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Abstract

Drought stress occurring during the early reproductive growth stage can cause considerable reduction in yield due to influence
on plant reproductive components. The objectives of the present study were to evaluate the response of sorghum core
collection (a diversity research set of 107 sorghum accession from Africa and Asia) under drought stress at reproductive stage.
Accessions were subjected to drought stress in pots for 12 days period when booting leaf emerged. During drought stressed
period no dry leaves were observed in non-stressed plants, whereas in drought stressed plants the average leaf drying score
(LDS) was recorded from 5 to 85% among accessions. Pollen fertility (POFE) was measured by acetocarmine staining, which
showed significant differences among accessions under drought stress. Different yield traits according to sorghum descriptor
were recorded. Principle component analysis (PCA) revealed first 3-PCs explained 74.6% variation under drought stress,
whereas in non-stressed conditions the variation was 69.3%. Considering different selection criteria including leaf drying score
(LDS), pollen fertility(POFE) and drought susceptibility index(DSI) accessions 17, 23, 65 and 66 were found drought tolerant
indicating lower LDS, high POFE and lowest DSI, whereas accessions 42, 81, 82 and 84 were drought sensitive. The results
led to the conclusion that genetic variation for drought tolerance at reproductive stage present in this material can be used as a
good source of variation in breeding program for drought tolerance. © 2014 Friends Science Publishers
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1997). Drought effect the growth, development and
production of plants, particularly cereals the stage of

Introduction

The grain sorghum (Sorghum bicolor L. Moench) is used as
staple food in human diet as well as used in animal feed. It
is the fifth leading cereal crop in the world after wheat.
Sorghum is an ideal candidate for a more concerned crop
improvement program as agriculture and its potential use in
the emerging biofuels industry, food and energy demands
might be boosted in the near future. Sorghum has an ability
to cope with many types of stresses, including heat, drought,
salinity and flooding (Ejeta and Knoll, 2007). However, in
arid and semi-arid regions, this crop is usually affected by
water stress at the reproductive stage particularly at pre-
flowering and post flowering stages.

Drought-stress is a major problem to crops
productivity worldwide (Farooq et al., 2009). It is a
complex trait controlled by many genes, and its effects on
crops depend on the timing and vulnerability of moisture
stress. Drought stress has diverse effect on yield depending
on the development stage at which it occurs (Agboma et al.,

development exert an influence. The most sensitive stage to
water deficit is at flowering as the water deficit may cause
delay in flowering. Panicle exsertion, anther dehiscence and
a reduced number of fertile spikelet’s per panicle due to the
failure of fertilization and impairment of pollen and ovule
function, and the other parameters affected by drought,
which result in yield reduction (O’Toole and Namuco,
1983; Boonjung and Fukai, 1996; Prasad et al., 2008).
Panicle death in sorghum due to drought at between anther
differentiation and the boot stage has been reported
(Hultquist, 1973; Gonzalez-Herndndez, 1982).

Drought resistance in sorghum is a complex trait
influenced by many genes coding for various traits
contributing towards drought tolerance (Blum, 1979).
However, selection for drought tolerance is difficult because
of inconsistency in testing environments and interaction
between different developmental stages of plant growth and
environment. The genetic mechanisms that condition the
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expression of drought tolerance in crop plants are poorly
understood. Improving drought tolerance is an important
objective in many crop-breeding programs.

As  reliable  indicators  in  selection  of
genotypes/cultivars  for  drought tolerance  several
physiological characteristics have been reported. Some
focused on flag leaf characters especially leaf water
relations due to their considerable interaction with drought
tolerance. Other approach suggests testing of germplasm
under stress and non-stress conditions and ranking
genotypes for drought tolerance/susceptibility on reduction
of yield (Blum, 1988). Other yield-based estimates of
drought tolerance are geometric mean (Fernandez, 1993)
and drought susceptibility index: DSI (Fischer and Maurer,
1978). DSI is a measure of mean reduction of all the
genotypes under consideration. Screening and selection of
plants of different crops with considerable water stress
tolerance at reproductive stage has been considered an
economic and efficient means of utilizing drought-prone
areas when combined with appropriate management
practices to reduce water loss (Rehman et al., 2005). The
objectives of the present study was to find variation among
sorghum core collection under drought stress at reproductive
stage and to identify tolerant and susceptible genotypes on
the basis of leaf drying score (LDS), pollen fertility(POFE),
drought susceptibility index (DSI) and vyield related traits
under drought stress.

