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Seven wheat genotypes (Triticum dicoccum) and the local check sham5 were planted all at Al-Ghab and Izra Research
centers in The General Commission for Scientific Agricultural Research in Syria during growing season 2010/2011. Yield
components (number of total and fertile tillers per plant, number and weight of grains per spike, weight of thousand
grain and individual plant grain yield) were studied in two sites in order to predict their effect and to determine their
effects on grain yield in order to define selection criteria for grain yield. Results revealed all studied traits except total
tillers number were positively correlated with grain yield, and only (fertile tillers number and grain number per spike
and grain weight per spike) had a significant regression with grain yield and these traits can explain about (27.6, 67.7,
62.2)% respectively of the variation final grain yield. Results of path analysis indicated that the direct effect of fertile
tillers per plant and grain weight per spike on grain yield was positive and high (0.6178, 0.7563) respectively, so that we
can depend on them in breeding program as selection criteria to increase grain yield in plant.
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INTRODUCTION
In view of production and harvested area, wheat is major crop in
the world and provides almost 20% of energy [1], wheat is widely
cultivated in arid and semi-arid regions [2], about 65% of wheat
production is used for humans and 17% as forages while 12%
in industry [3]. Grain yield is a final product of combination
of yield traits like grain number and grain weight per spike and
fertile tillers number and thousand grain weight [4]. Correlation
analysis can be a tool to have success in breeding programs [5]
especially for yield traits [6] in order to increase the final grain
weight [7]. Regression is used to define the importance of yield
traits to be used as effective indexes to increase grain yield [8].
Path analysis enables us to partitioning of correlation into direct
and indirect effects of different traits on grain yield [9, 10].
Previous study [1] emphasis on any trait which has a positive
direct effect on grain yield even if the correlation wasn’t
meaningful. Earlier work [11] found that fertile tillers number
is one of the important traits which affect the final grain yield.
Another research [12] reported that the increase grain weight
per spike will eventually increase grain yield.

Some of the earlier works [13-15] emphasized role of fertile
tillers on grain yield, and grain weight had a positive direct effect
on grain yield. The present study was conducted to estimate the
correlation between studied traits, and to predict their effect
on grain yield through regression analysis, and to determine
their direct and indirect effects on grain yield in order to define
selection criteria for grain yield.

MATERIAL AND METHODS
Seven genotypes of primitive wheat Triticum dicoccum were
planted in tow sites Al-Ghab research centre north of Damascus
and Izra research station south of Damascus belongs to the
General Commission of Scientific Agricultural research GCSAR
in Syria during season 2010/2011 under rainfed conditions, in
addition to local variety Sham5 as control, the experiment was
laid out in a Complete Randomized Block Design (RCBD)
with three replications, each genotype was planted in plot
which had six rows of one meter length and 25 cm space was
left between rows while 5 cm space between plants, depth of
planting was 3-5 cm. All recommended cultural practices like
irrigation and pesticide control were conducted according to
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Agricultural ministry guides. Following traits were studied from
ten selected plants:
• Total tillers number per plant: Numbers of all tillers of each
genotype were counted at maturity in each replication and
average was computed.
• Fertile tillers number per plant: Numbers of fertile tillers of
each genotype were counted at maturity in each replication
and average was computed.
• Grain number per spike: The main spike was threshed
manually and numbers of grains per spike were counted for
each genotype.
• Grain weight per spike: Grain per spike was weighed using
electric balance for each genotype in each replication.
• Thousand grain weight: 500 grains were counted randomly
from each genotype and weighed on electric balance then
adjusted to 1000 grain weight.
• Grain yield per plant: Average grain yield per plant was
weighed using electric balance for each genotype in each
replication.

