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ABSTRACT 
The experiment was carried out at the field of Field Crop - College of Agriculture-Univ. of Baghdad, during 

spring and fall seasons of 2013, under two levels of Nitrogen; 200 and 400 kg N.ha
-1

, by using Randomized 

Complete Block Design, with four replications. The objectives of the experiment were to estimate the genotypic, 

phenotypic and environmental correlations and path coefficient of yield and its components that correlated with 

yield to rely on them as selection criteria  for high yield of maize. Results of statistical analysis showed that 

studied  traits contributed with 99% and 85% of yield variance at spring and fall under 200 kg N.ha
-1

. 

respectively, and 99% and 93% of yield variance at spring and fall under 400 kg N.ha
-1

 respectively. The trait 

number of grains plant
-1

 exhibited positive and highly significant genotypic and phenotypic correlation with 

yield, followed by other traits, while the grain weight correlated negative and highly significant correlation with 

yield , at spring under 200 kg N.ha
-1

. Traits e.g. number of grains row
-1

, number of grains Plant
-1

, weight of 

grain, and crop growth rate exhibited positive and highly significant correlation with yield. Under 400 kg N.ha
-1

. 

In both seasons, all traits had positive high significant phenotypic and genotypic correlation, except days to 

maturity was negative and high significant with yield. In spring and fall under 200 kg N.ha
-1

. grains plant
-1 

 

exhibited positive high value of direct effect in yield followed by grain weight . Crop growth rate exhibited 

positive direct effect in yield in fall season. Under 400 kg N.ha
-1

, in spring the highest direct effect was to grains 

plant
-1

 followed by other traits except grain row
-1

 was negative, while in fall the highest direct effect were for 

grains plant
-1

, grain weight and crop growth rate. It can be concluded that these traits could be used as selection 

criteria for yield improvement in maize in breeding programs.  

Key words: Maize, direct effect, phenotypic and genotypic correlation, path coefficient. 
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 المستخمص
 211تحةت مسةتويين مةن النةايتروجين  2102 جامعةة بغةداد لموسةمين ربيعةي وخريفةي-كميةة الزراعةة-المحاصةيل الحقميةة تم تنفيذ تجربةة فةي حقةل قسةم 

. اسةتهدفت التجربةة تقةدير االرتبةاط الةوراثي والمظهةري والبي ةي ف ة  عةن ت الكاممةة المعاةاة ببربعةة مكةرراتباسةتخدام تصةميم القطاعةا 0-هة. Nكغم011و
أظهةرت . انةات وتةم تقةدير المعةالم الوراثيةة. حممةت البيخاب لمحاصل العةالي لمةذرة الصةفراءمعامل المسار لمحاصل ومكوناته المرتبطة به العتمادها معايير انت

.  Nكغةم211% من تغةاير الحاصةل فةي الموسةم الربيعةي والخريفةي تحةت مسةتور النةايتروجين 58% و99نسبة الصفات التي درست أسهمت   أننتا ج ال
. أظهةرت صةفة عةدد حبةوب 0-ة. هة Nغةمك 011  يعةي والخريفةي لمسةتور النةايتروجين% من تغاير الحاصل لمموسم الرب92% و99. وأسهمت بنسبة 0-ةه

. بينمةا كةان ارتبةاط وزن الحبةة سةالبا عةالي المعنويةة فةي الموسةم ا مة  الحاصةل تميهةا الصةفات ا خةررالنبات ارتباطا موجبا عالي المعنويةة مظهريةا ووراثية
دل نمةةو ات ووزن الحبةةة ومعةةاالرتباطةةات موجبةةة عاليةةة المعنويةةة لصةةفة عةةدد حبةةوب الصةة  وعةةدد حبةةوب النبةةكانةةت . 0-ة. هةةNغةةمك 211الربيعةةي ومسةةتور 

ولمموسةةم الربيعةي ارتباطةةا موجبةا عةالي المعنويةةة ووراثيةا ومظهريةا عةةدا عةدد ا يةةام  0-ة. هة Nغةمك 011 تحةت مسةةتور الصةفات جميةة  أظهةرت .المحصةول
الموسةةم . حصةةمت النتةةا ج نفسةةها لمموسةةم الخريفةةي . أظهةةرت صةةفة عةةدد حبةةوب النبةةات فةةي ا سةةالبا عةةالي المعنويةةة مةة  الحاصةةللمن ةةج التةةي كةةان ارتباطهةة

