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 The study performed to determine the relationship between yield and yield components 

of wheat (Triticum aestivum L.) variety Adana-99, using data from a factorial 

experiment; 6 planting dates and 6 plant densities in CRBD within three replications. 

Results of the path coefficient confirmed that, grain yield was positively and highly 

significant associated with plant height, number of days to flowering, number of days to 

maturity, spike length, number of spikes/m
2
, number of seeds/spike, 1000 grain weight, 

biological yield, harvest index and grain yield. Path coefficient analysis showed that the 

magnitude of positive direct effect on grain yield was highest through number of days to 

maturity which was (0.657) and followed by biological yield (ton/ha) which was (0.650), 

whereas number of days to flowering with (-0.425) recorded maximum negative direct 

effect on grain yield. The results suggest that all the characters showing highly 

significant correlation with grain yield in the process selection much attention should be 

given to them as these characters in future wheat breeding programs for increasing yield.    
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Introduction: 

   Wheat (Triticum aestivum L.) is one of the world
’
s important cereal crops and is used as staple food in 

many regions of the world. It is grown under both irrigated and rain-fed conditions. It belongs to family 

Gramineae [1]. Wheat yield is a complex trait, depending on genetic and environmental factors and their 

interactions. The actual yield is a result of the value of yield components as well: plant high, the number of 

productive tillers, number of spikelet/spike, number of grain/spike, grain mass/spike, number of spikes/m
2
, 

1000 grain mass and others [2; 3]. The characters affecting and influencing yield need to be identified and 

selection has to be done with those characters which show a close correlation with grain yield [4]. In 

agronomic and breeding studies, correlation coefficients are generally used to determine the relation of grain 

yield and its components. Simple correlation coefficients detected that 1000 grain weight, number of 

grains/spike, and plant height recorded significant and positive correlations with grain yield [5] days to 

maturity had a positive and significant correlation with spike length and biological yield and grain yield [6], 

grain yield had positive correlation with spike length and grains/spike, while negative correlation with plant 

height and tillers/plant observed by [7]. A negative relationship between days to flowering and grain 

yield/plant reported in their studies in advanced wheat lines [8, 9 and 10]. Estimation  of the correlation 

between yield and its components alone is not sufficient to understand the importance of each one of these 

components in determining the grain yield [11, 12 and 13] . Correlation is the simultaneous variation of two 

variables. It is often desirable to observe and measure the relationship between two characters. Correlation 

may be positive or negative. Positive correlation shows that increase in a single trait causes simultaneous 

increase in the other. Negative correlation reflects the increase in one trait is associated with a decrease in the 
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other [14]. Correlation analysis is commonly practiced to determine the relationship of grain yield with its 

component characters. Grain yield is a quantitative trait, which is a function of many parameters have 

associations among themselves and can affect the grain yield directly or indirectly. For this reason, 

determination of the relationship between grain yield and other characters is necessary when indirect 

selection is made for higher grain yield. It is sensible to know whether a yield component has a direct or 

indirect effect on grain yield while making a selection for higher yield [15].  

The path analysis is used to find the direct or indirect effects of some yield components on grain yield in 

relation to yield with other components. Many researchers have been done on wheat breeding in which both 

correlation and path analysis methods were simultaneously used. Some researchers reported a positive and 

significant correlation between plant height and grain yield in many studies [16, 17 and 18] it was shown that 

seed numbers/spike has a positive effect on grain yield [19 and 20]. In correlation, a path analysis conducted 

by a large number of researchers, it has been observed that 1000 grain weight has a positive effect on yield, 

followed by spike length and days to flowering, while plant height and grains/spike had a negative direct 

effect on yield and days to maturity associated a positive direct effect and negative indirect effect on grain 

yield via harvest index, while biological yield  had the highest direct effect on grain yield refers to followed 

by weight of main spike, they show that the biological yield and weight of main spike can be used as criteria 

for selection to improve the yield of wheat grain [7, 21,22 and 23]. 