Regression

Correlation between traits was studied using SPSS.15, and
simple linear regression SLR was studied between grain yield
per plant as the dependent variable and each of the following
traits as independent variables (total tillers number per plant,
fertile tiller number per plant, grain number per spike, grain
weight per spike, thousand grain weight) using Genstat.12. Path
coefficients analysis to define the direct and indirect effect of
studied traits on grain yield was made according to [16] using
Genstat.12, strength of direct and indirect effect value of the
studied traits on grain yield was scaled according to [17] as
follows: More than 1: very strong, (0.3 - 0.9): strong, (0.2 - 0.29):
medium, (0.1 – 0.19) weak, less than 0.1 is neglected.

Where GY: grain Yield, FT: fertile tillers number, GN: grain
number per spike, GW: grain weight per spike, (2.54, - 5.90,
1.83): are constants. (1.132) in equation 1: regression coefficient
(b) between fertile tillers and grain yield revealed that increasing
of one fertile tiller will cause an increasing in grain yield of
1.132. (0.4768) in equation 2: regression coefficient(b) between
grain number and grain yield, means increasing only one
grain will increase grain yield of 0.4768. (7.930) in equation

RESULTS AND DISCUSSION
Correlation
Results of correlation study revealed a strong positive and
highly significant correlation between grain yield per plant and
each of fertile tillers number (r = 0.541**) and grain number
(r = 0.827), and grain weight (r = 0.795**), and thousand grain
weight (r = 0.432**). Total tillers number had a positive highly
significant correlation with fertile tillers number (r = 0.508**)
and negative significant correlation with thousand grain weight
(r = - 0.390*). Fertile tillers number had a positive significant
correlation with grain number per spike (r = 0.362*) and
negative and highly significant correlation with thousand grain
weight (r = - 0.396**). Correlation between grain number and
grain weight was positive and highly significant (r = 0.778**),
and the same relationship was between grain weight and
thousand grain weight (r = 0.776**) (Table1).
Our data are in accordance with earlier results between grain
yield and grain number per spike [18-22]. Other studies [23,24]
also conducted similar results between grain yield and grain
weight per spike. There are reports about the correlation
between thousand grain weight and grain yield per plant [25].
Our results also agree with previous findings [26, 20, 27-31].
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Results showed significant regression and each of fertile tillers
per plant and grain number per spike and grain weight per spike
as independent variables, while other traits like total tillers
number and thousand grain weight hadn’t any effect on grain
yield as the regression wasn’t meaningful (Table 2).
The adjusted coefficient of determination R2 between grain
yield and each of fertile tillers number and grain number per
spike and grain weight per spike was (0.276, 0.677, 0.622)
respectively which means that about 27.6% of variation in final
grain yield could be explained by the variation in fertile tillers
number represented by the nearest dots to the linear regression
line in Figure. 1, and each of grain number per spike and grain
weight per spike can explain (67.7%, 62.2%) of final grain yield
variation represented by the nearest dots to the linear regression
line in Figure. 2. Simple linear regression equations were formed
for the significant traits.

Table 1: Correlation between studied traits
TT
FT
GN
GW
ThGW
GY

TT

FT

GN

GW

ThGW

GY

1
0.508**
0.008
- 0.252
- 0.390*
0.079

1
0.362*
-0.046
-0.396**
0.541**

1
0.778**
0.226
0.827**

1
0.776**
0.795**

1
0.432**

1

*significant at 0.05, ** significant at 0.01, TT total tillers per plant, FT
fertile tillers per plant, GN grain number per spike, GW grain weight per
spike, ThGW thousand grain weight, GY grain yield per plant

Table 2: Summary of S.L.R. between grain yield and other
traits
Trait
TT

Source

Regression
Residual
Total
FT
Regression
Residual
Total
GN
Regression
Residual
Total
GW
Regression
Residual
Total
ThGW Regression
Residual
Total

d.f. Mean squares
1
40
41
1
40
41
1
40
41
1
40
41
1
40
41

12.30 ns
49.93
49.01
593.88 s
35.39
49.01
1375.85 s
15.84
49.01
1267.70 s
18.54
49.01
394.96 ns
40.36
49.01

R

R2

Adjusted R2

0.079

0.006

-0.019

0.541** 0.293

0.276

0.827** 0.685

0.677

0.795** 0.632

0.622

0.432** 0.187

0.167
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3: regression coefficient(b) between grain weight and grain
yield, means that increasing one gram in grain weight will
increase grain yield of 7.930. Our results are in agreement with
previous studies [13,32-35].

