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Sixteen sorghum varieties were tested in a randomized complete block design with three replications at
Sirinka Agricultural Research Center and Kobo sub-center in 2010 with the objectives of estimating the
genetic variability, associations among the traits and determining the direct and indirect effect of the
traits on grain yield of varieties across the two locations. Analysis of variance revealed that there were
statistically significant differences among the varieties for most of the traits across the two locations.
From this combined analysis of variance, significant (P=0.01) effect due to location, varieties and GxE
was observed for most of the traits. In terms of mean value performance, the varieties showed wider
variability in grain yield which ranged from 762.6-2533.3 kg/ha over locations. A relatively high
phenotypic coefficient of variation (PCV) values (>20%) were obtained for leaf area index, plant height,
panicle weight, panicle yield, grain yield and harvest index across locations. Similarly, high genotypic
coefficient of variation (GCV) values (> 20%) were also obtained for leaf area index, plant height, panicle
yield, grain yield and harvest index. High heritability estimates (> 80%) were obtained for days to
heading, days to flowering, leaf area index, days to maturity, plant height, panicle length and 1000 seed
weight. But a relatively high genetic advance was obtained for only leaf area index, plant height, panicle
yield, grain yield and harvest index. Grain yield showed significant (P=0.01) positive phenotypic
correlations with plant height, panicle weight, panicle yield and harvest index and genotypic
correlations with panicle yield. Similarly, significant (P=0.01) positive phenotypic and genotypic
correlations between the independent traits was observed. From the path analysis, plant height, panicle
weight and harvest index showed high positive phenotypic direct effect on grain yield whereas panicle
yield showed negligible positive phenotypic direct effect with considerable indirect effect via panicle
weight. At genotypic level, panicle yield showed the highest positive direct effect followed by harvest
index and plant height whereas panicle weight showed negative direct effect with high positive indirect
effect via panicle yield.

Key words: Genotypic variance, genotypic coefficient of variation (GCV), phenotypic coefficient of variation
(PCV), heritability, correlation, direct and indirect effect.

INTRODUCTION

Grain sorgum (Sorghum bicolor L. Moench) ranks fourth with a total cultivated area of 150 thousand hectare
in important as a cereal crop after wheat, rice and maize (Ezzat et al., 2010). In Ethiopia, sorghum is one of the
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most important cereal crops planted as food insurance,
especially in the lowlands of eastern and in the north and
north-eastern parts of the country where the climate is
characterized by unpredictable drought and erratic rainfall
(Degu et al., 2009). Improvement in sorghum yield
depends on the nature and extent of genetic variability,
heritability and genetic advance in the base population.
Besides, the information on the nature of association
between yield and its components helps in simultaneous
selection for many characters associated with vyield
improvements (Mahajan et al, 2011). Being an
indigenous crop, tremendous amount of variability exists
in Ethiopia. In addition, a number of varieties are
released by Melkasa agricultural research center and
Sirinka agricultural research center (MoARD, 2008).

However, the existence of variation alone in the
population is not sufficient for improving desirable
characters and little study has been conducted on the
genetic variability of the released early maturing sorghum
varieties. Hence, estimation of the extent and pattern of
genetic variability existing in the available germplasm is
essential to breeders. Breeders are also interested in the
relationship that may exist between or among characters.
When more characters are involved in correlation study, it
becomes difficult to ascertain the characters that really
contribute to yield because of the existence of some
amount of interdependence. Under such complex
situations, path coefficient analysis provides more
effective means of separating direct and indirect factors;
permitting a critical examination of the specific forces
acting to produce a given correlation and measuring the
relative importance of the causal factors. The path
coefficient analysis under such situations helps to
determine the direct contribution of these characters and
their indirect contributions via other characters (Tesfaye
et al., 2014).

Therefore, this study was conducted: to determine the
degree of genetic variability among early to medium
maturing released sorghum varieties; to investigate
associations among yield and yield related traits and to
determine the major yield related traits causing direct and
indirect effect on grain yield.

MATERIALS AND METHODS

The study was conducted during the 2010 main season at Sirinka
Agricultural Research Center (Altitude 1850 m above sea level,
average annual rainfall 1023 mm and average maximum and
minimum temperature is 26 and 13°C) and Kobo sub center
(Altitude 1468 m above sea level, average annual rainfall 310.5 mm
and average maximum and minimum temperature is 14.86 and
29.30°C). The data for rainfall and temperature of the locations are
obtained from their respective meteorological stations. Sixteen early
to medium maturing sorghum varieties were grown in a randomized

complete block design (RCBD) with three replications. The
experimental unit was a four-row plot of 3 m long, spaced at 0.75 m
apart and plant-to-plant distance of 0.15 m. Data were taken from
the two central rows of the plot. Urea (50 kg/ha) and phosphorus
(100 kg/ha) were applied to the entire plot.

