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ABSTRACT

Information on heritability and trait association in crops assist breeders to allocate resources
necessary to effectively select for desired traits and to achieve maximum genetic gain with little time
and resources. The objectives of this investigation were to determine the amount of genetic
variability, heritability, genetic advance and strength of association of yield related traits among
sorghum lines under different environments in Egypt. Six environments with 25 sorghum B-lines
were at two locations in Egypt (Giza and Shandaweel) in two years and two planting dates in one
location (Giza). A randomized complete block design was used in each environment with three
replications. Significant variation was observed among sorghum lines for all studied traits in all
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environments. Across environments, grain yield/plant (GYPP) showed positive and significant
correlations with number of grains/plant (r = 0.71), days to flowering (r = 0.47), 1000-grain weight (r
= 0.16) and plant height (PH) (r = 0.19). In general, the estimates of phenotypic coefficient of
variation (PCV) were higher than genotypic coefficient of variation (GCV). Combined across the six
environments, the highest PCV and GCV was shown by PH trait (95.14 and 43.57%) followed by
GYPP (36.42 and 30.78%), respectively, indicating that selection for high values of these traits of
sorghum would be effective. GYPP and PH traits showed high heritability associated with high
genetic advance from selection, indicating that there are good opportunities to get success in
improvement of these traits via selection procedures. Results concluded that PH is good selection
criterion for GYPP and therefore selection for tall sorghum plants would increase grain yield.

Keywords: Sorghum bicolor; selection gain; correlations; broad-sense heritability; PCV, GCV.

1. INTRODUCTION

Sorghum [Sorghum bicolor L. (Moench)] is an
important food and feed crop in the semi-arid
regions of the world where it is grown under
rain fed and irrigated conditions. Grain
sorghum crop is predominantly grown in hot and
dry regions due to its tolerance to heat and
drought. It thrives well under temperatures and
humidity, which are as high as 40 to 43°C and 15
to 30%, respectively, as long as soil moisture is
available. The crop carries natural
characteristics, which make it adaptable to hot,
and drought conditions. Sorghum is one of the
main staple for the world’s poorest and most food
insecure people. Among the cereals, sorghum
ranks fifth in world production next to wheat,
maize, rice and barley.

In Egypt, grain sorghum is an important cereal
crop; it is ranked 4" in use and production after
wheat, maize and rice. In 2014, the cultivated
area of grain sorghum in Egypt was about
148,460 ha, producing about 804,000 tons with
an average productivity of 5.42 ton/ha according
to FAOSTAT [1]. Most of grain sorghum
cultivated area in Egypt is concentrated in Assiut
and Sohag governorates (Upper Egypt), where
the atmospheric temperature during the growing
season is high, since grain sorghum is more
tolerant to high temperature than maize [2-8].

Genetic  variability studies provide basic
information regarding the genetic properties of
the population based on which breeding methods
are formulated for further improvement of the
crop. These studies are also helpful to know
about the nature and extent of variability that can
be attributed to different causes, sensitive nature
of the crop to environmental influence, heritability
of the characters and genetic advance that can
be realized in practical breeding. The progress in
any crop improvement venture depends mainly

on the magnitude of genetic variability and
heritability present in the source material. Since
the heritability is also influenced by environment,
the information on heritability alone may not help
in pin-pointing characters enforcing selection.
Heritability of a trait is important in determining its
response to selection. Estimates of heritability
assist breeders to allocate resources necessary
to effectively select for desired traits and to
achieve maximum genetic gain with little time
and resources [9]. Estimates of heritability with
genetic advance are more dependable and
important than individual consideration of the
parameters [10]. Heritability estimates along with
genetic gain are considered more useful in
predicting the outcome of selecting the best
individuals [11]. Furthermore, high heritability
coupled with genetic advance indicates that
additive gene effects are operating and selection
for superior genotype is possible [12].

According to Panse [13], if heritability is mainly
due to non-additive effects (dominance and
epitasis), the genetic advance will be low,
whereas if the heritability is due to additive
effects it would be associated with high genetic
advance. Swarup and Chagule [14] observed
that high heritability need not be associated with
high genetic advance. Nevertheless, the
heritability estimates in conjunction with the
predicted genetic advance will be more reliable
[11]. Heritability gives the information on the
magnitude of inheritance of quantitative traits
while genetic advance is helpful in formulation of
suitable breeding procedures. Although many
sorghum breeders have used traditional breeding
methods successfully, genetic potentials have
not been fully utilized. The reason is the limited
amount of genetic variability capitalized upon by
traditional breeding methods [15].