Materials and Methods
Plant Materials and Experimental Conditions

Twenty five accessions from East Asia, 2 from South East
Asia, 26 from South Asia and 2 accessions from South West
Asia (Supplementary Table 6). A randomize complete block
design was used with two replicates. Six seeds per accession
were sown and thinned to three plants at two leaf stage.
Seven accessions did not germinate so excluded from the
experiment. In order to impose drought stress the accessions
were subjected to two conditions: non-stressed (with normal
irrigation) and drought stressed (irrigation withheld) at
reproductive phase. To know the exact time of flowering,
the data of number of days to flowering was obtained for
each accession from previous field records of Shehzad et al.
(2009).

Water Stress Treatment

The water stress treatment was imposed for about 12 days as
soon as any one of the three plants in a pot was observed in
the reproductive stage (by observing the booting leaf). Soil
moisture was measured using a sensor device Hydro Sense
Soil Water Content Measurement System (Campbell
Scientific, Inc. USA) during water-stress period. Soil
Moisture was recorded daily for both well-water and water-
stress treatments (Fig. 1).
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Parameters

Data were collected for different traits, including leaf drying
score (LDS), plant height(PH), panicle exertion (PEX),
panicle length (PL), panicle width (PWI), pollen fertility
(POFE), panicle weight (PW), number of panicle (NOP),
total grain number/plant (GNOP), grain weight/plant (GWP)
and hundred grain weight (100GW) according to sorghum
descriptors (IBPGR/ICRISAT, 1993).

Pollen fertility (POFE) and leaf drying score (LDS)
were recorded according to descriptor (IRRI, 1996). To
observe POFE, a total of 10 unopened spikelets were
collected from each plant under stressed and controlled
conditions. For maintaining the viability of pollens ice
boxes were used during pollen collection. Later in the
laboratory five spikelet’s were randomly taken from each
sample and dissected on microscopic slides to expose the
pollens. POFE was determined by acetocarmine staining
and the slide was observed under microscope (Olympus
BH-2). To count the number of fertile and sterile pollens the
picture of each slide were captured using camera (Nikon,
200 MP). The presence or absence of starch was observed
under microscope based on their staining (Gunawardena et
al., 2003) and POFE was calculated as:

Pollen fertility (POFE) = (number of fertile pollens/
total number of pollens) 100

Leaf drying was visually scored by calculating leaf
drying percentage as;

Leaf drying score (LDS) = (number of dry leaves/total
number of leaves) 100.

According to percentage of dry leaves each accession
was scored for drought susceptibility with scale from “0” to
“9”. A score “0” indicates no symptoms while score “9”
represents complete susceptibility.

Drought susceptibility index (DSI) was calculated
according to Fischer and Maurer (1978) for each genotype
as:

DSI = (1-Yds/Yno) / (1-Xds/Xno)

Where Yds is the grain yield under drought, Yno is the
grain yield under controlled conditions, Xds is the average
yield of all genotypes under drought and Xno is the average
yield of all genotypes under controlled conditions.

Statistical Analysis

Data were analyzed statistically using software JMP, ver.9
(SAS, Inc 2010). The Pearson’s correlation coefficients (r)
between the traits under non-stress and drought-stress
conditions were calculated. Mean trait values of a subset of
accessions were calculated in relation to their susceptibility
scale and were subjected to paired t-test for significant
differences. Principle component analyses (PCA) were
performed using the genotypic trait means to partition the
performance of accessions under non-stress and drought-
stress conditions.
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Results
Water Measurement

Soil moisture levels were monitored daily in each pot during
the treatment period both in drought stressed and non
stressed conditions by the Hydro Sense Soil Water Content
Measurement System (Campbell Scientific, Inc.) (Fig. 1).
The average soil moisture (10-25 c¢cm depth) decreases
significantly and the minimum decline were up to 7% of
volume under drought stress (each replication) compared
with 60% of volume maintained under non stress resulting
in successful stress at reproductive stage. The stressed plants
started to show symptoms of leaf wilting by day 6 and
increases when the days of stress increases.

Variation in Sorghum Accessions under Drought Stress

The results showed significant variation for most of the
traits studied under non-stressed and drought stressed data
analysis (not shown). The average of each trait/accession
was calculated and arranged according to their LDS
susceptibility scale (Table 1). LDS for sensitive accessions
were significantly higher 88 percent (extremely sensitive)
than the tolerant accession which has 5 percent LDS
(extremely tolerant) while in non stress conditions no dry
leaf was observed (Table 1). Compared with non stress,
drought stress considerably reduced PH, PEX, PL, PWI,
PW, POFE, GNOP and GWP and conversely the number of
dry leaves were increased as shown in (Table 1). The
highest level of tolerance were found in 5 accessions include
accession 66 (susceptibility score 1) and accessions 7, 23,
65 and 70 (susceptibility score 2) for all tested traits
compared to the mean values under non stress conditions
(Table 1).

