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ABSTRACT
Drought is a major limiting factor for rainfed sorghum production as it occurs at different growth 
stages such as seedling, post-anthesis, and maturity. Evaluation of genotypes at various growth 
stages is required to get drought-tolerant genotype. In this regard, a study was conducted in 
2018 and 2019 at Barnai Agricultural Research Station, Fatehjang using thirty approved sorghum 
genotypes. These genotypes were assessed for drought tolerance at seedling, post-anthesis, 
and maturity by using morpho-physiological traits as selection criteria. The experimental layout 
design was randomized complete block design (RCBD) with two replications. The experimental 
unit of each replication consisted of four rows which were 45 cm apart and 5 meters long. The 
results indicated that some of the sorghum genotypes performed better in response to moisture 
stress at different growth stages. Moreover, 17FS01 showed higher performance regarding traits 
such as seedling vigor index (413.11), root length (4.12 cm), shoot length (2.34 cm) root and 
shoot lengths ratio (1.76) and fodder yield (28.33 tonnes/ha). Furthermore  17FS04 showed 
higher performance in respect of flag leaf area (102.33 cm), leaf dry matter (0.59 g), relative 
dry weight (0.58 g) and relative water contents (56.60%). The highest cell membrane stability 
(60.34%) and grain yield (16.24 kg/ha) was recorded in 18FS03. By cluster analysis, 17FS01, 
18FS03, Higari, JS-2002 and 17FS04 were identified as drought tolerant genotypes. Besides, 
correlation studies also indicated that traits like seedling vigor index, root and shoot length ratio, 
flag leaf area, leaf dry matter, relative water content, fodder and grain yield had a significant 
positive correlation. So, using these traits as selection criteria, fruitful results could be obtained 
regarding the sorting of drought-tolerant genotypes in sorghum at different growth stages.
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INTRODUCTION
Sorghum (Sorghum bicolor L.) is a major fodder and 
cereal crop which is commonly cultivated in arid and 
semiarid regions of the world. Sorghum is also grown 
as dual-purpose crops for fodder as well as for grain 
in Pakistan. In Asian countries, a two to three-fold 
increase in forage demand has been predicted in 
2050 (Devendra and Leng, 2011). So, sorghum may 
be used to fulfill this demand as sorghum fodder is 
consumed in both forms; fresh as well as in the form 
of silage and hay. Its fodder produces a tonnage of dry 
matter. From the quality point of view, it contains 50 
% digestible nutrients, 8 % crude protein, 2.5 % fat, 
and 45 % nitrogen free extracts (Azam et al., 2010). 
Sorghum grains having 10-12% protein, 03% fat, and 
70% carbohydrates is used as an alternative to other 
grains in dairy cattle and poultry feeding programs 
(Khan et al., 2007).

Sorghum plant has unique stature due to which it is 
adapted to adverse environments. The root system of 
sorghum is very large and extensive by which it can 
obtain water and nutrients from a soil depth of over 
four feet (Toure et al., 2018). But in arid and semi-arid 
conditions, water stress severely impacts the growth 
and productivity of sorghum. Hence, it is required to 
check the genotypic potential of sorghum regarding 
drought tolerance in rainfed areas.
Drought tolerance is a complex trait in sorghum due 
to its quantitative nature and its complexity that further 
exacerbated by the effect of other traits that are also 
influencing drought tolerance (Ali et al., 2009). In 
addition to grain yield, different morpho-physiological 
traits such as specific leaf weight, leaf dry matter, flag 
leaf area, relative water content, relative dry weight, 
excised leaf weight loss,  cell membrane stability 
residual, and transpiration were also found useful 
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criteria for the selection of drought-tolerant genotypes 
(Abraha et al., 2015; Ali et al., 2011b; Kumar et al., 
2014; Sankarapandian et al., 2013). 
Evaluation of genotypes at drought-sensitive growth 
stages such as seedling, post-anthesis, and maturity 
is required to get drought-tolerant genotype which can 
give good production under rainfed conditions. The 
present study was performed to check the genotypic 
potential of different sorghum cultivars regarding water 
stress and to identify genotypes that perform best in 
rainfed areas of Pakistan using different morpho-
physiological traits as selection criteria. Along with this, 
the association of the traits with grain and fodder yield 
was also checked to sort out selection parameters that 
contributed to drought tolerance in addition to yield.

