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Abstract: This study was carried out during the 2015/016 season at two different locations, Soba and AlDouiem, Sudan,
to determine the genetic variability for yield and yield components of six sweet sorghum (Sorghum bicolor L.) genotypes
under three water treatments at different growth stages. The design used was split plot design with three replications, in
which the water treatments were allocated in the main plots and the genotypes in the sub-plots. Genetic variability for
yield and yield components of sweet sorghum genotypes and the drought tolerance parameters were determined. The
results revealed that highly significant differences (P < 0.01) between water treatments were detected for most of the
investigated traits. Non significant differences between the evaluated genotypes were found for most of the traits. Awide
range of genetic variability between sweet sorghum for drought tolerances parameters was detected in this study.
However, the genotypes that possess drought tolerance were S-8 under drought at vegetative stage, G-9 under drought at
reproductive stage and S-8 under normal condition through out the vegetative and reproductive stages. These genotypes

could be used further in breeding programs to improve drought tolerance in sweet sorghum.
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INTRODUCTION:

Sorghum (Sorghum bicolor L Monech) is the
fifth most important cereal crop in the world. It yields
multiple products depending on its variety. Grain
sorghums are used for human food, while forage
sorghums are used for animal feed, and sweet sorghums
for edible syrup. How ever, sweet sorghum belong to
family poaceae, it is self pollinated crop and has a
chromosome number of 2n=20 [1]. It is a promising
crop for use in the bio-energy industry. Several
characteristics of sweet sorghum makes it suitable for
bio-energy (e.g A short growth cycle (about four
months) that may allow for double cropping, Easy
propagation from seed, Potential for fully mechanized
production, Dual purpose cropping for both stem sugar
and grain starch, High water and nutrient use efficiency,
By product (Baggase and forage) utilization for energy
production and wide adaptability to different
environments [2]. Because it matures and is harvested
in a single season, it has better return on a unit land area
basis as compared to sugarcane [3].

Drought tolerance is defined as the relative
ability to sustain plant function under dehydrated state
and achieving an economic yield potential [4]. Many

studies were conducted to investigate sweet sorghum as
a drought-tolerant crop. Sweet sorghum is an annual
warm season crop similar to grain sorghum in grain
production and almost like sugarcane for sugar-rich
stalk and high sugar accumulation [5]. However, the
objective of this study was to estimate the genetic
variability of Sudanese sweet sorghum genotypes under
drought stress conditions, to study the effects of
different water regimes on sweet sorghum vyield and
yield components, to identify the most tolerant
genotype under drought stress conditions.

MATERIAL AND METHODS
Field experiments site:

Two field experiments were carried out to
achieve the objectives of this study. The field
experiments were conducted during the seasons of
2015/2016. At two sites namely; Soba salinity station,
Agriculture Research cooperation (ARC), Sudan. The
other site was the Experimental Farm of the Faculty of
Agriculture, University of Bakhat Al-Ruda, at
AlDouiem, White Nile State.
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Plant materials used in this study:
Six genotypes of sweet sorghum (sorghum
bicolor L. monch) were used in this study. These

genotypes have been collected from different part of the
Sudan (Table 1)

Table 1: Names and source of the sweet sorghum genotypes used in the study

Code Genotypes Sources

1 G-6 Selected in BRU
2 G-7 Selected in BRU
3 G-8 Selected in BRU
4 G-9 Selected in BRU
5 S-8 Selected in BRU
6 S-1 Selected in BRU