Seven accessions of susceptibility score 3 showed
average decreases in other traits except NOP and 100GWP.
The average of NOP under drought stress also showed no
significant difference and ranged from 1 to 1.3. In
susceptibility scale four includes 8-accessions, scale five
includes 30-accessions, scale 6 includes 28-accessions, scale
7 includes 15-accessions and scale 8 includes 5-accessions.
Mean value of these accessions were lower than tolerant
accessions as well as from accessions under non stressed
conditions. Similarly two accessions (81 and 84) from Asia
and Africa were extremely susceptible (susceptibility score
9) 80% decrease in grains along with significant decrease in
all tested traits.

The coefficient of correlation among different traits
(Table 3a) showed that both LDS and DSI have negative
correlation with PEX, PL, PWI, PW, POFE, GWP and
GNOP except NOP and 100GWP, which showed no
correlation with both of these traits. Also no association was
observed between PH and LDS but showed negative
correlation with DSI (- 0.248), whereas both LDS and DSI
were positively associated with each other (0.341) as
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shown (Table 3a). The correlation coefficient between LDS
and other traits were also determined by linear regression
(data not shown).

Under non stressed conditions all the tested traits also
showed association with each other except NOP showed no
association with other traits but only weak association with
POFE and PWI (Table 3b). POFE showed no correlation
with grain number under non stressed conditions. In
comparison with drought stress the association of the traits
with GNOP was lower in non stressed conditions except for
the association of GNOP with PH (r= 0.559) whereas under
drought stress r was = 0.378. Associations of GNOP with
PEX, PL, PWI, PW, and GWP under non stressed
conditions were 0.139, 0.323, 0.576, 0.804 and 0.841
whereas under drought stressed 0.605, 0.549, 0.632, 0.845
and 0.934 as shown in (Table 3b).

Principle Component Analysis

Based on the results obtained from principle component
analysis (Table 4), the proportional contribution of the traits
under controlled conditions the first axis accounted for
41.9% of the variance and the principle component score
were influenced by GNOP, GWP, PW, PWI and PH as
shown in (Fig 5b). The second axis accounted for 15% of
the variance and mainly influenced by NOP, PEX, POFE
and PL. Similarly the third axis accounted for 10.2% of the
total variance and mainly influenced by POFE, NOP and
GWP.

For the data under drought stressed conditions the PC1
accounted for 52% of the variation and showed the largest
loading values with all yield related traits include GNOP,
GWP, PW, PWI, PL, PEX and POFE (Table 4). The PC2
accounted for 13% of the total variance and the major traits
include NOP, PH and LDS (Fig. 5a). Similarly PC3
accounted for 9.5% of the variance and shared the major
loading values include LDS, PH, PW and GWP.

Variation in Pollen Fertility under Drought Stress

POFE was measured by acetocarmine staining significantly
declined under drought stressed in comparison with non
stressed conditions as shown in (Fig. 3). The results of
statistical analysis indicate significant variation for POFE
among accessions in response to drought stressed (Table 2).
The susceptibility scale for spiklet fertility under drought
stressed was ranged from 0 to 4 (Fig. 2). Under non stressed
conditions POFE was ranged from 64 to 91% while under
drought stressed it ranged from 0 to 81% as shown in (Fig.
2). The greatest reduction in POFE was observed in two
accessions (No. 42 and 82) having pollen fertility scale 1
belongs to East Asia and South East Asia.

Similarly 56 accessions showed POFE scale 2 include
28 accessions belongs to Africa, 14 accessions to South
Asia, 13 accessions to East Asia and 1 accession to South
West Asia. In scale 3 include total 17 accessions in which 5
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Tablel: Combine Mean and standard deviation of all measured traits under stressed and non- stressed conditions