MATERIALS AND METHODS      
The present study was conducted at Barani 
Agricultural Research Station, Fatehjang for during  
2018 and 2019. In this experiment thirty (30) sorghum 
genotypes were evaluated which were collected from 
various local and international sources (Table 1). As 
the area is under rain-fed conditions so, the patterns 
of rainfall and temperature represent the water stress 
period. Meteorological data regarding minimum and 
maximum temperature and monthly rainfall were taken 
throughout both growing seasons (Fig. 1). Metrological 
data regarding these parameters showed a sufficient 
period of water stress exposed at booting, anthesis, 
and post-anthesis stages of the crop during both 
growing seasons.

These genotypes were assessed for drought stress 
tolerance index, root-shoot length ratio, and coleoptile 
length were noted. The trial was sown in a randomized 
complete block design with two replications; each 
consisted of 45 cm apart and 5 meters long four rows 
for recording field related traits for drought stress 
tolerance. All other agronomic practices were kept 
uniform for all the treatments. Residual transpiration 
was calculated by the formula given by (Clarke et al. 
1991) as under

          (W1 – W2)
RT =  ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶

        LA.180

Table 1. Genotypes used in the study to find drought 
tolerant

Sr. 
No.

Genotype 
name

Sr. 
No. Genotype name

1 17FS01 16 AK-113
2 17FS04 17 PARC-2009
3 18FS03 18 F-901
4 Higari 19 Ch. Sorghum
5 JS-2002 20 F-903
6 YSS-09 21 Pulharan
7 YSS-98 22 PARC-141
8 BMR-14 23 F-2007
9 China Sorghum 24 18FS01

10 Succroo 25 Asil
11 Nali Bar 26 Sild marhar
12 JS-263 27 F-904
13 F-2008 28 Hok
14 Kanorio Local 29 Saiyaara
15 F-902 30 Saandal Bar
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Where,

W1 =  Weight after ½ hour of placing an excised leaf  
           in darkness 

W2 =  Weight again after 3 hr

LA  =   Leaf area

Relative water content (RWC) was calculated by the 
formula given by (Garcia-Mata and Lamattina 2001)

  FW - DW
RWC =  ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶  x 100

                                    TW-DW
Where,

FW = Fresh weight after excision
DW = Dry weight after excision

TW = Turgid weight 

The extent of cell membrane injury induced by water 
stress is estimated through measurements of electrolyte 
leakage from the cells as proposed by Sullivan, 1979.

1 – (1-T1/T2)
CMS =  ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶̶̶̶̶̶̶̶̶̶  x 100

                                  1 – C1/C2
Where,

T1 = EC of heat-treated samples measured firstly  
         before autoclave 

T2 = EC  of  heat-treated  samples  measured  after  
        autoclave

C1 = EC of controlled test tubes measured firstly  
         before autoclave

C2 = EC of controlled test tubes measured after          
         autoclave

Similarly, other relevant drought stress tolerance 
parameters were also recorded based on fresh plants 
taken randomly from each genotype in each repeat. 
Fodder and grain yield were calculated by obtaining 
random twenty plants from each replication for every 
sorghum genotype. Data collected were statistically 
analyzed to ascertain differences among these sorghum 
genotypes (Steel et al., 1997). Simple correlation 
coefficients were measured for all the studied traits 
using STATISTIX 8.1 software. Cluster analysis  was  
performed  by using Minitab 17 statistical software.