 أظهةرت صةفة معةدل نمةو المحصةول .حاصل الحبوب تميها صفة وزن الحبةةتبثيرا مباارا موجبا وبقيمة عالية في  0-. هكتارNغمك 211 الربيعي ولمستور
وفي الموسم الربيعي أعمى تبثير مبااةر موجةب عةالي كةان  0-ة. ه Nكغم 011. أما تحت ارا موجبا في حاصل الذرة الصفراءفي الموسم الخريفي تبثيرا مبا

، بينمةا كةةان أعمةةى تةةبثير مبااةر موجةةب فةةي الموسةةم الخريفةةي ثناء عةدد حبةةوب الصةة  نذ كةةان سةةالباالصةةفات ا خةةرر باسةةت اميهةت لصةفة عةةدد حبةةوب النبةةات
يمكةن  هةذ  الصةفات ذات التةبثير المبااةر الموجةب أناالسةتنتا  . يمكن ات ووزن الحبة ومعدل نمو المحصولولمستور النايتروجين نفسه لعدد حبوب النب

 .  الذرة الصفراء في برامج التربية معايير انتخاب لتحسين الحاصل لمحصول اعتبارها 
 .  الوراثي والمظهري، معامل المسار، االرتباط لذرة الصفراء، التبثير المباار: ادالةكممات 
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INTRODUCTION 

Response to selection depends on many factors 

such as interrelationships of the traits. Plant 

breeders works with some yield components 

related to yield in the selection programs and it 

is very important to determine relative 

importance of such traits contributing  to grain 

yield directly or indirectly. Path analysis 

parameters were used to determine the amount 

of direct and  indirect effects of the variables 

on the dependent variable (8,10,16). 

Correlation and path coefficient analysis could 

be used  assist to determine certain traits to be 

used in the improvement of the complex traits 

such as  grain yield (12). Since grain yield in 

maize is quantitative and poly genetic 

controlled, effective yield improvement and 

simultaneous improvement in yield 

components are imperative (6). Selection on 

the basis of grain yield alone is usually not 

very effective and efficient . However , 

selection based on its component could be 

more efficient and reliable (18). When there is 

positive association of major yield component 

traits, components breeding would  be very 

effective, but when these traits are negatively 

associated, it would be difficult to exercise 

simultaneous selection for  them in variety 

developing  (19). The values of genotypic 

correlation among traits were greater than 

phenotypic values . The results obtained by 

Baktash and Wuhaib (4) showed that the 

values of genotypic correlation larger than the 

phenotypic, except for the  number of grains 

row
-1

.
 
In the first and second seasons were 

positive, significant genotypic and phenotypic 

correlation between grain yield and number of 

grains row
-1

. Hadi and wuhaib (12) found that 

all genotypic correlations were higher than 

phenotypic, the highest values were 0.844 for 

grains ear
-1 

for genotypic and 0.853 for 

number of grains row
-1

, 0.819 for number of 

grains ear
-1 

for genotypic correlations. Bunder 

(5) reported that the high values of phenotypic 

correlation with yield were 0.959 for 300 grain 

weight and 0.898 for number of grain row
-1

. 

Path analysis showed high positive direct 

effects of yield components on grain yield 

plant
-1

. Ear grain weight had high positive 

direct effect on grain yield, but showed 

significant negative correlation with grain 

yield through large negative indirect effects of 

on other yield component (2). The results of 

several researchers showed possibility of grain 

yield improvement by using ear weight as 

selection criteria. Number of grain row
-1

 and 

grain weight had positive effects on ear yield 

(20). Number of grains.row
-1

 exerted a 

maximum direct effect on grain yield 

(1,3,9,11). Mohammadi et al. (17) found  that 

100 grain weight and total number of grains  

ear
-1

 revealed highest direct effects on total 

grain weight, grains ear
-1

 and number of 

grains.row 
-1

. The path coefficient analysis at 

phenotypic level revealed that trait, 100 grain 

weight exhibited the largest direct effect on 

grain yield per plant , followed by number of 

grains.row
-1

. Days to maturity recorded 

negative direct effect on grain yield (13, 21). 