according to (LDS) susceptibility scale

@
No. of accessions  Sus-scale LDS PH PEX PL PWI NOP
DS NS DS NS DS NS DS NS DS NS DS
1 1 5 196 157 3 25 35 29 10 8 1 1
4 2 13.8 141 121 3 2.9 13 11.9 47 49 1 11
7 3 26.6 140 98.3 2.7 2.1 176 10.6 5.3 35 12 1.6
8 4 35.7 176.2 107.7 2.7 13 17.2 11.3 5.4 3.2 12 12
30 5 45 176.2 116.2 2.6 15 18.3 11 5.9 3.3 11 1.3
28 6 54.5 191.3 1114 2.6 12 19.9 8.8 72 3.3 1 13
15 7 64 1915 123 2.6 1.2 19.6 9.3 6 4 1.3 15
5 8 74 209.3 150.2 2.6 15 136 9.5 6 3.4 1 1.3
2 9 85 136.5 72.2 2.8 1 21.2 6.4 7.8 24 1.3 1.3
SD 277 27.4 25.6 0.17 0.66 6.4 6.6 1.6 17 0.13 0.18
t_test NS *% **k **k *k *k
(b)
No. of accessions Sus-scale PW POFE GWP GNOP 100GWP
NS DS NS DS NS DS NS DS NS DS
1 1 20.2 12.6 86 80 15.2 9.8 8334 6134 1.82 1.6
4 2 7 95 735 61.8 7.2 72 3026 2873 25 3.6
7 3 9.6 2.8 80.2 318 8.5 3.4 3832 1177 25 3.7
8 4 9.9 2.4 80.3 36 55 3.4 3816 776 1.7 2.3
30 5 8.5 34 87.4 33.6 9.4 45 370 122.8 2.7 5
28 6 145 2.6 84.4 33 11.3 35 444 90.9 3.2 44
15 7 139 2.3 79.9 18 105 35 4775 882 3 5.2
5 8 115 2.3 86.4 35.6 9.2 46 5204 164 2.4 3.2
2 9 8.7 1.36 68 45 10.9 0 327 0 35 0
SD 4,08 39 6.5 18.6 2.8 2.7 160.2 1822 0.59 1.7
t_test *% *% *x **k ns

DS= Drought stress and NS= Non stress, ns = non significance and ** = significant at the probability of 5% and 1% level of significance, respectively.
LDS=Leaf drying score, PH= Plant height, PEX=Panicle exertion, PL=Panicle length, PWI=Panicle width, NOP=Number of panicle. PW=Panicle weight,
POFE=Pollen fertility, GWP=Grain weight/plant, GNOP=Grain number/panicle, 100GWP=Weight of 100 grain/plant

Table 2: Mean standard error (SE) and coefficient of variance (CV) under drought stressed and non-stressed conditions

for the parameters recorded

TRAIT MEAN SE CV

NS DS NS DS NS DS
Leaf drying score (%) _ 49.6* _ 1.56 _ 32
Plant height (cm) 180.2 115.8** 53 35 295 30.3
Panicle exertion 26 1.3® 0.06 0.085 26 67.3
Panicle length 18.2 8.5** 0.646 0.628 355 739
Panicle width 6 2.9%* 0.186 0.215 359 64.3
Number of panicle 11 1.3* 0.043 0.029 26.6 336
Panicle weight 11.3 2.6™ 0.817 0.367 72.2 139.9
Pollen fertility 83 27* 1.29 2.64 15.6 98.2
Grain weight/plant 9.7 2.7 0.518 0.347 53.2 128.9
Grain number/plant 418.5 79.6** 27.3 118 65.3 149.2
100 grain weight/plant (gm) 2.8 2.7 0.143 0.34 51.7 154.2

F-test showed, ns = non significance *and **= significant at the probability of 5% and 1% level of significance, respectively

accessions belongs to East Asia, 3 accessions to South Asia
and 9 accessions to Africa whereas in scale 4 total 7
accessions exhibited highest fertility under drought stressed
were included in which 4 accessions (No.4, 5, 17, 23)
belongs to East Asia, one (No. 65) to South Asia, one (No.
66) to South west Asia and one accessions (No. 28) to
African origin. Under drought stress POFE showed
significant positive correlation with GNOP (0.483) and
other yield related traits except NOP where as negative
correlation with LDS (-0.332) as shown (Table 3a).
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Performance of Yield and Drought Susceptibility Index
(DSI)

The effect of drought stress resulted significant reduction in
grain yield as shown in (Table 5). Under drought stressed
conditions the yield reduction was about 81% as compared
to non-stressed conditions (Fig. 4). Considering the average
yield under non-stressed and drought stressed conditions,
results showed great variation among accessions with
respect to yield reduction and the value of drought
susceptibility index (DSI) ranged from -.001 to 1.46 as
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Discussion