RESULTS AND DISCUSSION

Morphological traits 
In this study, genotypes showed significant differences 
regarding the performance of all studied parameters 
except residual transpiration (Table 2). In this study, 
the drastic impact of water stress was recorded in 
some of the studied genotypes (Table 3). In some of 
the genotypes, the minimum reduction was recorded 
in the studied traits while some performed better than 
the check (JS-2002). For seedling vigor index, 17FS01 
(413.11) and 18FS03 (395.12) exhibited higher values 
from the check genotype JS-2002 while the lowest SVI 
was noticed in Sild marhar (255.32). For coleoptile 
length, 18FS03 (2.33 cm) showed maximum increasing 
trend  followed by 17FS04 (2.23 cm) and Ch. Sorghum 
(2.18 cm). However, the genotype Pulharan showed 
the least value for coleoptile length (1.00 cm). Similarly, 
17FS04 gave the best performance for flag leaf area 
(102.33 cm), leaf dry matter (0.59 g) and relative dry 
weight (0.58) followed by 18FS03 with 82.25, 0.56 and 
0.56 values, respectively. However, these lines also 
gave better results regarding root and shoot length 
ratio over check. 
Plants adopt four types of strategies to combat water 
stress such as escape, avoidance, tolerance, and 
resistance. In avoiding drought, a plant may lead 

Table 2. Analysis of variance for the morpho-physiological characters in sorghum under drought at various growth stages
Characters Unit of measurement Replication mean

Squares (df=1)
Genotype mean squares 

(df=29)
Error mean

squares (df=29)
Seedling vigor index (SVI) - 509.54 3711.67** 82.45
Root length (RL) cm 0.069 0.617** 0.006
Shoot length (SL) cm 0.044 0.477** 0.007
Coleoptile length (CL) cm 0.001 0.03456** 0.010
Root-shoot length ratio (RL: SL) - 0.000 0.368** 0.016
Flag leaf area (FLA) cm 64.83 338.59** 15.22
Leaf dry matter (LDM) g 0.002 0.014** 0.006
Relative dry weight (RDW) - 0.009 0.011** 0.002
Relative water contents (RWC) % 68.11 39.85** 13.11
Residual transpiration (RT) - 0.00 0.007NS 0.005
Cell membrane stability (CMS) % 2.49 33.99** 7.93
Fodder yield (FY) Tonnes/hacters (t/ha) 2.03 18.54** 5.01
Grain yield (GY) kg/ha 1.119 13.88** 3.39

 *Genotypic means significance at P > 0.05, ** significance at P > 0.01, NS = Non-significant



J. Agric. Res. 2021, 59(3)

M.I. Khan et al.

246

to the acquisition of higher amounts of water or can 
impede their growth activities and try to protect its 
cell apparatus from the damage of water stress. To 
maintain the water availability, the plant may increase 
their root length, root dry matter, and consequently 
high root/shoot ratio which may reach up to 60 to 90% 
of the total plant biomass (Assar et al., 2020). In this 
study, an increase in the root length and root shoot 
length ratio were observed in tolerant genotypes as 
compared to susceptible ones. In genotype 17FS01, 
higher root length (4.12 cm) was noted as compared to 
JS-220 (3.88) while the rest of the genotypes displayed 
lower performance as compared to check JS-2002. 
Minimum root length was recorded in YSS-98 (2.07 
cm). The highest shoot length as compared to check 
was recorded in 17FS01, Pulharan, 18FS03, PARC-
2009, Sild marhar, Asil, 17FS04, F-2008, and 18FS01 
while minimum shoot length was recorded in F-901 
(1.03 cm). Higher shoot growth in tolerant genotypes 
as compared to susceptible ones was noted which is 
in agreement with the previous findings (Queiroz et al., 
2019). These results indicated that with a decrease in 
water availability, not only the root growth of tolerant 
genotypes was enhanced at the expense of shoot 