Yield being a polygenic character is highly
influenced by the fluctuations in environment.
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Hence selection of plants based directly on yield
would not be very reliable. Improvement in
sorghum yield depends on the nature and extent
of genetic variability, heritability and genetic
advance in the base population [16,17]. Selection
for yield is one of the most important and difficult
challenge of plant breeding. Grafius et al. [18]
indicated that individual yield components might
contribute valuable information in breeding for
yield. Johnson et al. [19] emphasized that
increase in yield levels are progressively more
difficult to be obtained and that evaluation of
individual yield components might provide a
better basis for progeny evaluation than yield
itself. Sorghum in general possesses a wide
range of genetic variability [20]. Adequate
variability provides options from which selections
are made for improvement and possible
hybridization. Binodh et al. [21] reported that
information on trait association in crops is
essential for effective selection in crop
improvement. The phenotype of a plant is the
result of interaction of a large number of factors
and final yield is the sum of effects of several
component factors [22]. Correlation coefficients
assist in deciding the direction of selection and
number of traits to be looked at in
improving grain yield. When more traits are
involved in a correlation study, it becomes hard
to determine the traits that really contribute to
yield due to the existence of some amount of
mutuality. According to Tah [23] the extent of
variability is measured by genotypic coefficient of
variation (GCV) and phenotypic coefficient of

variation (PCV) which provide information about
relative amount of variation in different traits
studied. The present study was aimed to
determine the amount of genetic variability,
heritability, genetic advance and strength of
association of vyield related traits among 25
sorghum B-lines under different environments in

Egypt.
2. MATERIALS AND METHODS

The field work of this study was carried out at two
locations, namely Giza (30°02° N latitude, 31°13°
E longitude, with an altitude of 22.50 meter
above sea level) and Shandaweel (26°33° N
latitude, 31°41°E longitude, with an altitude of 67
meter above sea level) Research Stations of the
Agricultural Research Center, Egypt in 2012 and
2013 seasons of grain sorghum.

2.1 Breeding Materials

Twenty five grain sorghum [Sorghum bicolor L.
(Moench)] B-lines kindly provided by Grain
Sorghum Res. Dept. of Agric. Res. Center
(ARC), Egypt were used as the breeding material
of this study. Designation, name and origin of
these lines are presented in Table 1.

Seven of these lines are used as female parents
(seed parents) in the commercial Egyptian
hybrids of grain sorghum; namely ICSA -1, ICSA-
37, ICSA -88005, ATX 2-1, ATX -407, ATX -631
and ATX TSC-20.

Table 1. Designation, name and origin of grain sorghum B-lines used in this study

Genotype no. Name Origin Genotype no. Name Origin

G171 ICSB-1 ICRISAT- India  G14 ICSB-88005 ICRISAT- India
G2 ICSB-11 ICRISAT-India G175 ICSB-30 ICRISAT- India
G3 ICSB-14 ICRISAT-India G176 ICSB-88010 ICRISAT- India
G4 ICSB-20 ICRISAT- India G177 ICSB-88015 ICRISAT- India
G5 ICSB-37 ICRISAT- India G178 ICSB-90001 ICRISAT- India
G6 ICSB-70 ICRISAT- India G179 ICSB-91003 ICRISAT- India
G7 ICSB-102 ICRISAT- India G20 BTX-2-1 Texas- USA
Gé8 ICSB-122 ICRISAT- India G217 BTX-407 Texas- USA
G9 ICSB-155 ICRISAT- India G22 BTX-409 Texas- USA
G170 ICSB-1808 ICRISAT- India G23 BTX-630 Texas- USA
G171 ICSB-88001 ICRISAT-India G24 BTX-631 Texas- USA
G712 ICSB-88003 ICRISAT-India G25 BTX-TSC-20 Texas- USA
G713 ICSB-88004 ICRISAT- India

Source: Grain sorghum Res. department, Field crops res. institute, agric. res. center, Egypt
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2.2 Experimental Procedures

2.2.1 Field experiments

Six field experiments represented different
environments (E1, E2, E3, E4, E5 and E6) were
carried out; four of them (E1 through E4) at Giza
(two planting dates x two seasons) and two (E5
and E6) at Shandaweel (one planting date x two
seasons). The two planting dates at Giza were
on 1% of June and 1% of July in both growing
seasons (2012 and 2013). The planting date at
Shandaweel was on 1% July in both seasons
(2012 and 2013). Characterization of the six
environments used in this study is presented in
Table 2.

2.2.2 Soil analyses

Physical and chemical soil analyses of the field
experiments (Table 3) were performed at
laboratories of Soil and Water Research Institute
of ARC, Egypt.

