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ABSTRACT

Twenty grain sorghum genotypes of different geographic origin were evaluated
in three locations (Shandaweel Agricultural Research Station, Sohag governorate; El-
Kharga Agricultural Research Station, New valley governorate and Abo-Sombel
Agricultural Research Station, Toshgi) in the summer season 2019 for assessment of the
variability among the genotypes, correlation coefficient and drawing the phylogenetic
tree using cluster analysis. The results indicated highly significant differences among the
genotypes, environments and their interaction for all traits under investigation,
suggesting that these genotypes were highly variable for almost all traits, therefore,
would respond to selection. The Egyptian genotype (Dorado x LC) gave the best
performance for most of studied traits under each environment and their combined data.
This genotype could be released as a new Egyptian grain sorghum variety after testing in
a large scale. The individual and the combined analyses indicated that most genotypes
had higher genotypic and phenotypic variance components than the environmental
variance, which an indicative that the environment had less effect on the expression of
the studied traits; for that is these genotypes may be exploited in breeding programs. The
traits which showed high genetic advance as a percentage of mean (4g %) were plant
height, panicle length, panicle width, 1000- grain weight and grain yield/plant. Moderate
GCV% and PCV% were also observed for all studied traits except days to 50% flowering
and number of green leaves, revealing that the genotypes have a broad base genetic
background as well as good potential that will respond positively to selection. The
correlation between grain yield/plant and the other studied traits was negative and highly
significant for days to 50% flowering and positive and highly significant with the rest of
studied traits, which mean that any improving in these traits will directly give
improvement in grain yield. The lowest similarity (87.00%) was observed between
genotype 5 (ICSR 89016) and genotype 15 (Dorado x LC) which are located in different
groups and was located in highly diverged clusters, Therefore these genotypes were
found to be a good parents for a hybridization or heterosis breading programs.
Key words: Sorghum bicolor (L.) Moench, Genetic parameters, Correlation and Cluster

analysis.
INTRODUCTION

Sorghum is widely grown throughout the world for food, feed and
fodder. It is the fifth major cereal crop of world following wheat, rice, maize
and barley in terms of production and utilization. In Egypt, grain sorghum is
the fourth cereal crop ranking after wheat, maize and rice. In 2017 the
cultivated area was about 147,970 hectares produced about 727660 tons of
grains (FAO 2019). The success of any crop improvement program not only
dependent on the amount of genetic variability present in the population but

also on the extent to which it is heritable, which sets the limit of progress



that can be achieved through selection (Wankhede et al 1985). Genetic
variability for agronomic characters is a key component of breeding
program for broadening the gene pool of crops (Wright 1968). Heritability
is a measure of the phenotypic variance attributable to genetic causes and
has predictive function in plant breeding. It provides information on the
extent to which a particular morphogenetic character can be transmitted to
successive generations. Knowledge of heritability influences the choice of
selection procedures used by the plant breeder to decide which selection
methods would be most useful to improve the character (Narasimharao and
Reche 1964). The most important function of heritability in genetic studies
of quantitative characters is its predictive role to indicate the reliability of
phenotypic value as a guide to breeding value (House 1985). Characters
with high heritability can easily be fixed with simple selection resulting in
quick progress. However, it has been accentuated that heritability alone has
no practical importance without genetic advance (Mallinath et al 2004).
Genetic advance shows the degree of gain obtained in a character under a
particular selection pressure. High genetic advance coupled with high
heritability estimates offers the most suitable condition for selection.
Therefore, availability of good knowledge of these genetic parameters
existing in different yield contributing characters and the relative proportion
of this genetic information in various quantitative traits are a pre-requisite
for effective crop improvement.

The morphological data utilizes the computation of standard
distances (i.e. Percent Similarity) and clustering strategies such as UPGMA
(Cluster analysis by the un-weighted paired group method of arithmetic
means) or neighbor joining were applied (Li and Quiros 2001). This enables
genotypes to be clustered into groups that are as homogenous as possible.
Phenotypic and genotypic diversity are important in genetic conservation,
evaluation and utilization of genetic resources (Li et al 2014 and
Madhusudhana et al 2016).

In that respect the objectives of this study were to estimate the
genetic variability, the phenotypic correlation between studied traits and
draw the phylogenetic grouping tree using the cluster analysis and identify
the superior genotypes for grain yield.
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MATERIALS AND METHODS

Twenty grain sorghum genotypes of different geographic origin
were evaluated at three environments (Shandaweel Agricultural Research
Station, Sohag governorate; EI- Kharga Agricultural Research Station, New
valley governorate and Abo-Sombel Agricultural Research Station, Toshqi)
in the summer season 2019 (Table 1).

Table 1. Origin and some agronomic traits of sorghum genotypes used

in this study.

No. | Genotype Pedigree Origin flg\i‘/isritr?gs(%;/;s) heigrlﬁrg:m)
1 Gl ICSR-89037 India 68 144
2 G2 ICSR-89039 India 71 126
3 G3 ICSR-89028 India 73 163
4 G4 ICSR-21 India 72 141
5 G5 ICSR-89016 India 72 129
6 G6 ICSR-89025 India 71 158
7 G7 ICSR-9010 India 64 131
8 G8 ICSR-9012 India 73 149
9 G9 ICSR- 93001 India 72 169
10 G10 ICSR- 92003 India 73 174
11 Gl1 ICSR-93002 India 68 176
12 G12 ICSR-93004 India 63 174
13 G13 Dorado x G-113 Egypt 67 161
14 G14 Dorado x R-273 Egypt 74 151
15 G15 Dorado x L.C Egypt 66 168
16 G16 Dorado x ICSV-112 Egypt 71 159
17 G17 NM-36565 x ICSR-92003 Egypt 72 167
18 G18 MR-812 x Zenzepar-R Egypt 70 163
19 G19 NEB-93002 x ICSR-92003 Egypt 62 153
20 G20 Dorado India 67 147

These genotypes involved 13 varieties introduced from ICRISAT
Center (India), and 7 promising new Egyptian verities obtained from long-
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term selection program by National Sorghum Research Programme at
Shandaweel Agric.Res. Station, Sohag, Egypt. In each environment, the
genotypes were laid out in a randomized complete blocks design with three
replications. Plot size was four rows (4 meters long and 60 cm apart).
Sowing was done in hills spaced 20 cm and 2 plants/hill were left after three
weeks from sowing date. The other cultural practices were according to the
recommendations for growing grain sorghum.