Data collected from the two locations were subjected to
combined ANOVA and Duncan’s Multiple Range Test was used for
mean comparison. The phenotypic and genotypic variance were
estimated according to the methods suggested by Burton and de
Vane (1953) and these components of variance (o°p, %€, c°Q)
were used for the estimation of coefficients of variation (PCV, GCV)
as described by Singh and Chaudhary (1977) as follows:

PCV= @x 100 and GCV= —V‘f” X100

Heritability and expected genetic advance (K=2.06 at 5% selection
intensity) were computed for each character based on the formula
developed by Allard (1960). Phenotypic and genotypic correlation
coefficients were estimated using the method described by Miller et
al. (1958) from corresponding variance and covariance. The direct
and indirect effects were determined through path coefficient
analysis using the phenotypic as well as genotypic correlation
coefficients following the method suggested by Dewey and Lu
(1959).

RESULTS AND DISCUSSION

From the analysis of variance for the combined ANOVA,
significant differences among the varieties were observed
for all the traits under investigation due to variety
indicating the existence of genotypic differences among
the varieties. Except plant height and 1000 seed weight,
significant variations were obtained due to location for all
the rest traits. This indicates that the conditions in the two
locations were not similar in many aspects and the
phenotypic performance of those traits of the varieties
was different across the two locations.

Significant effect due to variety x location (interaction)
was also obtained for all the traits, except days to
emergence and leaf area index. This significant
interaction effect of the traits suggested that the
environmental conditions in the two locations influenced
the performance of the varieties which resulted in the
inconsistency in performance of these sorghum varieties
across the two locations. This indicates the importance of
testing the varieties across locations and over years to
check their stability for use as reliable genetic materials
for crop improvement in a specific location. The reader
expects comparisons between this study and related
work in discussion. Similar results for significant effect
due to variety x location (interaction effect) is reported by
Ezzat et al. (2010), for days to 50% flowering, plant
height, 1000 grain weight and grain yield. Significant
influence of genotype by location interaction on plant
height and leaf area index is also obtained from late
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Table 1. Mean, Range, estimates of components of variance and coefficient of variation of the varieties across locations.

Trait Range Mean o’p c’e PCV (%) GCV (%) ECV (%)
DE 7.00-9.67 7.93 1.72 1.31 0.41 16.62 14.41 8.07
DH 53.17-77.00 68.70 68.36 67.44 0.92 12.04 11.95 1.40
DF 56.67-81.67 73.10 74.35 73.34 1.01 11.80 11.72 1.37
LAI 1.15-2.91 2.25 0.49 0.40 0.09 31.11 28.11 13.33
DM  98.50-126.83 116.94 87.10 85.62 1.48 7.98 7.91 1.04
PH 108.1-172.87 137.60 1136.41 1099.73 36.68 24.50 24.10 4.40
PL 18.58-25.52 21.08 9.44 8.62 0.82 14.57 13.93 4.30
PW 44.47-71.33 61.90 178.92 113.82 65.10 21.61 17.24 13.03
PY 17.28-45.43 35.24 157.16 117.26 39.90 35.57 30.73 17.92
Sw 26.28-35.92 32.31 18.97 16.07 2.90 13.44 12.37 5.25
GY 762.6-2533.3 1937 561906.91 404744.29 157162.6 38.69 32.84 20.46
HI 10.34-26.32 20.00 37.70 29.26 8.44 30.70 27.05 14.53

o’p=phenotypic variances, o°g=genotypic variances, c’e=environmental variance, PCV and GCV=phenotypic and genotypic
coefficient of variation, ECV=environmental coefficient of variation DE=days to 75 % emergence, DH=days to 75% heading,
DF=days to 75% flowering, LAI= leaf area index, DM=days to 75% physiological maturity, PH=plant height (cm), PL=panicle length
(cm). PW=panicle weight (g), PY=Panicle yield (g), Sw=1000 seed weight (g), GY=grain yield (kg/ha), Hl=harvest index (%),
o’p=phenotypic variance, s°g=genotypic variance, c’e=environmental variance.

research by Abubakar and Bubuche (2013).