BRU: Bakhat Al-Ruda University

Drought stress was induced by applying three
watering regimes during both vegetative and
reproductive stages included control (D0) which
represented watering every 7 days throughout the
growing season, Water stress (D1) which represented
watering every 21 days till end of flowering then
watering every 7 days till physiological maturity and
Water stress (D2) which represented Watering every 7
days till end of the flowering then watering every 21
days till maturing. The split-plot design with three
replications was used in the study, the water regimes
were assigned randomly as main plots, and the
genotypes were grown randomly as subplots. Each
genotype was sown in five ridges, each of 4 meters
length. All cultural practices were done according to the
recommendations. Five randomly selected plants per
sub plot were used for data collection at each location.
Different growth and yield characters were measured
included: head diameter, head length, dead part length,
head weight, thousand seed weight, grain yield/plant
(9), volume of juice (L\ha), number of grains/head
and grain yield (ton/ha).The Drought tolerance
parameters measured included: (YDO/YD, ), SSI ;, and
GMP, ,. The statistical analysis of variance was carried
out according to Gomez and Gomez, (1984) for split-

plot arrangements of each location. In addition, the
combined analysis of two locations was computed
following Singh and Chaudhary [6].

RESULTS AND DISCUSSION
Effect of environments:

In the present study, the general means of
growth and yield and yield components at AlDoeium
were greater than at Soba (Table 2). These results
would be attributed to the fact that, the environment of
AlDoeium was more productive than Soba. In addition,
the change in mean of these characters was due to the
interactions of genotypes with the environment interms
of water x genotypes (DxG) interaction and locations x
genotype (L x G) interaction as well (Table 3 and 4). It
is interest to mention that, the difference between the
sweet sorghum genotypes for these traits can be due to
genetic cause as well as the interaction with
environment. These finding were in agreement with that
obtained by Abraham et al.; in 1989 [7] finger millet,
Elings in 1991[8] and Fadlalla in 1994 [9] in wheat and
khalafalla in 1993 [10] in maize, Prasad et al.; 1995
[11], Rao et al.; 1998 [12] and Yadav et al.; in 1999
[13] in pearl millet.

Table 2: Means of locations (Soba and AlDouiem) of six sweet sorghum genotypes for some characters under
study. Means are averaged over 3 water treatments (DO, D1& D2) in 2015/016 season

Environments LSD CV (%)
Characters

Soba AlDouiem Means
Head diameter (cm) 28.31 39.75 34.03 8.44 21.6
Head length (cm) 49.26 39.36 4431 4.84 22.3
Dead part length (cm) 1.87 0.80 1.34 1.23 414
Head weight 60.3 77.3 68.8 4.36 28.0
1000. seed weight 3.58 4.74 4.16 0.22 14.1
Number of seeds/head 1064 1246 1155 153.8 30.7
Juice yield/plant 4.07 18.44 11.25 7.15 28.0
Grain yield/plant 37.6 53.1 45.3 2.49 25.2
Grain yield (ton/ha) 3.01 6.37 4.69 0.21 24.7

Effect of drought:
Drought stress is one of the most common
environmental stresses that affects growth and

development of plant through alterations in metabolism
and gene expression. It continues to be challenge to
agricultural scientists in general and to plant breeder in
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particular, despite many decades of research. In this stress during vegetative growth was the more sensitive
study, drought stress reduced greatly and significantly to drought stress than other growth stage. These results
the value of all investigated traits (Table 3 and 4 and 5) indicated that the time of transition from the vegetative
and figures 1-5. Similar findings were obtained by to the reproductive phase in cereals.

Malakashmi and Rao in 1990 [14]. Further more, the

Table 3: Mean Squares from analysis of variance due to water stress (S), Genotypes, and their Interactions (GxT),
for different characters in sweet sorghum genotypes, evaluated over three water treatments, at two locations
(Soba and ALDouiem) in 2015/016

Characters Soba AlDouiem

Stress (S) Genotypes (G) | Sx G Stress (S) Genotypes (G) | SxG
Head diameter (cm) 9.12 90.86 113.15 74.13 90.09* 50.16
Head length (cm) 82.52 62.54 84.31 94.04 25.23 23.28
Dead part length (cm) | 0.918 0.474 2.94 1.16 0.99 0.93
Head weight 146.66 978.99 207.74 896.80** 33.55 128.93
1000. seed weight 0.338 0.093 0.313 4.12* 0.105 0.364
Number of | 33008 ns 102896 82518 1159435* 245826 191164
grains/head
Juice yield/plant 7.89%* 9.95* 3.88 ns 94.04 25.23 23.28
Grain yield/plant 9.14 203.02 155.47 374.85** 175.35 215.77
Grain yield (ton/ha) 0.059 1.30 0.99 5.57** 2.55 3.13

