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ABSTRACT

A field experiment was conducted in the autumn season of (2024) in Diyala Governorate to estimate the genetic
parameters and analyze the path coefficient when spraying boron at a concentration of 150 mg/L! according to the
plant growth stages, which are (the five-leaf stage S:2, the growth point differentiation stage S:3, Boot stage S:5,
and Half bloom stage S:6). For seven varieties of sorghum, namely (Rabih, Buhuth, Engaz, Giza, Lilo, G, and
Khair), according to the split-plot system with a complete randomized block design RCBD and three replicates,
the main plots contained the boron spraying stages, while the secondary plots included the varieties. The study
showed values of genetic variance and phenotypic variance were higher values of environmental variance in most
of the studied traits and at all stages of boron spraying, the coefficients of genetic variation were between medium
and low for all stages of boron spraying, while the phenotypic variation coefficients were high for the trait of
number of head seeds, head weight and biomass yield in the fourth stage of boron spraying, which were (31.139,
34.887, 33.563) respectively. As for the heritability in the broad sense, it was high for each of the traits of number
of head seeds, head diameter, biomass yield, and grain yield, and they reached (70.132, 60.835, 61.665, 61.422)
respectively. the expected genetic advance as a percentage, it was high for the trait of number of head seeds and
biomass yield (40.529, 35.189) respectively. While the path coefficient analysis showed high direct effects for
number of head seeds, head weight, head diameter, 1000-grain weight, biomass yield and harvest index at different
stages of boron application, the indirect effects were high for plant height, number of head seeds, head weight,
head diameter, 1000-grain weight and biomass yield at different stages of boron application.
Keywords: sorghum, boron, genetic parameters, path coefficient analysis.
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INTRODUCTION

Sorghum is one of the most important agricultural crops that plays a significant and major role in food security and
the agricultural economy in many countries around the world, especially in arid and semi-arid regions. Sorghum is
considered one of the food grain crops that is characterized by its tolerance to harsh climatic conditions. Sorghum is
used for many purposes, whether as human food or animal feed[1]. It is a rich source of carbohydrates, fiber, and
proteins. It is also gluten-free, making it a suitable food for people with gluten sensitivity [2].Sorghum is also
considered one of the important solutions to confront food shortages in the world due to its high nutritional value and
its good proportions of proteins, carbohydrates, and fiber[3]. In 2024, the global production of sorghum was
approximately 61.3 million tons, which represents a 4.3% increase from 2023's production of around 58.8 million
tons. Global cultivated area for sorghum is estimated to be between 40-45 million hectares.[4]. In Irag, sorghum is
widely cultivated in the central and southern regions as green fodder. In 2021, the planted area was approximately
33,741.25 hectares, with a production of 226,119 tons.[5].The importance of estimating genetic parameters comes
from determining the appropriate breeding and selection method based on the genetic variations present in that
community, and that the phenotypic variations in any environment can be measured and represent environmental
variations as well as the interaction between them[6]. Since sorghum yield improvement is determined by the nature
and degree of genetic variation, heritability, and expected genetic improvement present among varieties, path
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coefficient analysis. The study aims to identify the genetic parameters, variances and coefficients of variation of the
varieties at each growth stage of boron spraying. Also, the effects of the association are divided into direct and indirect
effects at each growth stage of spraying with boron.

Materials and methods

A field experiment was in Governorate of Diyala, Baladruz District, on the demonstration farm located at latitude
33.69 north and longitude 45.12 east during the autumn season of 2024 to study the effect of boron spraying on seven
sorghum genotypes (Rabih, Buhuth, Engaz, Giza, Lilo, G, and Khair). Using boric acid (B17%) with 99.9% purity
from AVONCHEM International Company, using a concentration of 150 mg/Lt [7]. at different growth stages of the
plant according to the sorghum growth scale , which are: 1- Spraying the plant (five-leaf stage S:2), 2- Spraying the
plant at the stage (the growth point differentiation stage S:3), 3- Spraying the plant at (Boot stage S:5), 4- Spraying
the plant at (Half bloom stage S:6) [8]. Each main plot was divided into seven sub-plots representing different
genotypes of sorghum, and each replication included 28 experimental units. The area of the experimental unit was
(4%2.10 = 8.4 m?). Each experimental unit was divided into three rows, the distance between each line and the next
was 0.7 m and 0.25 m between plants[9]. the experiment was planted on 1 august 2024. 3-4 seeds were placed in each
hole and Thinned to one plant at the five-leaf stage. Chemical phosphate fertilizer P205 was added at a rate of (120
kg ha-1) during soil preparation, and nitrogen fertilizer was added at a rate of (240 kg. ha-1) at urea (46%) in two
doses: when the plant emerges and after 30 days of planting [10].Boron was sprayed early in the morning using a 16-
litre backpack sprayer according to the amount required by the crop to achieve full wetness for the stage. A split-plot
system was used in a randomized complete block design [11], which included three replicates, each of which had four
main plots representing the stages of boron spraying. Preventive control of corn stem worm was carried out using 10%
diazinon granules, which were sprayed on the heart of the plant in two doses: the first one month after planting and
the second 14 days after the first dose[12]. Five plants were randomly selected and the traits of height of plant, No.
grains head, head weight, head diameter, weight of 1000 grains, grain plant yield, biomass yield and harvest index
were studied. Genetic parameters were estimated and path coefficient was analyzed according to what was calculated
Genetic, environmental and phenotypic variation coefficients were estimated according to what was mentioned and
they are as follows: less than (10) % low, between (10-30) % medium and then (30) % high. as the equations: , , +,
, » ,H2.B.S= [/, , . The degree of heritability was calculated in the broad sense as mentioned, and the expected
ranges of expected genetic advance according [13],were adopted by [14], which are as follows: less than (10) % low,
between (10-30) % medium, and more than (30) % high. The standard error of each of the above components was
estimated to find out their content by the [13] and by the following equations: V(62G) = 2/r"2 [ [(MSG)]
"2/(K+2) + [(MSE)) ~2/(K +2)] , V(62E) = (2 [(MSE))] "~2)/(K + 2), As for the calculation of the
variance of the phenotypic variation (62P)V, it was calculated as in the equation studied and presented by [14],
V(e2P) = [[2(6”2P))] ~2/N , Since K = degrees of freedom for each source of heterogeneity, N= degrees of
freedom for varieties + degrees of freedom for Experimental Error and taking the square root of the mentioned
variations we obtain the standard error standard Error(SE) for each variation about [17]. And The path coefficient
analysis established by [18] was used to break down the correlation coefficient (r) between two variables into direct
effects (Direct effect) of the cause (Cause) of the effect (Effect), and indirect effects (Indirect effect) of the cause of
the effect through the path (path) i.e. through other causes in the way explained by [19], As for the indirect effects,
they were estimated by the following equation: Indirect Effect = PY (R ), the residual effect was estimated by the
following equationV(1-Y. (Piy riy))=PR The characterization given by [20] was adopted for the values of direct and
indirect effects, which are from(0-0.09) negligible, from(0.1-0.19) little or low, from(0.29-0.2) medium, from(0.99-
0.3) high and more than 1 very high. These results were estimated using the Obstat program.