Grain yield was positively and significantly 

associated with number of grain ear
-1

, number 

of grain row
-1

 and 1000 grain weight (7, 

15,18). The objective of the experiment was to 

estimate phenotypic, genotypic and 

environment correlations and path coefficient 

to determine the best selection criteria to 

improve the grain yield and yield components  

of maize. 

MATERIAL AND METHODS 
The experiment was conduct at  the field of the 

Dept. of Field Crop -Coll. of Agric.-Univ. of 

Baghdad. Seeds of synthetic cultivar 

Buhoth106 were planted during spring and fall 

season of 2013,in 17-3 for spring and in 18-7 

for fall season. Plant spacing distance was 

(70×25cm). Two levels of nitrogen ( 200 and 

400 kg N.ha
-1

) were used  which  added as 

three parts, the first part at seeding ,the second 

at elongation stage (30 days after emergency) 

and the third at flowering stage ( 60 days after 

emergency). Randomized Complete Block 

Design used with four replications. At 

harvesting, 10 plants were taken to determine  

the yield and yield components and other traits 

to estimate the phenotypic , genotypic and 

environmental correlation for each traits and 

path coefficient for them using formula  found 

by Singh and Chaudhary (22). 

RESULT AND DISCUSSION 

Genotypic, phenotypic and  environmental 

correlation under 200 kg N level for the 

spring  season: Table 1 and 2. illustrate the 

genotypic,phenotypic and environment 

correlation with grain yield and yield 
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components under 200 kg N.ha
-1

. In the spring, 

number of rows ear
-1

, number of grains row
-1

, 

number of grains plant
-1

, days to maturity and 

crop growth rate exhibit positive significant 

genotypic and phenotypic correlation with 

yield, only grain weight exhibited negative and 

highly significant genetic and phenotypic with 

yield (-0.836 and -0.708) respectively, as well 

as with other traits, while the rest traits 

correlated with each positive significant or  

highly significant genetic and phenotypic, the 

highest genotypic and phenotypic values were 

for grain  plant
-1 

(0.799 and 0.692) 

respectively. 

Genotypic, phenotypic and environmental 

correlation under 200 kg N level for the fall  

season: In fall season, the correlations were 

differed (Table 3,4). Number of grains row
-1

, 

number of grains plant
-1

, grain weight and crop 

growth rate associated with yield positively 

and highly significant both genotypic and 

phenotypic (0.902,  0.922, 0.531 and 0.840) 

respectively. Number of rows ear 
-1

 and days 

to maturity were negative non- significant 

correlated with yield. 

Genotypic, phenotypic and environmental 

correlation under 400 kg N level in the 

spring season: Under 400 kg N.ha
-1

., in spring 

season, all traits exhibited positive and high 

significant association with yield of maize, 

(Table5,6). Negative and high significant 

genotypic and phenotypic correlations were 

existed between days to maturity against yield 

and other traits. While other traits correlated 

positive and high significant or significant 

genotypic and phenotypic with each other. 

Similar results were found by Wuhaib(20). 

Genotypic, phenotypic and environmental 

correlation under 400 kg N level  for the  

fall  season: In fall season, the relationships 

among traits were different (Table7,8). All 

correlations between traits and yield and 

among them were positive and either 

significant or high significant, except days to 

maturity which had negative highly significant 

with yield and other traits. The highest values 

were for grains row
-1 

0.999, grains plant
-1 

0.929 and crop growth rate 0.829. In general, 

the higher magnitude of genotypic correlation 

than their phenotypic in most of the traits 

means a strong genetic association exists for 

these traits and selection may be suitable to 

improve the yield of plant and use these traits 

as selection criteria in breeding program. The 

indices which were consisting of two, three 

and four traits at a time were more efficient 

than those based on individual traits. Negative 

correlations among the major crop plants 

especially under various types of 

environmental stress correlated with each 

other genotypic and phenotypic. Hadi and 

Wuhaib(12) found that selection of higher 

yield plant
-1 

using grain number mention 

selection criterion gave higher grain yield 

under low and high nitrogen. 

