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orghum (Sorghum bicolor (L.) Moench) has a

mighty adaptation possibility, which are important

parameters of genotypes growing in severe
conditions. This study focused on the differential responses
of six genotypes under two levels of water deficit (20 and
40% decrease in water rate) compared with normal conditions
during two seasons. Variance components and tolerance
indices under different environments provide new chances for
breeders to select genotypes, which have high yielding and
are stress tolerant. The results showed the superiority in the
performance of Shandawil variety under normal conditions,
while Line 3 showed a marked superiority under high drought
stress compared to other genotypes. The results of the
variance components of most studied traits showed that the
major contribution in phenotypic performance is due to the
genetic variation. According to heritability in broad sense,
the values ranged from 27.82 to 99.12%. With regard to the
genetic advances, the results showed a clear discrepancy
among the studied traits, as the characteristics of the plant
height, fresh weight and grain yield of the plant recorded the
highest genetic advance, while chlorophyll content recorded
the lowest genetic advance of the plants.
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INTRODUCTION

Sorghum (Sorghum bicolor (L.) Moench) belongs to the C4 cereal
crops that were originated in Africa. The sorghum is the fifth major cereal
crop in the world and is one of the most important crops grown in very diverse
environments of deficit water stress, soil fertility and temperature conditions
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(Mindaye et al., 2016). The production of sorghum does not meet the
increasing demand of most of the of developing countries population in Africa
due to the low cereal yield, about 0.28 tons/hectare, compared to some
countries such as the United States of America (4.30 tons/hectare) and
Argentina (4.90 tons/hectare), according to the World Food Organization
report (FAOSTAT, 2013). The decrease in production is due to biotic and
abiotic stresses, especially drought reactions in sorghum entries can be of
physiological, morphological and phonological kind (Verma et al., 2018). As
well as the use of domestic genotypes with low production capacity (limited
genetic potential) where farmers mostly rely on local species with low yields,
so sorghum production fails to meet the demand for an increase in the
population in those countries (Maman et al., 2004). Accordingly, plant
breeders were required to supply farmers with improved sorghum genotypes.
So, the identification of the superior genotypes with the desired traits and their
subsequent use in breeding program using appropriate selection criteria can
be beneficial to successful improvement programs especially under
environmental stress conditions. Therefore, selection criteria for suitable
genotype may depend on one or more of the characteristics of the crop, which
requires basic information on the nature and extent of variation in the available
genotypes, and the degree of environmental effect on the performance of these
characters contributing in the yield. Phenotypic variance includes genotypic
variance, environmental variance and the interactions of genotype x
environment. So, variance evaluating of yield and its components could be a
key to the success in the planning of sorghum improvement program.
Comparative variability of traits is evaluated by estimating the genotypic and
the phenotypic coefficient of variation and interaction between them (Ahmad
et al., 2011). In the same manner, heritability is defined in a broad sense as the
ratio between genetic variation to total phenotypic variation, while is defined
in the narrow sense as the ratio of the additional component of genetic
variation to complete phenotype variation which is more sensitive and
accurate, but it is more difficult to estimate. In general, these heritability
estimates are useful for calculating the expected genetic advancing as a result
of the selection of the traits (Bello et al., 2007; Sami et al., 2013 and Badran
and Moustafa, 2015). On the other hand, drought indices used as a
mathematical relation based on loss of yield under drought stress conditions
as comparison with normal conditions, which have been used for screening
drought resistance genotypes (Fernandez, 1992; Mitra 2001; Sio-Se Mardeh
et al., 2006 and Shirani Rad and Abbasian, 2011). The biplot graphical show
of the data is a beneficial manner that graphically offer the two-way (genotype
x environment) data and allows conception of the interaction among
genotypes and environments, and interactions (Yan and Kang, 2003). So,
Plant breeders has found GGE biplot analysis to be beneficial for genotype
evaluation.
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This study focuses on the study of the components of variance and
heritability coefficient in broad sense, the genetic advancing of tested traits as
well as the evaluation of the genetic behavior of tested sorghum genotypes
under normal and drought stress conditions, based on tolerance indices.