Results and Discussion

Table (1) Analysis of variance table
Weight

d. Plant Number of Head H cad of 1000 Blo_mas Harvest Grain
Sov f length head seeds  weight (g) diamete grain syield index %  vyield (g)
(cm r (cm) © ()
Replicate 2 48782'85 8040867.75 170%9'64 16781 27114 16974 94531  13247.433
iggg’ 569.67 Oo04836.7T" 5914930 2581 12'15”' 2133" 198.30°  2377.187"
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Replicate
(Spray 6 84.704 264518.74 320.406 0.090 6.28 2.71 26.86 331.129
stage)

1063.42  5623375.51" 136.29"

Varieties 6 o 3071.46™ 6.683° 94.41™ 59.76" 1615.830™
Spray

SBEE 18 549623 777060.53 782.644 0.466ns 7.24ns 1450” 48.02”  589.941
xVarietie

S

Error 48  83.961 200115.77 220.800 0.297 4.97 2.00 15.13 163.845
At the 0.05 and 0.01 levels, respectively, significant (*) (**) and highly significant

Table (1) shows values of some genetic parameters at the first spraying stage using phenotypic correlation, show
genetic variation, phenotypic variation and environmental variation were significant for all studied traits, it becomes
clear to genetic and phenotypic variations of some traits are higher than the values of environmental variation, which
means that the high phenotypic and genetic variation of the trait gives a great opportunity for plant breeders to increase
the efficiency of the breeding process, improve and select the superior traits and elect the best of them directly because
they are less affected by environmental factors, unlike the traits that showed that environmental variation is higher
than genetic or phenotypic variation, which indicates that this trait is more related to environmental conditions, which
means that improving it is better when improving environmental conditions[23] They got similar results . but the
values of the coefficient of genetic correlation was between medium and low, and the highest values for the number
of head seeds was 20.108 and the lowest for the harvest index was 6.59, as for the coefficient of phenotypic difference,
they were all average and the highest values for the trait biomass yield was 24.984 and the lowest values in the weight
of 1000 grains was 12.605, As for the environmental variance coefficient, it was high for the plant height trait, reaching
33.96, while the average for the other traits was, note that the results of the values of the coefficients of phenotypic
and genetic variation and this is mainly due to the values of both phenotypic and genetic variation differed, and these
values were between low and medium for all traits, and this gives confidence to plant breeders by relying heavily on
the phenotypic form of selection for superior compositions, as the gene expression is clear on the performance of
genotypes, unlike the low values of the coefficients of variation, as for heritability in the broad sense it was high for
the number of head seeds, which reached 62,112, and the highest for the harvest index, which reached 23,397, and the
average for the rest of the traits <The high heritability values indicate the importance of genetic variation as one of the
main components of the phenotypic variation of these traits, which are indicators of the possibility of inferring the
genotype with the desired genes by the phenotypic form of the trait, so the plant breeder can choose the superior
genotype of its phenotypic form and rely on the total selection in improving these traits without resorting to controlled
environmental, but medium heritability values, due to the convergence of the values of genetic and environmental
variability, this trait can be improved by interaction a breeding program with improved environmental conditions such
as fertilization, irrigation and other controlled environmental factors. [24] reached similar results in the trait of the
number of head seeds, as for the expected genetic advance as a percentage was high for the number of head seeds,
reaching 32.646, and the highest for the harvest index, reaching 6.237, and the average for the rest of the traits, these
results correspond to [23] in the number of head seeds. We conclude from this the values of the response to the
selection (expected genetic advance) were low to high for most traits, including the traits of the yield and its
components ,and this indicates the importance of the selection in improving these traits, as it is expected that the
improvement in these traits is significant as a result of the selection, which shows the importance of the genetic aspect
in improving these traits and that the expected improvement in the grain yield is by causing an increase in one or more
of its main components because it is the result of the product of these components [24].

Table (1) Genetic parameters at the first spraying stage using the phenotypic correlation

. Plant Head Head Weight . Grain
pgrzrr]r?(telt((:er length Eeuargk;z;g; weight diameter  of 1000 3';??;; iI:ZL\)/(es/(t) yield
(cm) (9) (cm)  grain () (9)

) 264.61 692813.12 369.73 0.377 7.87 6.16 8.61 233.49

oe +170.87  +420227.41 +278.68 +0.29 +4.87 +4.36 +9.68  £175.58

2 482.65  1115418.38  886.37 0.977 13.25 13.31 36.83 557.64

o +160.88  +371806.13 +160.88 +0.32 +4.41 +4.43 +12.27 +185.88

) 218.04 422605.25 516.63 0.600 5.38 7.14 28.21 324.15

OFE +82.40  +£159729.77 +195.27 +0.22 +2.03 +2.70 +10.66  +122.51
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CV.G 10.803 20.108 13.875 8.034 9.714 17.003 6.259 13.023

CV.P 14.590 25.514 21.483 12.938 12.605 24.984 12.940 20.126
CV.E 33.96 15.70 16.40 10.14 8.03 18.29 11.32 15.34
H2.b.s 54.826 62.112 41.713 38.559 59.390 46.318 23.397 41.871
EGA 24.813 1,351.339 25.583 0.785 4.454 3.482 2.925 20.369
E.GA% 16.478 32.646 18.460 10.277 15.422 23.838 6.237 17.360