The aim of this study was to determine the correlations and path coefficient analysis of yield and its 

components in bread wheat and assess their suitability’s in a breeding program.  

         

Material and Methods 

In order to detect the direct and indirect correlations and path coefficient of grain yield with its component. A 

variety of bread wheat namely; (Adana-99) during the winter season of 2015-2016 was cultivated in 6 

different planting dates combined with 6 different plant densities using CRBD factorial design within three 

replications at the Qlyasan Agricultural Research Station, College of Agricultural Sciences, University of 

Sulaimani.  

This research was done by using both simple correlation and path coefficient analysis which 

indicated the direct and indirect effect on the dependent variable (grain yield), with the other characters were 

studied. 

Studied characters 

Studied Ten characters, namely, plant height (cm), number of days to flowering, number of days to maturity, 

spike length (cm), number of spikes/m
2
, number of seeds/spike, 1000 grain weight (gm), grain yield (ton/ha), 

biological yield (ton/ha) and harvest index were studied.   

Correlation Analysis 

 The correlation coefficient was carried to determine the degree of association of characters with 

yield and other characters in each environment. Phenotypic correlations were calculated between 

characters in each environment by using the formula given by [24]. 

Path Coefficient Analysis 

 The path coefficient analysis was carried out as suggested by [24, 25, 26, and 27], through 

(Analysis of Moment Structures) AMOS Ver. 18 Software.   

 

Result and Discussion 

Table (1) indicated the means value of interaction effects between both factors; planting dates and plant 

densities on grain yield and its components. Maximum number of plant height was 108.333 cm produced by 

the interaction effect between (15th Nov. 2015 under the plant density of 220 kg/ha). Maximum number of 

days to flowering, number of days to maturity, spike length and number of seeds/spike was 146.667, 

186.333, 9.407 cm and 44.333, respectively produced by the combination between (15
th
 Nov. 2015 under the 

plant density of 120 kg/ha). The maximum value of spikes/m
2
 was 726.667 exhibited by the combination 
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between (5
th
 Dec. 2015 under the planting density of 220 kg/ha). The maximum value of 1000 grain weight 

was 50.100 g recorded by interaction between (15
th
 Nov. 2015 under the plant density 140 kg/ha). The 

maximum values of grain yield was 6.888 kg/ha recorded by the interaction between (5
th
 Dec. 2015 under the 

plant density 200 kg/ha). The maximum value of biological yield was 17.273 ton/ha produced by the 

combination between (15
th
 Nov. 2015 under the plant density of 200 kg/ha), whereas the maximum values of 

harvest index was 0.577 recorded by the combination between (15
th
 Jan. 2016 under the plant density of 120 

kg/ha). 

Delay in planting date, decreases the period of vegetative and reproductive growth stages and 

reduces the grain yield. The decrease of grain yield in late planting date could be due to the fact that plant 

vegetative stage faces intense heat of the season, which results in a decrease of vegetative growth stage, 

production of fewer vegetative organs, decrease of assimilation, early flowering, increases of flowers loss 

and infertility, and decrease of grain yield and its components [28]. Low yield of many limiting factors for 

production, with different planting densities of wheat, which affect the proper growing crop due to balanced 

competition for production resources among plants, affects the yield and its components among the 

important agronomic factors [29]. 

 

Table-1: Means value for some agronomic characters. 