The collected data included: days to 50% flowering, plant height
(cm), number of green leaves/plant, panicle length (cm), panicle width (cm),
1000-grain weight (g) and grain yield/plant (g). To estimate the extent or
magnitude of variation and heritability among these genotypes, the data
obtained was subjected to analysis of variance for each environment based
on plot means followed by a combined analysis of the data across three
environments after homogeneity of variance was detected; these were done
according methods described by Senedecor and Cochran (2014). The
phenotypic and genotypic coefficients of variation were estimated according
to the method suggested by Burton and Vane (1953). Genetic advance (Ag)
and its percentage of the mean (Ag%) assuming selection of superior 5% of
the genotypes were estimated in accordance with the methods illustrated by
Johnson et al (1955). Phenotypic correlation among studied traits were
estimated according to Steel et al (1997) and the genetic similarities
(Percent Similarity) among the tested genotypes were computed based on
phenotypic data and UPGMA-dendrogram was performed according to
Jaccard’s coefficient (Jaccard 1908) using the computational package
MVSP version 3.1.

RESULTS AND DISCUSSION

The individual and the combined analyses of variance for seven
traits (Tables 2 and 3), indicated highly significant (P < 0.01) differences
among the genotypes for all traits under investigation, indicating the
existence of genotypic differences among the genotypes. Also, highly
significant (P < 0.01) differences were found among the three locations for
all studied traits, which indicate that the conditions in the three locations
were not similar in their climatic and soil conditions.
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Table 2. Analysis of variance for seven traits at three environments.

Mean squarres

D;\())/(’f/;o Plant | Panicle | Panicle | No. of é?g?n Grain
SOV df - | height | length | width green . lyield/plant

e (cm) (cm) (cm) [leaves/plant] S (9)
(days) (9
Sohag

Replication 2 2.24 28.07 6.9 1.77 2.76 4 4.54
Genotype 19 38.70** |694.64**| 79.32** | 3.10** 2.30* | 25.26** | 246.82**

Error 38 1.64 19.42 3.52 0.67 1.01 2.24 4.3

CV% 1.85 2.85 6.59 8.77 11.65 5.73 3.33

New Valley

Replication] 2 2.11 40.17 0.58 0.25 0.5 2.65 2.12
Genotype 19 24.74**  |707.60**| 74.26**| 2.58** | 2.33** |31.91**| 182.60**

Error 38 1.23 16.83 2.3 0.46 0.46 1.17 2.59

CV% 1.51 2.94 6.63 10.42 11.36 4.58 2.86

Toshqi

Replication| 2 2.4 10.6 2.61 0.82 0.95 7.12 6.94
Genotype 19 14.40**  |735.47**|50.07** | 3.27** | 2.80** |24.60**| 163.58**

Error 38 1.31 3.72 2.46 0.43 0.63 4.45 5.3

CV% 1.52 1.39 6.69 11.32 13.89 10 4.23

Table 3. Analysis of variance across locations for seven studied traits
across three environments.

Dgg/;to Plant Panicle | Panicle Nfée(g 1000- Grain

SOV df 0 height | length | width 9 grain |yield/plan
flowering (cm) (cm) (cm) leaves/ weight (o)t (g)
(days) plant gnt (g 9

E”"'(rEon”V”;e”ts 2 |609.94% [4842.19%* 465.55% | 214.75** | 156.16%* | 378.10** |1011.89**
Rep Env. 6 | 225 | 2688 | 3.19 0.95 1.41 459 454

Genotypes (G) | 19 | 63.08%* [2071.40%% 190.97** | 6.86%* | 3.54** | 72.00%* |579.04**
G x Env. 38 | 7.38** | 33.17** | 6.32%% | 1.04** | 1.94%* | 489%* | 696
Pooled error | 114| 140 | 1332 | 2.76 0.52 0.70 2.62 4.07
CV% 1.62 253 658 | 1000 | 1236 | 6.85 3.50
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On the same direction, the interactions between genotypes x
locations (G x Env) were highly significant (P < 0.01) for all studied traits
except for grain yield/plant which was significant (P < 0.05), meaning the
differential response of genotypes to environmental conditions and indicate
the importance of testing the genotypes across locations to check their
stability across locations and adaptability in a specific location. The
individual and the combined analyses indicated that most traits had higher
genotypic and phenotypic variance components than the environmental
variance estimates, which indicate that, character expression in these
sorghum genotypes is genetic and can be exploited in breeding programs.
Similar results are reported by Ezzat et al (2010), Abubakar and Bubuche
(2013), Ali et al (2013) and Zarea et al (2020).