The results of Table (2) show the values of some genetic parameters at the second spraying stage, the values of
genetic variation are significant for each weight 1000 grains, the harvest index and the yield of the grain plant yield,
while the values of phenotypic variation and environmental variation were significant for all the studied traits, it
becomes clear to us that the values of the genetic and phenotypic variations of some traits are higher than the values
of environmental variation, which means that the high phenotypic and genetic variation of the trait gives a great
opportunity for plant breeders to increase the efficiency of the breeding process, improve and select the superior traits
and elect the best of them directly because they are less affected by environmental factors, unlike the traits that showed
that environmental variation is higher than genetic or phenotypic variation, which indicates that this trait is more
related to environmental conditions, which means that improving it is better when improving environmental
conditions, but the coefficient of genetic difference was low for all traits, the coefficient of phenotypic difference was
low for the plant height trait and amounted to 7.345 and the medium for the rest of the traits, as the highest value for
the number of grains in the head was 23.342, As for the environmental variance coefficient, it was between average
and low for all traits. note that the results of the values of the coefficients of phenotypic and genetic variation and this
is mainly due to the values of both phenotypic and genetic variation differed, and these values were between low and
medium for all traits, and this gives confidence to plant breeders by relying heavily on the phenotypic form of selection
for superior compositions, as the gene expression is clear on the performance of genotypes, unlike the low values of
the coefficients of variation. these results correspond to [25]who found the coefficient of phenotypic difference it was
high only in the class of the grain plant yield reached 61.422 and low for the rest of the traits, as it was the lowest
value in the class of head weight reached 2.865 these results correspond to[26], as for the expected genetic advance
the average in the grain plant yield class was 15.276 and low for the rest of the traits and the lowest values in the head
weight class was 1.057 .these results correspond to [27] in the grain plant yield. We conclude from this the values of
the response to the selection (expected genetic advance) were low too high for most traits, including the traits of the
yield and its components ,and this indicates the importance of the selection in improving these traits, as it is expected
that the improvement in these traits is significant as a result of the selection, which shows the importance of the genetic
aspect in improving these traits and that the expected improvement in the grain yield is by causing an increase in one
or more of its main components because it is the result of the product of these components [24; 28].

Table (2) Genetic parameters at the second spraying stage using the phenotypic correlation

Genetic IZ:S:L Number of Head dilz:r?]z(zer Wi'gg(t) of Biomass Harvest Grain
. . . ) .
parameter (cm) head seeds  weight (g) (cm) grain (g) yield (g) index % yield (g)
) 30.399 135898.15 17.046 0.247 6.204 0.879 8.900 116.595
o6 +31.95 +201745.42 +127.63 +0.30 +5.58 +1.61 +8.29 +71.10
) 118.846 821953.39 594.931 1.180 19.554 6.810 29.470 189.828
o +39.62 +273984.46 +198.31 +0.39 +6.52 +2.27 +29.47 +63.27
) 88.447 686055.24 577.885 0.933 13.350 5.931 20.570 73.233
OE +33.43 +259304.51 +218.42 +0.35 +5.04 +2.24 +7.77 +27.67
CV.G 3.715 9.491 3.031 6.057 8.325 5.946 7.149 9.462
CV.P 7.345 23.342 17.909 13.233 14.780 16.552 13.009 12.073
CV.E 6.33 21.32 17.64 11.77 12.21 15.41 10.87 7.50
H2.b.s 25.579 16.534 2.865 20.947 31.728 12.906 30.200 61.422
E.G.A 5.744 308.786 1.440 0.469 2.890 0.694 3.377 17.433
E.C.A% 3.870 7.950 1.057 5.710 9.660 4.401 8.093 15.276

Table (3) shows the values of some genetic parameters at the third spraying stage using the phenotypic correlation,
the values of genetic variation were significant for both the plant height, the number of head seeds, the biomass yield
and the grain plant yield, while the values of phenotypic variation and environmental variation were significant for all
the studied traits. It becomes clear to us that the values of the genetic and phenotypic variations of some traits are
higher than the values of environmental variation, which means that the high phenotypic and genetic variation of the
trait gives a great opportunity for plant breeders to increase the efficiency of the breeding process, improve and select
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the superior traits and elect the best of them directly because they are less affected by environmental factors, unlike
the traits that showed that environmental variation is higher than genetic or phenotypic variation, which indicates that
this trait is more related to environmental conditions, which means that improving it is better when improving
environmental conditions. but the coefficient of genetic difference was between the medium and the low, as the
number of head seeds gave the highest value of 23.493,and the lowest value for the head diameter was 4.195 ,while
the coefficient of phenotypic difference was the medium for all traits and the highest value for the number of head
seeds was 28.053 and the lowest value for the plant height was 13.608 [29] obtained similar results for the coefficient
of genetic and phenotypic differences in plant height, head weight, weight of 1000 grains, grain plant yield and harvest
index note that the results of the values of the coefficients of phenotypic and genetic variation and this is mainly due
to the values of both phenotypic and genetic variation differed, and these values were between low and medium for
all traits, and this gives confidence to plant breeders by relying heavily on the phenotypic form of selection for superior
compositions, as the gene expression is clear on the performance of genotypes, unlike the low values of the coefficients
of variation, As for the environmental variance coefficient, it was low for the plant height trait and average for the
other traits, as for heritability in the broad sense , it was high for the number of head seeds and the harvest index, and
amounted to 70.132, 81.665 ,respectively , and between the medium and low for the rest of the traits, if the lowest for
the head diameter was 8.572, The high heritability values indicate the importance of genetic variation as one of the
main components of the phenotypic variation of these traits, which are indicators of the possibility of inferring the
genotype with the desired genes by the phenotypic form of the trait, so the plant breeder can choose the superior
genotype of its phenotypic form and rely on the total selection in improving these traits without resorting to controlled
environmental, but medium heritability values, due to the convergence of the values of genetic and environmental
variability, this trait can be improved by interaction a breeding program with improved environmental conditions such
as fertilization, irrigation and other controlled environmental factors. [30; 31] obtained results similar to the plant
height, while the expected genetic advance as a percentage was the highest in the number of head seeds was 40.529
and the lowest for the head diameter was 2.53 and between medium and low for the rest of the traits. We conclude
from this the values of the response to the selection (expected genetic advance) were low too high for most traits,
including the traits of the yield and its components ,and this indicates the importance of the selection in improving
these traits, as it is expected that the improvement in these traits is significant as a result of the selection, which shows
the importance of the genetic aspect in improving these traits and that the expected improvement in the grain yield is
by causing an increase in one or more of its main components because it is the result of the product of these components
[24; 32].