growth but other mechanisms and plant strategies 
were also involved to increase the water-use-efficiency 
of the plants under drought conditions. 
Water stress reduced fodder yield in drought susceptible 
genotypes as compared to the check genotype (JS-
2002). The highest fodder yield was recorded in 
17FS01 (28.33 t/ha) followed by 17FS04 (26.01 t/ha) 
while minimum fodder yield was recorded for Saandal 
Bar (15.03 t/ha). Grain yield was maximum for 18FS03 
(16.24 kg/ha) followed by 17FS04 (15.63 kg/ha) and 17 
FS01 (15.15 kg/ha) while the minimum was recorded 
in BMR-14 (8.15 kg/ha) (Table 3). The variability in 
sorghum yield under water stress conditions is in 
agreement with the findings of other researchers (Ali et 
al., 2011a; Ali et al., 2009; Elmunsor et al., 2014).

Physiological traits
Residual transpiration defined as rate of water 
transpiration at minimal stomatal apertures in 
total water limitations is an important parameter to 
evaluate genotypes for drought stress. However, the 
studied genotypes exhibited non-significant genotypic 
differences regarding residual transpiration during 
drought stress (Table 2). Hence it is less important to 

Table 3. Response of sorghum varieties for various traits during moisture stress
Varieties SVI RL SL CL RL:SL FLA LDM RDW RWC RT CMS FY GY
17FS01 413.11 4.12 2.34 1.55 1.76 76.25 0.55 0.51 52.00 0.02 57.90 28.33 15.15
17FS04 384.21 3.34 2.13 2.23 1.57 102.33 0.59 0.58 56.60 0.02 58.02 26.01 15.63
18FS03 395.12 3.44 2.32 2.33 1.48 82.21 0.56 0.56 54.25 0.01 60.34 25.03 16.24
Higari 382.26 3.06 2.01 1.25 1.53 78.21 0.51 0.55 39.26 0.01 57.26 25.01 11.26
JS-2002 390.87 3.88 2.08 1.23 1.87 58.14 0.41 0.42 42.33 0.01 51.21 24.12 11.25
YSS-09 282.36 2.12 1.06 1.03 2.00 71.32 0.32 0.41 46.33 0.01 50.14 24.02 9.55
YSS-98 270.71 2.07 1.13 1.32 1.86 52.12 0.36 0.36 45.26 0.00 52.02 22.21 12.21
BMR-14 337.83 3.22 2.01 1.56 1.60 65.12 0.42 0.45 48.32 0.01 53.26 22.12 8.15
China sorghum 305.56 2.28 1.11 1.66 2.04 62.10 0.43 0.37 48.37 0.01 48.02 22.02 12.26
Succroo 282.56 3.07 2.02 2.11 1.52 42.13 0.39 0.35 47.36 0.00 50.11 21.03 14.21
Nali Bar 277.32 2.44 1.37 1.67 1.80 43.24 0.37 0.37 42.33 0.02 48.02 21.03 10.21
JS-263 286.18 3.07 1.08 1.38 2.86 64.25 0.43 0.40 39.23 0.01 48.22 21.01 14.13
F-2008 262.22 3.07 2.13 1.32 1.45 49.21 0.42 0.42 44.25 0.01 49.03 20.15 9.25
Kanorio local 324.08 3.34 2.08 2.06 1.61 41.03 0.35 0.46 41.21 0.03 49.05 20.02 11.24
F-902 315.43 2.38 1.18 1.45 2.02 55.33 0.40 0.43 44.66 0.05 52.02 20.01 9.21
AK-113 301.68 2.11 1.08 1.42 1.96 54.33 0.36 0.40 50.06 0.03 48.00 20.01 9.00
PARC-2009 318.18 3.12 2.27 2.10 1.38 48.02 0.35 0.55 52.63 0.02 52.32 19.24 9.21
F-901 285.06 2.66 1.01 1.37 2.63 62.14 0.36 0.60 56.66 0.04 54.25 19.03 12.61
Ch. Sorghum 307.13 2.21 1.15 2.18 1.91 55.22 0.41 0.49 46.24 0.01 49.26 19.01 14.11
F-903 290.23 3.13 1.16 2.14 2.73 48.13 0.41 0.33 47.26 0.01 49.46 18.57 15.63
Pulharan 315.24 3.11 2.33 1.00 1.34 54.25 0.45 0.38 45.27 0.01 55.45 24.03 8.25
PARC-141 286.07 2.46 1.46 1.57 1.70 54.27 0.31 0.32 48.22 0.01 55.64 19.01 14.61
F-2007 275.33 3.14 2.08 2.12 1.51 57.26 0.38 0.47 41.26 0.01 50.65 21.51 15.01
18FS01 312.57 2.13 2.12 1.10 1.01 55.32 0.35 0.48 42.37 0.01 51.02 22.51 15.11
Asil 333.71 2.65 2.16 2.10 1.23 72.12 0.48 0.35 43.26 0.01 47.13 22.01 10.21
Sild marhar 255.32 3.13 2.16 1.56 1.45 56.32 0.46 0.41 45.22 0.01 48.22 18.01 8.21
F-904 276.25 3.21 1.37 1.22 2.34 58.23 0.51 0.45 42.32 0.01 49.02 17.12 9.21
Hok 318.89 2.13 1.28 1.03 1.67 50.72 0.56 0.44 42.37 0.01 48.03 17.02 10.02
Saiyaara 265.38 2.52 1.55 1.35 1.63 60.62 0.53 0.37 41.26 0.01 46.13 16.25 9.26
Saandal Bar 345.38 2.18 1.46 2.00 1.50 58.12 0.62 0.38 46.23 0.02 47.02 15.03 11.03
LSD 18.57 0.15 0.17 0.21 0.26 7.98 0.16 0.101 7.40 0.02 5.76 4.58 3.76