Range, mean, estimates of variance components and
coefficients of variation

From the combined analysis, most of the traits showed
wide range of variability for days to heading; days to
flowering; panicle length; 1000 seed weight and panicle
weight per plant and days to maturity (Table 1). Panicle
yield per plant showed very wide variability ranging from
17.28-45.43 g/plant with a mean of 35.24 g. The highest
mean value of panicle yield per plant across locations
was obtained from Misikr followed by Grana-1, Teshale,
Macia and Hormat (Table 2). Harvest index ranged from
10.34-26.32%. In the present study, Red Swazi followed
by 76T1#23 and Yeju showed high value of harvest index
indicating the efficiency of the varieties in converting
biological yield into economic yield.

Grain vyield, which is the primary interest in most
breeding programs, showed a wide range of variation
(762.6-2533.30 kg/ha) among the varieties across
locations with a mean value of 1937 kg/ha. The highest
grain yield per hectare was obtained from Grana-1
(2533.30 kg/ha) followed by Misikr (2428.70 kg/ha),
Hormat (2411.20 kg/ha) and Teshale (2333.30 kg/ha)
(Table 3). Therefore, the presence of such range of
variations of the traits indicated that the presence of large
amount of genetic variation among the released varieties
which is the source of variable genetic material.

As compared to its corresponding environmental
variance, combined analysis of variance showed that all
the traits exhibited larger genotypic variance than
environmental variance (Table 2). Higher genotypic
variance estimates than the environmental variance

estimates indicated that the variation in phenotypic
expression of the varieties across locations is more of
due to genetic constituent and the contribution of
environment is fairly small. High values of phenotypic and
genotypic variance of the present study for plant height
and 1000 seed weight is in agreement with the findings of
Can and Yoshida (1999).

Tarig et al. (2007) also reported higher phenotypic and
genotypic variance for grain yield among the varieties
which supported the present study. Similarly, Bello et al.
(2007) reported higher genotypic variance than
environmental variance for panicle length, plant height,
grain weight per panicle, days to flowering, days to
maturity and grain yield per hectare, which is supported
by the present study, and also for number of leaves per
plant and number of grain per panicle. In general, the
variance components across locations showed that all of
the traits had higher genotypic variance estimates than
the environmental variance estimates suggesting that
expressions of the traits were more of due to genetic
which can be exploited by breeding.

Phenotypic coefficient of variation (PCV) ranged from
7.98-38.69% and genotypic coefficient of variation (GCV)
ranged from 6.71-32.84%. With these ranges, high value
for PCV was obtained by grain yield/ha (38.69%) followed
by panicle yield per plant (35.57%), leaf area index
(31.11%), harvest index (30.70%), plant height (24.50%)
and panicle weight per plant (21.61%) (Table 2).

Similarly, the maximum value of GCV also obtained
from grain yield per hectare followed by panicle yield per
plant, leaf area index, harvest index and plant height with
a value of 32.84, 30.73, 28.11, 27.05 and 24.10%,
respectively. These high values of PCV and GCV
revealed that the varieties have a broad base genetic
background so that they can respond positively to
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Table 2. Mean performance of the varieties across the two locations.