2.2.3 Experimental design

A randomized complete block design in three
replications was used in each of the six
experiments. Each experimental plot consisted of
one ridge of five meters length and 0.7 width.
Therefore, the experimental plot area for each B-
line was 3.5 m”. Seeds were sown in hills at 20
cm apart, thereafter (before the first irrigation)
were thinned to two plants/hill to achieve a plant
density of 142,800 plants/ha.

2.2.4 Cultural practices

Flood irrigation was given at planting, the first
irrigation after 21 days and the next irrigations at
10-15 day intervals depending on the
requirement of plants. Nitrogen fertilizer was
added at the rate of 238 kg/ha as Urea (46.5%
N) in two equal doses; the first dose before the
first irrigation and the second before the second
irrigation.  Calcium Superphosphate fertilizer
(15% P,0s) was added at the rate of 70 kg
P,Os/ha as soil application before sowing during
preparation of the soil for planting. Potassium
fertilizer at the rate of 57 kg K,O/ha was added
as soil application before the second irrigation as
potassium sulfate (48% K,O) Other -cultural
practices were carried out following the
recommendations of ARC, Egypt. Weed control
was performed chemically with Stomp herbicide
(active constituent: 455 g/l Pendimethalin;

manufactured by BASF, Australia) before the
planting irrigation and just after sowing and
manually by hoeing twice, the first before the first
irrigation and the second before the second
irrigation. Pest control was performed when
required by spraying plants with Lannate
(Methomyl) 90% (manufactured by DuPont,
USA) against borers.

2.2.5 Data recorded

1. Days to 50% flowering (DTF) measured
as the number of days from the date
of emergence to the date at which about
50% of the plants in a plot showed
blooming.

2. Plant height (PH) in cm measured on 10
guarded plants plot'1 as the average height
from the ground level to the tip of the
panicle at the time of harvesting. The
panicles of B-lines were covered by paper
bags before flowering and then self-
pollinated panicles were harvested after
ripening. The following traits were
recorded.

3. Number of grains/plant (GPP) measured
on five guarded plants/plot.

4. 1000-grain weight (TGW) in g measured
on five samples/plot adjusted at 14% grain
moisture.

5. Grain yield/plant (GYPP) in g estimated
on 10-guarded plants/plot as the average
weight of grain yield/plant adjusted at 14%
grain moisture.

2.2.6 Biometrical and genetic analyses

Analysis of variance of the randomized complete
block design (RCBD) was performed for each of
the six environments on the basis of individual
plot observation using the DSAASTAT Version
1.1 (Update: 18/03/2011). Combined analysis of
variance across the six environments was also
performed after carrying out the homogeneity
test. Least significant difference (LSD) values
were calculated to test the significance of
differences between means according to Steel
and Torrie [24]. Expected mean squares at
separate and across the six environments were
estimated from ANOVA table according to
Hallauer et al. [25].

For one environment: Genotypic (ozg),
phenotypic (ozph), and error variances were
computed as follows: ozg = (My — My) /r and ozph
= 0% + 0%/ r. Where r = number of replications.
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Table 2. Location, latitude, longitude, altitude, planting date, air temperature and relative
humidity (RH) of the six tested environments (E1 to E6)

Environment Location Latitude Longitude Altitude Planting Temperature RH%
(°C)
date Max. Aver. Min.
E1 Giza 30°02° N 31°13'E 22.5masl 1/6/2012 37.6 29.6 24.8 64.0

N
E2 Giza 30°02° N 31°13°'E 225 masl 1/7/2012 37.7 294 24.8 58.7
E3 Giza 30°02° N 31°13°'E 22.5masl 1/6/2013 352 288 224 60.4
E4 Giza 30°02° N 31°13°'E 225 masl 1/7/2013 372 30.3 237 60.7
ES Shandaweel 26°33° N 31°41°E ~ 67.0 masl 1/7/2012 41.1 305 26.2 33.7
E6 Shandaweel 26°33° N 31°41°E  67.0 masl 1/7/2013 408 33.6 25.5 32.2

masl = meter above sea level

Table 3. Soil analysis at 0-30 cm depth in the experimental fields at Giza and Shandaweel in
2012 and 2013 growing seasons