*,**: significant at the 0.01 level of probability,* : significant at the 0.05 level of probability and ns : none significant at
the 0.05 level of probability

Table 4: Mean squares of the combined analysis for different traits of six Sorghum genotypes (Sorghum bicolour)
evaluated under three level of water stress (Dy, D; and D,) at two consecutive locations ( Soba and AlDouiem)
during season (2015/ 2016

Characters Locations Stress stress x genotype | genotype x | genotype x Location x
locations locations stress genotype X
stress
D.F=10
D.F=1 D.F=2 D.F=2 D.F=5 D.F=5 D.F=10
Head diameter 3534.7* 18.48 64.77 108.96* 71.98 47.68 115.63
(cm)
Head length (cm) 26478** 13.62 128.88 5.60 121.98 56.96 57.79
Dead part length 30.92* 0.144 1.88 0.638 0.83 2.92* 0.94
(cm)
Head weight 7813.8** 611.3 432.2 509.8 502.8 163.8 672.9
1000. seed weight 35.99** 2.68** 1.84** 0.101 0.48 2.06 0.47
Number of 899953* 569555* 622888* 285684* 63039.0 ™ 151897.0™ 121785 "™
grains/head
Juice yield/plant 5580ns 34.90™ 66.21" 12.30™ 22.86"™ 10.01™ 17.72™
Grain yield/plant | 6510.06" | 144.1™ 239.0"™ 266.0" 112.4™ 216.0™ 154.4™
Grain yield 305.96** 2.65™ 1.18"™ 3.907 2.35™ 1.75 1.34™
(ton/ha)

* **: significant at the 0.01 level of probability,* : significant at the 0.05 level of probability and ns : none significant at
the 0.05 level of probability
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Fig 1: Effect of water stress on number of grains/head of six genotypes of sweet sorghum evaluated at two
locations (Soba and AlDouiem) during season 2015/016
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Fig 2: Effect of water stress on head length of six genotypes of sweet sorghum evaluated at two locations (Soba and
AlDouiem) during season 2015/016
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Fig 3: Effect of water stress on head weight of six genotypes of sweet sorghum evaluated at two locations (Soba
and AlDouiem) during season 2015/016
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Fig 4: Effect of water stress on grain yield/plant of six genotypes of sweet sorghum evaluated at two locations
(Soba and AlDouiem) during season 2015/016
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Fig 5: Effect of water stress on grain yield (ton/ha) of six genotypes of sweet sorghum evaluated at two locations
(Soba and AlDouiem) during season 2015/016

Drought effect on yield and yield components
Drought had highly significant effect on yield
and yield component of all the six genotypes of sweet
sorghum used in this study (Table 2 and 3). Grain
yield/plant showed high value in (7days =D;) 47.0 g in
both locations among all genotypes (Table 5). Whereas,
(21days= D; and D,) regime revealed small value 43.4g
and 46.0 respectively, among all genotypes. Similar
results showed by Al-karaki, and Clark in 1998 [15],
who found that sorghum differed in their responses to
deficit irrigation. Under full irrigation sorghum yields
was good. However, irrigation deficit reduced growth
character and yield in sorghum, giving higher yields for
sorghum under moderate or severe water deficit
treatments. Under water limited conditions; soil water
extraction was more important component in sorghum
yield. Number of seed weight had significant affect due
to water stress the means value reveled high value 1294