Planting Dates x 

Plant Density 

(Kg/ha) 

Plant 

height 

(cm) 

No. of 

days to 

flowering 

No. of 

days to 

maturity 

Spike 

length 

(cm) 

No. of 

spikes 

/m2 

No. of 

seeds/ 

spike 

1000 

grain 

weight 

(g) 

Grain 

yield 

(ton/ha

) 

Biol. 

yield 

(ton/ha) 

Harvest 

index 

15
th

 Nov. 2015× 120 100.333 146.667 186.333 9.407 435.000 44.333 49.400 5.556 11.085 0.501 

15
th

 Nov. 2015× 140 102.333 145.667 185.333 7.743 480.000 42.933 50.100 6.116 12.453 0.491 

15
th

 Nov. 2015× 160 104.333 144.667 184.333 8.163 541.667 41.300 45.607 6.515 16.188 0.402 

15
th

 Nov. 2015×180 104.333 144.667 183.333 7.363 576.667 38.467 43.393 6.686 17.197 0.389 

15
th

 Nov. 2015× 200 106.333 143.667 182.333 7.453 578.333 35.733 42.070 6.803 17.273 0.394 

15
th

 Nov. 2015× 220 108.333 142.667 181.333 6.550 661.667 33.767 38.330 6.227 14.975 0.416 

5
th

 Dec. 2015× 120 85.333 136.667 178.333 7.210 365.000 43.767 42.957 5.425 10.197 0.533 

5
th

 Dec. 2015×140 87.333 135.667 176.333 6.787 388.333 40.700 39.460 6.085 10.975 0.554 

5
th

 Dec. 2015×160 93.333 134.667 175.333 6.657 441.667 36.000 36.630 6.468 11.213 0.576 

5
th

 Dec. 2015× 180 95.000 134.667 174.333 6.150 628.333 32.600 36.840 6.741 13.467 0.514 

5
th

 Dec. 2015× 200 94.333 133.667 173.333 5.977 713.333 30.633 35.110 6.888 14.483 0.476 

5
th

 Dec. 2015× 220 90.000 132.667 172.333 5.917 726.667 27.667 34.873 6.336 15.472 0.409 

25
th

 Dec. 2015× 120 95.333 119.667 161.333 7.290 405.000 38.633 41.360 4.992 9.782 0.511 

25
th

 Dec. 2015×140 80.000 118.667 160.333 6.557 440.000 36.133 40.473 5.440 10.363 0.525 

25
th

 Dec. 2015×160 84.333 116.667 160.333 6.260 478.333 33.733 39.373 5.799 10.573 0.549 

25
th

 Dec. 2015× 180 75.333 115.667 159.333 6.543 610.000 29.500 37.953 5.931 12.007 0.494 

25
th

 Dec. 2015× 200 90.333 115.667 158.333 6.133 581.667 28.967 35.033 5.903 11.963 0.494 

25
th

 Dec. 2015× 220 92.333 114.667 157.333 6.480 583.333 27.933 33.873 6.104 14.177 0.431 

15
th

 Jan. 2016×120 65.000 106.667 141.333 6.287 386.667 29.233 39.970 4.222 7.315 0.577 

15
th

 Jan. 2016×140 68.333 105.667 140.333 6.080 415.000 26.233 38.387 4.539 7.730 0.554 

15
th

 Jan. 2016× 160 75.333 103.667 140.333 6.137 463.333 23.633 35.560 4.754 8.547 0.556 

15
th

 Jan. 2016×180 80.333 102.667 139.333 5.747 521.667 24.000 34.887 5.070 9.513 0.534 

15
th

 Jan. 2016×200 88.000 101.667 139.333 5.563 545.000 24.433 33.073 5.290 10.377 0.510 

15
th

 Jan. 2016×220 84.000 100.667 138.667 6.143 568.333 24.667 32.420 5.432 11.110 0.489 

5
th

 Feb. 2016×120 70.333 89.667 121.333 6.953 323.333 30.200 36.480 3.015 7.257 0.416 

5
th

 Feb. 2016×140 75.333 88.667 120.333 5.487 351.667 25.567 33.870 3.205 7.675 0.417 
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5
th

 Feb. 2016× 160 76.333 89.000 119.333 5.603 390.000 23.167 33.953 3.485 8.532 0.408 

5
th

 Feb. 2016×180 80.333 87.667 118.333 5.470 386.667 21.800 32.707 3.779 8.692 0.435 