Table (3) Genetic parameters at the third spraying stage using the phenotypic correlation

Genetic Plant Number of Head _Head Weight of Biomass Harvest Grain
parameter length head seeds  weight (g) diameter 1900 yield (g) index % yield (g)
(cm) (cm) grain (g)
o2 211.051 778448.66 296.463 0.099 2.088 8.872 28.272 178.606
+141.39 +446438.5 +286.91 +0.26 +4.01 +5.39 +19.50 +199.58
2 412.465 1109983.77 1035.440 1.150 17.067 14.387 58.256 757.496
P +137.48 +369994.6 +345.14 +0.38 +5.68 +4.79 +19.41 +252.49
2 201.414 331535.11 738.977 1.051 14.979 5.515 29.984 578.890
E +76.12 125308.5 +279.30 +0.39 +5.66 +2.08 +11.33 +218.79
CV.G 9.734 23.493 13.941 4,195 5.149 21.751 12.051 12.848
CV.P 13.608 28.053 26.054 14.329 14.720 27.699 17.298 26.460
C.V.E 9.50 15.33 22.01 13.70 13.78 17.14 12.41 23.13
H2.b.s 51.168 70.132 28.632 8.572 12.235 61.665 48.530 23.578
E.G.A 21.407 1522.085 18.979 0.189 1.041 4.818 7.630 13.368
EGA% 14.343 40.529 15.367 2.530 3.710 35.186 17.293 12.852

The results of table (4) show the values of some genetic parameters at the fourth spraying stage, the values of
genetic variation are significant for the plant height, the number of head seeds, the head diameter and the biomass
yield, while the values of phenotypic variation and environmental variation were significant for all the studied traits,
it becomes clear to us that the values of the genetic and phenotypic variations of some traits are higher than the values
of environmental variation, which means that the high phenotypic and genetic variation of the trait gives a great
opportunity for plant breeders to increase the efficiency of the breeding process, improve and select the superior traits
and elect the best of them directly because they are less affected by environmental factors, unlike the traits that showed
that environmental variation is higher than genetic or phenotypic variation, which indicates that this trait is more
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related to environmental conditions, which means that improving it is better when improving environmental
conditions, the coefficient of genetic difference was between the medium and low and the highest values in the biomass
yield was 20.864 and the lowest in the head weight was 3.859, while the coefficient of phenotypic difference was high
in the number of head seeds, head weight, biomass yield and the highest values for head weight was 34.887 and the
lowest in plant height was 13.886 [33] based on similar results in the head weight trait, note that the results of the
values of the coefficients of phenotypic and genetic variation and this is mainly due to the values of both phenotypic
and genetic variation differed, and these values were between low and medium for all traits, and this gives confidence
to plant breeders by relying heavily on the phenotypic form of selection for superior compositions, as the gene
expression is clear on the performance of genotypes, unlike the low values of the coefficients of variation, As for the
environmental variance, it was low for the head diameter trait and high for the head weight trait, reaching 34.67, while
the average for the other traits was moderate , while the heritability in the broad sense was high for the head diameter
reached 60.835, the lowest for the harvest index reached 9.547, and the rest is between medium and low, these results
correspond to This is due to the heritability low value of genetic variation compared to environmental variation and
that low heritability values indicate that this trait is highly influenced by environmental conditions and makes selection
for this trait difficult. [34]for the head diameter, as for the expected genetic advance as a percentage, it was between
medium and low, reaching values for the number of head seeds of 22.971 and the lowest for the head weight of 0.88.
[35; 36]obtained similar results for the plant height, the number of head seeds and the grain plant yield. We conclude
from this the values of the response to the selection (expected genetic advance) were low too high for most traits,
including the traits of the yield and its components ,and this indicates the importance of the selection in improving
these traits, as it is expected that the improvement in these traits is significant as a result of the selection, which shows
the importance of the genetic aspect in improving these traits and that the expected improvement in the grain yield is
by causing an increase in one or more of its main components because it is the result of the product of these
components[24].

Table (4) Genetic parameters at the fourth spraying stage using the phenotypic correlation

Genetic Plant Number of Head _Head Weight of Biomass Harvest Grain
parameter length head seeds  weight (g) diameter 1000 yield (g) index % yield (g)
(cm) (cm) grain (g)
o 156.408 353238.55 19.35 0.914 3.181 8.048 5.147 123.042
+117.58 +293205.1 +334.21 +0.56 +6.44 +6.36 +12.33 +148.67
2 373.382 986394.33 1581.83 1.503 27.603 20.826 53.912 577.221
+124.46 +328798.1 +527.27 +0.50 +9.20 +6.94 +17.97 +192.40
2 216.974 633155.77 1562.48 0.589 24.422 12.778 48.765 454,179
E +82.00 +239310.4 +590.56 +0.22 +9.23 +4.82 +18.43 +171.66
CV.G 8.988 18.634 3.859 11.810 6.086 20.864 5.701 11.823
CV.P 13.886 31.139 34.887 15.141 17.925 33.563 18.452 25.607
C.V.E 10.58 24.94 34.67 9.47 16.85 26.28 17.54 22.71
H2.b.s 41.890 35.811 1.224 60.835 11.526 38.643 9.547 21.316
E.GA 16.674 732.673 1.003 1.536 1.247 3.633 1.444 10.550
E.GA% 11.983 22.971 0.880 18.975 4.256 26.718 3.629 11.244

Path coefficient analysis

Table (5) shows the path coefficient analysis based on the phenotypic correlation of the grain yield at the first stage,
that the direct effect of plant height was neglected, as for the indirect effect, the average number of head seeds was
0.28612 and a low for the biomass yield was 0.17177 and neglected and negative for the rest of the traits, and thus the
total effects in the grain yield became 0.27034. As for the number of head seeds, the direct effect was high and
amounted to 0.86026, and the indirect effect was low for both the weight of the head and the biomass yield amounted
to (0.14976, 0.18679), respectively, and negative for the rest of the traits, so the total effects in the grain yield became
0.90376, as for the head weight, the direct effect was low and amounted to 0.16871. while the indirect effect was
medium for both the number of head seeds and the biomass yield (0.76367, 0.21473 ) respectively, negative and
neglected for the rest of the traits, and thus the total effects in the grain yield 0.9795 , As for the head diameter, the
direct effect was negative, and the indirect effect was high for the number of head seeds amounted to 0.51918 and the
average for the biomass yield amounted to 0.2200 and a low for the head weight amounted to 0.12487 and neglected
and negative for the rest of the traits, so the total effects in the grain yield 0.68735, and for the weight of 1000 grains,
the direct effect was high, reaching 0.39510, while the indirect effect was neglected and negative, and thus the total
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effects in the grain yield -0.28119 , the biomass yield was an medium direct effect of 0.25681. As for the indirect
effect ,it was high for the number of head seeds, it reached 0.62571, and low for the head weight, it reached 0.14106,
and neglected and negative for the rest of the traits, and thus the total effects in the grain yield 0.79318, while in the
harvest index, if the direct effect was small, it reached 0.16123, the indirect effect was neglected and negative, and
thus the total effects in the grain yield -0.06525 the 0.00212 . These results are in line with the findings of [37; 38].