shown in (Table 5). Among Asian accessions two

accessions belongs to South West Asia showed lower value Drought is one of the most damaging a biotis stresses
of DSI (0.386 and 0.452), whereas two accessions from affecting crops yield especially when it occurs during
South East Asia showed maximum value of DSI (1.46). developmental stage. The water requirement increases from
Accessions belong to South Asia the DSI value varied from the boot stage after anthesis (FAO, 2002; Assefa et al.,
0.058 to 1.46, whereas accessions from East Asia the DSI 2010). The results of the present study showed significant
value ranged from -0.001 to 1.46, respectively. Four variation for most of the traits studied under non-stressed
accessions (Nos. 23, 60, 53 and 17) from East Asia and drought stressed conditions. Data analysis (not shown)
showed the lowest value of DSI (-0.001, -0.046, 0.073 and revealed that the accession x drought treatment interaction
0.135). Accessions belongs to Africa region only five was highly significant indicating variability among

accessions showed lower DSI values (-0.549, 0.022, accessions in response to drought stress.

0.282, 0.343 and 0.444), whereas for other African Selection based on a combination of indices may
accessions the value varied from 0.513 to 1.46 as shown in provide a more useful criterion for improving drought
(Table 5). tolerance in sorghum. Leaf drying was considered to be a

The results of correlation coefficient revealed the response to leaf water potential. According to Blume
significant positive association between DSI and LDS (1988), a plant that maintains high leaf water potential
(0.341) indicates the effect of dry leaves on yield, whereas will show less leaf drying. In the present study drought
negative association was observed with PH, PEX, PL, PWI, scoring based on LDS was significantly higher for sensitive
PW, POFE, GWP, GNOP and 100GWP. accessions then tolerant ones as shown in (Table 1).
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Table 3a: Pearson’s correlation coefficient among traits under drought stressed conditions

LDS PH PEX PL PWI NOP  PW POFE _ GWP__ GNOP 100GWP _ DSl
LDS 1
PH 0.069™ 1
PEX -0.428* 0427 1
PL -0.327**  0.472**  0.728** 1
PWI -0.276* 0.458**  0.771** 0.75** 1
NOP 0.034™  0282*  0.255* 0.214* 0.252* 1
PW -0.322**  0.313**  0.521** 0.485** 0.533** -034™ 1
POFE -0.332**  0.099™ 0.481** 0.482** 0.522** 0.061" 0.387** 1
GWP  -0.336™*  0.395** 0.577**  0568**  0.643**  0042" 0.848**  0406** 1
GNOP  -0.422** 0.378**  0.605** 0.549** 0.632** 0.011™ 0.845** 0.483**  0.934** 1
100GW  -0.114* 0.056"™ 0.266* 0.288* 0.329** 0.109™  0.159* 0.077" .318** .138* 1
DSI 0.341*%*  -0.248*  -0.607**  -0.481**  -0.593**  -084™ -0.612**  -0.524** -705%*  -720%*  -192% 1
b-  Pearson’s correlation coefficient among traits under non stressed conditions

PH PEX PL PWI NOP PW POFE GWP GNOP 100GWP

PH 1
PEX 0.389** 1
PL 0.431** 0.213** 1
PWI 0.538** 0.221** 0.631** 1
NOP 0.139* 0.171* 0.122* 0.027" 1
PWI 0.419** 0.061"° 0.223**  0.473** 0124 1
POFE 0.143* 0.216** 0.225**  0.107* 0.149*  0.074" 1
GWP 0.402** 0.117* 0.288** 0.515** -0.053%  0.804** 0.129* 1
GNOP 0.559** 0.139* 0.323**  0576** -0.025™  0804**  0093% 0841** 1
100GW -0.442** -0.104* -0.139%  -0.204** 0081  -0.271**  -0.037" -0.133*  -0.484** 1

LDS=Leaf drying score, PH=Plant height, PEX=Panicle exertion, PL=Panicle length, PWI=Panicle width, NOP=Number of panicle, PW=Panicle weight,
POFE=Pollen fertility, GWP=Grain weight/Plant, GNOP=Grain number/plant, 100GWP=Weight of 100 grains/plant, DSI=Drought susceptibility Index

Table 4: Principle components analysis for the measured traits under drought stressed and non-stressed conditions

PCA under drought stress

PCA under non stress

TRAITS PC1 PC2 PC3 PC1 PC2 PC3
LDS -0.196 0.341 0.511 - - -

PH 0.206 0.49 0.396 0.373 0.222 -0.142
PEX 0.347 0.163 -0.23 0.169 0471 0.1
PL 0.328 0.22 -0.161 0.303 0.325 -0.48
PWI 0.352 0.206 -0.108 0.404 0.097 -0.407
NoP 0.074 0.617 -0.249 0.025 0.482 0.256
PW 0.335 -0.227 0.339 0.412 -0.333 0.228
PoFe 0.261 -0.119 -0.407 0.12 0.38 0.612
GWP 0.365 -0.145 0.31 0.429 -0.273 0.249
GNoP 0.372 -0.198 0.229 0.456 -0.227 0.142
DSl -0.333 0.143 -0.008 - - -
percentage 52 65 74.6 42 59 69.3
variation