25
th

 Feb. 2016×200 82.333 86.667 117.333 5.407 460.000 22.233 32.543 4.069 9.408 0.432 

5
th

 Feb. 2016×220 84.333 85.667 116.333 5.223 518.333 19.400 31.627 4.290 9.439 0.455 

25
th

 Feb. 2016× 120 50.333 74.667 106.333 5.827 251.667 22.733 35.910 1.961 5.927 0.331 

25
th

 Feb. 2016×140 50.333 73.667 105.333 5.913 298.333 21.800 36.283 2.191 6.500 0.337 

25
th

 Feb. 2016×160 55.333 72.667 104.33 5.267 366.667 20.933 33.667 2.451 7.063 0.347 

25
th

 Feb. 2016×180 58.333 71.667 103.333 5.183 456.667 20.733 32.960 2.701 7.523 0.359 

25
th

 Feb. 2016× 200 62.333 70.667 102.333 5.177 490.000 20.367 30.960 2.956 7.928 0.373 

25
th

 Feb. 2016×220 62.333 69.667 101.333 4.900 518.333 19.767 30.020 3.281 8.888 0.369 

Grand means 82.167 109.954 146.815 6.306 481.852 29.547 37.170 4.908 10.646 0.460 

 

Correlation among studied characters 

The correlations are helpful in determining the principal components influencing final grain yield, they 

provide an incomplete representation of the relative importance of direct and indirect influences on the 

individual factors involved [30]. Determining correlation coefficient analysis among the studied characters 

shown in Table (2). Grain yield recorded positive and highly significant correlation with all studied 

characters. Plant height recorded positive and highly significant correlation with number of days to 

flowering, number of days to maturity, spike length, number of spikes/m
2
, number of seeds/spike, 1000 grain 

weight, biological yield , and grain yield, in order (r= 0.872**, r= 0.860**, r= 0.627**,  r= 0.597**, r= 

0.696**, r= 0.527** ,r= 0.856** and r=882**), respectively. Some authors also reported positive and 

significant correlations between yield and plant height [31, 32, 33 and 34]. Number of days to flowering 

exhibited positive and highly significant correlation with number of days to maturity, spike length, number 

of spikes/m
2
, number of seeds/spike, 1000 grain weight, biological yield, harvest index and grain yield, in 

order (r= 0.996**, r= 0.779**, r= 0.477**, r= 0.882**, r= 0.749**, r= 0.808**, r= 0.456** and r= 912**), 

respectively. A number of days to maturity recorded positive and highly significant correlation with the spike 

length, number of spikes/m
2
, number of seeds/spike. 1000 grain weight, biological yield, harvest index and 

grain yield, in order (r= 0.770**, r= 0.490**, r= 0.881**, r= 0.735**, r= 0.804**, r= 0.484** and r=925**), 

respectively. The previous researcher observed that days to 75% maturity had a positive correlation with 

1000 grain weight. Plant height had a highly significant positive correlation with biological yield of plant; it 

suggested that with the increase in plant height there was highly significant increase in biological yield of 

plant [12].  

   Spike length exhibited positive and highly significant correlated with number of seeds/spike, 1000 

grain weight, biological yield and grain yield, in order  (r= 0.893**, r= 0.915**, r= 0.491** and r= 0.548**), 

respectively. The number of spikes/m
2
 was recorded positive and highly significant correlation with 

biological yield and grain yield, in order (r= 0.788** and r=0.713**), respectively. The number of 

seeds/spike was recorded positive and highly significant correlated with 1000 grain weight, biological yield 

and grain yield, in order (r= 0.891**, r= 0.552** and r= 0.677**), respectively. Whereas correlated positive 

and significantly with harvest index, which was (r= 0.414*), 1000 grain weight recorded positive and highly 

significant correlation with biological yield and grain yield, in order (r= 0.402** and r= 0.478**), 

respectively. Biological yield correlation positive and highly significant with grain yield which was (r= 

0.877**), and harvest index gave positive and highly significant correlated with grain yield was (r= 

0.511**). Similar results are agreement with a Positive correlation of grain yield with number of seeds/spike, 

plant height, and 1000 grain weight, with support the present studies [35 and 36]. Positive and highly 

significant correlations recorded between grain yield and harvest index reported by [37]. 
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Table-2: Correlation coefficient analysis among the studied characters. 

