
J. Plant Production,  Mansoura Univ., Vol. 7 (2): 239- 247, 2016 

 239 

TRAITS CORRELATED WITH DIFFERENTIAL DROUGHT TOLERANCE 

BETWEEN SELECTED SOYBEAN CULTIVARS 
Heba M. Ibrahim 
Botany Department, Faculty of Agriculture, Mansoura University,35516, Mansoura, Egypt 

 
 

ABSTRACT 
 

The present study aimed to determine differences in drought tolerance between three widely-cultivated soybean cultivars 

in Egypt. Two field experiments were conducted at the experimental farm and laboratories of the Agric. Bot. Dept., Fac. of 

Agric., Mansoura Univ., Egypt during the two growing seasons of 2013 and 2014. The experimental design was a split-plot with 

two irrigation regimes in the main plots (control and water stress) and three cultivars in the sub-plots (Giza 22, Giza 35 and Giza 

111).   

Results indicated that drought stress decreased seed yield, dry biomass, relative growth rate (RGR), net assimilation rate 

(NAR), relative water content (RWC), membrane stability index (MSI), whereas increased phenols, flavonoids, anthocyanins and 

proline content differentially between the tested cultivars. Drought tolerance index of cv. Giza 111 was significantly higher than 

other studied cultivars and this was accompanied with higher biomass accumulation, RGR, NAR, RWC, MSI as well as higher 

content of phenols, flavonoids, anthocyanins and proline. It was concluded that cv Giza 111 is better-adapted to drought-affected 

areas and could be utilized in breeding programs aiming to increase drought tolerance in soybean.  

 

INTRODUCTION 
 

Soybean is the main oil seed crop worldwide and 

providing the main source of oil and plant protein. In 

Egypt, expanding soybean cultivation and enhancing its 

yield can bridge the gap between the demand and 

supply of edible oil and protein. The yield of soybean is 

a function of many factors, the most notably of which 

are cultivar and water availability and the later has a 

direct relationship with crop yield (Kobraee et al., 

2011). Seed yield can be reduced by 24-50% due to 

drought stress (Sadeghipour and Abbass, 2012).  

To facilitate cultivation of soybean in drought-

affected regions, it is important to differentiate between 

soybean cultivars according to their drought tolerance 

potential. Differential drought tolerance between 

soybean cultivars were reported (Adejare and Umebese, 

2008; Stolf-Moreira et al., 2010; Tint et al., 2011; Abd 

El-Mohsen et al., 2013). Differentiating soybean 

cultivars for drought tolerance based on yield though 

common, is not practical for drought tolerance selection 

as this trait is controlled by a complex interaction 

between genotype and environment. Hence, selection 

for more simple traits positively correlated with yield 

would be more feasible approach. Various characters 

were tested with regard to their ability to differentiate 

between certain soybean genotypes for drought 

tolerance. Sugars accumulation capacity and higher 

number of trichomes/unit leaf area characterized 

drought-tolerant genotypes (Adejare and Umebese, 

2008). Photosythetic rate and stomatal conductance 

differentiated between soybean cultivars with regard to 

drought tolerance (Stolf-Moreira et al., 2010). In 

addition, dry matter accumulation capacity, shoot 

moisture content and electrolyte leakage were used to 

rank various soybean cultivars for drought tolerance 

(Tint et al., 2011). Nevertheless, differential drought 

tolerance between widely-cultivated soybean cultivars 

in Egypt and its correlation with cultivar-specific 

characters is less understood. Therefore, the present 

investigation was undertaken to determine differences in 

drought tolerance between three widely-cultivated 

soybean cultivars in Egypt as well as their characteristic 

attributes correlated with drought tolerance. 

 

MATERIALS AND METHODS 
 

Plant materials and cultivation: 

The current investigation was carried out at the 

Experimental Farm and Labs. of the Agric. Botany 

Dept., during the two growing seasons 2013 and 2014. 