Mean performances of 20 grain sorghum genotypes at three
locations and across locations for seven studied traits are presented in Table
(4). Most of the traits showed wide range of variability. The results revealed
that the earliest genotypes at EV1 were No 7, 12, 13, 15, 19 and 20.While;
the earliest genotypes at EV> were No. 7, 12, 15 and 19. On other hand, at
EV3 the earliest genotypes were No. 12, 13, 16 and 19. Meanwhile, the
earliest genotypes across all locations were No 7, 12, 13, 15, 19 and 20.
For, plant height the genotypes No 3, 9, 10, 11, 12, 15, 17 and 18 gave the
tallest plants at EV1. Also, the genotypes No. 9, 10, 11, 12, 15, 17 and 18
gave the tallest plants at EV>. Likewise, the genotypes No. 9, 10, 11, 12,
13, 15, 16, 17 and 18 gave the tallest plants at EV3. The genotypes 3, 9, 10,
11, 12, 13, 15, 16, 17 and 18 gave the highest plants across all locations.
Panicles length of the crosses at EV1 ranged from 21.45 to 36.70 cm for
genotypes No. 9 and 15, respectively. But at EV it ranged from 17.34 to
30.34 cm for genotypes No. 3 and 14, respectively. While at ENV3 panicle
length ranged from 17.67 to 30.27 cm for genotypes No 3 and 11,
respectively. The combined mean of panicle length across three locations
ranged from 18.92 to 31.75 cm for genotypes No. 3 and 15, respectively.
Regarding to panicle width at EV: ranged from 6.93 to 10.63 for the
genotypes No. 3 and 13, respectively. Then at EV2 panical width ranged
from 4.48 to 8.63 cm for the genotypes No. 20 and 19, respectively. While,
panicle width at EV3 ranged from 4.40 to 7.83 cm for the genotypes No. 12
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and 18, respectively. For panicle width across the three locations showed
that the genotypes ranged from 5.50 to 8.83 cm for the genotypes No. 3 and
19, respectively. For number of green leaves, the it ranged from 7.19 to
10.05 for the genotypes No. 1 and 12, respectively at EV1 and it from 4.82
to 7.67 for the genotypes No 20 and 14, respectively at EV> but it ranged
from 4.15 to 7.46 for the genotypes No. 16 and 19, respectively at EV3 while
for the combined data across the three environments it ranged from 5.77 to
8.00 for the genotypes No. 2 and 8, respectively. For 1000-grain weight, the
genotypes No. 4, 15 and 16 were the heaviest at EV1 and the genotypes No.
6, 15, 16, 18 and 19 were the heaviest at EV> and the genotypes No. 4, 16
and 18 were the heaviest at EVs. Combined across all locations, the heaviest
1000-grain weight were recorded by genotypes No. 4, 10, 15, 16 and 18
which gave 28.02, 25.48, 27.33, 28.87 and 27.14 g, respectively. The grain
yield /plant showed great differences among genotypes at the three locations
it ranged from 45.02 to 76.28 g for the genotypes No. 5 and 15, respectively
at EV1 and it ranged from 39.34 to 67.5 g for the genotypes No. 5 and 15,
respectively at EV> and from 40.04 to 63.96 g for the genotypes No. 5 and
14, respectively at EV3 and across all locations it ranged from 41.47 to
68.90 g for the genotypes No. 5 and 15, respectively. The genotypes No. 4,
11, 12, 13, 14, 15, 16, 17 and 18 out-yielded all the other genotypes, at the
three locations and across all the locations. Therefore, the presence of such
range of variations for the studied traits indicated the presence of large
amount of genetic variation among the released genotypes which is the
source of variable genetic material.

In general, the Egyptian genotypes No.15 (Dorado x LC) and No.16
(Dorado x ICSV-112) gave the best performance for most of the studied
traits; these genotypes could be released as a new Egyptian grain sorghum
cultivars after testing at a large scale.

457



Table 4. Mean performances of 20 genotypes for seven traits at three
locations Sohag (EV1), New Valley (EV2) and Toshqi (EV3) and
across the three locations.

Days to 50% flowering

Plant height (cm)

Panicle length (cm)

No. Genotype (days)
EV: | EV, | EV3; [Mean| EV; | EV, | EV; | Mean | EV; | EV; | EV; [Mean
1| 1CSR-89037 |68.17|72.57|75.47 |72.07|143.37 133.11 | 128.65 | 135.04| 22.19 | 18.45 [ 18.34 | 19.66
2| 1CSR-89039 |70.93|74.50|76.10 |73.84|125.40 | 115.94 | 107.89 | 116.41 | 24.23 | 20.84 | 20.66 | 21.91
3| ICSR-80028 |73.00|77.53|75.6175.38162.33% 146.33 | 136.50 [L48.39*| 21.65 [ 17.34 | 17.76 | 18.92
4 ICSR-21  |71.33|77.15|74.83|74.44 |140.37| 131.39 | 124.56 | 132.11 [31.67% 24.32 [26.45*| 27.48
5| ICSR-89016 |71.85|75.77|76.50|74.71|129.00|114.89 | 112.56 | 118.82 | 24.08 | 18.13 | 22.37| 21.53
6| ICSR-89025 |70.46 |74.43|78.49 | 74.46 | 157.86 | 143.90 | 139.56 | 147.10| 25.30 | 20.80 [ 19.97 | 22.02
7| ICSR-9010  [63.65*{70.03*{ 74.13 [69.27+| 130.56 | 106.88 | 117.56 | 118.33 | 24.02 | 19.00 [19.12 | 20.72
8| ICSR-9012 |72.64|76.37|78.60 |75.87|148.34|133.07 | 130.56 | 137.32 | 23.82|19.32 | 18.70{ 20.61
9| ICSR-93001 |71.51|73.47|77.65|74.21 [168.19%148.73*155.564(157.49* 21.45 | 18.23 | 21.23| 20.30
10| ICSR-92003 |73.13|73.43|77.62|74.73 [173.87*{158.82*|150.56*/164.09% 29.12 | 24.23 | 23.53 | 25.63
11| ICSR-93002 |67.36|72.33|77.47|72.39 [L75.89*161.85%/161.85*{166.53% 31.45 [28.11*30.27*[29.94*
12| ICSR-93004  [63.07%67.50*{72.57%67.71*{173.23*156.06*[158.56*{162.62%| 27.63 | 21.97 | 24.55 | 24.72
13| Doradox G-113 [66.89% 74.17 [72.43%71.16*{ 160.60 | 145.93 [147.56*{151.36%32.32*(29.11*[27.40*[29.61%
14| Doradox R-273 |74.01|77.57|76.47 | 76.01 | 151.08 | 122.75 | 138.12 | 137.31 [34.89*/30.34*(28.05*(31.09%
15| DoradoxL.C  |66.26%[71.37* 74.80 [70.81*(168.14*{154.84*|153.95%/158.98%(36.70*/30.08*[28.48*(31.75
16 [Doradox ICSV-112|71.27 | 74.70 [73.37% 73.11 | 159.02 | 144.49 [143.56*{149.02%(33.50*(29.26%| 25.76 [29.54*
17| NM-3050OICSR- 171 62| 74.24| 77.49 | 74.45 166 37151.21 /151 56+}156.38+32.45"29.65| 25.26 [29.12*
18 MRSleée”ZEDar' 70.30 | 74.40 | 76.53 | 73.74 [163.04*147.874142.674{151.19*(36.14*[29.89*(29.14*(31.73*
19 NEB-gggggg ICSR-l61.90%67.54+(70.57+(66.67% 152.75 | 137.58 | 136.71 | 142.35 [32.33*28.61* 23.83 [28.26*
20 Dorado  [66.47%72.13|73.88 [70.83* 147.15 | 135.34 | 132.56 | 138.35 | 24.15| 19.48 | 17.86 | 20.50
Mean 69.29|73.56 | 75.53| 72.79 | 154.83 | 139.55 | 139.00 | 144.46 | 28.46 | 23.86 | 23.44 | 25.25
LSD o5 214 185|191 |1.09| 735 | 6.84 | 3.22 | 337 |3.13 | 253 | 2.62 | 153
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Table 4. Cont.

