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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®, 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™.
respectively, and 99% and 93% of yield variance at spring and fall under 400 kg N.ha™ respectively. The trait
number of grains plant™ 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™. Traits e.g. number of grains row™, number of grains Plant™, weight of
grain, and crop growth rate exhibited positive and highly significant correlation with yield. Under 400 kg N.ha™.
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™. grains plant™
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™, in spring the highest direct effect was to grains
plant™ followed by other traits except grain row™ was negative, while in fall the highest direct effect were for
grains plant™, 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.
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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™. In the first and second seasons were
positive, significant genotypic and phenotypic
correlation between grain yield and number of
grains row™. Hadi and wuhaib (12) found that
all genotypic correlations were higher than
phenotypic, the highest values were 0.844 for
grains ear’ for genotypic and 0.853 for
number of grains row™, 0.819 for number of
grains ear 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™.
Path analysis showed high positive direct
effects of yield components on grain yield
plant®. Ear grain weight had high positive
direct effect on grain vyield, but showed
significant negative correlation with grain
yield through large negative indirect effects of
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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™ and
grain weight had positive effects on ear yield
(20). Number of grains.row™ exerted a
maximum direct effect on grain vyield
(1,3,9,11). Mohammadi et al. (17) found that
100 grain weight and total number of grains
ear’ revealed highest direct effects on total
grain weight, grains ear’ and number of
grains.row . 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™. Days to maturity recorded
negative direct effect on grain yield (13, 21).
Grain yield was positively and significantly
associated with number of grain ear™, number
of grain row' 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
(70x25cm). Two levels of nitrogen ( 200 and
400 kg N.ha?) 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™. In the spring,
number of rows ear, number of grains row™,
number of grains plant™, 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® (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™,
number of grains plant™, 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 ™ 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™., 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 vyield 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™ 0.999, grains plant™
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® using grain number mention
selection criterion gave higher grain vyield
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* |RNJE | GN/R | TGN | GW |IDTM  |[CGR |Y
RN/E 1.000 0.282 0558  -0.627  0.288 0.347 0.369"
GN/R 0.255 1.000 07767  -0.794” 08737 0843 05417
TGN 0473 06547  1.000 -0.799”  0.8077 0595  0.799”
GW -0.479”  -0.681"  -0.693"  1.000 -0.6317  -0.695"  -0.836"
DTM 0.168 0755~ 06827  -0561"  1.000 0.805"  0.476"
CGR 0.153 0558  0.370 -0.487" 0633 1.000 0.451™
Y 0.329" 04727  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* [RNJE [GN/R [TGN | GW [DTM [CGR |Y

RN/E  1.000 0.167 0131 0178 0217 0170 0.192
GN/R 1.000 -0.056 0.006 0262  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™ ;GN/R:Grain number row™ ; 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* | RNJE [ GN/R | TGN IGW  |[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"  0.6117 -0.112 0.739”"  0.902"
TGN -0.222 0.785" 1.000 0.413° -0.353°  0.738"  0.922"
GW 0.159 05357  0.359 1.000  0.159 0.589”  0531"

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 * | I[GN/R |[TGN |GwW [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” ;GN/R:Grain number row™ ;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* |RNJE | GN/R | TGN | GW |DTM [ CGR | Y
RN/E 1.000 05177 06700 0647 -0.906"  0.787" 0.755"
GN/R 0.366" 1.000 0912 04317 -0.551 0.715 0.784
TGN 0.482" 0845~ 1.000 0.356" -0.621" 0.783" 0.876"
GW 04797 0372 0.279 1.000 -0.484™  0.768" 0.747"
DTM -0.492"  -0.413°  -05127 -0.382" 1.000 -0.831"  -0.621"
CGR 0508 06687  0.694"  0.651" -0.734™  1.000 0.932"
Y 05537 0696 07617  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* [RNJE [GN/R [TGN |[GW [DTM [CGR [Y

RN/E  1.000 0.002 0051 0111 0335 -0.324 0.071
GN/R 1.000  -0.418 0.004 0210  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” ;GN/R:Grain number row™ ;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* | RNJE [ 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" -0.7577  0.848"  0.999”
TGN 0.185  0.858"  1.000 0.002 -0.565" 0675 0929
GW 0.091  0.328" -0.011 1.000 -0.554™  0.6637 0349
DTM -0.202  -0.668"  -0.485"  -0.459”  1.000 -0.7917  -0.736"
CGR 0059 07747 06207 06107  -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* [RNJE |[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’ ; GN\R:Grain number row™ ; TGN: Total grain number; GW: Grain weight;DTM:

Days to maturity ;
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™ are presented in
Table 9. In the spring the number of grains
plant® 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™ for grain weight. In
spite of negative direct effect of rows ear ™ (-
0.839)and grains row “and crop growth rate (-
0.326), the total effects of them positive
(0.369and 0.541) due to positive indirect effect
via grains plant™ (0.699), grain weight (0.178)
and days to maturity(0.813) for rows ear and
grains plant?(0.971, 0.433) for grain weight
and 1.030 for days to maturity for grain row™:;
grains plant™?(1.009),grain weight (0.414) and
days to maturity (0.818) for crop growth rate.
In fall season, grains plant™ 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™ and
(0.571) of grains plant™ for crop growth rate .
In spite of the negative direct effect of grains
row?, the total effect was positive and have
high value due to high positive indirect effect
of grains plant™ (0.683) and crop growth rate
(0.547) followed by rows ear’ (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® (-0.275). The
direct effect of grain weight was a little but the
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CGR: Crop growth rate ;Y:yield

total effect was high positive value due to
positive indirect effect via grains plant™(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™the result revealed that all
traits have positive direct effect except grains
row™ 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 *
(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* . 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*(1.365) 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™ (-0.244). Mohmmadi
et al.(14) reported that 100 grain weight and
total number of grains ear showed highest
direct effects on total grain weight, grains ear™
and number of grains row™. 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(-1.143) and grain weight (-0.543). In
spite of the negative and high value (-0.721) of
direct effect for grains row™, the total effect
was positive and high (1.028), this could be
due to positive and high indirect effect through
grains plant® (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™ while
their contribution for two seasons under 400
kg N.ha™. were 99% and 93% respectively.
Grains plant™, 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.

Spring season
Traits* | RN/E | GN/R | TGN GW DTM | CGR | Total
effects
RN/E -0.839 -0.386 0.699 0.178 0.813 -0.094 0.369
GN/R -0.237 -1.371 0971 0433 1.030 -0.285 0.541
TGN -0.468 -1.063 1.252 0306 1.037 -0.263 0.799
GW -0.291 -1.156 0.744 0513 0.902 -0.263 0.452
DTM 0.526 1.088 1.000 -0.357 -1.298 0.206 -0.835
CGR -0.242 -1.197 1.009 0414 0.818 -0.326 0.476
R 0.012
Effect
Fall season
Traits * RN/E | GN/R | TGN GW | DTM CGR | Total
effects
RN/E -0.309 0.191 0.199 0.015 -0.069 0.093 -0.279
GN/R 0.124 -0.475 0.683 0.049 -0.029 0.547 0.902
TGN 0.080 -0.419 0.773 0.033 -0.091 0.546 0.922
GW -0.057 -0.289 0.319 0.082 0.041 0.436 0.531
DTM 0.083 0.053 -0.275 0.013 0.259 -0.366 -0.230
CGR -0.039 -0.351 0571 0.048 -0.128 0.740 0.840
R Effect 0.153

* RN: Rows number ear™ ;GN\R:Grain number per row; TGN: Total grain number; GW: Grain weight; DTM:

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

Tablel0. Path coefficient of some maize traits with yield at level of 400 kg nitrogen for two
seasons 2013

Spring season
Traits RN/E | GN/R | TGN | GW DTM | CGR | Total
effects

RN/E 0.057 -0.204 0.624 0236 -0.310 0.343 0.745
GN/R 0.028 -0.408 0.868 0.151 -0.185 0.316 0.770
TGN 0.037 -0.373 0950 0.129 -0.217 0.348 0.876
GW 0.036 -0.167 0.334 0.368 -0.168 0.339 0.742
DTM -0.050 0.216 -0.590 -0.177 0.350 -0.369 -0.621
CGR 0.044 -0.290 0.744 0280 -0.290 0.445 0.932
R Effect  0.012

RN: Rows number ear™ ;GN/R:Grain number row™ ; TGN: Total grain number; GW: Grain weight;DTM: Days

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