Bradyrhizobium-inoculated seeds of soybean cultivars 

Giza 22 (G22), Giza 35 (G35) and Giza 111 (G111) 

were obtained from field crops Research Institute, 

Agric. Res. Center, Egypt. Sowing was done on 6 and 8 

May during the two growing seasons of 2013 and 2014, 

respectively. Experimental design was a split plot 

design with three replicates. The main plots were 

assigned to irrigation regimes (control and water-stress) 

whereas subplots were assigned to cultivars. The 

experimental plot consisted of four rows, 3.0 m long 

and 0.6 m apart, with an area of 7.2 m
2
. Seeds were 

sown in hills, 20 cm apart, 3 seeds/ hill, and thinned two 

weeks after sowing to leave 2 plants/ hill. Main physical 

and chemical characteristics of the experimental soil 

shown in Table (1) were estimated according to 

Hoddinott and Lamb (1990). 

 

 

Table (1)
*
. Mechanical and chemical analysis of the used soil (average of the two growing seasons). 

CS % FS % S % C % CaCO3 % OM % TN% AP ppm EK ppm TSS %  

9.9 28.6 27.5 34.0 2.5 2.3 0.15 18 226 0.18  
*CS, Coarse sand; FS, Fine sand; S, Silt; C, Clay; OM, Organic matter; TN, total N; AP, available P; EK, exchangeable K; TSS, total 

soluble solutes.
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Control and drought-stress plots were irrigated in 

the same way (at 10-days intervals during May and 7-

days intervals thereafter) except that in water-stress 

plots, irrigation was withheld for 15 days starting at 45 

days after sowing (DAS). At the 61
th

 DAS, soil samples 

were taken from the top 30 cm to assess water status in 

control and water-stressed plots. Water potential (Ψs) 

was -0.18 and -0.77 bar in control and water-stressed 

plots, respectively.  

Recoded parameters and analyses 

At 61 DAS, leaf samples were taken from 4 

plants in each replicate to determine relative water 

content (RWC), membrane stability index (MSI) and 

concentration of phenols, flavonoids, anthocyanins and 

proline. Moreover 12 plants, selected randomly from 

each treatment, four plants from each replicate, were 

used for determination of biomass and leaf area. 

Another sample was taken 10 days later to estimate 

biomass and leaf area. Data of the two samples were 

used to calculate relative growth rate (RGR) and net 

assimilation rate (NAR) according to Radford (1967)'s 

formulae as follows: 

RGR = (loge DW2 – loge DW1) /t2 – t1 

NAR = [(W2-W1)(loge A2 – loge A1)] / [(A2 – A1)(t2 – t1)] 

Stress tolerance index (STI) was calculated 

according to Fernandez (1992) 's formula: 

STI = 2)(

))((

yp

ypys
 

Where  
yp = yield of a given cultivar in non-stress 

environment; ys – yield of a given cultivar in 

drought-stressed environment, ỳp = mean yield of all 

cultivars in a non-stressed environment. 

Relative water content (RWC) was determined 

by the method of Gonzalez and Gonzalez-Vilar (2001) 

as follows: 

RWC = 
DWTW

DWFW




 x 100 

where  

FW = fresh weight, DW = dry weight, TW = 

turgid weight. For determination  of turgid weight, 

leaf disks were submerged for 8 h in distilled 

water, thereafter they were blotted dry gently and 

weighed. Total phenols content in the leaves was 

estimated by the method of Folin-Ciocalteu 

reagent using gallic acid as standard according to 

Gao et al., (2000) and expressed as gallic acid 

equivalent.Total flavonoids and anthocyanins 

content was determined by extraction in acidified 

methanol (methanol: water: HCl, 78:20:2 v/v) for 

24 h at 4
o
C as described by Jordan et al. (1994). 

The absorbance of the filtered extract was 

estimated at 320 nm and 530 nm for flavonoids 

and anthocyanins, respectively. Proline was 

determined according to the method of Bates et al. 