Panicle width (cm)

No. of green leaves/plant

1000-grain weight (g)

No. Genotype

EV: | EV, | EV3 [Mean| EV; | EV, | EV; |Mean| EV: | EV, | EV;3 | Mean
1 |ICSR-89037 953 (700 (533|729 | 719 | 523|523 | 5.88 |24.26 | 23.90 | 19.83 | 22.66
2 [ICSR-89039 8.67 | 5.87 | 533 | 6.62 | 7.45 | 518 | 4.67 | 5.77 | 25.00 | 23.12 | 19.36 | 22.49
3 |ICSR-89028 6.93 | 5.00 457 | 5,50 | 7.71 | 5.00 | 4.89 | 5.87 | 23.01 | 21.45 | 18.60 | 21.02
4 |ICSR-21 9.63 (6.00 |5.80| 7.14 | 8.04 | 5.11 |7.09*| 6.75 [31.93*| 25.03 |27.09*|28.02*
5 [ICSR-89016 9.67 | 7.00 | 4.93 | 7.20 | 7.90 | 4.88 |7.19*| 6.66 | 25.13 | 23.70 | 20.60 | 23.14
6 [ICSR-89025 8.87 | 6.70 | 5.23 | 6.93 | 8.47 |5.93 | 5.64 | 6.68 | 26.11 [26.03*| 21.60 | 24.58
7 [ICSR-9010 9.20 | 6.07 | 5.23 | 6.83 | 8.34 | 5.35 | 4.92 | 6.20 | 24.63 | 21.03 | 16.66 | 20.78
8 |ICSR-9012 9.30 | 5.87 | 4.97 | 6.71 | 9.42 |7.56*| 7.01 |8.00*| 22.34 | 16.26 | 17.93 | 18.84
9 |ICSR- 93001 9.30 | 6.43 | 5.13 | 6.96 | 7.67 | 5.64 |7.46*| 6.92 | 23.45 | 20.56 | 17.93 | 20.65

10 (ICSR- 92003

7.37 | 5.67 | 5.63 | 6.22

8.13 [ 5.97|6.29 | 6.80

28.45 |26.23*| 21.77 |25.48*

11 |ICSR-93002

8.67 | 6.20 | 5.13 | 6.67

9.05 | 6.19 [ 5.10 | 6.78

2534 20.18 | 23.12 | 22.88

12 |ICSR-93004

8.97 | 5.83 | 4.40 | 6.40

10.05*| 6.83 | 5.27 | 7.38

23.01 | 21.03 | 18.96 | 21.00

13 [Doradox G-113

10.63| 6.17 | 6.10 | 7.63

9.80 | 6.73 | 6.70 | 7.74*

26.98 | 24.36 | 22.06 | 24.47

14 |Doradox R-273

10.40( 7.07 | 5.67 | 7.71

9.49 |7.67*| 5.22 | 7.46

26.28 | 24.83 | 20.99 | 24.04

15 |DoradoxL.C

10.43| 6.67 | 5.87 | 7.66

8.12 | 5.69 | 4.84 | 6.22

30.44*|27.03*| 24.53 |27.33*

16 [Doradox ICSV-112

10.14{8.12*|7.77*| 8.67*

9.38 |7.23*| 415 6.92

31.31*%(29.77*|25.53*|28.87*

NM-36565xICSR-

17 192003

10.60| 7.30 |7.58* | 8.49*

9.57 | 6.36 | 5.04 | 6.99

27.09 | 24.57 | 20.40 | 24.02

18 [IMR812xZenzepar-R

9.40 | 7.01 |7.83*| 8.08

8.66 | 5.67 | 6.13 | 6.82

28.57 |27.83*|25.02*|27.14*

NEB-93002x1CSR-

19 192003

10.53|8.63*|7.34* | 8.83*

9.81 | 6.37 | 6.10 | 7.43

26.96 [25.97*| 22.47 | 25.13

20 [Dorado 847|489 |535|6.24 | 830 |482(533|6.15|21.9519.36 | 18.01 | 19.77
Mean 9.34 | 6.47 | 5.76 | 7.19 | 8.63 | 597 | 571 | 6.77 | 26.11 | 23.61 | 21.12 | 23.62
LSD 005 136113 |1.09| 066 | 1.68 | 113|132 | 0.77 | 250 | 1.80 | 3.52 | 1.49
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Table 4. Cont.