MATERIALS AND METHODS
1. Experimental Conditions
A field experiment was carried out at Beni Suef governorate, Egypt
during the two growing seasons; 2017 and 2018. The seeds of three
commercial cultivars (Dorado, Shandawil and Hybrid 306) obtained from the
Agriculture Research Center (ARC), Egypt and three lines [Line 1 (ICSV
93046), Line 2 (ICSR 930 34) and Line 3 (SP 4487-3)] obtained from
International Center for Bio-saline agriculture (ICBA), United Arab Emirates
were evaluated. The tested genotypes have been evaluated under three
irrigation levels i.e., normal irrigation (T1), which were added according to
Khurmi (1984), while deficit water stress treatments were imposed after two
weeks from planting by reducing available water supply by rate of 20% (T2)
and 40% (T3), compared with the normal irrigation level (7 mm/fed/day)
through gated pipe irrigation system, which were equivalent to 7056
m?®/hectare. The seeds of tested genotypes were planted in a sandy soil, pH =
7.98 and EC= 4.1 dSm™. On the other hand, the recommended cultural
practices were carried out during the two growing seasons.
With regard to meteorology, it was recorded as an average for 2107
and 2108 seasons during the period from April to August, as the following:
- Night temperature (°C): ranged from 13.8 (during April) to 21.6°C
(during July).
- Day temperature (°C): ranged from 30.3 (during April) to 37.1°C
(during July).
- Rainfall rate (%): 0.0% during the months of agriculture.
- Humidity (%): ranged from 35 (during July) to 50% (during August).
- Daylight hours (h): ranged from 12 (during April) to 14 hours (during
June).

2. Data Collection and Recorded as Follow:
Data were collected and recorded as follows:

(a) Measurements after 50 days from planting: fresh weight/plant
(g), dry weight/plant (g), where the samples of plants dried at
80°C for 48 hours and weighed by sensitive balance.

(b) The amount of chlorophyll, which was measured using
Chlorophyll Meter SPAD-502 (SPAD units) and the days to
50% flowering.

(c) Measurements at harvesting: plant height (cm), plant
weight/plant (g) and grain yield/m? (g).

Egyptian J. Desert Res., 70, No. 2, 103-119 (2020)



106 Badran, Ayman E.

3. Experimental Design and Statistical Analysis

The field experiment was carried out as split-plot in a randomized
complete block design (RCBD) arrangement of two factors, the first one was
the six locations (three treatments x two years) and the second factor was six
genotypes in three replicates.

The means were compared based on the LSD test (P < 0.05) as
described by Steel et al. (1997). The random model was accepted in order to
construct the expected mean squares to identify the genotype, genotype x
location (drought levels treatments during the two growing seasons) and
environmental variances according to the formulae of Comstock and Moll
(1963), Kumar et al. (1985), Fehr (1987) and Hallauer et al. (2010) as shown
in table (1).

Table (1). Expected mean squares of genotypes in cross environments.

Source of d.f Mean Expected mean
variance square square
Replicates (r-1)

Locations (L) (1-1)
Error (a) e (r-1)

Genotypes (G) (g-1) M3 6% + 10% + 1l g6’

GxL (g-1) (I-1) M2 6% + 162

Error (b) L (r-1) (g-1) M1 o

- Genotypic variance (6%) = (M3-M2)/1l.
- Interaction Genotype x location (6% = (M2-M1)/r.
- Phenotypic variance (6%) = (M3-M2)/1l + (M2-M1)/r + M1.

- Genotypic coefficient of variation (GCV) = [(c%)"°/ X 1% 100.
- Environment coefficient of variation (ECV) = [(c% )™ / X ] *100.

- Interaction Genotype x location of variation (ICV) = [(6%¢)*? /X 1*100.
Where 7 is the number of experiment replicates, n is the number of

environments, X is general mean of each trait.