(1973). 0.5 g of leaf tissue was homogenized with 

3% sulfosalicylic acid and estimated using 

ninhydrin reagent. The absorbance of fraction with 

toluene aspired from liquid phase was determined 

using T-60 U spectrophotometer at 520 nm.  

Leaf epidermal and architectural features 

Abaxial and adaxial epidermal strips were 

prepared by the method of Weyers and Travis (1981) 

whereas leaf architectural and calcium oxalate crystals 

characteristics were studied in leaf clearings prepared 

according to Hickey (1973). The blades of the two 

lowermost leaflets from the 2
nd

 mature leaf from plant 

top were taken from 4 different plants selected 

randomly from each replicate. Two microscopic fields 

from each leaflet were checked for counting number of 

stomata and hairs as well as for estimating areoles and 

crystals number and dimensions. So, data are mean of 

48 readings. Quantitative data were obtained using a 

calibrated eyepiece micrometer.   

Statistical analysis: 
Analysis of variance (ANOVA) was applied to 

determine the significance of the results using the 

statistical package for Social Sciences (SPSS) version 

16.0 software (SPSS, Inc, Chicago, IL, USA). Data are 

presented as pooled data of the two growing seasons. 

Duncan's Multiple Range Test was applied to determine 

significant differences between means when ANOVA 

was significant at P 0.05.Correlation analysis was also 

conducted to determine correlations between selected 

estimated attributes and yield under water stress.  

 

RESULTS 
 

Growth and seed yield  

Drought stress decreased seed yield along with 

biomass accumulation, RGR and NAR of all soybean 

cultivars compared to the control. The only exception is 

NAR in cv. Giza 111 where no significant difference 

was detected (Table 2). Seed yield differed significantly 

between cultivars either under control or water stress 

conditions. Under water stress, yield of cv Giza 111 was 

significantly higher than that of cv Giza 35, and Giza 

22. In addition, cv Giza 111 had the highest drought 

tolerance index (DTI) whereas Giza 35 had the lowest 

DTI. However, the difference between DTI in cv Giza 

111 and Giza 22 was insignificant. There were no 

significant differences between soybean cultivars 

growing under control conditions in either biomass, 

RGR or NAR. However, under water stress condition, 

there was a significant difference between cv Giza 111 

and Giza 35 in all growth attributes whereas the 

corresponding differences between cv Giza 111 and 

Giza 22 were insignificant. In addition, though biomass, 

RGR and NAR recorded higher values in cv Giza 22 

compared with cv Giza 35 under water stress condition, 

there were no significant differences between both 

cultivars.  

Biochemical constituents 

Data in Table (3) illustrate that cultivars grown 

under non-stress conditions showed no significant 

differences regarding RWC, MSI, phenols, flavonoids 

and proline contents. However, anthocyanins content 

was significantly higher in cv G 35 than that in the other 

two cultivars under non-stress conditions (Table 3). 

Under stress conditions, significant differences between 

cvs were recorded in all studied biochemical characters, 
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, where higher values from RWC, MSI, 

phenols,flavonoids,anthocyanins and proline contents 

were recorded in cv Giza 111 compared with the other 

two cultivars, with the corresponding values in cv G 22 

came in the second order in this respect.  

Leaf epidermal features 

Data presented in Table (4) show that number of 

stomata and hairs per unit area did not differ 

significantly between cultivars growing under non-

stress conditions. In all cultivars drought stress had no 

significant effect on number of stomata on abaxial 

surface whereas significantly reduced number of 

stomata on the adaxial surface. On the other hand, hairs 

number/unit area was significantly increased in all 

cultivars under water stress (Fig 1). Hairs density on 

both surfaces was highest in cv Giza 111 under water 

stress. The lowest number of hairs in water-stressed 

plants was recorded in cvs Giza 35 and Giza 22 on 

abaxial and adaxial surface, respectively. 

