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In order to evaluate the variability and relationship between different wheat yield
components, a randomized complete block design experiment with ten genotypes of
wheat had been carried out during three growing seasons (2010-2012). The number of
spikelet per spike and grain weight per spike had low genotypic and phenotypic
variability, while plant height had the highest one. High heritability was observed for
plant height (h*=93.1%), spike length (h*=92.3%) and spike density (h*=92.9%). The low
heritability was found for grain weight per spike (h?=35.6%). Grain weight per spike was
in significant positive genotypic and phenotypic correlation with all the traits (plant
height, spike height, number of spikelet per spike, number of grain per spike and spike
weight) except spike density. The spike weight had the highest phenotypic (r,=0.988),
while number of spikelet per spike had the highest genotypic correlation with grain
weight per spike (r;=0.981). Path coefficient analysis revealed that all the traits had highly
significant direct effect on grain weight per spike, except spike length. The stepwise
regression revealed that 87.1% of the grain weight per spike variation was explained by
model which excludes spike length. Spike weight and plant height had the highest shared
and unique contribution to grain weight per spike.
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INTRODUCTION

Wheat (Triticum aestivum L.) is the one of major crops in the World. In the form of
bread, wheat provides more nutrients than any other single food source (PENA, 2002). It has been
estimated that the global demand for wheat would be increased with the growth of World
population by a further 60% by 2050 (LICKER et al., 2010). One of the main goals in wheat
breeding is increasing grain yield. An important strategy for sustaining yield production is
breeding high yielding wheat cultivars phenotypically suitable for the industrial agricultural food
production (GARCIA DEL MORAL et al., 2003). Studying the genetic variability and association of
morpho-agronomic traits with grain yield provides the necessary information for successful
selection (ALI et al., 2008). Improving of grain yield in breeding programs is very difficult
because grain yield, as a quantitative trait, is controlled by a number of genes with weak
individual effect (minor genes) and it is significantly influenced by the environment (DENG et al.,
2011). Thus, apart from direct selection for grain yield, it is more effectively applying indirect
selection through traits related to grain yield (ASHFAQ et al., 2003; ROHANI and MARKER, 2016a).
The study of the correlation between traits that determine yield can help in the indirect selection
of components of yield (GARCIA DEL MORAL et al., 2003; zeCEVIC et al., 2004; HRISTOV et al.,
2011). Genotypic and phenotypic correlation between grain weight per spike and other yield
components has been studied by a number of researchers. NUKASANI et al. (2013) and DESHEVA
(2016) reported significant positive genotypic and phenotypic correlation of grain weight per
spike with number of spikelet per spike and number of grain per spike. In the studies conducted
by ROHANI and MARKER (2016a) grain weight per spike was in significant positive correlation
with plant weight and spike length, both at genotypic and phenotypic levels. Grain weight per
spike, together with numerous traits, contributes to the formation of total grain yield (KNEZEVIC
et al., 2015). Therefore, this trait can be included in the indirect indicators of grain yield
(PETROVIC et al., 2009). According to ROHANI and MARKER (2016b) correlation between yield
and its components presents a confusing picture due to interrelationships between component
characteristics by themselves. Correlations by themselves express only the degree of traits
interrelationships, while path analysis quantifies and separates the interrelationships between
yield components to their direct and indirect effects on grain yield (ASHFAQ et al., 2003). In
terms of bread wheat yielding capacity increment in breeding programs, the investigation of
direct and indirect impact of various characteristics on vyield is of major importance
(MOHAMMADI et al., 2012). sHIMELIS et al. (2006) reported that grain weight per spike and
number of spikelet per spike had the most direct and positive effect on grain yield. zecevic et al.
(2004) obtained by path analysis that the spike length through number of spikelet per spike had
the highest positive indirect effect on grain weight per plant. According to ABDERRAHMANE et al.
(2013), a stepwise regression can reduce the effect of significantly non-important traits in the
regression model. SOLEYMANIFARD et al. (2012), NASRI et al. (2014), MIRTAHERI et al. (2015)
have used stepwise regression on wheat. The main objectives of this study were to determine the
genetic and phenotypic variability, heritability, inter-relationship and direct and indirect effects
of some wheat traits among themselves and with grain weight per spike. Also, the goal is to
determine which traits could be used as a yield phenotypic selection marker in a breeding
process.
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MATERIALS AND METHODS