- Heritability in a broad sense (h%) was estimated according to Falconar and
Mackay (1996) as follows: (62,/ 62;,) * 100.

- On the other hand, expected genetic advance (GA) = K o, where K is a
constant (2.06 for selecting 5% of the genotypes).

Based on the behavior of tested genotypes under high drought stress

(Ys) and normal conditions (Yn), drought tolerance indices were estimated of
both fresh weight and grain yield in table (2) as follows:
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Table (2). Drought tolerance indices based of grain yield/m? under stress and
non-stress conditions.

Parameter Formula Reference
Stress susceptibility index SSI=1-(Ys/Yn)/SI Fisher and Maurer (1978)
(SSI) where SI=1—(Ys/ Yn)
Stress Tolerance Index (STI) STI = (YnxYs) / (Yn). Fernandez (1992)
Harmonic mean (HM) HM =2(Ynx Ys)/(Yn+ Ys) Kristin et al. (1997)
Mean Productivity (MP) MP =(Yn+Ys)/2 Rosielle and Hamblin (1981)
Yield injury % (YI) YI=[(Yn-Ys)/ Yn] x 100 Blum (1983)
Superiority measure (SM) SM=Ys/Yn Lin and Binns (1988)
Relative performance (RP) RP=(Ys/Yn)/R Abo-Elwafa and Bakheit
where R = (Ys/ Yn) (1999)

Where; Yn= grain yield without non-stress; Ys= grain yield with high stress level;
Ys= the means of all genotypes under drought stress; Yn=the means of all genotypes
under non-stress conditions.

According to the biplot graphing, a data analysis and management
system were implemented using version 7 of GGE biplot technique to
distribute the genotypes tested during the studied environments based on the
grain yield (Yan and Kang, 2003).

RESULTS

1. Performance of Tested Genotypes under Different Conditions

Mean square based on F test of variance sources represented by
locations (three drought levels x two seasons), genotype, location x genotype
interaction indicated that there are significant differences for all studied
characteristics as shown in table (3).

The results in table (4) show that the use of increased levels of water
stress caused negative effects on all studied characters with a clear variance
among tested genotypes under used water stress levels (Fig. 1). In this context,
the results of the phenotypic performance of Shandawil variety indicate its
superiority under conditions of non-water stress (control), especially for grain
yield during the growing two seasons (188.93 and 184.33 g/m? respectively),
while Line 3 (SP 4487-3) showed a clear superiority under severe water stress
conditions (treatment 3) for most characteristics during growing two seasons,
especially grain yield (167.67 and 171.40 g/m? respectively).

In general, the results in table (4) show the superior performance of
the Shandaweil variety under normal conditions (non-stress), while genotype
3 showed a marked superiority under high drought stress conditions compared
to other genotypes (Fig. 2). In the same context, the results showed that under
moderate water deficiency stress conditions, both genotypes 3, 5 and
Shandawil variety were distinguished.
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Table (3). Mean squares for the studied characters of genotypes under

treatments.
S.0.vV d.f Fresh Dry Chlorophyll Days to 50% Plant Grain
weight weight content flowering height yield

Replicates 2
Locations (L) 5 | 3792.01*%* 390.46** 355.08** 397.62%* 4045.32%*  582.81%**
Error (a) 10 14.101 8.327 2.102 1.761 15.748 0.676
Genotypes (G) 5 | 5368.58%*  734.56%** 11.33%* 452.57** 11100.03** 1378.29**
GxL 25 38.19** 39.48** 26.63** 3.706** 611.67** 79.81%*
Error (b) 60 9.50 3.92 3.24 2.20 6.52 1.46

Note: ** = significant at the 0.05 level of probability.

Table (4). Mean performance of tested genotypes under three treatments
during the two growing seasons.