LDS=Leaf drying score, PH=Plant height, PEX=Panicle exertion, PL=Panicle length, PWI=Panicle width, NOP=Number of panicle, PW=Panicle weight,
POFE=Pollen fertility, GWP=Grain weight/Plant, GNOP=Grain number/plant, DSI=Drought susceptibility Index

These results were in agreement with other reports
indicating that drought tolerant species or varieties
distinguish themselves from sensitive ones by their higher
photosynthetic rates (Skingh and Tsunoda, 1978).

Two accessions (81 and 84) from Asia and Africa
were extremely susceptible (susceptibility score 9) had 81
percent decrease in grains along with significant decrease in
all tested traits. This agrees with the findings of Blume
(1993) who reported that drought tolerance could only be
detected if drought stress causes a yield reduction. In rice at
reproductive stage drought stress 83% yield reduction has
been reported (Sellamuthu et al., 2011). Performance of the
tolerant accessions were desirable under drought stress but
traits like PH ,PL, POFE and GNOP showed a little
decreases in comparison with non stress indicate the
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sensitivity of these traits to reproductive stage drought
stress. Our results were supported by the fact that yield of
crop plants in drying soil reduces even in tolerant lines of
that crop species (Ashraf and Mehmood, 1996; Tahir and
Mehdi, 2001). The traits 100GWP, NOP and PEX showed
no significant difference among all groups of accessions
indicating that the grain weight is the most stable trait across
the environment, while during this stage water deficit
produced a complete collapse and subsequent death of the
main panicle, but the panicle death was always
accompanied by the emergence and growth of several tillers
and auxiliary buds. Panicle death in sorghum was also
observed by other workers after imposing a severe drought
stress before flowering (Hultquist 1973; Gonzalez-
Hernandez, 1982).
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Table 5: Grain yield and drought susceptibility index (S) of Sorghum accessions under non-stressed and drought stressed

conditions

Accession No. Group Y ns Y ds DSl Accession No.  Group Y ns Y ds DSI
66 SWA 833.4 613.4 0.386 70 Africa 400.7 550 -0.545
16 SWA 1374 87 0.452 58 Africa 317 0 1.463
61 SEA 496 0 1.464 105 Africa 181.7 22.05 1.286
82 SEA 130 0 1.464 10 Africa 259 198.2 0.343
7 South. A 216.7 171 1211 20 Africa 356 115.04 0.99
65 South. A 465.4 446.7 0.058 62 Africa 614.4 170.8 1.056
83 South. A 681.7 357.2 0.696 91 Africa 108.7 0 1.463
18 South. A 375 434 1.275 28 Africa 561 86.9 1.236
41 South. A 220 217 1.319 52 Africa 513.4 0 1.464
44 South. A 387.7 98 1.094 11 Africa 100 0 1.464
26 South. A 198.4 0 1.464 13 Africa 229.4 225.9 0.022
50 South. A 516.7 20 1.407 90 Africa 271.7 0 1.463
107 South. A 793.4 0 1.464 1 Africa 801.4 213.05 1.075
59 South. A 795.7 0 1.464 19 Africa 459 0 1.464
14 South. A 810.7 734 1.332 54 Africa 313 0 1.464
42 South. A 4317 0 1.464 55 Africa 167.7 135.5 0.282
45 South. A 4527 9.7 1.433 68 Africa 523.4 0 1.464
39 South. A 298.7 1725 0.618 69 Africa 1146.7 0 1.464
40 South. A 866.7 535 1.374 71 Africa 932.4 155.05 1221
49 South. A 641.7 0 1.464 80 Africa 110.4 0 1.464
99 South. A 756.7 66.7 1.335 96 Africa 235 93.7 0.881
25 South. A 746.7 0 1.464 56 Africa 176.7 68.8 0.894
77 South. A 346.7 0 1.464 67 Africa 500 744 1.246
24 South. A 849 205.05 1112 89 Africa 1160 0 1.464
32 South. A 564.7 0 1.464 87 Africa 834 0 1.464
48 South. A 3784 0 1.464 88 Africa 150.7 0 1.464
100 South. A 281.7 0 1.464 27 Africa 1046.7 147.9 1.257
23 East Asia 127.4 1275 -0.001 8 Africa 384 125 1.416
2 East Asia 219.7 95.05 0.83 12 Africa 165 94.2 0.628
47 East Asia 830 1784 1.149 75 Africa 105.6 50 0.77
97 East Asia 503.4 97.7 1.179 30 Africa 166.7 10 1.376
36 East Asia 892 175.05 1.176 57 Africa 953.7 0 1.464
46 East Asia 186.7 0 1.464 106 Africa 641.6 0 1.464
60 East Asia 181.7 187.5 -0.046 72 Africa 986.7 112.4 1.297
63 East Asia 438.7 0 1.464 103 Africa 191.7 1245 0.513
3 East Asia 505 125.05 1.101 84 Africa 176.6 0 1.464
53 East Asia 274 260.4 0.073 15 Africa 7347 511.6 0.444
79 East Asia 653.4 1125 1212 76 Africa 666.7 0 1.464
92 East Asia 359 1359 0.909 101 Africa 216.7 90.8 0.85
35 East Asia 427 0 1.464 102 Africa 151.7 0 1.464
93 East Asia 299.7 28 1.327 34 Africa 200.7 0 1.464
17 East Asia 141.4 1284 0.135 95 Africa 191.6 0 1.464
4 East Asia 179.4 119.2 0.491 51 Africa 266.7 30.8 1.295
5 East Asia 107.7 817 0.353 104 Africa 3434 76.2 1.139
78 East Asia 4874 275 1.382 74 Africa 370 27.3 1.355
94 East Asia 508.4 0 1.464 21 Africa 191 35.8 1.189
37 East Asia 591.4 0 1.464 22 Africa 300 8.9 1421
38 East Asia 734 64.7 0.174 29 Africa 163.4 84.2 0.709
98 East Asia 1934 137.2 0.425 73 Africa 187.7 0 1.464
6 East Asia 340.7 0 1.464