Table (5) analysis of the path coefficient at the first spraying stage based on the phenotypic correlation (diagonal values)
direct effect and (values above and below the diagonal) indirect effect of traits in the grain yield

Plant Number Head Head Weight of Biomass Harvest

Traits length of head weight (g) diameter 1000 ield (q) index %

(cm) seeds gntig (cm) grain (g) y 9 0

Plant length (cm) 0.00157 0.00052 0.00054 0.00102 -0.00038 0.00105 -0.00121

Number of head seeds 0.28612 0.86026 0.76367 0.51918 -0.56879 0.62571 -0.04215

Head weight (g) 0.05774 0.14976 0.16871 0.12487 -0.04786 0.14106 -0.02793

Head diameter (cm) -0.02624  -0.02418  -0.02965  -0.04006 0.00500 -0.03432 0.02197

Weight of 1000 grain (g) -0.09661  -0.26123  -0.11210  -0.04931 0.39510 -0.09248  -0.00994

Biomass yield (g) 0.17177 0.18679 0.21473 0.22000 -0.06011 0.25681 -0.16699

Harvest index (%) -0.12444  -0.00790  -0.02669  -0.08841  -0.00405  -0.10484 0.16123

Total effects 0.27034 0.90376 0.9795 0.68735 -0.28119 0.79318 -0.06525
Residuals 0.00212

Table (6) shows the path coefficient analysis based of the phenotypic correlation of the grain yield at the second
stage, that the direct effect of a rise is negative, while the indirect effect was negative and neglected, and thus the total
effects in the grain yield became 0.05680- As for the number of head seeds , the direct effect was average ,reaching
0.27224 , and the indirect effect was high for both the biomass quotient and the harvest guide , reaching( 0.41115
,0.27757), respectively, and negligible and negative for the rest of the qualities, and thus the Total Effects in the grain
quotient became 0.69047, as for the weight of the head, the direct effect was negative, while the indirect effect was
high for both the biomass quotient and the harvest guide, reaching (0.60570, 0.32031), respectively, and the average
number of head seeds is 0.21413, and negligible and negative for the rest of the qualities, so the Total Effects in the
grain yield became 0.83477 , While for the diameter of the head, as the direct effect was small, 0.13320, the indirect
effect was high for the biomass quotient was 0.59639, and a small number of head seeds, 0.13465, and negative for
the rest of the qualities, and so the Total Effects in the grain quotient became 0.38386, as for the weight of 1000 grains,
the direct effect was negligible, and the indirect effect was negligible and negative, and so the Total Effects in the
grain quotient became 0.06077- While in the biomass quotient , the direct effect was high and amounted to 0.82753 ,
while the indirect effect was low for the number of head seeds amounted to 0.13526, neglected and negative for the
rest of the qualities, and thus the Total Effects in the grain quotient became 0.58296, as for the harvest guide, the direct
effect was high, reaching 0.75334, while the indirect effect was low for the number of head seeds amounted to 0.10031,
the rest of the qualities are neglected and negative, and thus the total effects in the grain quotient 0.4378 . While the
rest that were not studied, their value reached 0.25238. [39; 40] obtained similar results.

Table (6) analysis of the path coefficient at the second spraying stage based on the phenotypic correlation (diagonal
values) direct effect and (values above and below the diagonal) indirect effect of traits in the grain yield

Plant Number Head Head Weight of Biomass Harvest
Traits length of head weight (g) diameter 1000 vield (q) index %
(cm) seeds (cm) grain (g)
Plant length (cm) -0.11195  0.00670 -0.00264  -0.04111  -0.02113  -0.00437  0.00266
Number of head seeds -0.01630  0.27224 0.21413 0.13465 -0.17128  0.13526 0.10031
Head weight (g) -0.00860  -0.28696  -0.36483  -0.18444  0.02084 -0.26703  -0.15512

Head diameter (cm) 0.04891 0.06588 0.06734 0.13320 -0.03586  0.09599 -0.04079
Weight of 1000 grain (g)  0.01676 -0.05587  -0.00507  -0.02391  0.08881 0.00181 0.00480

Biomass yield (g) 0.03232 0.41115 0.60570 0.59639 0.01691 0.82753 -0.22706
Harvest index (%) -0.01789 0.27757 0.32031 -0.23072 0.04075 -0.20670 0.75334
Total effects -0.0568 0.69047 0.83477 0.38386 -0.06077 0.58296 0.4378
Residuals 0.25238
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Table (7) shows the analysis of the path coefficient based on the phenotypic correlation of the grain yield at the
third stage ,that the direct effect of a neglected height , while the indirect effect is high for the head weight amounted
to 0.34301 and the average for the biomass yield 0.22879 and a small number of head seeds amounted to 0.10332 and
negative and neglected for the rest of the traits, and thus the total effects in the grain yield became 0.49599, as for the
number of head seeds, the direct effect was small and amounted to 0.16079 while the indirect effect was high for the
head weight of 0.53624 and the medium biomass yield was 0.234117 and neglected and negative for the rest of the
traits, so the total effects in the grain yield became 0.84227 , for the head weight the direct effect was high at 0.61536
,while the indirect effect was medium for the biomass yield was 0.23640, a small number of head seeds was 0.14011,
neglected and negative for the rest of the traits, and thus the total effects in the grain yield became 0.98774, as for the
head diameter the direct effect was negative, while the indirect effect was high for the weight of the head was 0.38534
and a little for the biomass yield was 0.16036, negative and neglected for the rest of the traits, and thus the total effects
in the grain yield became 0.56048, while for the weight of 1000 grains ,the direct effect was neglected, and the indirect
effect was only a little for the harvest index amounted to 0.15273 and neglected and negative for the rest of the traits,
so the total effects in the grain yield became 0.11666. As for the biomass yield ,the direct effect medium 0.28766,
while the indirect effect was high for the head weight amounted to 0.50570 and low for the number of head seeds
amounted to 0.12921, neglected and negative for the rest of the traits, and so the total effects in the grain yield became
0.7544, or in the harvest index, the direct effect medium 0.25657, neglected and negative for the rest of the traits, and
so the total effects in the grain yield became 0.24106, while the total number of unexplored residues was 0.00418 [23;
41]to similar results