Field experiment was conducted during three different vegetation seasons (2010-2012)
at the experimental field of the Center for Small Grains in Kragujevac, Serbia (20°55'12" E,
44°01'12" N, 185 m alt.). The field experiment was performed on the soil of the smonitza
(Vertisol) type, with a relatively high clay content and the unfavorable physical properties. The
experimental material consisted of ten wheat genotypes: Arsenal, KG-56, Gruza, Mironovskaya
808, Norin 10, Rana Niska, Spartanka, Sterna, Osjecanka, and Szegedi 765, which were planted
in the field according to a randomized complete block design with three replications. Sparse
sowing was performed in 1 m long rows, with 20 cm space between the rows and 10 cm distance
between each seed in a row. Because of the sparse sowing method, genotypes have been able to
express their maximal genetic potential for tillering, and the lush vegetative mass, as well as
spike characteristics. The main sample consisted of 10 plants per replication (30 plants per
genotype). In this study, plant height (of the main tiller, measured from the base of the stem up to
the apex excluding spike [cm]), primary spike traits (spike length [cm], number of spikelet per
spike, number of grain per spike, spike density (number of spikelet per spike/spike length), spike
weight [g] and grain weight per spike [g]), were evaluated. Analyses of variance and covariance,
correlation, multiple linear regression and stepwise regression for all collected data, were
conducted, using the IBM SPSS Statistics Trial Version 22.0 (https://www.ibm.com/). The mean
squares (MS) from analysis of variance were used to estimate components of the variance
(genotypic variance 6, phenotypic variance 6%, genotype x year variance 67gx, and ecological
variance %) (COMSTOCK and ROBINSON, 1952), as follows:
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Where: MS1 = mean square for genotype, MS2 = mean square for genotype x year, MS3 =
mean square for error, r = replications, y = years

The mean values (X) were used for genetic analyses to determine genotypic coefficient of
variation (CVy) and phenotypic coefficient of variation (CV,), according to SINGH and
CHAUDHURY (1985), using equation:
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Heritability in broad sense (h?) for all traits was computed using the formula given by
FALCONER (1989), as:
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The genotypic and phenotypic correlation coefficients were calculated by the method
described by FALCONER (1989), using equations:
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Where: covgy = genotypic covariance, cov, = phenotypic covariance, x and y = mean values
of traits.

Test of significance (at 5 and 1% probability levels) of correlation was done using t-test at
n-2 degree of freedom. Path analysis was carried out according to method described by DEWEY
and LU (1959).

RESULTS AND DISCUSSION

Highly significant differences (p<0.01) were observed among the genotypes for all the
traits, indicating that the genetic variation was present. (Table 1). The phenotypic coefficient of
variation (CVp) was higher than the genotypic coefficient of variation (CVg) for all analyzed
traits. This indicates that the present variation was not only due to genotypes but also due to
influence of environment. The higher value of CVp for all characters have also reported by
PETROVIC et al. (2007), ALI et al. (2008) and BHUSHAN et al. (2013). Plant height had the highest
CVg and CVp (22.62 and 23.51%), while the number of spikelet per spike had the lowest values
(4.98 and 5.8%). Similar results were reported by BHUSHAN et al. (2013), where they found the
lowest CVp for number of spikelet per spike. Grain weight per spike had low CVg and CVp
(5.63 and 9.45%, respectively), but high difference between phenotypic and genotypic
coefficient of variation indicating the greater influence of the environment. Moderate values of
CVg and CVp were observed for spike length, number of grains per spike, spike density and
spike weight (Table 1). The selection success largely depends on the extent to which the desired
traits are heritable (ROHANI and MARKER, 2016a). The estimates of broad sense heritability were
from low to high in various traits. Highest heritability of 93.1% was exhibited by plant height,
which is in agreement with results reported by KASHIF and KHALIQ (2004) and ALl et al. (2008).
Also, heritability was high in case of spike length (92.3%) and spike density (92.9%). The traits
such as number of spikelets per spike, number of grains per spike and spike weight showed
moderately high heritability values of 73.3, 75.9 and 72.2%, respectively. KASHIF and KHALIQ
(2004) reported similar results for number of spikelets per spike (70.61%) and number of grains
per spike (78.41%). Also, ERKUL et al. (2010) observed similar heritability for number of
spikelet per spike (62%). The low heritability (35.6%) was observed for grain weight per spike
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because genetic variance was lower in magnitude (0.021) than environmental variance (0.038)
(Table 1). This is in agreement with results reported by KNEZEVIC et al. (2014), who emphasizes
that environmental factors had higher impact on grain weight per spike expression in relation to
genetic ones.