Varieties Mean Value

DE DH DF LAl DM PH PL PW PY Sw GY HI
Teshale 717 66.50n 70.83¢ 2.34cd 115.67° 172.872 19.92f9 62.83abe 43232 34.39abe 2333.3abed 23.34¢b
Yeju 7.50bcd 61.50i 65.33" 1.81f 113.509 152.33¢ 21.47% 63.00abe 38.29abe 35.19abe 2195 4abede 24282
Abuare 7.50bcd 67.50fn 72.83f 2.06df 116.50¢f 133.234 22.53cd 66.67abe 38.47abe 30.93ef 2164 Gabode 20.52bc
Hormat 7.50bcd 66.50n 70.509 2.35¢d 114179 163.520 22.42cd 69.50ab 40.228bc 35.442 2411 2abe 20.34be
Grana-1 7.004 68.00f9 72.67° 2.50bc 120.83¢ 171.302 19.93f9 70.002b 43422 35.912 2533.32 20.16bc
Misikr 7.83bcd 70.67¢ 74.67¢ 2.31cd 116.67¢f 154.32¢ 20.80¢f 67.33abe 45432 33.74abe 2428.73b 19.25¢d
Raya 7.83bcd 77.002 81.672 2.892 126.832 165.70ab 18.809h 68.42ab 33.15¢ 26.28" 1887 .9cdef 15.89¢
Gedo 9.17a 73.17bc 78.00¢ 2.29¢d 121.50° 115.73¢f9 22.08¢cd 44 47¢ 17.28f 33.11bed 762.6" 10.34¢
Birhan 8.17° 72.17¢d 76.174 2.28cde 121.67c 111.48fn 24 470 59.800¢ 32.49¢d 35.05@be 1670.8¢f 23,582
Gobiye 9.672 67.00g" 71.33¢ 1.990ef 118.674 108.10n 22.87¢ 48.40d 24.24¢f 31.38¢ 1177.0%h 16.144
Abshir 9.672 68.33f 72.83f 1.91¢f 116.17¢f 118.32¢f 25.522 57.00¢d 26.64de 33.06¢d 1480.01 19.40cd
T76TI#23 7.67bcd 66.17 70.839 1.78f 108.67" 122.37¢ 19.17%n 63.5020¢ 38.23a0c 31.52¢d 2077 .2abcde 24.922
Meko 7.50pcd 71.67% 76.67¢ 2.802 117.33de 149.25¢ 18.93¢h 67.83abe 39.45abe 35.32ab 2165.8abede 17.77¢
Redswazi 7.004 53.17% 56.671 1.159 98.501 118.33¢f 18.58h 49,500 25.33de 28.169 1947 Qbedef 26.32a
Macia 7.67bcd 76.172 80.33° 2.62abc 123.0 108.620 20.98¢f 71.332 41,952 29.86¢f 1964, 2bcdef 18.67¢d
Tegemeo 8.00be 73.67° 78.33¢ 2.91a 121.33¢ 136.174 18.88¢h 60.83abe 36.030¢ 29.191 1799.6def 19.05¢d
Mean 7.93 68.7 731 2.25 116.94 137.60 21.08 61.90 35.24 3241 1937.48 20.00
CV (%) 8.03 14 1.37 13.24 1.04 4.40 4.29 13.03 17.93 525 20.46 14.52
Critical range 0.74-0.89 1.11-1.34 1.16-1.41 0.34-0.42 1.41-1.71 6.99-8.48 1.04-1.27 9.31-11.3 7.29-8.85 1.96-2.38 457.5-555.2 3.35-4.07

CV=coefficient of variation; DE=days to 75% emergence, DH=days to 75% heading, DF=days to 75% flowering, LAl=leaf area index, DM=days to 75% physiological maturity, PH=plant
height (cm), PL=panicle length (cm). PW=panicle weight (g), PY=Panicle yield (g), Sw=1000 seed weight (g), GY=grain yield (kg/ha), HI=harvest index (%).

selection. The high values of PCV and GCV
across locations for certain traits like plant height,
panicle yield per plant and grain yield per hectare
were obtained by Bello et al. (2007) which are
supported by the present study. Bello et al.
(2007) also reported high value of PCV and GCV
for panicle length per plant, 1000 seed weight,
days to flowering and days to maturity in contrary
to the present study. In another case, low GCV
was observed for days to maturity (7.91%) which
indicated that improvement of this traits through
selection is less effective due to lack of genetic
variability among the varieties which is the basic
prerequisite in which positive response due to
selection depends on. In general, GCV value was
generally smaller than their corresponding PCV

values for all the traits considered indicating the
contribution of environmental variance for the
expression of phenotypic variance of the traits.

Heritability and expected genetic advance

Heritability estimates for traits under study for
combined over locations is depicted in Table 3.
The estimated values of broad sense heritability
ranged from 23.76-98.65% over locations.
According to Singh (2001), high heritability of a
trait (= 80%) provides selection for such traits
could be fairly easy due to a close
correspondence between the variety and the
phenotype due to the relative small contribution of

the environment to the phenotype. In other
words, if environmental variability is small in
relation to genotypic differences, selection will be
efficient because the selected character will be
transmitted to its progeny. But selection may be
considerably difficult or virtually impractical for
traits with low heritability (< 40%) due to the
masking effect of the environment so that the
greater the proportion of the total variability is due
to environment.

Based on this benchmark, high broad sense
heritability was estimated for days to heading
(98.65%), days to flowering (98.64%), leaf area
index (81.63%), days to maturity (98.3%), plant
height (96.77%), panicle length (91.31%) and
1000 seed weight (84.71%) across locations.
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Table 3. Broad sense heritability (h?), genetic advance (GA) and genetic advance as percent of the mean (GA %) of the varieties across locations.