Table (7) analysis of the path coefficient at the third spraying stage based on the phenotypic correlation (diagonal values)
direct effect and (values above and below the diagonal) indirect effect of traits in the grain yield

Plant Number Head Weight of

. Head . Biomass Harvest
Traits '?Qg]t)h OIerjid weight (g) d'?g‘nf)ter gé?r?(()g) yield (@) index %
Plant length (cm) 0.01778 0.01143 0.00991 0.00646 -0.00695 0.01414 -0.00901
Number of head seeds 0.10332 0.16079 0.14011 0.07624 -0.06835 0.12921 -0.01145
Head weight (g) 0.34301 0.53624 0.61536 0.38534 0.02649 0.50570 0.07819
Head diameter (cm) -0.02926 -0.03820 -0.05044 -0.08056 -0.00786 -0.04491 -0.00114
Weight of 1000 grain (g) -0.03781 -0.04110 0.00416 0.00944 0.09668 -0.02568 0.05755
Biomass yield (g) 0.22879 0.23117 0.23640 0.16036 -0.07640 0.28766 -0.13008
Harvest index (%) -0.13006 -0.01827 0.03260 0.00364 0.15273 -0.11602 0.25657
Total effects 0.49599 0.84227 0.98774 0.56048 0.11666 0.75044 0.24106
Residuals 0.00418

Table (8) shows the analysis of the path coefficient based on the phenotypic correlation of the grain yield at the
fourth stage ,that the direct effect of plant height medium 0.22752 ,while the indirect effect was high for the number
of head seeds and the biomass yield reached (0.54300 ,0.79495), respectively, and the average head diameter reached
0.26913, negative and neglected for the rest of the traits, and thus the total effects in the grain yield became 0.49906,
the number of head seeds the direct effect was high, reaching 0.77440, while the indirect effect was high for the head
diameter and the biomass yield reached (0.31437, 0.78340), respectively, and low for both the plant height and the
harvest index, reaching (0.15953 ,0.11750) respectively, as for the rest of the traits, it was negative and neglected, and
thus the total effects in the grain yield became 0.67087. As for the head weight, the direct effect was negative, while
the indirect effect was high for both the number of head seeds and the biomass yield, reaching (0.71831 , 0.82249),
respectively, and the medium head diameter was 0.28463 and a little for the plant height and the harvest index,
reaching (0.17394 ,0.16401), respectively, and neglected for the rest of the traits, and thus the total effects in the grain
yield became 0.60088 , As for the head diameter ,the direct effect was high and amounted to 0.42453 ,while the
indirect effect was high for the number of head seeds and the biomass yield (0.57344, 0.74549), respectively, and low
for the plant height reached 0.14423 and negative for the rest of the traits, so the total effects in the grain yield became
0.64204, as for the weight of 1000 grains, the direct effect was neglected, while the indirect effect was high for the
harvest index, reaching 0.31221 the medium biomass yield is 0.2466, and the remaining traits are neglected and
negative, so the total effects in the grain yield became 0.06759 , As for the biomass yield , the direct effect was high
and amounted to 0.93127 ,while the indirect effect was high for the number of head seeds and the head diameter
(0.65144 ,0.33984), respectively, and low for the plant height reached 0.19421, neglected and negative for the rest of
the traits, and thus the total effects in the grain yield became 0.5638, as for the harvest index, the direct effect was
high, reaching 0.72014, while the indirect effect was low for the number of head seeds 0.12636 is neglected and
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negative for the rest of the traits, so the total effects in the grain yield became 0.17437. As for the rest that were not
studied, their value was 0.40168.[42; 43], obtained similar results. We conclude from this that the values of direct
genetic influences are greater than the values of the phenotypic effects of all the studied traits, that is, environmental
influences had a negative impact and that genetic influences are more important than phenotypic in breeding programs
to improve the grain yield because it expresses the common genetic components between the yield and the qualities
in question that are inherited from parents to progeny.

Table (8) analysis of the path coefficient at the fourth spraying stage based on the phenotypic correlation (diagonal
values) direct effect and (values above and below the diagonal) indirect effect of traits in the grain yield

Plant Number Head Head Weight of Biomass Harvest

Traits length of head weight (g) diameter 1000 ield (q) index %

(cm) seeds gntig (cm) grain (g) y g °

Plant length (cm) 0.22752 0.15953 0.17394 0.14423 0.06843 0.19421 -0.04364

Number of head seeds 0.54300 0.77440 0.71831 0.57344 0.08471 0.65144 0.12636

Head weight (g) -1.22674  -1.48842  -1.60464  -1.07586  -0.71081  -1.41720  -0.36544

Head diameter (cm) 0.26913 0.31437 0.28463 0.42453 -0.02963 0.33984 -0.09642

Weight of 1000 grain (g) 0.02886 0.01049 0.04250 -0.00670 0.09594 0.02541 0.04159

Biomass yield (g) 0.79495 0.78340 0.82249 0.74549 0.24668 0.93127 -0.20808

Harvest index (%) -0.13814 0.11750 0.16401 -0.16356 0.31221 -0.16090 0.72014

Total effects 0.49906 0.67087 0.60088 0.64204 0.06759 0.5638 0.17437

Residuals 0.40168

Conclusion:

We conclude the genetic and phenotypic variance were higher than the environmental variance, while the first
spraying stage was the most significant. The phenotypic variance components showed high values in the fourth
spraying stage. Path coefficient values showed that the fourth spraying stage had the highest direct effect on grain

yield.

Reference:

[1].
[2].
[3].
[4].
[5].
[6].

[71.
[8].
[9].

[10].