Grain yield/plant (g)
No. Genotype EV: EVa EVa Mean
1 |ICSR-89037 52.48 48.25 46.98 49.24
2 |ICSR-89039 60.09 55.56 55.17 56.94
3 |ICSR-89028 52.10 49.64 47.81 49.85
4 |ICSR-21 67.49* 61.23* 59.84* 62.85*
5 |ICSR-89016 45.02 39.34 40.04 41.47
6 |ICSR-89025 55.40 51.23 50.06 52.23
7 |ICSR-9010 54.48 50.29 46.95 50.57
8 |ICSR-9012 51.90 47.42 43.19 47,51
9 [ICSR-93001 57.68 54.40 51.52 54.54
10 |ICSR- 92003 62.87 57.70 55.66 58.74
11 |ICSR-93002 68.76* 66.07* 61.04* 65.29*
12 |ICSR-93004 70.58* 65.25* 60.82* 65.55*
13 |Doradox G-113 68.44* 60.98* 59.23* 62.88*
14 Doradox R-273 74.66* 64.70* 63.96* 67.77*
15 |DoradoxL.C 76.28* 67.50* 62.92* 68.90*
16 |Doradox ICSV-112 73.06* 64.10* 61.81* 66.32*
17 NM-36565xICSR-92003| 68.41* 58.76 59.38* 62.19*
18 |[MR812xZenzepar-R 68.68* 60.10* 61.05* 63.28*
NEB-93002xICSR-
19 92003 64.68 57.80 55.84 59.44
20 |Dorado 52.41 45.76 44,76 47.64
Mean 62.27 56.31 54.40 57.66
LSD 0.05 3.46 2.68 3.84 1.86

* Significant difference from the mean at 0.0 5 probability level.

Means, phenotypic (Var.p), genotypic (Var.g) and environmental
(Var.e) components of variances, phenotypic (PCV) and genotypic (GCV),
coefficient of variability, expected genetic advance (Ag) and genetic
advance as percentage of the mean (Ag %) for all studied traits across three
environments are presented in Table (5). The genotypic variance (Var.g)
was larger in magnitude than environmental variance (Var.e) for all studied
traits except number of green green leaves/plant, therefore, the expression
for most of the traits were less affected by the environments, which
indicates that advances can be achieved in breeding programs.
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Table 5. Estimaties of means, phenotypic (Var.p), genotypic (Var.g) and
environmental (Var.e) components of variances, phenotypic
(PCV) and genotypic (GCV), coefficient of variability,
expected genetic advance (Ag) and genetic advance as
percentage of the mean (Ag %) for all studied traits across the
three locations.

Traits Var. g \éig' Var. eVar. p| Mean (?O(/Zo\)/ lzé/jo\)/ Ag |Ag%
Days to 50% flowering 6.19 (199 | 14 | 7.01| 7279 | 3.42 | 3.64 | 4.82 |6.62
Plant Height 226.47 | 6.62 |13.32[230.15|144.46 | 10.42 | 10.50 | 30.80(21.32
Panicle length 20.52 | 1.19 | 2.76 |21.22| 25.25 | 17.94 |18.24| 9.19 [36.40
Panicle width 0.65 | 0.18 | 052 | 0.76 | 7.19 |11.21(12.12| 1.54 21.42
No. of green leaves/plant| 0.18 | 0.41 | 0.70 | 0.39 | 6.77 | 6.27 | 9.22 | 0.59 |8.71
1000-grain weight 746 | 0.76 | 2.62 | 8.00 | 23.62 | 11.56 {11.97 | 5.44 23.03
Grain yield/plant 63.57 | 0.96 | 4.07 |64.34| 57.66 | 13.83 |13.91|16.35[28.36

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 expression of the traits due to genetic
variance which can be exploited by breeding. These results are in agreement
with the findings of Bello et al (2007), Tariq et al (2007) Ali et al (2013)
and Zarea et al (2020). The GCV is lower in value than the PCV, due to
influence of environmental effect. According to Deshmukh et al (1986),
PCV and GCV values greater than 20% are regarded as high, whereas
values less than 10% are low and values between 10% and 20% to be
medium. Hence moderate GCV and PCV were observed for all studied traits
except days to 50% flowering and number of green leaves/plant which
showed low values of PCV and GCV. These finding are in agreement with
the findings of Rani and Umakanth (2012) and Endalamaw et al (2019).

Genetic advance as per cent of mean was categorized by Johnson et
al (1955) as 0-10%: Low, 10-20%: Moderate and 20% and above: High;
hence the high genetic advance as percentage of mean (Ag%) were observed
for all studied traits except days to 50% flowering and number of green
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leaves/plant. This reveals that the genotypes have abroad base genetic
background as well as good potential that will respond positively to
selection. Similar results were reported by Deepalakshmi and
Gaenesamurthy (2007), Dhutmal et al (2014) and Zarea et al (2020). The
effectiveness of selection depends upon genetic advance of the character.
The characters, which showed high genetic advance as percentage of mean
(Ag %) were plant height, panicle length, panicle width, 1000-grain weight
and grain yield/plant. The control of additive gene effects and early
selection may be effective for these characters, which is in conformity with
the findings of Ali et al (2009) and Endalamaw et al (2019).