Parameter DE DH DF LAI DM PH PL PW PY Sw GY HI

h? (%) 76.12 98.65 98.64 81.63 98.30 96.77 91.31 63.62 74.61 84.71 72.03 77.61
GA 1.65 17.23 17.43 1.16 16.50 48.30 4.35 15.48 17.12 6.23 949.92 11.30
GAM (%) 20.76 25.09 23.85 51.57 14.11 35.10 20.61 25.00 48.59 19.22 49.03 56.52

h® heritability in broad sense (%), GA=genetic advance, GAM=genetic advance as percent of mean, DE=days to 75% emergence, DH=days to 75% heading, DF=days to 75%
flowering, LAl=leaf area index, DM=days to 75% physiological maturity, PH=plant height (cm), PL=panicle length (cm). PW=panicle weight (g), PY=Panicle yield (g), Sw=1000 seed

weight (g), GY=grain yield (kg/ha), HI=harvest index (%).

Mahajan et al. (2011) also reported similar results
of high heritability for days to flowering, panicle
length per plant and plant height at a location.
High estimated heritability values of the present
study for panicle length per plant, plant height,
days to maturity and days to flowering agreed with
the findings of Bello et al. (2007). In general, high
broad sense heritability of the traits indicated their
potential to respond positively to selection at
different locations.

Grain yield also showed moderate heritability
value (72.03%) across locations. On the other
hand, high heritability value of grain yield was
reported by Mahajan et al. (2011) and Tariq et al.
(2007) (95.18%). Bello et al. (2007) also found low
heritability of grain vyield (10%). This highly
variable result of heritability of grain vyield
indicated that it is a typical example of quantitative
trait in which its phenotypic expression is highly
influenced by environmental variations. Harvest
index showed moderate estimated value of
heritability. But Tariq et al. (2007) and Mahajan et
al. (2011) found high heritability value which is not
in agreement with the present study.

High heritability with low genotypic coefficient of
variation may hinder easy to selection and
improvement of these traits through selection.
Genetic progress expected from selection
increases with an increase in genotypic variance.
In line with this statement, leaf area index and

plant height showed high heritability coupled with
high genotypic coefficient of variation across
locations which indicated that these traits may
respond effectively to phenotypic selection. Bello
et al. (2007) found high heritability coupled with
high genotypic coefficient of variation for traits
such as panicle length per plant, plant height,
days to flowering and days to maturity across
locations. From these traits only plant height is in
agreement with the present study. Mahajan et al.
(2011) also reported high heritability coupled with
high genotypic coefficient of variation for panicle
yield per plant and harvest index which is not in
agreement with the findings of the present study
due to the fact that these traits have medium
heritability but high genotypic coefficient of
variation.

The estimated value of expected genetic
advance expressed as percentage of mean
ranged from 9.32-56.52% across locations. Leaf
area index, plant height, grain yield per hectare,
harvest index and panicle yield per plant, which
have better genotypic coefficient of variation,
showed a relatively high expected genetic
advance. Mahajan et al. (2011) also reported high
value of expected genetic advance expressed as
percent of mean for harvest index, plant height
and panicle yield per plant. Selection based on
those traits with a relatively high genetic advance
as percent of mean will result in the improvement

of the performance of the varieties for the traits.
Therefore, from this study, traits such as leaf area
index, plant height, panicle yield per plant, grain
yield per hectare and harvest index have the
potential to respond positively to selection across
different environments because of their better
broad sense heritability coupled with relatively
high genetic advance across locations.

Correlation studies

Traits of crop plants are generally correlated and
correlations between characters are frequent
features in plant breeding which can be either
negative or positive. The phenotypic and
genotypic correlation coefficients worked out
among vyield and vyield related traits across
locations are presented in Table 4.

Phenotypic correlations

From the combined analysis, grain yield showed
significant (p=0.01) high positive phenotypic
correlations with plant height (r=0.624) and
panicle weight per plant (r=0.745) (Table 5). This
is in conformity with Ezeaku and Mohammed
(2006) who found high positive phenotypic
correlation coefficients of grain yield with head
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Table 4. Phenotypic (above diagonal) and genotypic (below diagonal) correlations of the varieties across locations (2010).