Characters Plant 

height 

(cm) 

No. of 

days to 

flowering 

No. of 

days to 

maturit

y 

Spike 

length 

(cm) 

No. of 

spikes/ 

m2 

No. of 

seeds/sp

ike 

1000 

grain 

weight 

(g) 

Biol. 

yield 

(ton/ha) 

Harvest 

index 

Grain 

yield 

(ton/ha) 

Plant height 

(cm) 

1          

No. of days to 

flowering 

0.872** 1         

No. of days to 

maturity 

0.860** 0.996** 1        

Spike length 

(cm) 

0.627** 0.779** 0.770** 1       

No. of 

spikes/m
2
 

0.597** 0.477** 0.490** 0.037n.s 1      

No. of 

seeds/spike 

0.696** 0.882** 0.881** 0.893** 0.097n.s 1     

1000 grain 

weight (g) 

0.527** 0.749** 0.735** 0.915** -0.050n.s 0.891** 1    

Biol. yield 

(ton/ha) 

0.856** 0.808** 0.804** 0.491** 0.788** 0.552** 0.402** 1   

Harvest index 0.322n.s 0.456** 0.484** 0.271n.s 0.075n.s 0.414* 0.288n.s 0.047n.s 1  

Grain yield 

(ton/ha) 

0.882** 0.912** 0.925** 0.548** 0.713** 0.677** 0.478** 0.877** 0.511** 1 

*. Correlation is significant at the 0.05 level (2-tailed) ,      t0.05(34)=2.032 

**. Correlation is significant at the 0.01 level (2-tailed) ,    t0.01(34)=2.728 

Path coefficient analysis 

Grain yield in wheat is a complex character and is the product of several participating factors affecting yield 

directly or indirectly. These factors influence grain production both directly and indirectly and the breeder is 

naturally interested in investigating the extent and type of association of such characters [10]. 

From the results in Table (3), it can be noticed that the number of days to maturity produced the highest 

positive direct effect on the grain yield, which was (0.657) and followed by biological yield (ton/ha) which 

was (0.650). The number of days to flowering with (-0.425) recorded maximum negative direct effect on 

grain yield. The character number of days to flowering recorded maximum positive indirect effect in grain 

yield via number of days to maturity with (0.654) and followed by number of seeds/spike via number of days 

to maturity was (0.579), while the maximum negative indirect effect recorded by number of days to maturity 

via number of days to flowering reaching with (-0.423) and followed by number of seeds/spike via number 

of days to flowering which was (-0.375).  

By studying the relation between production and some quantitative characters of wheat, path analysis 

recorded that plant high had a direct effect on yield [38]. In an investigation on relations between the most 

important morphological indicators with grain yield demonstrated that the highest direct effect on grain yield 

belongs to biological yield, they confirm that biological yield can be used as criteria for selection aimed at 

improving the yield of wheat grain [23]. The positive direct effect on grain yield was also exhibited by 

grains/spike, while spike length had a negative direct effect on grain yield [22]. Path coefficient analysis 

revealed the positive direct effect of days to %50 flowering, plant height, number of seeds/spike and the 

biological yield on grain yield. These characters were limited as most important for selection and 

improvement of grain yield in the rain-fed wheat breeding program [39].   
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Table-3: Estimates of direct and indirect effects, obtained by path coefficient analysis, between the yield 

components on grain yield. 