Soil characteristics Season Season Soil Season Season
2012 2013 characteristics 2012 2013
Giza
Physical analysis Soluble cations (mEqul/l)
Coarse sand % 3.68 5.8 ca™ 8.69 9.21
Fine sand % 19.52 9.0 Mg 3.4 2.84
Silt % 26.55 38.3 Na* 14.6 11.9
Clay % 50.25 46.9 K 3.5 2.05
Texture Clayey Clayey Available nutrients (mg/kg)
Chemical analysis N 38.16 39.6
pH (paste extract) 8.25 8.09 K 220 370
EC (dS/m) 3.21 1.78 P 7.32 12.8
Calcium carbonate % 2.94 28 Cu 14 2.84
Organic matter % 1.86 1.7 Fe 9.2 10.48
Mn 5.8 5.24
Soluble anions (mEqu/l) Zn 0.78 2.80
HCO, 4.25 2.91
Cl 5.7 15.1
SO, 2.30 7.99
Shandaweel
Physical analysis Soluble cations (mEqu/l)
Coarse sand % 13.3 12.26 Ca++ 42.5 62.1
Fine sand % 21.7 18.38 Mg++ 31.5 24.8
Silt % 31.84 24.26 Na+ 28.3 243
Clay % 33.16 45.15 K+ 25 22
Texture Clay loam  Clay Available nutrients (mg/kg)
Chemical analysis N 18.7 22.8
pH (paste extract) 7.4 7.7 K 175.0 204.0
EC (dS/m) 0.80 0.67 P 11.2 13.7
Calcium carbonate % 2.15 1.8 Cu 3.6 4.7
Organic matter % 1.89 1.32 Fe 8.2 101
Soluble anions Mn 71 9.4
(mEqu/l)
HCO3 31.1 38.3 Zn 55 7.4
Cl 28.5 19.8
SO, 45.2 55.3
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Across environments: Genotypic (ozg),
phenotypic (czph), genotype x environment (czge)
and error (0°) variances were computed as
follows: 8% = (Mg-My)/r, 0% = (M3 — My) /re, 0%pn
= 0%, + 0’4/ e + (0% / re). Where r = number of
replications, g= number of genotypes and e=
number of environments.

2.2.7 Heritability in the broad sense

Heritability in the broad sense (h%,%) for a trait in
a separate environment and combined across
environments was estimated according to Singh
and Narayanan [26] using the following formula:
h%% = 100 x (0%, / 0%;) Where: 0% = genetic
variance, and 0, = phenotypic variance.

from

2.2.8 Expected advance

selection

genetic

Expected genetic advance from selection for all
studied traits as a percent of the mean was
calculated [26] as follows: GA (%) = 100 K h?,
Oph / X, Where: X = General mean, o,, = Square
root of the denominator of the appropriate
heritability, h2b = The applied heritability, K =
Selection differential (K = 1.76, for 10% selection
intensity, used in this study).

3. RESULTS AND DISCUSSION

3.1 Analysis of Variance

Combined analysis of variance for five studied
traits of 25 grain sorghum B-lines, namely days
to 50% flowering, plant height, grains/plant,

1000-grain weight and grain yield/plant across
six environments (four at Giza; i.e. two planting
dates x two seasons and two at Shandaweel; i.e.
two seasons x one planting date) is presented in
Table (4). Mean squares due to environments
were significant (< 0,01) for all studied traits,
indicating significant differences among the six
environments for all studied traits, due to climate,
particularly temperatures (Table 2) and/or soil
(Table 3) differences among these environments.

Mean squares due to genotypes were significant
(< 0.01) for all studied traits, indicating significant
differences among the studied lines of grain
sorghum for all five studied traits. Mean squares
due to genotype x environment were significant
(< 0.01) for all studied traits, suggesting that rank
of grain sorghum genotypes differed from one
environment to another and that selection would
be efficient in a specific environment (specific in
temperatures and other climatic and soil
conditions during the growing season). These
results are in agreement with previous
investigations [2-8].

Analysis of variance of randomized complete
blocks design performed at each environment
separately (data not presented) showed that
mean squares due to genotypes of grain
sorghum under all environments were significant
(p= 0,01 or p= 0.05) for all studied traits, except
for 1000-grain weight trait under Shandaweel
location in the two seasons (2012 and 2013).
This indicates the existence of significant
differences among studied genotypes for most
studied traits and environments.