Table 1. The mean value, variance and heritability of analyzed yield components

Mean

values enotypes % % % %
o, o, Py o genotyp (%) (%) (%) (%)

. . b
Traits® Estimates of variance components MS of CV CVg CVp h2

=

PH 58.15 17417 187.05 37.72 12.87  16834.2 1422 2269 2351 931
SL 9.93 3174 3438 0144 0.264 290.52" 9.82 1794 18.09 923
NSS 2228 123 1.678  1.214 0.447 1510127 11.61 4.98 5.80 73.3

*

NGS 6392 60.621 79.876 5348 19255 7188.87" 2241 1218 1398 759
SD 2.24 0.079 0.085 0.016 0.006 1214117 11.09 1254 1301 929
SW 346  0.112 0155 0115 0.043  13.992" 2111 967 1137 722

GWS 257 0.021 0.059 0.105 0.038 5.304" 2443 563 945 356

*PH — plant height; SL — spike length; NSS — number of spikelet per spike; NGS — number of grains per spike; SD —
spike density; SW — spike weight, GWS — grain weight per spike; "6, 6, 6%+ and o’ indicate the genetic, phenotypic,
genotype and phenotype interaction and environment variance, respectively; “p<0.01

All the values of genotypic correlations were generally higher comparing to phenotypic
ones, showing the existence of inherent association among the traits. This is in line with findings
of MUNIR et al. (2007) and AIMAL et al. (2009). Plant height had highly significant and positive
genotypic and phenotypic correlation to the spike length (r;=0,844, r;;,=0,819) and the number of
spikelet per spike (r4=0,766, r,=0,671) which corresponds to the results obtained by RAHMAN et
al. (2016). The genotypic and phenotypic correlation of spike length was statistically significant
and positive with number of spikelet per spike (r;=0,980, r,=0,906). Similar results were
observed by zECEVIC et al. (2004), KHALIQ et al. (2004) and DESHEVA (2016). Also, spike length
correlated positively and significantly to the grain weight per spike (r;=0,708, r,=0,395), which
is in agreement with previous reports of MUNIR et al. (2007) and ROHANI and MARKER (2016a).
DESHEVA (2016), also, noticed that spike length was in positive and significant correlation, at
phenotypic level, to the grain weight per spike. The grain weight per spike had the highly
significant and positive genotypic and phenotypic correlation to the number of spikelet per spike
(r;=0,981, r,=0,560), confirmed by NUKASANI et al. (2013) and DESHEVA (2016). Also, grain
weight per spike had highly significant and positive correlation to the number of grains per spike
(r;=0,861, r,=0,615), which was confirmed by findings of zECEVIC et al. (2004), MUNIR et al.
(2007) and DESHEVA (2016). The spike weight had significant to highly significant positive
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correlation to all the characteristics except plant height and spike density (Table 2). Significant to
highly significant negative genotypic and phenotypic correlations were exhibited by spike
density to all of the characteristics in study. The strongest negative genotypic and phenotypic
correlation was observed between spike density and spike length (ry=-0,992, r=-0,970), which
means that the spike length increment decreases spike density. Similar result was obtained by
KHALIQ et al. (2004).

Table 2. Genotypic — ry (above diagonal) and phenotypic — r, (below diagonal) correlation coefficients of
analyzed traits

Traits® PH SL NSS NGS SD SW GWS
PH - 0.844™ 0.766™ -0.226 -0.830™ 0,216 0.488"
SL 0.819™ - 0.980™ 0.038 -0.992" 0.496" 0.708™
NSS 0.671" 0.906"™ - 0.331 -0.989" 0.787" 0.981"

NGS -0.251 0.032 0.267 - -0.022 0.767" 0.861"

SD -0.788™  -0.970"  -0.847" -0.024 - -0.578" -0.801™
SW 0.153 0.402" 0.584™ 0.731" -0.465" - 0.961"

GWS 0.259 0.395" 0.560" 0.615™ -0.443" 0.988" -

*PH — plant height; SL — spike length; NSS — number of spikelet per spike; NGS — number of grains per spike; SD —
spike density; SW — spike weight; GWS — grain weight per spike; "p<0.05; “p<0.01