Season Treatment Genotype Fresh Dry  Chlorophyll Daysto  Plant Grain

Weight weight Content 50% height yield/m?
(2 (2) (SPAD) _ flowering  (cm) (2
Dorado 130.16  38.96 39.63 86.00 85.00  125.90
Shandawil 166.83  54.87 38.23 80.33 110.00 188.93
Hybrid 123.74  37.02 38.23 77.00 90.00
Tl 306 166.61
Line 1 126.84 3791 35.70 91.00 150.00 114.14
Line 2 142.69  50.97 36.47 85.33 140.00 166.62
Line 3 150.63  52.42 35.43 84.33 115.00 182.99
Dorado 119.44  33.96 35.07 85.00 65.00  103.99
Shandawil 156.42  53.15 35.30 78.00 100.00  120.35
Hybrid 112.01  36.14 36.23 74.33 85.00
1 T2 306 99.46
Line 1 111.81  36.96 38.40 88.33 14033 115.84
Line 2 132.84  40.12 36.30 82.33 105.00 156.91
Line 3 144.10  50.46 39.37 80.33 115.00 188.19
Dorado 98.48  29.14 35.67 82.33 65.33 89.07
Shandawil 136.25  36.17 40.37 74.33 95.00 114.80
Hybrid 95.75 29.09 39.10 70.00 75.00
T3 306 93.57
Line 1 96.53 32.96 38.23 83.00 110.00 110.25
Line 2 102.76 ~ 35.13 42.50 79.33 100.00  124.55
Line 3 125.22  39.56 37.60 77.00 90.00 167.67
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Table (4). Cont.

Dorado 128.94  36.19 45.60 79.67 88.67  122.44
Shandawil 165.12  46.30 46.97 75.33 123.67 184.33
Hybrid 126.75  35.35 47.40 68.67 103.00
Tl 306 160.68
Line 1 128.05  33.45 40.97 6.00 143.67 122.47
Line 2 147.81 49.24 39.63 80.33 198.33  156.95
Line 3 165.56  42.29 42.37 78.33 124.67  173.93
Dorado 119.94 3841 43.10 77.00 83.67  104.58
Shandawil 166.00  43.03 41.60 72.00 109.00 131.63
Hybrid 123.68  34.31 43.03 66.33 97.00
2nd T2 306 114.56
Line 1 118.41  35.46 47.07 82.33 173.67  109.20
Line 2 13595  48.82 44.53 77.33 133.00 161.62
Line 3 145.17  55.55 47.30 72.33 128.00 171.45
Dorado 102.18  29.24 49.53 71.33 72.00 90.31
Shandawil 135.08  39.98 49.43 67.33 103.00 112.65
Hybrid 96.48  29.14 48.63 65.00 88.67
T3 306 95.02
Line 1 99.33 30.09 53.43 78.00 146.67  109.53
Line 2 109.64  32.20 44.43 72.33 101.67 136.99
Line 3 129.38  46.51 40.43 71.00 97.67 171.40
LSD 0.5 5.04 3.24 2.94 242 4.17 591

2. Variance Components, Heritability in A broad Sense and Genetic
Advance

Table (5) shows the data related to the variance components and its
coefficients, heritability in broad sense and genotype advance ratios of tested
characters. The results of the variance components of most studied traits
showed that the major contribution in phenotypic performance is due to the
genetic variation of the tested genotypes, especially in plant height (95.98%)
traits followed by both dry and fresh weight (68.21 and 57.15%, respectively).
On the other hand, the results show that the variation in the chlorophyll content
trait is due more to the variation resulting from the genotype x location
interaction (12.44%) compared with genotypic coefficient of variation
(8.18%). The results showed an increase in heritability (%) in broad sense of
all studied characteristics, except chlorophyll content, where the values range
from 27.82% of chlorophyll content and 99.12% of fresh weight. With regard
to the genetic advances, the results showed a clear discrepancy among the
studied traits, as the characteristics of the plant height, fresh weight, and grain
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yield of the plant recorded the highest genetic advance, while the chlorophyll
content recorded the lowest genetic advance of the plants (13.25%).