Table 4. Mean squares of combined analysis of variance across six environments for studied
traits of 25 grain sorghum lines

SOV df Mean squares
Days to 50% flowering Plant height  Grains/plant
Environment (E) 5 1231.0** 8751.19** 12003136**
Error 12 1.7 113.6 305769
Genotypes (G) 24 94.8** 1504.62** 465060**
GxE 120 28.7* 222.28** 246713**
Error 288 8.1 71.2 151819
1000-Grain weight Grain yield/plant
Environment(E) 5 528.08** 7222.2**
Error 12 14.03 134.7
Genotypes(G) 24 60.63** 362.2*
GxE 120 14.29* 123.7**
Error 288 11.3 34.4

* ** indicate significant at 0.05 and 0.01 probability levels, respectively
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3.2 Means and Ranges

The mean optimum temperature range for
sorghum is 21 to 35°C for seed germination, 26
to 34°C for vegetative growth and development,
and 25 to 28°C for reproductive growth [27]. The
six environments under study differed
significantly for all studied traits (Table 4). The
environment E1 (Giza, 1% planting date, 2012
season) had a minimum and maximum
temperature of 23.5 and 36.9°C at germination
and seedling stage, 24.8 and 37.6°C for
vegetative and development, 22.1 and 34.9°C for
reproductive stages, respectively. The minimum
and maximum temperature for the three stages
respectively were (24.8-37.6 °C), (24.8- 37.6°C)
and (20,6- 33.0°C) for E2 (Giza, 2™ planting
date, 2012 season), (22,4- 36.0°C), (23.7-
37.2°C) and (21.9-34.8°C) for E3 (Giza, 1%
planting date, 2013 season), (22.4- 35.2°C),
(21.9-34.8°C) and (17.3- 30.1°C) for E4 (Giza,
2" planting date, 2013 season), (27.6- 42.3°C),
(23.8- 38.8°C) and (21.2-36.5°C) for E5
(Shandaweel, 2™ planting date, 2012), (26.2-
42.3°C), (24.0-39.2°C) and (17.9-33.9°C) for E6
(Shandaweel, 2™ planting date, 2013). The
temperature was higher in the first planting date

than the second planting date, was higher in
Shandaweel than Giza and in Shandaweel was
higher in the 2013 than 2012 season. The
physical and chemical properties of the site soil
were better in Shandaweel than in Giza and were
better in Shandaweel 2013 than 2012 season
(Table 3).

The environment E1 (Giza, 15t planting date,
2012 season) exhibited the lowest mean number
of days to 50% flowering (earliness), plant height
and number of grains/plant (Table 5). However,
the environment E3 (Giza, 18t planting date, 2013
season) showed the lowest mean weight of 1000
grains and grain yield/plant. On the contrary, the
highest mean grain yield per plant (60.96g),
number of grains/plant (2474.2) and the latest in
50% flowering (72.0 day) were shown by E5
(Shandaweel, 1% July, 2012 season).

The difference between the highest and lowest
value, considered as a range, could express the
variability among the studied B-lines (Table 5).
Across all environments, the earliest B-line in
flowering was ICSB-102, while the latest one was
ICSB-88010. The tallest plant was shown by
ICSB-14, while the shortest plant was shown by

Table 5. Basic statistics of five agronomic traits of sorghum B-lines under six environments

Parameter E1 E2 E3 E4 E5 E6 LSD ¢s(E)
Day to 50% flowering
Mean 62.9 64.5 63.5 713 72.0 66.0 4.6
Min. 56.3 54.7 55.3 65.0 66.7 61.3
Max. 70.3 74.7 67.70 77.0 76.7 74.7
LSD ¢5(G) 3.6 4.5 4.6 5.8 3.3 5.3
Plant height (cm)
Mean 98.0 111.0 119.9 124.2 114.8 127.9 11.7
Min. 85.3 95.0 95.0 102.7 98.3 101.7
Max. 121.0 137.7 151.3 150.0 133.3 165.0
LSD,o5(G) 10.0 16.2 13.2 13.9 6.1 19.7
Grains/plant
Mean 1538.0 1741.0 1682.5 1809.5 24742 16141 653.2
Min. 1024.0 1387.0 1272.0 1369.7 2051.0 1139.3
Max. 2242.0 2561.3 2825.7 2629.0 2837.7 2191.7
LSD ¢5(G) 498.3 501.5 1128.7 484.0 436.5 506.3
1000-Grain weight(g)
Mean 25.88 26.67 23.96 25.37 24.95 31.48 4.35
Min. 19.5 21.77 18.00 21.33 22.80 26.67
Max. 32.47 29.87 28.6 31.07 27.30 35.07
LSD 45(G) 5.74 5.98 5.21 5.29 3.69 6.73
Grain yield/plant(g)
Mean 39.44 45.44 37.50 45.37 60.96 49.97 7.78
Min. 29.50 38.07 18.77 35.00 54.33 36.07
Max. 56.06 63.37 56.13 64.17 71.67 66.47
LSD 5(G) 8.84 7.24 10.63 9.99 5.70 13.41
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ICSB-155. Across all environments, the highest
grain yield per plant was shown by the B-line
BTX TSC-20 followed by ICSB-88003, ICSB-
1808, ICSB-14 and ICSB-1. On the contrary, the
lowest grain yield per plant was shown by the B-
line ICSB-155. The highest number of
grains/plant was shown by the B-line BTX TSC-
20 followed by ICSB-88003 and ICSB-1808;
these lines had also the highest grain yield per
plant in the same order. On the contrary, the
lowest number of grains/plant was shown by the
line ICSB-102. The heaviest kernel was exhibited
by the B-line ICSB-88005, followed by BTX-631
and ICSB-88003. The line BTX-631 that
occupied the second place in kernel weight
occupied the first place with regard of grain yield
per plant. In contrast, the lightest kernel weight
was exhibited by the B-line BTX 2-1.