In order to obtain more accurate results of the interrelationship between different traits,
the direct and indirect effects of the different traits on grain weight per spike were calculated
(Table 3). The spike weight had the highly significant (p<0.01) and the highest positive direct
effect (0.908) on grain weight per spike. The direct effect of plant height on grain weight per
spike was highly significant (p<0.01) and positive (0.157). Highly significant and positive direct
effect of plant height on grain weight per plant was established by zeCcevic et al. (2004).
MOHAMMADY et al. (2012) reported that the plant height had positive direct effect on grain yield.
Plant height had positive indirect effect on grain weight per spike, via spike weight (0.145), only.
According to zecevic et al. (2010), as well as, SREENIVASULU and SCHNURBUSCH (2012) grain
number per spike plays an important role in wheat grain yield improvement. Number of grains
per spike had highly significant (p<0.01) and positive direct effect (0.087) on grain weight per
spike, which is in accordance to the results obtained by ASHFAQ et al. (2003) and KHAN and DAR
(2010). The positive indirect effect of number of grains per spike on grain weight per spike was
via spike weight (0.652), only. The path coefficient analysis gave somewhat different results
comparing to the genotypic and phenotypic correlation analysis. The genotypic and phenotypic
correlation analysis indicated that number of spikelet per spike had highly significant and
positive effect on grain weight per spike, but path analysis suggested that this trait had direct
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negative influence on grain weight per spike (-0.110**). The direct negative effect of number of
spikelet per spike was masked from the positive indirect effect of this trait through the spike
weight (0.429) and plant height (0.073). The path analysis showed that spike length had non-
significant (p>0.05) direct effect on grain weight per spike (-0.028). Highly significant and
positive genotypic and phenotypic correlation coefficients between spike length and grain weight
per spike were mainly because of indirect effect through spike weight (0.287) and plant height
(0.111). Therefore, selection for longer spike cannot guarantee a high grain weight per spike.
Although genotypic and phenotypic correlation showed that spike density had highly significant
and negative effect on grain weight per spike, path coefficient indicated that this trait had highly
significant (p<0.01) and positive direct effect (0.073). Similar results were obtained by KHALIQ
et al. (2004) and ATA et al. (2014). Path analysis also showed that spike density had negative
indirect effect on grain weight per spike through spike weight (-0.113) and plant height (-0.071).
This negative indirect effect covered direct positive effect. The highest positive total indirect
effect belonged to a number of grains per spike (0.595), followed by the number of spikelet per
spike, and that was controlled through spike weight (0.652 and 0.429), while only spike density
had negative total indirect effect (0.162) on grain weight per spike also via spike weight. KHALIQ
et al. (2004) reported that number of grains per spike had the highest positive indirect effect on
grain yield, but via spike length. Spike weight had the highest total effect on grain weight per
spike (0.926), followed by number of grains per spike (0.681) and number of spikelet per spike
(0.412) (Table 3).

Table 3. Direct and indirect effect of different traits to grain weight per spike calculated by Path analysis

Indirect effects

Traits® Direct Total indirect ~ Total
effect PH SL NSS NGS SD SW effect effect

PH 0.157" - -0.020 -0.051 -0.001 -0.033 0.145 0.040 0.197
SL -0.028  0.111 - 0067 0.017 -0.052 0.287 0.297 0.269
NSS -0.110™  0.073 -0.017 - 0.039 -0.001 0.429 0.522 0.412
NGS 0.087" -0.002 -0.006 -0.049 - 0.000  0.652 0.595 0.681
SD 0.073" -0.071 0.020 0.002 0.000 - -0113 -0.162 -0.089
SwW 0.908™ 0.025 -0.009 -0.052 0.062 -0.009 - 0.018 0.926
R*=0.871 1.309 2.396

*PH — plant height; SL — spike length; NSS — number of spikelet per spike; NGS — number of grains per spike; SD —
spike density; SW — spike weight; GWS — grain weight per spike; “p<0.01