Phenotypic correlation coefficients among the seven studied traits
for all genotypes across three environments are presented in Table 6. Results
indicated that days to 50% flowering had negative and highly significant (P
< 0.01) correlation with plant height, panicle length, panicle width, number
of green leaves/plant, 1000-grain weight and grain yield/plant; meaning that,
selection for earliness in genotypes would cause increasing of the means of
studied traits and vice versa.

Table 6. Phenotypic correlation coefficients among seven studied traits
for all genotypes across the three locations.

Days to Plant Panicle | Panicle o 1000-
Traits 50% height | i | width green 1 grain
flowering 9 leaves/ | \yeight
plant
Plant height -0.31"
Panicle length -0.32™ 0.50™
Panicle width -0.61™ 0.34™ 0.59™
No. of green -0.51" 0.41™ 0.50" 0.67"
1000-grain weight -0.32™ 0.32™" 0.68™ 0.63" 0.38"
Grain yield/ plant| -0.36™ 0.59™ 0.82" 0.48™ 0.40™ 0.58™

* Significant at 0.01 probability level.

Plant height had positive and highly significant correlation with each
of panicle length, panicle width, and number of green leaves/plant, 1000-
grain weight/plant and grain yield/plant. Positive and highly significant (P <
0.01) correlation showed between panicle length with each of panicle width,
number of green leaves/plant, 1000-grain weight/ plant and grain
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yield/plant. Also, positive and highly significant (P < 0.01) correlation was
shown between panicle width with each of number of green leaves/plant,
1000-grain weight/ plant and grain yield/plant. Moreover, number of green
leaves/plant had positive and highly significant (P < 0.01) correlation with
each of 1000-grain weight/plant and grain vyield/plant. Finally, the
correlation between grain vyield/plant with each of plant height, panicle
length, panicle width, number of green leaves/ plant, 1000-grain weigh/plant
was positive and highly significant, indicating that increasing of grain
yield/plant for genotypes would result from selection for increasing plant
height, panicle length, panicle width, no of green leaves/plant and 1000-
grain weight and vice verse. These results are in the same direction with
those of Potdukhe et al (1994) and Ali et al (2013) who found that grain
yield was positively and significantly correlated with panicle length, panicle
width and 1000-grain weight.

Based on morphological and agronomical studied traits, genetic
distances were calculated between twenty sorghum genotypes and cluster
analysis was performed using percent similarity. Table 7, showed that
similarity coefficient values ranged from 87.00 to 98.70% with an average
of 92.85%. The lowest similarity (87.00%) was observed between genotype
5 (ICSR 89016) and genotype 15 (Dorado x LC) which are located in
different clusters and was located in a highly diverged group.
Madhusudhana et al 2012, Khatab et al 2017 and Zarea et al 2019
illustrated a clear picture about classification and genetic diversity in
sorghum inbred lines.

The dendrogram (Figure 1), divided the genotypes into two main
clusters which were separated at 92.40% level of similarity. Nine genotypes
were in the first main cluster which branched at 93.70% percent of
similarity into two sub clusters, first one consisted of 3 genotypes and the
second consisted of 6 genotypes. The second sub cluster was separated into
two sub-sub clusters each of them three genotypes at 96.00% of similarity.
The second main cluster sub-divided into two sub-groups which separated at
95.10% level of similarity. The first sub-group consists of 3 genotypes and
the second consisted of 8 genotypes.
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Table 7. Genetic distance among 20 genotypes of grain sorghum across
three environments using seven agronomic traits based on
Percent Similarity.

Genotype|

Gl

G2

G3

G4

G5

G6

G7

G8

G9

G10

Gl1

G12

G13

G14

G15

G16

G17

G18

G19

G20

Gl

100

G2

94.9

100

G3

96.6

92.6

100

G4

94.9

94.6

92.7

100

G5

95.1

96.4

92.6

92.7

100

G6

96.5

93.8

98.0

94.8

93.4

100

G7

95.9

97.3

93.4

92.7

96.8

93.4

100

G8

97.6

93.6

96.7

93.9

94.6

96.2

94.6

100

G9

94.8

92.4

97.1

92.8

91.1

97.2

92.2

95.1

100

G10

92.3

91.2

94.5

94.0

89.3

95.8

89.3

92.2

96.8

100

Gl1

91.2

89.7

92.6

93.4

87.5

93.7

88.2

90.5

95.2

97.4

100

G12

91.4

89.8

93.3

92.6

87.4

93.7

89.7

91.2

95.9

97.0

97.7

100

G13

93.3

91.5

94.4

95.7

89.4

96.0

90.4

92.5

95.4

96.1

96.9

96.2

100

Gl4

94.0

92.8

92.8

97.0

91.0

94.4

90.9

94.4

92.7

93.5

94.5

93.4

96.3

100

G15

90.9

89.1

92.0

94.0

87.0

93.5

88.1

89.7

94.6

96.0

97.2

96.4

97.2

95.4

100

G16

92.5

91.0

93.9

96.2

89.0

95.5

89.4

91.8

94.2

95.3

96.2

95.1

98.0

96.6

97.2

100

G17

92.6

91.3

94.4

95.4

89.5

95.9

89.5

92.4

96.8

97.4

97.4

96.3

98.4

95.9

97.2

97.5

100

G18

92.6

91.3

94.1

96.2

89.3

95.8

89.4

92.1

95.1

96.1

96.4

95.1

98.7

96.4

97.6

98.6

98.2

100

G19

94.3

92.5

93.6

95.9

90.4

95.7

92.0

93.4

93.8

94.8

94.0

94.6

97.0

96.0

94.6

96.3

96.1

96.2

100

G20

98.2

93.6

96.7

93.6

94.1

96.2

95.6

98.5

95.1

92.2

91.0

92.2

93.2

93.3

90.9

92.1

92.2

92.2

94.3

100

The second sub-cluster was separated into two sub-sub clusters at
96.30% of similarity, first one consisted of 5 genotypes and the second
consists of 3 genotypes (Figure 1). In general, cluster analysis in cereal
breeding has been used and includes identification of parental genotypes and
assessing the genetic diversity. Therefore the genotypes G5 and G15 Were
found to be a good parents for hybrid seed production as well as cross
pollinated varieties development programs (Amelework et al 2015, Khatab
et al, 2017 and Zarea et al 2019).
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Fig. 1. UPGMA-Dendrogram of genetic similarities among tested
sorghum genotypes using seven agronomic traits based on
percent similarity.