Note: Where SVI = seedling vigor index, RL= Root length, SL= Shoot length,  CL = Coleoptile length, RL: SL= Root-shoot length ratio, FLA = Flag leaf area,
LDM = Leaf dry matter, RDW = Relative dry weight, RWC = Relative water contents, RT = Residual transpiration, CMS = Cell membrane stability,
FY = Fodder yield, GY = Grain yield.
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use this criterion for evaluating genotypes regarding 
drought stress in the present study.Cell membrane 
stability is an important physiological parameter that is 
disturbed by different stresses such as drought, heat 
and salinity. Therefore, this is also used as a criterion 
to identify tolerant genotypes as it explains the ability 
of the plant cell to hold electrolytes under water stress 
conditions by retaining the cell membrane configuration 
undamaged. In the present study, genotypic means 
showed significant differences regarding cell 
membrane stability (Table 2 and Table 3). However, 
18FS03 (60.34%) showed maximum value for the 
cell membrane stability while minimum value was 
recorded for Saiyaara (46.13%), which revealed that 
these genotypes were well adapted to the water stress. 
Further, these findings also confirmed the previous 
results that tolerant genotypes of sorghum showed 
more CMS than susceptible ones under drought stress 
conditions (Ali et al., 2009).
Relative water contents represent the degree of cell 
and tissue hydration, which is important for optimal 
physiological functioning and growth processes. 
Further maintenance of high relative water contents 
during water stress is the indices of drought tolerance. 
The findings of this study indicated that genotypes 
exhibited significant genotypic differences regarding 
relative water contents during drought stress. Moreover, 
maximum value of RWC (56.66) was exhibited by 
F-901 closely followed by 17FS04  (56.60%) of RWC 
followed by 18FS03 (54.25) and both these genotypes 
also exhibited maximum leaf dry matter (Table 3).  Ali et 
al. (2009) also observed that drought-tolerant sorghum 
varieties displayed more relative water contents than 
the susceptible varieties.