in (7days=D,) watering and 1048 (21days=D;) watering
and 1123 (21 days=D,) watering (Table 5), this result
are agreement with Yadav, et al.; 1997 and Berwal and
Khairwal 1997 findings [16, 17]. Thousand seed
weight as one of the yield component was affected by
drought stress (7days) watering register 4.85g which
was high than two other water treatments (21days= D,)
value 4.74g and (21days=D2) value 4.16. The reduction
of thousand seed weight due to drought stress was
reported by ELDikhary in 1992 and Osmanzai in 1992
[18, 19]. Grain yield ton/ha was highly significantly
affected by drought stress and high values were
reported by G9 in (7days) was 5.60 ton/ha compared
with other treatments (D;=4.53) and (D2=5.52) (table).
This result matched the one reported by Vanderlip in
1991 [20]. In this study G9 and S8 scored high yield
under stress condition and could be used in stress
breeding program.
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Table 5: Means of grain yield (ton/ha) and some vegetative traits of six sweet sorghum genotypes under three
levels of drought (D, , D; and D,) and estimates of genotypic coefficient of variation and heritability and average of
two locations (Soba and AlDouiem)

Drought treatments LSD
Traits Do D1 D2 Mean
Head diameter (cm) 33.22 34.29 34.58 34.03 3.46
Head length (cm) 44.54 43.61 44.78 44.31 4.66
Dead part length (cm) 1.38 1.27 1.37 1.34 0.56
Head weight 73.0 64.7 68.7 68.8 22.18
1000. seed weight 3.85 4.34 4.30 4.16 0.28
Number of grains/head 1294 1048 1123 1155 166.7
Juice yield/plant 10.19 11.43 12.14 11.25 242
Grain yield/plant 47.0 43.4 46.0 45.3 5.37
Grain yield (ton/ha) 4.90 4.41 4.76 4.69 0.54

Drought tolerance and yield relationship

From the stress susceptibility index (SSI) value
the lowest values were recorded for genotypes G6, G7
(SSI = 0.18 for Dy, 0.14 for D, respectively) (Table 6).
This index only pointed out the genotypes with the
lowest yield in normal conditions. Based on high value
for (SSI) recorded by genotype G7 (SSI= 1.91) for D1
and genotype S8 (SSI=2.76). However, these genotypes
could be considered as sensitive to drought. Geometric

mean productivity (GMP) recorded lowest values with
genotype G8 (GMP = 4.17) for D, and genotype G8
(GMP=4.31) for D, and highest values of GMP was
obtained by genotype G9 for two water treatments (D1
and D2) (Table 6). A larger value of (SSI) and (GMP)
show relatively more sensitivity to stress [21]. Most
sorghum cultivars used for grain production have pre-
flowering drought resistance but do not have any
significant post-flowering drought resistance[22].

Table 6: Effects of water stress and sorghum genotypes on mean of drought tolerance parameters across two

locations

Grain yield ton/ha Drought tolerance parameters
Genotypes Yd/Yw SSI GMP

Do D: D, D, D, D, D, D, D,
G6 451 | 437 |424 |097 |094 |[018 [0.75 |444 |4.37
G7 527 | 351 |521 |0.67 0.99 1.91 0.14 | 430 |524
G8 436 |399 |426 |0.92 098 | 0.49 029 |4.17 |4.31
G9 5.6 453 |552 |0.81 0.99 1.09 0.18 |5.04 |5.56
S8 575 | 495 |4.48 |0.86 0.78 | 0.80 2.76 | 5.34 |5.08
S1 511 | 3.9 444 | 0.76 0.87 1.35 164 | 446 | 4.76
Means 510 |4.21 |4.69 |0.83 092 |0.97 0.96 | 4.62 | 4.89

CONCLUSIONS

It concluded that, a wide range of genetic
variability was detected by genotypes for drought
tolerance. This variability can be exploited in the
improvement for drought tolerance in this crop. All
genotypes under the study were none significantly
different in most of investigated traits. Reduction yield
ton/ha was mainly due to the reduction in number of
seeds/head and thousand seed weight. Genotype G-9
showed high geometric mean productivity (GMP). This
result can be used in the improvement for drought
tolerance in this crop.
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