Table (5). Variance components, heritability in a broad sense and genetic

advance of all tested characters.

2

Traits c e o’g o’ gl o’ p ECV GCV ICV h? GA
() () () () (%)
Fresh 9.50 5369.11 38.19  5416.51 240 57.15 482 99.12 151.61
weight
Dry weight 3.92  734.78 39.48 778.18 499 6821 1581 94.42 57.47
Chlorophyll  3.24 11.51 26.63 41.38 434 8.18 12.44 2782 13.25
content
Days to 220  452.70 3.71 458.60 1.91 2737 248 9871 44.11
flowering
Plant height 6.52 11100.39 611.67 11718.58 2.33 9598 22.53 94.72 222.99
Grainyield 1.46 137837  79.81 1459.64 0.89 27.50 6.62 94.43 78.70

Where 62 e= environmental variance, o> g= genotypic variance, o> gl genotype x
location interaction, o> p=phenotypic variance, ECV= environmental coefficient of
variation, GCV= genotypic coefficient of variation, ICV= genotype x location
interaction coefficient of variation, h?= heritability in broad sense and GA= genetic

advance.

Grain yeild (g)
LSD (0.05) = 0.611

155.499

87.885 39328
/- 9 e
T1 T2 T3

T1=normal irrigation; T2= moderate water deficiency stress; T3= severe water deficiency stress

Fig. (1). The comparison between irrigation treatments based on grain

yield/m?* across the two seasons.
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Grain yield (g)
LSD (0.05)= 0.805 175.94

142.12 150.61
106.05 121.65 113,57

Fig. (2). The comparison between tested genotypes based on grain yield/m?
across the two seasons.

2. Drought Tolerance Indices and Genotype X Environment (GE) Using
GGE biplot

The data in table (6) represent stress tolerance indices for performance
evaluation of some sorghum genotypes under drought water stress condition,
grain yield/plant of genotypes under both non-stress (normal) and high stress
level were measured for estimating drought tolerance indices. In general, the
mean values of the yield for the group of genotypes show that the Shandawil
variety exceeded the rest of the genotypes under normal condition, while
under severe drought stress conditions; the line 3 recorded the highest values
during the two growing seasons (167.67 and 171.40, respectively). Based on
the results of the stress susceptibility index values (Table 6) during the two
growing seasons, the genotypes were divided into two groups, the first group
is less than 1 and represented the most tolerant ones (Line 3, Line 1 and Line
2), respectively, while the second group is greater than 1 and represented the
genotypes that are less tolerant to drought (Dorado, Shandawil and Hybrid
306, respectively). In the same context, stress tolerance index (STI) results
during the growing seasons confirm the superiority of line 3, followed by both
Shandawil and Line 2. Also, the results of the harmonic mean (HM) and mean
productivity (MP) indices were consistent with the same results of stress
tolerance index completely with regard to the superiority of line 3, followed
by both Shandawil and Line 2 during the growing seasons.

Accordingly yield injury (YI), Hybrid 306 cultivar recorded the
highest deficiency in grain yield (43.84 and 40.86%) followed by Shandawil
cultivar (39.24 and 38.89% during the two growing seasons, respectively),
while Line 3 recorded the lowest deficiency in grain yield (8.37 and 1.46%,
respectively), followed by Line 1 (3.41 and 10.57%, respectively) during the
two seasons. With regard to superiority measure (SM) and relative
performance (RP), each of Line 1 and Line 3 genotypes have scored the
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highest mean compared to other genotypes, while Hybrid 306 cultivar has
scored the lowest mean values of SM (0.56 and 0.59) and Rp (0.76 and 0.76)
during two growing seasons, respectively, as shown in table (6).