Association among morpho-physiological 
parameters
Yield grain, as well as fodder in sorghum, is a 
complex character as it is determined by several 
morphological and physiological parameters whose 
associations are largely vague. Hence, information 
regarding the association of yield with other drought 
selection morpho-physiological traits is a prerequisite 
to ascertain the expected response of other characters 
on yield while selecting drought-tolerant genotypes. 
Estimates of correlation coefficients among the morpho-
physiological traits explained that flag leaf area was 
positively and significantly associated seedling vigor 
index (r = 0.63), relative water contents (r = 0.53), root 
length and shoot length (r = 0.65), relative dry weight (r 
= 0.63), leaf dry matter (r = 0.55), grain yield (r = 0.45) 
and fodder yield (r = 0.67). However, CMS was found 
positively and significantly correlated with seedling 
vigor index (r = 0.63), relative water contents (r = 0.53),  

root length and shoot length (r = 0.72), relative dry 
weight (r = 0.78), leaf dry matter  (r = 0.61), grain yield 
(r = 0.49), fodder yield (r = 0.73) and flag leaf area (r = 
0.70) while CMS revealed no association with residual 
transpiration (r = 0.21). Coleoptile length exhibited a 
positive and significant association with grain yield (r 
= 0.52) and relative water contents (r = 0.38) while did 
not display any association with the rest of the traits. 
However, fodder yield was positively and significantly 
correlated with leaf dry matter (r = 0.55), relative dry 
weight (r = 0.53), root length (r = 0.46), RL:SL (r = 0.69) 
and relative water contents (0.43) and seedling vigor 
index (r = 0.58). The character grain yield indicated 
significant positive relationship with leaf dry matter (r 
= 0.51), root length: shoot length (r = 0.56), relative 
water contents (r = 0.48) and seedling vigor index (r 
= 0.41). A significant association was also observed 
between leaf dry matter and relative water contents, 
root length, and leaf dry matter. Root length: shoot 
length revealed a positive association with almost 
all the studied parameters except coleoptile length, 
shoot length, and residual transpiration. However, the 
trait residual transpiration did not reveal a significant 
association with any of the traits (Table 4). Positive 
association of root length, root: shoot length ratio, flag 
leaf area, coleoptile length, cell membrane stability with 
yield was supported by the results of (Ali et al., 2009). 
However, in this study, residual transpiration exhibited 
non-significant associations with fodder yield and grain 
yield under moisture stress, which discourages the use 
of these characters as selection criteria for yield and 
drought tolerance in sorghum.

Clustering of genotypes and characterization of 
clusters 
Using individual parameters as selection criteria, it 
is difficult to classify the investigated genotypes into 
drought-tolerant ones. Therefore, cluster analysis was 
applied for comparing all the studied parameters in all 
cultivars simultaneously. Cluster analysis grouped the 
30 genotypes into 3 distinct clusters (Fig. 2). Cluster 
one contained only five genotypes 17FS01, 18FS03, 
Higari, JS-2002, and 17FS04. Cluster 2 was the largest 
and comprised of thirteen genotypes YSS-09, JS-263, 
F-901, YSS-98, F-904, F-2007, Succroo, Nali Bar, 
F-903, PARC-141, F-2008, Sild marhar, and Saiyyaara.  
Cluster 3 consisted of 12 genotypes named BMR-14, 
Asil, Saandal Bar, China Sorghum, 18FS01, Kanorio 
Local, Hok, F-902, Pulharan and PARC-2009 (Fig. 2).
Cluster means also showed significant differences for 
all the studied traits as shown in Table 5. The highest 
mean value for seedling vigor index (393.12), root 
length (3.57 cm), shoot length (2.17 cm), coleoptile 
length (1.72 cm), flag leaf area (79.43 cm), leaf dry 
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matter (0.53 g), relative dry weight (0.53 g),  relative 
water content (48.03 g), cell membrane stability 
(56.95), fodder yield (25.70 tonnes /ha) and grain yield 
(13.90 kg/ha) was observed in cluster one. In cluster 2, 
minimum mean values were recorded for seedling vigor 
index (276.54), shoot length (1.51 cm), coleoptile length 