FAO. (2023). Quarterly bulletin of statistics. Food and Agriculture Organization of the United Nations,
Rome.

Pontieri, P., & Del Giudice, L. (2016). Sorghum: A novel and healthy food. In Encyclopedia of food and
health (pp. 33-42). Academic Press.

Duodu, K. G. (2019). Assaying sorghum nutritional quality. In Sorghum: Methods and protocols (pp. 87—
108). Springer.

USDA, Natural Resources Conservation Service. (2023-2024) . Soil Conservationists. Salinity Management
Guide-Salt Management.

Central Statistical Organization and Information Technology. 2021. Ministry of Planning and Follow-up,
Iraq.

Bello, D., Kadams, A. M., Simon, S. Y., & Mash, D. S. (2007). Studies on genetic variability in Sorghum
(Sorghum bicolor L. Moench) cultivars of Adamawa State, Nigeria. Agricultural and Environmental Science
Journal, 5(3), 297-302.

Harbeit, H. K., Saleh, H. A., & Kazar, S. H. (2014). Boron spraying and grain yield and its components for
sorghum. lraqi Journal of Agricultural Sciences, 45(5), 470-478. (In Arabic).

Vanderlip, R. L. (1993). How a sorghum plant develops. Kansas State University, Agricultural Experiment
Station and Cooperative Extension Service.

General Authority for Agricultural Guidance. (2019). Recommendations for sorghum cultivation in Iraq.
Sheyed, S. S. M. H., Hashem, H., & Qasim, S. (2014). The optimum first application of urea for some
sorghum cultivars. Iraqi Journal of Agricultural Sciences, 45(2), 151-156.

[11]. Al-Zubaidy, K. M. D., & Al-Jubouri, K. K. A. (2016). Design and analysis of genetic experiments. Dar Al-

Wadah for Printing and Distribution, Amman, Jordan.

[12]. Ministry of Agriculture. (2006). Recommendations for the cultivation of white maize. General Authority for

Agricultural Guidance and Cooperation, White Maize Development Project, Advisory Bulletin.

177



[13]. Hanson, C. H., Roubuson, H. F., & Comstock, L. (1956). Biometrical studies of yield in segregating
populations of Korean Lespedeza. Agronomy Journal, 48(6), 268-272.

[14]. Agrawal, V., & Ahmad, Z. (1982). Heritability and genetic advance in triticale. Indian Agricultural Research
Journal, 16(2), 19-23.

[15]. Kempthorne, B. (1969). An introduction to genetic statistics. lowa State University Press.

[16]. Mather, K., & Jinks, J. L. (1982). Biometrical genetics: The study of continuous variation (3rd ed.). Chapman
and Hall.

[17]. Walter, A. B. (1975). Manual of quantitative genetics (3rd ed.). Washington State University Press.

[18]. [16] Wright, S. (1921). Systems of mating. Genetics, 6, 111-178.

[19]. Dewey, D. R., & Lu, K. H. (1959). A correlation and path coefficient analysis of components of crested
wheatgrass seed production. Agronomy Journal, 51, 515-518.

[20]. Lenka, D., & Mishra, B. (1973). Path coefficient analysis of yield in rice. Indian Journal of Agricultural
Sciences, 43, 376-379.

[21]. Abdel, K. K. A.-B., Al-Joboory, M. A., & Al-Rawi, J. M. H. W. (2014). Efficiency of some growth
parameters as selection indices for barley grain yield of six rows. Kirkuk University Journal for Agricultural
Sciences, 5(1), 113-131. https://doi.org/10.58928/ku14.05112

[22]. Dikera, D., & Nyadanu, E. (2014). Exploring variation, relationships and heritability of traits among selected
accessions of sorghum (Sorghum bicolor L. Moench) in the Upper East Region of Ghana. Journal of Plant
Breeding and Genetics, 2(3), 101-107.

[23]. Tetemke, A. E. (2018). Agro-morphological and nutritional quality evaluation of sorghum [Sorghum bicolor
(L.) Moench] inbred lines in Sheraro, Northern Ethiopia [Master’s thesis, Haramaya University]. Haramaya
University Institutional Repository.

[24]. Baktash, F. Y., Mahdi, A. S., & Al-Younis, A. H. A. (2000). Genetic analysis of some traits of bread wheat.
Journal of Agricultural Sciences, 31(4), 393-416.

[25]. [23] Jasim, H. H., & Mohammed, L. I. (2018). Estimation of genetic parameters of sorghum under water
stress. Anbar Journal of Agricultural Sciences, 16(1), 836-849.

[26]. Gebregergs, G., & Maekbib, F. (2020). Estimation of genetic variability, heritability, and genetic advance in
advanced lines for grain yield and yield components of sorghum (Sorghum bicolor L. Moench) at Humera,
Western Tigray, Ethiopia. Cogent Food & Agriculture, 6(1), 1-9.

[27]. Anees, A. H., & Al-Thoini, A. A. (2020). Estimation of some statistical standards for the most important
quantitative traits and their role in Sorghum bicolor L. genetic improvement under biofertilizer conditions.
The Libyan Journal of Agriculture, 25(1-2).

[28]. Al-Jubouri, R. M. A., Mohammed, M. I., & Al-Mafarji, T. R. T. (2024). Genetic analysis of heterosis and
some genetic parameters of half diallel crosses in maize (Zea mays L.). IOP Conference Series: Earth and
Environmental Science, 1371(5), 052027. https://doi.org/10.1088/1755-1315/1371/5/052027

[29]. Wuhaib, K., Bana, M. H., & Wajeeha, A. (2017). Genetic parameters for sorghum varieties in different
population densities. International Journal of Applied Agricultural Sciences, 3(1), 19-24.

[30]. Hamidou, M., Soule, A. M., Kapran, 1., Souleymane, O., Danquah, E. Y., Ofori, K., Gracen, V., & Ba, M. N.
(2018). Genetic variability and its implication on early generation sorghum lines selection for yield, yield
contributing traits, and resistance to sorghum midge. International Journal of Agronomy, 2018, 1-10.

[31]. Al-Ajili, M. T. N., & Madab, D. S. (2024). The effect of combinations of growth regulators on dry matter
distribution efficiency and its relationship to physiological growth traits for genotypes of Sorghum bicolor
(L. Moench). Journal of Medical and Industrial Plant Sciences, 2(2).

