 1.068

B: Regression coefficient, SE: Standard error, t: Student ¢-value and Sig: Probability, HI: Harvest
index, BIO: Above ground biomass. R2 = 0.983, Adj R2 = 0.981 and Constant = -26.575.

Table 6: Durum wheat characteristics identified as crucial in wheat grain yield

with each one of the used statistical techniques.

Trait Simple correlation | Path analysis | Stepwise regression
PH

BIO . . .

SY . .

SN .

NGS .

TKW

HI . .

PH: Plant height, BIO: above ground biomass, SY: straw yield, SN: spikes number per plant, NGS:

number of grains per spike, TKW: thousand-kernel weight, HI: harvest index.