Characters 

Plant 

height 

(cm) 

No. of 

days to 

flowering 

No. of 

days to 

maturity 

Spike 

length 

(cm) 

No. of 

spikes/m2 

No. of 

seeds/ 

Spike 

1000 

grain 

weight 

(g) 

Biol. 

yield 

(ton/ha) 

Harvest 

index 

Plant height 

(cm) 
0.032 0.028 0.027 0.020 0.019 0.022 0.017 0.027 0.010 

No. of days to 

flowering 
-0.370 -0.425 -0.423 -0.331 -0.203 -0.375 -0.318 -0.343 -0.194 

No. of days to 

maturity 
0.565 0.654 0.657 0.506 0.322 0.579 0.483 0.528 0.318 

Spike length 

(cm) 
-0.017 -0.021 -0.021 -0.027 -0.001 -0.024 -0.025 -0.013 -0.007 

No. of spikes/m
2
 0.020 0.016 0.016 0.001 0.033 0.003 -0.002 0.026 0.002 

No. of 

seeds/spike 
0.005 0.007 0.007 0.007 0.001 0.008 0.007 0.004 0.003 

1000 grain 

weight (g) 
-0.026 -0.037 -0.037 -0.046 0.002 -0.044 -0.050 -0.020 -0.014 

Biol. yield 

(ton/ha) 
0.557 0.525 0.523 0.320 0.512 0.359 0.262 0.650 0.031 

Harvest index 0.117 0.165 0.175 0.098 0.027 0.150 0.104 0.017 0.362 

Grain yield  

Correlation 
0.882** 0.912** 0.925** 0.548** 0.713** 0.677** 0.478** 0.877** 0.511** 

 

Conclusion 

Our results obtained from bread wheat (Adana-99) revealed that the interaction effect between planting dates 

and plant densities on grain yield and its components showed that grain yield correlated highly significant 

and positively with all the characters. Path coefficient analysis reported that number of days to flowering, 

spike length and 1000 grain weight in grain yield weakly negative. The direct effect of plant height, number 

of days to maturity, number of spikes/m
2
, number of seeds/spike, biological yield and harvest index was 

hardly positive, while the number of days to flowering, spike length, and 1000 grain weight had a strongly 

negative effect. Therefore, the characters of the number of days to flowering, spike length, and 1000 grain 

weight would be the appropriate selection criteria raise grain yield in bread wheat.              
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Appendix 1: Calculated (t) 

Characters 
Plant 

height 

(cm) 

No. of 

days to 

flowering 

No. of 

days to 

maturit

y 

Spike 

length 

(cm) 

No. of 

spikes/

m2 

No. of 

seeds/s

pike 

1000 

grain 

weight 

(g) 

Biol. 

yield 

(ton/ha) 

Harvest 

index 

Grain 

yield 

(ton/ha) 

Plant height 

(cm)           

No. of days to 

flowering 

10.365*

*          

No. of days to 

maturity 
9.843** 63.098** 

        

Spike length 

(cm) 
4.687** 7.254** 7.040** 

       

No. of 

spikes/m
2
 

4.334** 3.163** 3.281** 0.215n.s 
      

No. of 

seeds/spike 
5.658** 10.922** 

10.848*

* 

11.547*

* 
0.569n.s 

     

1000 grain 

weight (g) 
3.617** 6.596** 6.321** 

13.205*

* 
-0.292n.s 

11.446*

*     

Biol. yield 

(ton/ha) 
9.667** 7.986** 7.891** 3.290** 7.451** 3.857** 2.561* 

   

Harvest index 1.986n.s 2.987** 3.224** 1.644n.s 0.441n.s 2.652* 1.755n.s 0.276n.s 
  

Grain yield 

(ton/ha) 

10.940*

* 
12.947** 

14.231*

* 
3.822** 5.936** 5.369** 3.174** 

10.645*

* 
3.470** 

 

*. Correlation is significant at the 0.05 level (2-tailed) ,      t0.05(34)=2.032 

**. Correlation is significant at the 0.01 level (2-tailed) ,    t0.01(34)=2.728 
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