[32]. Al-Mafarji, T. R. T., & Al-Jubouri, J. M. A. (2023). Combining Ability and Gene Action of Half Diallel
Crosses in Bread Wheat (Triticum aestivum L.). IOP Conference Series: Earth and Environmental Science,
1262(5). https://doi.org/10.1088/1755-1315/1262/5/052027

[33]. Dawod, K. M., & Al-Hamdany, A. T. G. (2010). Path coefficient analysis and estimation of some genetic
parameters in F2 durum wheat. Kirkuk University Journal for Agricultural Sciences, 1(1), 15-22.
https://doi.org/10.58928/ku10.01115

[34]. Jimmy, M. L., Nzuve, F., Flourence, O., Manyasa, E., & Muthomi, J. (2017). Genetic variability, heritability,
genetic advance and trait correlations in selected sorghum (Sorghum bicolor L. Moench) varieties.
International Journal of Agronomy and Agricultural Research, 11(5), 47-56.

178


https://doi.org/10.1088/1755-1315/1371/5/052027
https://doi.org/10.1088/1755-1315/1262/5/052027

[35]. Al-Mafarji, T. R. T., Al-Jubouri, J. M. A., & Kanbar, A. (2024). Estimate combining ability and gene action
of yield, and some qualitative traits of bread wheat genotypes (Triticum aestivum L.) of half-diallel crosses.
Tikrit Journal for Agricultural Sciences, 24(3), 182—196. https://doi.org/10.25130/tjas.24.3.15

[36]. [34] Jafar, M., Tesso, B., & Mengistu, G. (2023). Genetic variability, heritability, and genetic advance for
quantitative traits of sorghum (Sorghum bicolor L. Moench) genotypes at fields, Eastern Ethiopia.
International Journal of Agricultural Science and Food Technology, 9(3), 64—75.

[37]. Marai, M. A., & Khudair, E. K. (2020). The effect of different levels of humic acid on growth traits and
biological yield of several genetic compaositions of sorghum (Sorghum bicolor L.). Proceedings of the 8th
International Conference, 2nd Edition, College of Agriculture, University of Tikrit. (In Arabic).

[38]. Girish, G., Kiran, S. B., Lokesh, R., Vikas, V., Kulkarni, V., Rachappa, V., & Talwar, A. M. (2016). Character
association and path analysis in advanced breeding lines of rabi sorghum (Sorghum bicolor L. Moench).
Journal of Applied and Natural Science, 8(1), 35-39.

[39]. Goswami, S. J., Patel, P. T., Gami, R. A, Patel, R. N., & Khatri, A. B. (2020). Correlation and path analysis
study of different characters for grain yield and fodder purpose in sorghum (Sorghum bicolor L. Moench).
Electronic Journal of Plant Breeding, 11(4), 1053-1061.

[40]. Bharda, S. P., Pathak, V. D., Davda, B. K., Godhani, C. M., & Chhodavadiya, R. J. (2023). Character
association and path coefficient analysis for improving grain yield in sorghum (Sorghum bicolor L. Moench).
The Pharma Innovation Journal, 12(6), 1369-1372.

[41]. Nikam, M. S., Shinde, G. C., Awari, V. R., Shinde, M. S., & Kute, N. S. (2021). Genetic variability,
correlation and path analysis studies in rabi sorghum (Sorghum bicolor L. Moench) genotypes. International
Journal of Current Microbiology and Applied Sciences, 10, 185-192.

[42]. Al-Mafarji, T. R. T., & Al-Jubouri, J. (2023). Heterosis, correlations and path analysis of grain yield
components in bread wheat (Triticum aestivum L.). Kirkuk University Journal for Agricultural Sciences,
14(3), 34-46. https://doi.org/10.58928/ku23.14304

[43]. Ezeaku, I. E., & Mohammed, S. G. (2006). Character association and path analysis in grain sorghum. African
Journal of Biotechnology, 5(14), 1337-1340.

179


https://doi.org/10.25130/tjas.24.3.15
https://doi.org/10.58928/ku23.14304

Sorghum ) ¢l 5,4 cpe A9 qusli B AiligSay Jualall 4 6l) alleal) s
Adlida gai Jalia B (g el saie (&) cal (bicolor L. Moench

2 saaa ashly) dada 10‘.}5& slua daal

Bl eSS, S8 dnaln, Aoy ) S, Alind] fualaall s
bl S8 Al due ivally Lusbelf Ll S, Lially Lukalf L)) ansi

P BN |

Gy ' iaale 150 385 sl G5y die bl Jalae Jilaty 4850 Alladl) ol Mo dailas 8 (2024) igal) pusall 8 dfia Zyat cuppal
e ) )31 e Ciliaal Aapuds (76 JY) Alajas « 805 Speaill Aaje ¢S:3 saill Al ol Aage 82 Glsl Gsedll Aa ) as il sai Jalyl
Jalye o )l adadll Cgin ey Ko A5 ALK Al sdiall e Uaill ety Aaiall odadl) llail (g o pis oo sl chhom 3 cCagmy i) s
Lugynall cliall alies 8l Gl a8 e (el culiilly sl il ad o i) Al ekl Ciliall e 2l adadl) giad et el )
@eaal cplall cBlales IS Ly sl Gy Jaba gas (b dmitially danisiall o sl Gl EDlae Cangli S csdl Gy dabe paes (s
Wi sl e (33.563 <34.887 31.139) il tum ccyppsdl (i ¢y Al Alnyall b &y gonl AESY Gy gl (pies sl 930 bal daiipe
70.132) il Gy ccapall Lalisly dypuall ABSH Zanlily Gugy ¥l Sy Gugypll 230 Gda (e IS Grifipe OIS S8 caalsll (inally Cagy ) Jonal donaily
(35-189 <40.529) Aypad) ASH Zanlily oyl 320 Al Lriipe dysie i€ @igiall sl cpundl (IS . s e (61.422 ¢61.665 «60.835
Saal) ey ¢ oasbll) Jualally s cyigs cobll s bl (p3as comsppl) 232 e Alle B8le il Sludl Jalae Jilas ekl Laiw - sl e
Jualally ciin 1000 i35 ol DBy bl Giss comgp ) 2oy el g iyl o e 53l e il i ey ol ] (go dilide Jaba
~Onsal) Al (e Adlida Jabia b bl

bl Jalaa Jalas cigsll allaall ey yoall e il 3,30 tiaaliaal) cilalSl)

180