A stepwise regression analysis was computed in order to remove effect of non-effective
traits in regression model on grain weight per spike (Table 4). The stepwise regression analysis
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revealed that 87.1% (R?*=0,871) of the grain weight per spike variation was explained by a model
which excludes spike length. In order to all independent variables that are included in a model,
the spike weight had the strongest variation in grain weight per spike ($=0.909), confirming the
results reported by the genotypic and phenotypic correlation and path analysis. The spike weight
had the highest shared (73.8%) and unique (68.1%) contribution to grain weight per spike, which
indicates that spike weight explains the most part of grain weight per spike variation as well.
NASRI et al. (2014) reported the importance of spike weight per unit area to grain yield. It was
observed that 82.3% of variation in grain weight per spike was explained by spike weight and
plant height. This shows that these two traits had the most effect on the increasing of grain
weight per spike. SOLEYMANIFARD et al. (2012) found that plant height significantly explained
variation in grain yield, also. Although, grain number per spike was in stronger association with
grain weight per spike in relation to other traits, except spike weight, (r=0.682), this trait had the
lowest shared and unique contribution to grain weight per spike (2.4 and 0.3%). Number of
spikelet per spike was in positive correlation to grain weight per spike (r=0.412), but this trait
had the negative impact on variation in grain weight per spike (f=-0.124). In the other hand,
spike density was in negative association with grain weight per spike (r=-0.089), but it had
positive effect on variation in grain weight per spike (3=0.091), Table 4.

Table 4. Stepwise regression showing the relative contribution of some traits in predicting grain weight per

spike
Traits B B Correlations Contribution (%)
included R?  coeffic coeffic Probability
in model? ient ient  zero-order partial part  shared unique
SW 0.745  0.909 0.926 0.859  0.603 73.8 36.4 p<0.01
PH 0.007 0.151 0.196 0.292 0.110 8.5 12 p<0.01
NGS 0.871  0.003 0.087 0.682 0.156  0.057 24 0.3 p<0.01
NSS -0.029 -0.124 0.412 -0.242  -0.089 5.8 0.8 p<0.01
SD 0.155 0.091 -0.089 0.209 0.077 4.4 0.6 p<0.01
eqlzljigglon GWS = 0.745SW + 0.007PH + 0.003NGS — 0.029NSS + 0.155SD — 0.327¢

*SW — spike weight;PH — plant height; NGS — number of grains per spike; NSS — number of spikelet per spike; SD —
spike density GWS — grain weight per spike

CONCLUSION
Grain weight per spike was in high and positive genotypic and phenotypic correlation
with number of spikelet per spike, number of grains per spike and spike length. However, path
analysis showed that the highest part of these correlations belongs to the indirect positive effects
of mentioned traits through the spike weight and plant height. These results confirmed that path
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analyzes quantifies the interrelationships between traits in detail, which makes it more useful for
breeders compared to correlation analysis. Path coefficient analysis indicated that spike weight
had the strongest positive and direct effect on grain weight per spike. A great number of traits
had high indirect effect on grain weight per spike via spike weight and plant height, only. The
stepwise model included all the traits except spike length. Spike weight and plant height had the
highest shared and unique contribution to grain weight per spike. Based on path coefficient
analysis and stepwise regression, we concluded that spike weight and plant height can be used as
a selection criteria to increase grain weight per spike. Respectively, the assimilative translocation
from vegetative to generative plant parts is at its best, giving the increment of the grain weight
per spike.
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Izvod
Sa ciljem da se pouéi varijabilnost i medusobni odnos izmedu razli¢itih komponenti
prinosa pSenice, zasnovan je ogled po slucajnom blok sistemu, sa deset genotipova pSenice, u tri
vegetacione sezone (2010-2012). Broj klasi¢a po klasu i masa zrna po klasu su imale nisku
genotipsku i fenotipsku varijabilnost, dok je najvisa varijabnilnost zabelezena kod visine biljke.
Visoka heritabilnost ustanovljena je kod visine biljke (h*=93,1%), duzine klasa (h*=92,3%) i
rastresitosti klasa (h?=92,9%). Najniza heritabilnost je zabeleZena kod mase zrna po klasu
(h*=35,6%). Masa zrna po klasu je u zna¢ajnoj pozitivnoj genotipskoj i fenotipskoj korelaciji sa
svim osobinama (visina biljke, duzina klasa, broj klasi¢a po klasu, broj zrna po klasu i masa
klasa), osim sa rastresito§¢u klasa. NajviSu fenotipsku korelaciju sa masom zrna po klasu je
ostvarila masa klasa (r~=0,988), a najvisu genotipsku korelaciju broj klasic¢a po klasu (r,=0,981).
Path koeficijent pokazuje da sve osobine, osim duzine klasa, imaju znacajan direktni efekat na
masu zrna po klasu. Stepwise regresijom je ustanovljeno da je 87,1% varijacije mase zrna po
klasu objasnjeno modelom koji isklju¢uje duZinu klasa. Masa klasa i visina biljke imaju najvisi
opsti i pojedinaéni doprinos povec¢anju mase zrna po klasu.
Primljeno 15.X.2017.
Odobreno 18. 1V. 2018.