Table 1. Genotypic and  phenotypic correlation between yield and other traits under 200 kg N 

level  for the spring season 2013 
Traits * RN/E GN/R TGN GW DTM CGR Y 

RN/E 1.000 0.282 0.558
** 

-0.627
** 

0.288 0.347
*
 0.369

*
 

GN/R 0.255 1.000 0.776
** 

-0.794
** 

0.873
** 

0.843
**

 0.541
**

 

TGN 0.473
** 

0.654
** 

1.000 -0.799
**

 0.807
**

 0.595
**

 0.799
**

 

GW -0.479
** 

-0.681
**

 -0.693
** 

1.000 -0.631
**

 -0.695
**

 -0.836
**

 

DTM 0.168 0.755
**

 0.682
**

 -0.561
**

 1.000 0.805
**

 0.476
**

 

CGR 0.153 0.558
** 

0.370
*
 -0.487

**
 0.633

**
 1.000 0.451

**
 

Y 0.329
* 

0.472
**

 0.692
**

 -0.708
**

 0.354
*
 0.272 1.000 

Table 2. Environment correlation between yield and other traits under 200 kg N level for the 

spring  season 2013 
Traits * RN/E GN/R TGN GW DTM CGR Y 

RN/E 1.000 0.167 0.131 0.178 0.217 0.170 0.192 

GN/R  1.000 -0.056 0.006 0.262 0.022 0.125 

TGN   1.000 0.164 0.051 -0.137 0.014 

GW    1.000 -0.207 -0.058 0.138 

DTM     1.000 0.369
*
 -0.186 

CGR      1.000 -0.096 

Y       1.000 

*RN: Rows number ear
-1

 ;GN/R:Grain number row
-1

 ; TGN: Total grain number; GW: Grain weight;DTM: 

Days to maturity ;CGR: Crop growth rate ;Y:yield  
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Table 3. Genotypic and  phenotypic correlation between yield and other traits under  200 kg 

N level for the fall season 2013 
Traits * Traits * RN/E GN/R TGN GW DTM CGR Y 

RN/E 1.000 -0.403
*
 -0.258 0.185 -0.269 0.126 -0.279 

GN/R -0.358 1.000 0.885
**

 0.611
**

 -0.112 0.739
**

 0.902
**

 

TGN -0.222 0.785
**

 1.000 0.413
*
 -0.353

*
 0.738

**
 0.922

** 

GW 0.159 0.535
** 

0.359
*
 1.000 0.159 0.589

**
 0.531

**
 

DTM -0.187 -0.037 -0.282 0.101 1.000 -0.495
**

 -0.230 

CGR 0.076 0.679
**

 0.681
**

 0.564
**

 -0.428
**

 1.000 0.840
**

 

Y -0.244 0.801
**

 0.832
**

 0.468
**

 -0.183 0.798
**

 1.000 

 

Table 4. Environment correlation between yield and other traits under 200 kg N level for the 

fall season 2013 
Traits * RN/E GN/R TGN GW DTM CGR Y 

RN/E 1.000 -0.209 -0.089 0.061 -0.011 -0.355
*
 -0.119 

GN/R  1.000 0.108 -0.110 0.205 0.065 0.144 

TGN   1.000 -0.197 -0.066 -0.154 0.137 

GW    1.000 -0.152 0.022 -0.149 

DTM     1.000 -0.368
*
 -0.044 

CGR      1.000 0.353
*
 

Y       1.000 

*RN: Rows number ear
-1

 ;GN/R:Grain number row
-1

 ;TGN: Total grain number; GW: Grain weight, DTM: 

Days to maturity ; CGR: Crop growth rate ;Y:yield 

 

Table 5. The genotypic and  phenotypic correlation between yield and other traits Under 400 

N level in the spring season 2013 
Traits * RN/E GN/R TGN GW DTM CGR Y 

RN/E 1.000 0.517
**

 0.670
**

 0.647
**

 -0.906
**

 0.787
**

 0.755
**

 