On the other hand, it is possible to rely on the graphic (GGE biplot)

form to distribute the genotypes during the different environments under
study, which is shown in Fig. (3). It is noted that Line 3 followed by Line 2
are distinguished in their grain yield in environments 3, 6 and 2, which are the
most drought environments, while the Dorado variety is distinguished under
normal environments, which are presented in E1 and E4.

Table (6). Tolerance indices of tested quinoa genotypes of grain yield/m?* (g)

under drought stress (Ys) and non- stress (Yn) condition during the
growing two seasons.

Season Genotype Yn Ys SSI  STI HM MP YI SM RP
(%)

Dorado 125.90 89.07 1.127 0.452 10433 107.49 29.25 0.71 0.96

Shandawil ~ 188.93 1148 1.512 0.874 142.82 151.87 39.24 0.61 0.82

1% Hybrid 306  166.61 93.57 1.689 0.628 119.84 130.09 43.84 0.56 0.76

Line 1 114.14  110.25 0.131 0.507 112.16 112.20 3.41 0.97 1.30

Line 2 166.62  124.55 0.973 0.836 142.55 145.59 25.25 0.75 1.01

Line 3 18299 167.67 0.323 1.236 175.00 17533 837 092 1.24

Mean 157.53  116.65 1.000 0.740 134.04 137.09 2595 0.74 1.00

Dorado 122.44 90.31 1.179 0.469 103.95 106.38 26.24 0.74 0.95

Shandawil  184.33  112.65 1.747 0.882 139.84 148.49 38.89 0.61 0.79

ond Hybrid 306  160.68 95.02 1.836 0.649 11942 127.85 40.86 0.59 0.76

Line 1 122.47  109.53 0.475 0.570 115.64 116.00 10.57 0.89 1.15

Line 2 15695 136.99 0.572 0913 146.29 14697 12.72 0.87 1.12

Line 3 17393 171.40 0.065 1.266 172.66 172.67 146 098 1.27

Mean 153.47 11932 1.000 0.777 134.25 136.39 22.25 0.78 1.00

Where: Yn= grain yield without non-stress; Ys= grain yield with high stress level;
SSI= stress susceptibility index; STI= stress tolerance index; HM= harmonic mean;
MP= mean productivity; YI= yield injury; SM= superiority measure; RP= relative
performance.
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PC1 =79.6%, PC2 = 18.6%, Sum = S8.286
Transform = 0, Scaling = 2, Centering =12, SWP = 2

Shandawil

Hybrid_306 E1
E4

NOT

Dorado Bae 3

PC1
GGE biplot

Fig. (3). Deviations of 6 tested genotypes at six environments (E1 to E6)
based on the mean of grain yield.

DISCUSSION

Variance analysis of tested characters indicated that the mean squares
of locations (water deficit levels across the two growing seasons) were
significant and highly significant for all characters. Also, most of characters
showed high significance of mean squares due to genotypes and interaction
between genotypes and locations, implying that the treatments and genotypes
tested across the two seasons were highly diverse. It is worth mentioning in
this study that the values of the experimental error or the environmental
variance of the studied characteristics are low, while studies confirm that in
the case of high values of the experimental error, the sample size is not
appropriate due to the number of treatments, season locations and it is an
indication of lack of credibility in the results (Zaveri et al., 1989 and Bello et
al., 2007), and this is not found in this study.

1. Variance Components, Heritability in A broad Sense and Genetic
Advance

The discussion of Genetic variability is the primary rule required for
breeders to improve the quantity and quality of yield through suitable way of
selection based on materials variability.

According to the data in table (5), phenotypic variance (¢ ph) was
greater than genotypic variance (c* g) for all tested characters and this means
that the performance of these studied characters is related to the environmental
effect. It is worth discussing in this regard the importance of dividing the
variance into its components that confirm the importance of the differences
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that are to the most part due to the genotypes, followed by the interaction
between the genotypes and the surrounding environmental conditions, which
confirms the diversity of these genotypes and their importance in any breeding
program under the conditions of abiotic environmental stresses. For example,
the data in table (5) confirm the high percentage of the genetic variation
coefficient (GCV), followed by the genotype x location (ICV) for all studied
traits, except for the chlorophyll content trait. These results are in harmony
with that of cultivated sorghum by Bello et al. (2007) and also Basu et al.
(1981) and Abu-Gasim et al. (1985), who found similar results in sorghum
crop.