(1.51 cm), flag leaf area (55.33 cm), leaf dry matter 
(0.40 g), relative dry weight (0.40 g), relative water 
contents (45.15 g), cell membrane stability (50.84), 
fodder yield (19.92 t/ha) and grain yield (11.85 kg/ha) 
(Table 5). Based on the results, cluster 1 genotypes 
were identified as drought-tolerant genotypes as this 

Table 4. Simple correlation coefficients among different morpho-physiological characters in sorghum under drought stress

Parameters CL CMS FLA FY GY LDM RDW RL RL:SL RT RWC SL
CMS 0.16

0.39

FLA 0.17
0.37

0.70**

0.00

FY 0.03
0.86

0.73**

0.00
0.67**

0.00

GY 0.52**

0.00
0.49*

0.01
0.45*

0.01
0.53
0.00

LDM 0.18
0.33

0.61**

0.00
0.69**

0.00
0.55**

0.00
0.51**

0.00

RDW 0.12
0.52

0.78**

0.00
0.63**

0.00
0.53**

0.00
0.31
0.10

0.66**

0.00

RL 0.27
0.15

0.50*

0.01
0.32
0.09

0.46*

0.01
0.34
0.06

0.57**

0.00
0.49*

0.01

RL:SL 0.20
0.29

0.72**

0.00
0.65**

0.00
0.69**

0.00
0.56**

0.00
0.51**

0.00
0.58**

0.00
0.48*

0.01

RT 0.03
0.89

0.21
0.27

0.34
0.07

0.12
0.54

0.11
0.58

0.25
0.17

0.33
0.07

0.17
0.37

0.20
0.29

RWC 0.38*

0.04
0.53**

0.00
0.45*

0.01
0.43*

0.02
0.48**

0.01
0.37*

0.04
0.21
0.27

0.32
0.08

0.54**

0.00
0.22
0.24

SL 0.28
0.13

0.37*

0.04
0.22
0.24

0.22
0.25

0.04
0.84

0.38*

0.04
0.40*

0.03
0.65**

0.00
0.25
0.18

0.01
0.97

0.27
0.15

SVI 0.29
0.12

0.63**

0.00
0.59**

0.00
0.58**

0.00
0.41*

0.02
0.62**

0.00
0.61**

0.00
0.46*

0.01
0.56**

0.00
0.30
0.10

0.36
0.05

0.48*

0.01

Note: Where, * Correlation coefficient significance at P > 0.05, **Correlation coefficient significance at P > 0.01,
SVI = Seedling vigor index, RL = Root length, SL = Shoot length,  CL = Coleoptile length, RL: SL = Root-shoot length ratio, FLA = Flag leaf area, 
LDM = Leaf dry matter, RDW = Relative dry weight, RWC = Relative water contents, RT = Residual transpiration , CMS = Cell membrane stability,
FY = Fodder yield, GY = Grain yield
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cluster exhibited higher performance regarding all the 
traits that were contributing to drought tolerance.

CONCLUSION  
The present study was carried out to check the genetic 
potential of thirty sorghum cultivars under drought 
followed by a selection of genotypes using easily 
measurable traits contributing to drought tolerance. 
The genotypes 17FS01, 18FS03, Higari, JS-2002, 
and 17FS04 gave superior performance regarding 
drought tolerance traits. Hence, it was predicted 
that these genotypes might be productive for future 
breeding programs of sorghum regarding drought 
stress. Further, selection based on CMS, FLA, LDM, 
RDW, RL: SL SVI, and RWC would be more effective 
as they also had a strong positive association with both 
grain as well as fodder yield. It is suggested that these 
findings may be helpful for the selection of drought 
tolerance genotypes in sorghum. Further, by using 
drought-tolerant genotypes farmers may be able to get 
good production of sorghum under rainfed conditions. 
Hence, fodder requirements may be compensated 
especially in the winter season in potohar tract.
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