GN/R 0.366
*
 1.000 0.912

**
 0.431

**
 -0.551 0.715 0.784 

TGN 0.482
**

 0.845
**

 1.000 0.356
*
 -0.621

**
 0.783

**
 0.876

**
 

GW 0.479
**

 0.372
*
 0.279 1.000 -0.484

**
 0.768

**
 0.747

**
 

DTM -0.492
**

 -0.413
*
 -0.512

**
 -0.382

*
 1.000 -0.831

**
 -0.621

**
 

CGR 0.508
**

 0.668
**

 0.694
**

 0.651
**

 -0.734
**

 1.000 0.932
**

 

Y 0.553
**

 0.696
**

 0.761
**

 0.661
**

 -0.505
**

 0.833
**

 1.000 

 

Table 6. Environment correlation between yield and other traits under 400 kg   N level for   

the spring season 2013 
Traits * RN/E GN/R TGN GW DTM CGR Y 

RN/E 1.000 0.002 0.051 0.111 0.335 -0.324 0.071 

GN/R  1.000 -0.418 0.004 0.210 0.276 0.055 

TGN   1.000 -0.167 -0.055 0.007 -0.007 

GW    1.000 0.043 -0.244 0.094 

DTM     1.000 -0.283 0.032 

CGR      1.000 -0.063 

Y       1.000 

*RN: Rows number  ear
-1

 ;GN/R:Grain number row
-1

 ;TGN: Total grain number; GW: Grain weight;DTM: 

Days to maturity ;CGR: Crop growth rate ;Y:yield  

 

Table 7. Genotypic and  phenotypic correlation between yield and other traits under  400 kg 

N  level   for the fall season 2013 
Traits * RN/E GN/R TGN GW DTM CGR Y 

RN/E 1.000 0.348
*
 0.234 0.142 -0.251 0.069 0.232 

GN/R 0.284 1.000 0.952
**

 0.338
*
 -0.757

**
 0.848

**
 0.999

**
 

TGN 0.185 0.858
**

 1.000 0.002 -0.565
**

 0.675
**

 0.929
**

 

GW 0.091 0.328
*
 -0.011 1.000 -0.554

**
 0.663

**
 0.349

*
 

DTM -0.202 -0.668
**

 -0.485
**

 -0.459
**

 1.000 -0.791
**

 -0.736
**

 

CGR 0.059 0.774
**

 0.620
**

 0.610
**

 -0.742
**

 1.000 0.829
**

 

Y 0.186 0.836
**

 0.836
**

 0.326
*
 -0.572

**
 0.735

**
 1.000 
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Table 8. Environment correlation between yield and other traits under 400 kg N level for the 

fall season 2013. 
Traits * RN/E GN/R TGN GW DTM CGR Y 

RN/E 1.000 -0.057 -0.075 -0.156 0.044 -0.0004 0.040 

GN/R  1.000 -0.028 0.244 0.133 -0.188 -0.098 

TGN   1.000 -0.108 0.228 -0.068 0.451** 

GW    1.000 0.268 0.072 0.241 

DTM     1.000 -0.184 0.199 

CGR      1.000 0.303 
Y       1.000 

*RN: Rows number  ear
-1

 ; GN\R:Grain number row
-1

 ; TGN: Total grain number; GW: Grain weight;DTM: 

Days to maturity ; CGR: Crop growth rate ;Y:yield                                                                                    

Path coefficient at level of 200 kg N for the 

spring and fall seasons: 

Path coefficient analysis has been useful to 

elucidate the direct and indirect relationships 

among grain yield and yield components and 

other traits . The results of path coefficient 

analysis under 200 kg N.ha
-1

 are presented in 

Table 9. In the spring the number of grains 

plant
-1 

 exhibited positive direct (1.252) and 

total effect (0.799) on yield, followed by grain 

weight(0.513), this due to high positive 

indirect effect via days to maturity (1.037) 

followed by grain weight (0.306) for number 

of grains, and days to maturity (0.902) and 

number of grains plant
-1

 for grain weight. In 

spite of negative direct effect of rows ear 
-1 

(-

0.839)and grains row 
-1

and crop growth rate (-

0.326), the total effects of them positive 

(0.369and 0.541) due to positive indirect effect 

via grains plant
-1 

(0.699), grain weight (0.178) 

and days to maturity(0.813) for rows ear
-1

 and 

grains plant
-1

(0.971, 0.433) for grain weight 

and 1.030 for days to maturity for grain row
-1

; 

grains plant
-1

(1.009),grain weight (0.414) and 

days to maturity (0.818) for crop growth rate. 