3.3 Trait Interrelationships

Phenotypic  correlation  coefficients among
studied traits under each environment (from E1
to E6) were calculated and presented in Table
(6). In general, correlation coefficients among all
studied traits combined across all studied
environments were significant (p< 0.01), except
between days to flowering and 1000-grain weight
and between plant height and grains/plant, which
were not significant. The significance was
positive for all correlation coefficients, except
between grains/plant and 1000-grain weight,
which was negative.

Grain yield/plant showed the strongest positive
correlations with number of grains/plant (r = 0.68)
in all environments, except in E3 and combined
across environments; with the highest magnitude
in E6 (r=0.83).

However, correlation coefficients between
grain yield/plant and 1000-grain yield/plant
were positive and significant in  three

environments, namely E1, E3 and E4 and
combined across environments, but were weak
(£ 0.26). The correlations were negative and
significant (p< 0.01) between number of
grains/plant and 1000-grain weight in all
environments; with the highest magnitude (-0.62)
under E5.

Significant and positive correlations were found
between grain yield/plant and each of plant
height in three environments (E1, E3 and E4)
and combined across environments (< 0.47) and
days to flowering in two environments (E3 and
E4) and combined across environments (< 0.47).
Moreover, there was a weak and significant
correlation between plant height and days to
flowering in E4 only.

The results of the present study are in agreement
with previous investigations with regard of the
positive association between grain yield/plant
and each of plant height [28-32], 1000-grain
weight [33-36], number of grains/plant [32] and
days to 50% flowering [37].

Table 6. Correlation coefficients among pairs of studied traits under each environment (from
E1 to E6) and combined across environments

Trait 1 Trait 2 E1 E2 E3 E4 E5 E6 Combined

Days to 50% Plant height 0.18 0.07 0.2 0.27* -0.08 0.22 0.23**

flowering

Days to 50% Grains/plant 0.13 0.11 -0.02 0.22 0.02 -0.02  0.36**

flowering

Days to 50% 1000-Grain 0.15 0.08 0.05 0.16 0.16 0.09 0.02

flowering weight

Days to 50% Grain 0.18 0.19 0.38** 0.37** 0.14 0.04 0.47*

flowering yield/plant

Plant height Grains/plant 0.29* 0.03 -0.09 0.29* -0.02 -0.07 0.02

Plant height 1000-Grain 0.23 0.15 0.27* 0.2 -0.16  0.22 0.25**
weight

Plant height Grain 0.44** 0.15 0.47** 0.44* -015 0.05 0.19**
yield/plant

1000-Grain Grains/plant  -0.44** -0.61* -0.29* -0.41** -0.62** -0.37** -0.38**

weight

1000-Grain Grain 0.26* 0.12 0.24* 0.25* 0.05 0.10 0.16™*

weight yield/plant

Grain Grains/plant 0.70** 0.68** 0.15 0.76** 0.73** 0.83* 0.71**

yield/plant
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3.4 Phenotypic and Genotypic
Coefficient of Variation
The estimates of phenotypic (PCV) and

genotypic (GCV) coefficients of variation for
studied traits of grain sorghum B-lines under the
six environments are presented in Table (7). In
general, the estimates of PCV were higher than
those of GCV, since phenotypic variance
includes both genotypic and environmental
variances. Combined across  the six
environments, the highest PCV and GCV was
shown by plant height trait (95.14 and 43.57%,
respectively) followed by grain yield/plant (36.42
and 30.78%, respectively), indicating that
selection for high values of these traits of
sorghum would be effective. On the contrary, the
lowest estimate of PCV and GCV was exhibited
by (0.48 and 31%, respectively) followed by days
to flowering (18.53 and 10.29%).