465



REFERENCES

Abubakar, L. and T.S. Bubuche (2013). Genotype x environment interaction on biomass
production in sorghum (Sorghum bicolor (L.) Moench) in North-Western Nigeria.
Afr. J. Agric. Res. 8(35): 4460-4465

Ali, H.I., K.h. Mahmoud and A.A.Amir (2013). Evaluation of exotic grain sorghum
genotypes for yield traits under upper Egypt conditions. Egypt.J.Plant Breed. 17
(1):125-136.

Ali, M.A., A. Abbas, S. Niaz, M. Zulkiffal and S. Ali (2009). Morpho-physiological
criteria for drought tolerance in sorghum (Sorghum bicolor (L.) Moench) at seedling
and post-anthesis stages. Int. J. Agric. Biol. 11(6):674-680.

Allard, R.W. (1999). Principles of Plant Breeding. 2nd Ed. John Wiley and Sons Inc.,

Amelework, B.; H. Shimelis, P. Tongoona and M. Laing (2015). Physiological
mechanisms of drought tolerance in sorghum, genetic basis and breeding methods:
A review. Afr. J. Agric. Res. 10(31), 3029-3040.

Bello, D., A.M. Kadams, S.Y. Simon and D.S. Mashi (2007). Studies on genetic
variability in cultivated sorghum (Sorghum bicolor (L.) Moench)cultivars of
Adamawa State Nigeria. American-Eurasian J. Agric. Environ. Sci. 2(3): 297-302.

Burton, G.W., and E.H. Vane (1953). Estimating heritability in Tall Fescue (Festuca-
arundinacea) from replicated clonal material. Agron. J. 45: 481-487.

Deepalakshmi, A. J. and K. Ganesamurthy (2007). Studies on genetic variability and
character association in kharif Sorghum (Sorghum bicolor (L.) Moench). Indian J.
Agric. Res., 41 (3): 177 — 182

Deshmukh, S.N.; M.S. Basu and P.S. Reddy (1986). Genetic variability, character
association and path coefficients of quantitative traits in Virginia bunch varieties of
groundnut. Int. J. Agri. Sci., 56:515-518.

Dhutmal, R.; S. Mehetre; A. More; H. Kalpande; A. Mundhe and A. S. Abubakkar
(2014). Variability parameters in rabi sorghum (Sorghum bicolor (L.) Moench)
drought tolerant genotypes. The bio-scan, 9(4): 1455-1458.

Endalamaw, C., and S. Zigale (2020). Genetic variability and yield performance of
sorghum (Sorghum bicolor (L.) Moench) genotypes grown in semi-arid ethiopia.
International Journal of Advanced Biological and Biomedical Research 8(2): 193-
213

Endalamaw, C., H. Mohammed and A. Adugna (2019). Genetic variability and
performance in agronomic and quality traits in sweet sorghum (Sorghum bicolor (L.)
Moench) genotypes. Adv. Crop Sci. Tech., 7:45.

Ezzat, E.M., M.A. Ali and A.M. Mahmoud (2010). Agronomic performance, Genotype X
Environment interaction and stability analysis of grain sorghum (Sorghum bicolor
(L.) Moench). Asian J. Crop Sci. 2(4): 20- 26.

FAO (2019). http:// appst. Fao. Org / Servlet / Xte Servelet. Jrun.

House, L. R. (1985). A guide to sorghum breeding. 2nd ed. international crops research
institute for the semi-arid tropics, Patancheru, India. p. 206.

466



Jaccard, P. (1908). Nouvelles recherché sur la distribution florale. Bulletin de la Societe
Vandoise des Sciences Naturelles. 44: 223-270.

Johnson, HW., H.F. Robinson and R.E. Comstock (1955). Estimates of genetic and
environmental variability in soybeans. Agron. J., 47: 314-318.

Khatab I. A., A.A. EI-Mouhamady, H.M. Abdel-Rahman, Mona A. Farid and I.S. El-
Demardash (2017). Agro-morphological and Molecular Characterization of
Sorghum (Sorghum bicolor (L.) Moench) for water stress tolerance. Int. J. Curr. Res.
Biosci. Plant Biol. 4(1), 37-55.

Li, G. and C.F. Quiros (2001). Sequence related amplified polymorphism genetic
diversity in wheat cultivars and breeding lines using inter simple sequence repeat
markers. Biotechnol. Biotec. Eq., 25: 2634-2638.

Li, X.Y., J. Li; ZJ. Zhao, F. Yang, Q.W. Fu and H.S. Liu (2014). Sequence-related
amplified polymorphism (SRAP) for studying genetic diversity and population
structure of plants and other living organisms: A Protocol. J. Anim. Plant Sci. 24(5):
1478- 1486.

Madhusudhana, R.; P. Rajendrakumar and J.V. Patil (2016). Sorghum molecular
breeding. springer Pvt. Ltd. publishers. New Delihi, India, 5th Ed., p.12-88.