Parameter DE DH DF LAI DM PH PL PW PY Sw GY HI
DE 0.257 0.248 -0.004 0.252 -0.505* 0.524* -0.420 -0.608* -0.060 -0.691** -0.488
DH 0.380 0.983**  0.738**  0.939** -0.015 0.042 0.236 0.091 -0.088 -0.214 -0.572*
DF 0.387 0.998** 0.689**  0.906** -0.034 -0.005 0.227 0.072 -0.072 -0.217 -0.543*
LAI -0.059 0.901* 0.889* 0.727** 0.323 -0.158 0.498* 0.356 -0.022 0.069 -0.421
DM 0.365 0.962**  0.942** 0.902* 0.117 0.176 0.227 0.123 0.006 -0.210 -0.594*
PH -0.642 -0.013 -0.032 0.380 0.122 -0.411 0.486 0.528* 0.236 0.624** 0.112
PL 0.690 0.059 0.018 -0.240 0.179 -0.485 -0.063 -0.249 0.303 -0.357 -0.086
PW -0.980** 0.474 0.490 0.591 0.402 0.703 -0.267 0.819** 0.104 0.745** 0.274
PY -1.078* 0.152 0.155 0.371 0.154 0.732 -0.492 1.152 0.076 0.729** 0.358
Sw -0.231 -0.117 -0.124 -0.043 0.016 0.310 0.387 0.155 0.138 0.102 0.114
GY -1.198 -0.273 -0.271 0.073 -0.268 0.802 -0.597 1.069* 0.933* 0.097 0.599*
HI -0.812 -0.738 -0.728 -0.653 -0.771 0.127 -0.156 0.158 0.311 0.072 0.549

*** gignificant at 5% and 1% probability levels. DE=days to 75% emergence, DH=days to 75% heading, DF=days to 75% flowering, LAl=leaf area index, DM=days to 75%
physiological maturity, PH=plant height (cm), PL=panicle length (cm). PW=panicle weight (g), PY=Panicle yield (g), Sw=1000 seed weight (g), GY=grain yield (kg/ha),

Hl=harvest index (%).

weight and plant height across two locations.
Grain yield also showed significant (p=0.01) high
positive phenotypic correlations with panicle yield
per plant (r=0.729) and harvest index (r=0.599).
The correlation of grain yield with harvest index is
in agreement with the findings of Tariq et al.
(2007). Generally, grain yield showed positive
phenotypic associations with leaf area index, plant
height, panicle weight per plant, panicle yield per
plant, 1000 seed weight and harvest index and
negative association with all the rest traits across
locations. Therefore, the positive association of
grain yield with these traits suggested that the
possibility of simultaneous improvement of grain
yield through indirect selection of these positively
correlated traits.

Days to heading showed significant (p=0.01)
strong positive phenotypic correlations with days
to flowering (r=0.983), leaf area index (r=0.738)
and days to maturity (r=0.939). Days to flowering

also showed significant (p=0.01) high positive
phenotypic correlations with leaf area index
(r=0.689) and days to maturity (r=0.906).
Significant (p=0.01) strong positive phenotypic
correlation was also obtained between leaf area
index and days to maturity (r=0.727) and panicle
weight per plant and panicle vyield per plant
(r=0.819). Significant (p=0.05) negative
phenotypic correlation was obtained from plant
height (r=-0.505) and panicle yield per plant (=-
0.608) with days to emergence. Similarly, harvest
index also showed significant (p=0.05) negative
phenotypic correlations with days to heading (r=-
0.572), days to flowering (r=-0.543) and days to
maturity (r=-0.594). Generally, positive correlation
of any pairs of traits of the present sorghum
population indicated the possibility of correlated
response to selection. In contrary to this, the
negative correlation prevents the simultaneous
improvement of those traits along with each other.

Genotypic correlations

The results obtained from the combined analysis
showed significant (p=0.05) strong positive
genotypic correlations of grain yield with panicle
weight per plant (r=1.069) (Table 5). This is in
accordance with the result obtained by Ezeaku
and Mohammed (2006). Grain yield also showed
significant (p=0.05) and high positive genotypic
correlation with panicle yield per plant (r=0.933).
Ezeaku and Mohammed (2006) also found
significant high positive genotypic correlations of
grain yield with plant height and 1000 seed weight
across locations which were positive but non-
significant in the present study. Significant
(p=0.01) strong positive genotypic correlations
were also obtained for days to heading with days
to flowering (r=0.998) and days to maturity
(r=0.962). Significant (p=0.01) positive genotypic
correlation was also obtained between days to
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Parameter DE DH DF LAI DM PH PL PW PY Sw GY HI
DE -0.326 -0.291 0.097 -0.242 -0.120 0.111 0.106 0.004 0.242 -0.025 0.004
DH 0.716** 0.041 0.268 -0.040 -0.166 -0.375* -0.144 0.055 -0.161 -0.113
DF -0.166 0.212 -0.061 -0.210 -0.333 -0.217 0.183 -0.156 -0.002
LAI -0.053 0.132 0.110 0.444 0.345 0.021 0.065 -0.013
DM 0.022 0.193 -0.108 0.107 -0.066 -0.146 -0.092
PH 0.210 0.347 0.084 -0.061 0.354 0.109
PL 0.283 0.287 0.057 0.154 0.095
PW 0.562** 0.058 0.493** 0.395*
PY -0.012 0.504** 0.421*
Sw 0.112 0.187
GY 0.667**
HI