Comparing the six environments, the estimate of
GCV was the highest under E1 for plant height
(71.82%) and 1000-grain yield (15.58%), under
E2 for grains/plant (22.51%) and days to
flowering (17.99%) and under E4 for grain
yield/plant (22.78%). On the contrary, the lowest
estimate of GCV was exhibited under E3 for
grain yield/plant, grains/plant and days to
flowering (0.0, 0.0 and 5.36%, respectively,
under E1 for (0.36%), E4 for plant height
(32.26%) and E5 for 1000-grain weight (0.0%).

Recorded high estimates of PCV and GCV in
grain sorghum in this study for grain yield and

plant height means that there are good
opportunities to get success in improvement of
these ftraits via selection procedures. Al-Naggar
et al. [2-8] reported similar conclusion.

3.5 Heritability and Genetic Advance

Estimates of phenotypic (Szp), genetic (829),
environmental (829), and genotype x environment
(8299) variances of grain sorghum under
conditions of the six environments are presented
in Table 8. The highest contributor to phenotypic
variance (62p) was the genotypic variance (629)
for all studied traits under each and across
environments, except for grain yield/plant under
E3 and 1000-grain weight under E5 and ES6,
where environmental error (626) was the highest
contributor.

For the combined analysis, the second
contributor to 62ph was genotype x environment
(Szge) for all traits, except for 1000-grain weight,
where environmental error (629) was the second
highest contributor.

Comparing the six environments, the estimate
of &, was the highest under E2 for DTF
and, under E4 for grains/plant and grain
yield/plant, under E6 for plant height and E1 for
1000-grain weizght. On the contrary, the lowest
estimate of &°; was exhibited under E3 for
grains/plant and days to flowering, E5 for plant
height and 1000-grain weight and E1 for grain
yield/plant.

Table 7. Phenotypic (PCV) and genotypic (GCV) coefficients of variation

Environment Parameter DTF PH GPP TGW GYPP
E1 PCV 7.06 78.07 21.88 23.15 50.80
GCV 5.76 71.82 11.90 15.28 38.54
E2 PCV 19.95 83.86 31.44 21.37 66.27
GCV 17.99 69.30 22.51 13.08 59.14
E3 PCV 7.72 52.27 37.71 15.94 66.57
GCV 5.36 43.30 0.00 8.93 47.93
E4 PCV 8.86 41.92 30.79 13.09 79.59
GCV 5.94 32.36 22.78 6.27 65.98
E5 PCV 6.99 36.90 18.21 3.39 35.79
GCV 6.04 34.89 13.44 0.00 32.49
E6 PCV 9.32 85.66 18.91 7.43 60.76
GCV 6.73 66.85 12.18 0.00 38.51
Combined PCV 18.53 95.18 33.61 33.36 36.42
GCV 10.29 43.57 23.57 17.23 30.78

DTF=days to flowering, PH=plant height, GPP=grains/plant, TGW= 1000-grain weight, GYPP=grain yield/plant
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Table 8. Phenotypic (5° ph) genotypic (5° a)s enwronmental (5%) and genotype x environment
(6296) variance, heritability (h%,) and genetic advance (GA %)

Parameter E1 E2 E3 E4 E5 E6 Combined
Day to 50% flowering
5, 3.62 11.6 3.40 4.23 4.35 4.44 11.02
626 0.82 1.27 1.50 2.09 0.68 1.71 1.35
0 ge -- -- -- -- -- -- 6.87
&%on 4.44 12.87 4.90 6.32 5.03 6.15 12.37
% 81.61 90.16 69.41 67.00 86.49 72.15 89.08
GA% 4.81 8.83 4.26 4.16 4.74 4.77 8.26
Plant height
[ 70.38 76.94 51.9 40.19 40.05 85.32 214.00
E:e 6.12 16.17 10.75 11.88 2.31 24.00 11.87
6 ge -- -- -- -- - - 50.36
&% on 76.50 93.11 62.65 52.07 42.36 109.32 225.6
h% 92.00 82.63 82.84 77.19 94.56 78.05 94.74
GA% 14.45 12.64 9.63 7.89 9.43 11.25 21.67
Grains/plant
5, 18296 39186 0.0 41219 33259 19665 36391
6:e 15358 15552 78786 14487 11784 10853 25303
0 g -- -- -- -- -- -- 31631
&%on 33653.9 54737 63444 55707 45044 30519 61694
h%, 54.4 71.6 0.0 74.0 73.8 64.4 58.99
GA% 11.4 16.9 0.0 17.0 11.1 12.3 14.05
1000-Grain weight
5%, 3.96 3.49 214 1.59 0.00 0.0 7.72
Eze 2.04 2.21 1.68 1.73 0.85 2.80 1.88
0 ge -- -- -- -- -- -- 1.00
&%on 5.99 5.70 3.82 3.32 0.85 2.34 9.61
i 66.03 61.22 56.05 47.94 0.00 0.0 80.40
GA% 10.99 9.64 8.04 6.06 0.00 0.0 16.62
Grain yield/plant
5, 15.2 26.87 17.98 29.94 19.81 19.24 39.75
626 4.84 3.24 6.99 6.18 2.01 11.12 5.73
0 ge -- -- -- -- -- - 29.77
5%on 20.04 30.12 24.97 36.11 21.82 30.36 45.48
h% 75.86 89.24 72.00 82.90 90.79 63.38 87.39
GA% 15.15 18.97 16.88 19.33 12.24 12.30 22.02