Madhusudhana, R.; D., Balakrishna, P., Rajendrakumar, N., Seetharama and J.V.
Patil (2012). Molecular characterization and assessment of genetic diversity of
sorghum inbred lines. Afr. J. Biotechnol. 11(90), 15626-15635.

Mallinath, V., B. D. Biradar, B.M. Chittapur, P. M. Salimath and S. S. Patil (2004).
Variability and correlation studies in pop sorghum. Karnataka J. Agric. Sci. 17(3):
463-467

Narasimharao, D. V. and K. O. Rachie (1964). Correlations and heritability of
morphological characters in grain sorghum. Madras Agric. J. 51: 156-161.

Potdukhe, N.R., V.B Shekar, S.G. Thote, S.S. Wangari and R.W. Ingle (1994).
Estimates of genetic parameters, correlation coefficients and path analysis in grain
sorghum (Sorghum bicolor (L.) Moench). Crop Research :402-406.

Rani, C. and A.V. Umakanth (2012). Genetic variation and trait inter-relationship in F;
hybrids of sweet sorghum (Sorghum bicolor (L.) Moench). J. Tropical. Agri., 50:80-
83.

Singh, B.D. (2001). Plant Breeding: Principles and methods. Kalyani publishers, New
Delhi, 896 pp.

Snedecor, G.W. and Cochran ,W.G. (2014). Statistical methods. 18 ™ ed. New Delhi,
Wiledy Black Well.

Steel, R. G. D., J. H. Torrie and D.A. Dickey (1997). Principles and Procedures of
Statistics. A biometrical approach,3rd ed. Mc Grow- Hill Book Co., Inc., New York.

Tarig, M., S.I1. Awan and M.1.U Haq (2007). Genetic variability and character association
for harvest index in sorghum under rainfed conditions. Int. J. Agric. Biol. 9(3): 470—
472.

467



Wankhede, M. G., V. B. Shekhar and P. W. Khorgade (1985). Variability, correlation
and path analysis studies in sorghum (Sorghum bicolor (L.) Moench). P. K. V.
Research Journal. 9(2): 1-5

Wright, S. (1968). Evaluation and the genetics of populationl. Genetics and Biometrics
Foundations. University of Chicago Press, Chicago.

Zarea, A., D.T. Deshmoukh and E. Ismail (2020). Genetic variability and heritability
across locations for different quantitative traits in forage sorghum (Sorghum bicolor
(L.) Moench) Genotypes. Int.J.Curr.Microbiol. App.Sci 9(1): 610-621.

Zarea, A., A.R. Galal EIl-Sherbeny, G.A. Khaled and M.R.A. Hovny (2019).
morphological - SRAP molecular markers association in grain sorghum genotypes.
International Journal of Agriculture & Agribusiness ISSN: 2391-3991, Volume 2
Issue 2, page 7 — 18.

b Aaadl Cilial Gand saskinll Jladl) 5 BLEY) Jalaag Al sl clENEAY)
Gagd 1 agad) 853 a Bagaal Ayl sl CuS g ) ghanal) iany
Aaliaa ahiga cial

‘anl de g Gl g jee g Babla tanae L ¢ pial) deas Bl dans
s dael) 3l Gigadl 3S5e  Adeal) Jualaall Gigan agae eyl 53 gy acd L)

Sy DU 4 i g ddlise Ludlda ghlio (o dadil] gl §d o g ST ¥ e 238 audli A

dbae g wutall (ool da Bl Gipas dbne g g lapw dbiblaas Jigaid duef i) Gl dbas 4 (2d)34)
o S G Auginal) dulle CldNES) dgng gilil) cadygf ot o 19 Chia pupe A gl haw gl S
S Jaas Dl Jas cildal) JI gdlpad] g 4l sl) oSl G Jo il 5 (Slisd) gdlsall , 4l sl )i
Lasd CALYL Gpeal] 6 Dille lgblain) Joas Lea v Lad CDUSY) Dulle cils L olf cushil) of Ao
cad Ll Jao cléall abival o)of Juadf oc] (Dorado x LC) guad sl cuSill . cus)il o8 G
Al of Saall 1o sl Sl b . il EMY (o dugsaadll cililedl! NS g deg ptad) il XY ik
hlaill . 5o duday cylad A gy Glhi Ao Hlis) s dli g pts Guae deid) cign § dial dhad
CPUSYY Lijlde duyghiall 5 Lol clLsY) Llle ils Lol sl of loghl aaall 5 yidl
cwSill 0is i8Sl g dugptall Cliall (ggliall il Ao w35 S gt ois Lo of Ao Jy Laa , duteat
LS g 2t b OIS A ldal) ddlisal) L) maly A Ao dgapa g Dot Sl OpSia Ld)sl
Slill cignl] Jpana gdun Voo g g sl e g s Jsb g bl Job ClS géise ugiall (o

468



gl cliall JSI dbgie LS CliNIS) Jalea g 4y GUBDUS) Jales asd L] alilud] cipghif . aslsl)
QUi g Laye Ldlig baeld le ushil) 08 Of Ao Sy Laa, eluiail) 58 2o g pbjll| dia oo Lasd
L _pajit) dia 5 Jypanall dia G WS IS .ot QLY Cpeanill lgblain Joad dadly Ll
ode o (5l A pan o Of Ao Sy Lea  dugpaal) cliall U o digieal) oy Lnga 5 diginall Aley
ICSR ) sl cwSill o (%AY) g 4wl Ji SIS . Jpanal) dia 5 jidla Gpend deii ciléal)
A sl lddl) Gads o (pidlise (i pana S J3ilS cpdlll g (Dorado x LC) sl xSl 4 (16
8 plisionls i alind 5l Cuaglll cUIS agliadall CuuSii el Jypsins Cuidlisl Gl Cple Ol

Crag!

(Yere) €99 =08 :(Y)re olill 4yt Lyaall dlaall

469