Sardana et al. (2007) indicated that high heritability may not be
sufficient genetic variability existed in the genotypes. Although, in this study,
high heritability values were recorded coupled with the highest genetic
advance values and inversely, where the highest values of genetic advance of
fresh weight and plant height traits were recorded also with high heritability
coefficient, and also the lowest values for the heritability coefficient of
chlorophyll content trait recorded also with genetic advance under non-stress
and drought condition. The previous results indicated that it is possible to
select for the high traits in the heritability values and the genetic improvement
of yield, and this is consistent with Ahmed and Khaliq (2007) and Songsri et
al. (2008), who confirmed that better heritability values recorded point to the
possibility of improvement in this parameter. Similar results of both
heritability and high genetic advance for yield and its components were
evidenced in sorghum by Arunkumar et al. (2004). On the other hand, the
reason for the low heritability of chlorophyll content is due to the clear impact
of environmental conditions on the tested genotypes.

2. Resistance Indices and Genotype X Environment (GE) Using GGE
biplot

In the context of the limited water and the increasing conflict over it,
so it became necessary to focus on the selection of genotypes, especially for
crops grown to face these harsh environmental changes. The results of this
study can separate the tested sorghum genotypes to tolerant and sensitive
under non-stress and drought stress conditions based on grain yield and its
components. Regarding the results of this study, they are consistent or
relatively different with the results of other studies, based on the preference of
the indices used among them. For example, the selection based on a stress
susceptibility index (SSI) is considerd reliable index for selecting high grain
yielding genotypes for improving drought resistance in crops (Ramirez and
Kelly, 1998 and Guttieri et al., 2001 and Badran and Moustafa, 2015). While,
Golabadi et al. (2006), Pourdad (2008), Talibi et al. (2009) and Majidi et al.
(2011) mentioned that the best criterion for determining genotypes that are
more resistant to moisture stress conditions compared to non-stress field
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environments (normal conditions) with a higher yield is the Stress Tolerance
Index (STI), Geometric Average Productivity (GMP) and Means Productivity
(MP). So, it could be possible to take advantage of a variety of indices to make
categorization of a tested genotypes groups under both drought stress and
normal conditions in the form of groups as follows: (1) the first group, the
genotypes that give a better yield under non-stress conditions, (2) the second
group, the genotypes that give a higher yield under the environmental stress
conditions, (3) the third group, the genotypes that is distinguished in the crop
under water stress compared to normal conditions, (4) the fourth group that
is medium tolerated under water stress compared to normal conditions, (5) the
fifth group, which gave the lowest grain yield under water stress compared to
the normal conditions. These previous findings are in harmony with
Fernandez (1992) and Badran (2015), who reported that, genotypes are
classified into four groups according to their performance under non-stress
and water stress conditions.

Recently, GGE biplot diagrams can be relied upon to compare
genotypes based on average grain yield during different environments. To
determine which genotypes are particularly distinct under specific
environmental conditions and may therefore be filtered for selection and
crossbreeding in a breeding program under specific conditions (Yan and
Rajcan, 2002 and Yan and Kang, 2003).

CONCLUSION

In conclusion, this study indicates the importance of assessing the
variability components of sorghum genotypes based on its grain yield under
various environments. Regard to the high heritability coefficient and the
expected high genetic advance shown by various traits, especially the grain
yield, it can be concluded that the specific genetic variance of the phenotypic
expression of these traits plays a fundamental role in characterizing these
genotypes. Also, resistance indices for harsh environmental conditions
compared to optimal conditions, are useful in classifying these genotypes into
groups that are associated with specific conditions.
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