Path Analysis
Results of path analysis indicated that the direct effect of
grain weight per spike on grain yield was positive and high
(0.7563) while other indirect effects of grain weight positive
or negative were all neglected which means that grain weight
really effect the grain yield since the direct effect is almost
equal to the correlation value. Direct effect of fertile tillers per
plant on grain yield was high and positive (0.6178) while other
indirect effects of fertile tillers were neglected but negative
which minimize the total effect (correlation value) but it
still high and positive(0.5415), that means relation between
fertile tillers and grain yield is effective. Direct effect of total
tillers per plant was neglected and negative (-0.0101) on grain
yield, and also other indirect effects of total tillers via grain
number and thousand grain weight were also negative and
neglected, but the indirect effect of total tillers via fertile
tillers was positive and high (0.3141) while negative and
small (-0.1908) via grain weight per spike, this result refers
to the importance of the indirect effect of total tillers via
fertile tillers on grain yield. Total effect of grain number was
high and positive (0.8274) due combination of the indirect
effect of grain number via grain weight which was positive
and high (0.5885) and the indirect effect of grain number via
fertile tillers which was positive and high(0.2235) because
direct effect of grain number was negative and neglected,
other indirect effects were all neglected. The indirect effect
of thousand grain weight via grain weight per spike was high
and positive (0.5868) more than the positive and high total
effect (0.4324) which was lower due to the negative medium
indirect effect of thousand grain weight via fertile tillers per
plant(-0.2447), direct effect and other indirect effects were all
neglected. combination of the indirect effect of grain number
via grain weight which was positive and high (0.5885) and
the indirect effect of grain number via fertile tillers which
was positive and high (0.2235) because direct effect of grain
number was negative and neglected, other indirect effect were
neglected (Table 3).
Where: TT total tillers per plant, FT fertile tillers per plant,
GN grain number per spike, GW grain weight per spike, ThGW
thousand grain weight, bold numbers are direct effect.
Our results are in agreement with [36, 37] whose results showed
positive and high direct effect for grain weight per spike on grain
yield per plant, and agree with [1] who found that the indirect
effect of grain number via grain weight was positive and high on
grain yield, and agree with results of [38] and [39] who resulted
that the indirect effect of thousand grain weight via grain weight
on grain yield was high and positive, and with [29] who referred
to the high positive direct effect of fertile tillers on grain yield,
and with [40] who found that the direct effect of grain number
on grain yield was negative and neglected.
26

Figure 1: Effect of fertile tillers on grain yield

Figure 2: Effect of grain number and grain weight on grain yield

Table 3: Direct and in direct effect of studied traits on grain yield
TT
FT
GN
GW
ThGW

TT

FT

GN

GW

ThGW

R value

-0.0101
-0.0051
-0.0001
0.0026
0.0040

0.3141
0.6178
0.2235
-0.0287
-0.2447

0.0000
-0.0015
-0.0042
-0.0032
-0.0009

-0.1908
-0.0351
0.5885
0.7563
0.5868

-0.0341
-0.0346
0.0197
0.0678
0.0873

0.0790
0.5415
0.8274
0.7947
0.4324

CONCLUSION
It was concluded from this study that correlation and regression
analysis alone are not enough to determine the real relationship
between studied traits and grain yield, but It was clear from
the results of correlation and regression and path analysis the
importance of fertile tillers per plant and grain weight per spike
on the final grain yield per plant.

RECOMMENDATION
Wheat breeders must concentrate in breeding program on fertile
tillers per plant and grain weight per spike as selection criteria
to increase grain yield.
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