* **:. Significant at 5% and 1% probability level. DE=days to 75% emergence, DH=days to 75% heading, DF=days to 75% flowering, LAl=leaf area index, DM=days to 75% physiological
maturity, PH=plant height (cm), PL=panicle length per plant (cm), PW=panicle weight per plant (g), PY=Panicle yield per plant (g), Sw=1000 seed weight (g), GY=grain yield (kg/ha),

Hl=harvest index (%).

flowering and days to maturity (r=0.942). Leaf
area index showed significant (p=0.05) positive
genotypic correlation with days to heading, days
to flowering and days to maturity with a correlation
coefficient of 0.901, 0.889 and 0.902, respectively.
On the other hand, significant (p=0.01) but
negative correlation existed between days to
emergence and panicle weight per plant (r=-
0.980).

Generally, the values of genotypic correlation
coefficients were higher than the corresponding
phenotypic correlation coefficients for most of the
traits suggesting that there was inherent
relationship between these traits. This is in
accordance with the findings of Mahajan et al.
(2011) and Ezeaku and Mohammed (2006). The
positive association between all possible pair of
traits suggested that the possibility of correlated
response to selection so that with the
improvement of one trait, there will be an

improvement in the other positively correlated
trait. The positive genotypic association allows
simultaneous genetic improvement for grain yield.
This is because a positive genetic correlation
between two desirable traits makes the job of
plant breeder easy for improving both traits
simultaneously. Unlike positive correlation,
negative correlation between two desirable traits
may impede or makes it impossible to achieve the
simultaneous improvement of those traits along
with each other.

Generally, the existence of strong positive
correlation between grain yield and other traits
helps in identifying traits that could be used for
indirect selection for the improvement of grain
yield. Therefore, to facilitate selection in breeding
for high yield and other desirable traits, it is logical
to examine various components and give more
attention to those having the greatest influence on
grain yield.

Environmental correlations

From the combined analysis, grain vyield per
hectare showed significant (P=0.01) and positive
environmental correlations with panicle weight per
plant (r=0.493) (Table 5). This is in agreement
with the finding of Ezeaku and Mohammed
(2006). It also showed significant (P=0.01) and
positive environmental correlations with panicle
yield per plant (r=0.504) and harvest index
(r=0.667). Significantly (P=0.01) high positive
environmental  correlations  were  obtained
between days to heading and days to flowering
(r=0.716) and panicle weight per plant and panicle
yield per plant (r=0.562). Harvest index showed
significant (p=0.05) positive correlations with
panicle weight per plant (r=0.395) and panicle
yield per plant (r=0.421).

In general, the positive environmental
correlation between pairs of traits justified that any
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Table 6. Estimates of direct (bold diagonal) and indirect (off diagonal) phenotypic effects of the traits on grain yield of the varieties across

locations.

Variable PH PW PY HI Rp
PH 0.346 0.202 0.026 0.047 0.624
PW 0.168 0.417 0.041 0.116 0.745
PY 0.182 0.341 0.051 0.152 0.729
HI 0.038 0.114 0.018 0.427 0.599

R=0.4248, PH=plant height, PW=panicle weight, PY=panicle yield, HI=harvest index (%), Rp=phenotypic correlation coefficient, R=residual factor.

Table 7. Estimates of direct (bold diagonal) and indirect (off diagonal) genotypic effects of the traits on grain yield of the varieties across

locations.
Variable PH PW PY HI Rg
PH 0.239 -0.172 0.701 0.033 0.802
PW 0.168 -0.244 1.102 0.041 1.069
PY 0.175 -0.281 0.958 0.081 0.933
HI 0.030 -0.039 0.298 0.259 0.549

R=0.1821, PH=plant height, PW=panicle weight, PY=panicle yield, HI=harvest index (%), rg=genotypic correlation coefficient, R= residual factor.

environment that favors/disfavors the expression of one
trait will also favors/disfavors the expression of other
positively correlated trait. However, the negative
correlation indicated that some environmental variables
that are favorable for the increment of the value of one
trait might have caused a value decrement of negatively
correlated trait.