81 East Asia 4774 0 1.464

The reason for PEX could be the wide variation
among accessions. Under very severe conditions as the leaf
water potential could not be maintained prevented the
extension of the peduncle from the leaf sheath, (Jongdee et
al., 1997; Jearakongman, 2005). Our results for PW, GWP,
and 100GWP were according to (Ji, et al., 2010) reported
that drought stress affect grain number and grain size in
different developmental stages: grain number is controlled
at the earlier stage, where as the grain size is controlled later
during development. Tunistra et al. (1997) also reported that
drought stress at pre-flowering stage reduced grain number
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while at post-flowering stage reduced grain weight in
sorghum. However, the significant interaction between
accessions and drought stress for other traits such as LDS,
PH, PL, POFE, PWI and GNOP showed that the accessions
had wide variation in response to reproductive stage drought
stress.

For plant breeders to ascertain the expected response
of other characters when selection is exercised to the
character of interest in a breeding program Information
regarding character association is of much importance and it
is measured by coefficient of correlation (Dabholkar, 1992).
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PCland PC2: 65 %)

PC1(52%) »

Fig. 5a: Principle component analysis under drought
stressed conditions

PCland PC2: S5 X)

PCH 15%)

PCAL (419 %)

Fig. 5b: Principle component analysis under non-stressed
conditions

The negative association of LDS and DSI with other traits
showed the effect of drought stressed upon these traits as
shown in (Table 3a).

Associations of GNOP with PEX, PL, PWI, PW, and
GWP under non stressed conditions were 0.139, 0.323,
0.576, 0.804 and 0.841, whereas under drought stressed
0.605, 0.549, 0.632, 0.845 and 0.934 as shown in (Table
3b). The same results were also reported in cotton and maize
by (Zangi, 2005; Lua, et al., 2011) that the level of
correlation between traits was generally higher under water
stress compared to well water conditions. Among genotypes
which showed greater variability for all traits associated
with grain yield provided greater opportunity of selection
based on these traits (Wenzel, 1999; Tariq et al, 2007).

The results of the principle components analysis
reveled that the first three components showed greater
variation under drought stress as compared to non stressed
conditions. The contribution of the traits showed greater
variability include GNOP, GWP, PW, PWI, PL, PEX and
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POFE as shown (Table 4). Furthermore variability in
relation to yield traits forming PC1 was significantly greater
in non-stressed conditions than in drought stressed
conditions. PCA indicates that the genetic diversity presents
in the germplasm can be more widely expressed when
plants are grown under favorable conditions. Under non
stressed conditions certain accessions (No. 52, 67, 69, 71, 89
and 106) showed good performance in yield traits but was
severely affected under drought stressed as shown in (Fig.
5b). The same results were reported in maize and barley by
(Ahmadi et al., 2000; Ivandic et al., 2000).