Negative estimate was considered zero

The estimate of &°,, was the highest under E2 for
days to flowering, under E6 for plant height, E1
for 1000-grain weight, E3 for grains/plant and E4
for grain yleId/pIant On the contrary, the lowest
estimate of 5° ph Was exhibited under E1 for days
to flowering, under E4 for plant height, ES for
1000-grain weight and E6 for grains/plant.

The highest estimate of heritability in broad
sense (h%) was shown for grain yield/plant
(90.79%) and plant height (94.56%) under E5,
1000-grain  weight under E1, DTF, and
grains/plant under E4 On the contrary, the
lowest estimate of h? » was exhibited under E4 for
DTF and PH, E3 for GPP, E5 and E6 for 1000-
grain weight and E6 for grain yield/plant.
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The estimate of genetic advance from selection
(GA) was the highest under E1 for plant height
and grain yield/plant, under E4 for grains/plant
and grain yield/plant and E2 for days to
flowering. On the contrary, the lowest estimate
of GA was exhibited under E4 for DTF and PH,
E3 for grains/plant, E5 and E6 for 1000-grain
weight, E5 for grain yield/plant.

Combined across environments, the highest
heritability in broad sense (h2 ) was expressed by
(95.27%) foIIowed by plant height (94.74%), but
the lowest h%, was exhibited by grains/plant
(58.99%). The highest expected genetic advance
from selection of the best 10% (GA %) was
shown by grain yield/plant (22.02%) followed by
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plant height (21.67%), but the lowest GA was
exhibited by (0.70%) followed by days to
flowering (8.26%). Grain vyield/plant and plant
height traits in this study indicated high
heritability associated with high genetic advance
from selection, indicating that the type of gene
action dominated in the inheritance of these two
traits is additive, which means that there are
good opportunities to get success in
improvement of these ftraits via selection
procedures. Al-Naggar et al. [38-40] reported
similar conclusion.

It is observed that, the two environments E2 and
E4 showed the highest expected genetic
advance from selection for grain yield (18.97 and
19.33%, respectively), while the lowest GA was
shown by the two environments E5 and EG6
(12.24 and 12.30%, respectively), indicating that
Giza location (2" planting date) was better
environment than Shandaweel location in getting
higher gain from selection. The soil in Giza is
less fertile than Shandaweel, which was reflected
in higher productivity in Shandaweel than Giza.
The higher GA in Giza than Shandaweel could
confirm the opinion of some investigators [38-44]
that heritability and genetic advance is higher
under stressed than non-stressed environment.

Results concluded that plant height is good
selection criterion for grain yield/plant and,
therefore, selection for tall plants would increase
grain yield. Several investigators [28-32] reported
a similar conclusion.

4. CONCLUSION

The results concluded that the grain sorghum B-
line BTX TSC-20 followed by ICSB-88003, ICSB-
1808, ICSB-14 and ICSB-1 showed the highest
grain yield per plant (GYPP). These lines had
also the highest number of grains per plant in the
same order and could, therefore, be used in
future breeding programs. Across environments,
GYPP showed positive and significant
correlations with number of grains/plant, days to
flowering, 1000-grain weight and plant height
(PH). A significant variability was observed
among sorghum lines for all studied traits in all
environments. The highest PCV and GCV was
shown by plant height trait followed by grain
yield/plant, indicating that selection for high
values of these ftraits of sorghum would be
effective. GYPP and PH ftraits showed high
heritability associated with high genetic advance
from selection, indicating that the type of gene
action dominated in the inheritance of these two
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traits is additive, which means that there are
good opportunities to get success in
improvement of these ftraits via selection
procedures. Results concluded that PH is good
selection criterion for GYPP and, therefore,
selection for tall sorghum plants would increase
grain yield.
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