Path coefficient analysis

By using grain yield as a dependent variable, the
phenotypic and genotypic correlations were partitioned
into direct and indirect effects for only four traits that are
believed to have a direct relationship with grain yield from
the data obtained from across locations.

Phenotypic path analysis

Partitioning of phenotypic correlations into direct and
indirect effects on grain yield revealed that all the traits
included in the path analysis showed positive direct
effects (Table 6). The positive phenotypic direct effect of
plant height and harvest index on grain yield is in
agreement with Mahajan et al. (2011). Ezeaku and
Mohammed (2006) also found positive direct effect of
panicle weight on grain yield which is supported by the
present study. Harvest index showed the highest direct
effect on grain yield (0.427) followed by panicle weight
(0.417) and plant height (0.346) while panicle yield
showed negligible positive phenotypic direct effect
(0.051) and contributed indirectly to grain vyield via

panicle weight (0.341). The synchronization of significant
high positive correlation and considerable direct effects of
plant height, panicle weight and harvest index on grain
yield justified that the need to identify the nature of
relationships between vyield and vyield related traits by
using path analysis. Significant high positive correlation
of panicle yield and its negligible direct effect revealed
that indirect effect of panicle yield was cause of
correlation. Therefore, such considerable indirect effects
should be considered simultaneously for selection. The
phenotypic residual value (0.4248) indicated that the
traits which are included in the phenotypic path analysis
explained 57.52% of the variation in grain yield.

Genotypic path analysis

Genotypic path analysis showed that plant height, panicle
yield and harvest index showed positive direct effect
(Table 7). The positive genotypic direct effect of plant
height is in conformity with the results obtained by
Mahajan et al. (2011) in their study on variability,
correlation and path coefficient analysis in sorghum. The
same authors also found negative direct effect of harvest
index which is positive in the present study. Panicle yield
which had significant high positive correlation with grain
yield exerted considerable high positive direct effect
(0.958). The correlation coefficient (0.933) of this trait is
equivalent to its direct effect. This indicated that the
correlation of this trait with grain yield was found to be
mainly due to its direct effect. Therefore, there existed a
true relationship and a direct selection, though this trait
will be effective.



Panicle weight had negative direct effect (-0.244) and
considerable indirect effect (1.102) via panicle yield. But
its correlation was significantly high and positive.
Matching of significantly high positive correlation and
negative direct effect of this trait indicated that the indirect
effect of this trait seem to be the cause of correlation.
Therefore, the indirect causal factor should be considered
simultaneously.

Plant height was another trait which had positive direct
effect which is small as compared to its correlation
coefficient. But it also contributed high positive indirect
effect to grain yield via panicle yield. Therefore, high
positive correlation of plant height with grain yield was
due to both its positive direct effect and indirect effect via
panicle vyield. Harvest index which have positive
genotypic  correlation with grain yield showed
considerable positive direct effect. Beside its direct effect,
it also showed relatively large positive indirect effect via
panicle yield. This indicated that the correlation was the
result of both direct and indirect effects. Therefore, such
considerable indirect effects should be considered for
selection. The genotypic residual value (R=0.1821)
indicated that the traits which are included in the
genotypic path analysis explained 81.79% of the variation
in grain yield.

Conclusions

Twelve characters were involved in the combined
analysis of variance across the two locations. The study
revealed the existence of significant genetic variability
among the tested varieties for different traits. The
presence of significant genetic variability among the
varieties suggested the possibility of improving the traits
through direct and indirect selection. Traits with high
heritability and genetic advance are important traits which
should be given attention in order to bring an effective
response of grain improvement of the concerned
varieties. The study of relationships is also important for
assessing the feasibility of joint selection of two or more
traits and hence for evaluating the effect of selection for
secondary traits on genetic gain for the primary trait
under consideration.

The path coefficient analysis revealed that all the traits
included in the path analysis showed positive phenotypic
direct effect. As a result of this, traits that exerted positive
direct effect and positive and significant correlation with
grain yield needs much attention in selection program.
Traits that also showed considerable positive indirect
effects via other traits should be considered
simultaneously as indirect selection criteria for grain yield
improvement. Therefore, in order to bring an effective
improvement of grain yield, more attention should be
given for traits such as plant height, panicle weight,
panicle yield and harvest index which showed high
positive phenotypic and genotypic correlation coefficients
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with a considerable direct and indirect effect on grain
yield.
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