Water stress interferes with reproductive success of
plants by arresting the development of the male
gametophyte leading to pollen sterility is common to all
cereals examined; especially focus in sorghum in this study.
The results of statistical analysis indicate significant
variation for POFE among accessions in response to
drought stressed (Table 2). The spikelet fertility scale under
drought stressed was ranged from 0 to 4 (Fig. 2). Under non
stressed conditions POFE was ranged from 64 to 91%,
while under drought stressed it ranged from 0 to 81% as
shown in (Fig. 2). Our results for POFE were supported by
(Liu, 2003; Laffitte et al., 2003), reported that the spikelet
fertility could be greatly affected when drought stress occur
near flowering. Moisture stress reduced pollen fertility in
wheat and that there were differences in the cultivar
responses reported by (Bingham, 1966; Morgan, 1980).

The reduction in POFE in some accessions under non
stressed conditions indicates wide variation among
accessions or may be due to unavoidable small changes in
water supply. Association analysis helps breeders to
ascertain the nature of relationship between important traits.
Under drought stress POFE showed significant positive
correlation with GNOP (0.483) as shown (Table 3a).
Furthermore strong association between these two traits
indicates that reduction in grain yield may have been due to
the reduction in filled spikelet per panicle. The accessions
responded differentially to drought stress for POFE showed
that the response of genotypes to drought intensity and time
differs according to their genetic structure and adaptability.

Fischer and Maurer (1978), Guittieri et al. (2001) and
Zhang et al. (2006) observed that grain number/spike was
reduced more relative to other yield components as stress
severity increased. Under drought stressed conditions the
yield reduction was about 81% as compared to non stressed
conditions (Fig. 4). The same results were reported in rice as
65-85% vyield reduction is considered effective for selection
under drought stress (Kumar et al., 2008; Serraj et al.,
2009). Guittieri et al. (2001) used Stress Susceptibility Index
(SSI) index and suggested that SSI more than 1 indicates
above-average susceptibility to drought stress. The results of
the present study the DSI value for Asian accessions
ranged from -0.001 to 1.46 whereas for African accessions
from -0.549 to 1.46 showed greater variability among
accessions under drought stress. This suggested that the
magnitude of differences in genotypes was sufficient to
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provide some scope for selecting genotypes to improve
drought tolerance in sorghum.

The results of correlation coefficient revealed the
significant positive association between DSI and LDS
(0.341) indicates the effect of dry leaves on yield, whereas
negative association was observed with PH, PEX, PL, PWI,
PW, POFE, GWP, GNOP and 100GWP except NOP for
which the correlation was non significant. The negative
associations of DSI with yield traits were supported by the
results of (Kharrazi et al., 2011) who reported negative
association of SSI with yield traits in sorghum and (Naroui
et al., 2010) reported the same in wheat.

Overall drought stress reduced significantly the yield
in most of the accessions and some of them revealed
tolerance to drought, which suggested genetic variability for
drought tolerance in this material. The results lead to the
conclusions that in comparison with Asian accessions
African accessions showed highest reduction in yield under
drought stress. Therefore, the potential for increasing
drought adaptation has been suggested for the improvement
of African genotypes. Furthermore, for drought tolerant and
sensitive genotypes if taking in to consideration all the
selection criteria which were used in this study as LDS,
POFE and DSI then accession NO. 17, 23, 65 and 66 found
as desirable indicating lower LDS, high POFE and lowest
DSI. Considering all the criteria’s accessions No. 42, 81, 82
and 84 could be considered drought sensitive. Based on the
results it has been suggested that the breeders should take in
to account the mentioned selection criterion for the
screening of sorghum genotypes under drought stress.

In conclusion, sorghum is sensitive to drought stress at
reproductive stage. LDS, POFE and DSI were used to select
drought tolerant and sensitive genotypes and found to be
more useful indices to evaluate germplasm under drought
stress. Based on these criteria’s accessions No. 17, 23, 65
and 66 were drought tolerant and accessions No. 42, 81, 82
and 84 were drought sensitive. Therefore, breeders can
choose better genotypes based on these indices (e.g., LDS,
POFE and DSI) to improve drought tolerance in sorghum
breeding program. Drought stress at reproductive stage
significantly reduced grain yield of some accessions, while
other showed good response which suggested genetic
variability in this core collection. Reduction in yield and
other traits were more pronounced in African accessions
then Asian accessions. Therefore, the potential for
increasing drought adaptation has been suggested for the
improvement of African genotypes.
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