In fall season, grains plant
-1

 and crop growth 

rate showed positive high value of direct 

(0.773and 0.740) and total effect (0.922 and 

0.840) due to high positive indirect effect of 

crop growth rate (0.546) for grains plant
-1

 and 

(0.571) of grains plant
-1

 for crop growth rate . 

In spite of  the negative direct effect of grains 

row
-1

, the total effect was positive and have 

high value due to high positive indirect effect 

of grains plant
-1

 (0.683) and crop growth  rate 

(0.547) followed by rows ear
-1 

(0.124), then 

grain weight (049). In contrast the direct effect 

of days to maturity was positive (0.259), the 

total effect was negative (-0.230) due to high 

negative indirect effect via crop growth rate (-

0.366) followed by grain plant
-1

 (-0.275). The 

direct effect of grain weight was a little but the 

total effect was high  positive value  due to 

positive indirect effect via grains plant
-1

(0.319) 

, crop growth rate (0.436) and days to maturity 

(0.259). 

Path coefficient at level of 400 kg N for the 

spring and fall seasons: In spring season, 

under 400 kg N.ha
-1

the result revealed that all 

traits have positive direct effect except grains 

row
-1

 which was negative(Table10), and all 

traits exhibited positive total effect except days 

to maturity which was negative. The highest 

and positive direct effect was for grains plant 
-1

 

(0.950) followed by crop growth rate(0.445) 

then grain weight(0.368) and days to 

maturity(0.350). In fall season , the highest 

and positive direct effect(2.020) accompanied 

with high total effect(0.929) was for grains 

plant
-1

 . Crop growth rate showed a high 

positive direct and total effect (0.723 and 

0.829) due to a high positive indirect effect via 

grains plant
-1

(1.365) and grain weight(0.649) 

followed by days to maturity(0.158). Grain 

weight showed a high positive direct effect 

(0.980), but the total effect was positive and 

less than the direct effect (0.350) due to the 

negative indirect effect via crop growth rate(-

0.479) and grains row
-1 

(-0.244).  Mohmmadi 

et al.(14) reported that 100 grain weight and 

total number of grains ear
-1

 showed highest 

direct effects on total grain weight, grains ear
-1

 

and number of grains row
-1

. Days to maturity 

showed negative direct effect (-0.200), and 

high negative total effect (-0.736) because 

high and negative indirect effect via grains 

plant
-1

(-1.143) and grain weight (-0.543). In 

spite of the negative and high value (-0.721) of 

direct effect for grains row
-1

, the total effect 

was positive and high (1.028), this could be 

due to positive and high indirect effect through 

grains plant
-1

 (1.924) then grain weight 

(0.332). From these results it can be concluded 

that the percentage of the contribution of these 
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traits in variance of yield were 99% and 85% 

for two seasons under 200 kg N.ha
-1

,while 

their contribution for two seasons under 400 

kg N.ha
-1

. were 99% and 93% respectively. 

Grains plant
-1

, grain weight and crop growth 

rate for two season under the two levels of 

Nitrogen can be considered as criteria for 

selection in breeding program to improve the 

grains yield of maize. 

Table 9. Path coefficient of some maize traits with yield at level of 200 kg nitrogen for two 

seasons  2013. 

  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

* RN: Rows number ear
-1

 ;GN\R:Grain number per row; TGN: Total grain number; GW: Grain weight; DTM: 

Days to maturity ;CGR: Crop growth rate; Y: yield 

Table10.  Path coefficient of some maize traits with yield at level of  400 kg nitrogen for two 

seasons 2013 

 

 

 

 

 

 

 

 
RN: Rows number ear

-1
 ;GN/R:Grain number row

-1
 ;TGN: Total grain number; GW: Grain weight;DTM: Days 

to maturity ;CGR: Crop growth rate ;Y: yield  
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