Leaf architecture and crystals deposition 

In leaves of control plants, areole dimensions 

were not significantly different between the studied 

cultivars whereas areoles number/ unit blade area was 

significantly higher in cv G 111 compared with cv G 35 

(Table 5). On the other hand, calcium oxalate crystals 

number was significantly lower in leaves of cv G 111 

compared with cv G 35 though no significant 

differences were recorded regarding crystal dimensions 

(length and width).Water stress significantly increased 

areoles number whereas decreased areole dimensions in 

all cultivars except cv G 35. In addition, leaves of all 

cultivars subjected to water stress contained 

significantly higher number of calcium oxalate crystals 

with higher dimensions compared with those of control 

plants (Fig 1). Under water stress condition, cv G 111 

was diagnosed by higher number of both areoles and 

crystals/ unit blade area as well as by a higher 

dimensions of  Crystals comared with the other two 

cultivars though the difference was only significant in 

comparison with cv G 35. On the other hand, areole 

dimensions in water-stressed cv G 111 were lower 

compared with those in the other two cultivars, and the 

difference was only significant compared with cv G 35. 

Correlation coefficients between seed yield and 

estimated attributes  

Table (6) shows that stress yield was positively 

and significantly correlated with biomass (r = 0.79**), 

MSI (r = 0.69*), phenols content (r = 0.60*), flavonoids 

content (r = 0.56*), proline content (r = 0.63*) and 

number of hairs/unit area (r = 0.64*). In addition, RGR, 

NAR and RWC were positively and significantly 

correlated with yield under drought stress. On the other 

hand, correlation between yield under stress and 

anthocyanins content and number of stomata was non-

significant. Correlations between other estimated 

attributes are also illustrated in Table (6). 

 

 

 

 

DISCUSSION 
 

Water stress decreased seed yield, and this was 

accompanied with a reduced biomass, RGR, NAR, 

RWC, and MSI (Tables 2 and 3). RGR of soybean 

plants was reported to decrease in response to water-

stress (Stolf-Moreira et al., 2010). Yield of various 

soybean cultivars was reduced in response to drought 

stress (Kobraee et al., 2011; Masoumi et al., 2011; 

Sadeghipour and Abbasi, 2012; Abdel-Mohsen et al., 

2013). In addition, drought stress reduced dry matter 

accumulation in plant organs as well as shoot tissue 

moisture content whereas increased electrolyte leakage 

in various soybean genotypes (Tint et al., 2011). 

Reduced NAR in response to drought may be due to 

drought-induced ABA levels in the leaves which 

decreases stomatal conductance hence reducing net 

photosynthesis (Mutava et al., 2015). Stolf-Moreira et 

al. (2010) reported a reduction in photosynthetic rate 

coupled with a reduction in stomatal conductance in two 

soybean cultivars 30 days after the onset of water stress. 

Drought stress can also limit photosynthesis by reducing 

the activity of ribulose 1,5-bisphosphate carboxylase, 

thereby damaging the biochemical CO2-fixation 

machinery (Machado-Filho et al., 2006). Yield loss 

under drought conditions may be due to drought-

induced flower abscission (Daneshian and Zare, 2005). 

Results of the present study indicated that 

membrane stability index was decreased in all 

genotypes in response to drought stress, and the index in 

case of cv G 111 was significantly higher than those in 

cvs G 22 and G 35. Vasquez-Tello et al. (1990) 

concluded that maintenance of membrane integrity after 

water stress is an important strategy for drought 

resistance. In addition, membranes stability and 

integrity under water stress conditions is a major 

indicator of drought tolerance in plants (Tint et al., 

2011). Drought-induced decrease in MSI is due to an 

increase in the rate of generation of ROS which induce 

lipid peroxidation in the membrane structures of the 

cells (Kabiri et al., 2014). 

The preset investigation results show that STI 

differed significantly between studied cultivars 

demarcating between high- and low- yielding cultivars 

under drought stress. Though different stress tolerance 

indices could be used to assess the performance of the 

genotype under stress conditions (Tint et al., 2011), STI 

is widely advocated to distinguish better yielding 

genotypes under drought stress (Sanjari and 

Yazdansepas, 2008). Kargar et al. (2014) classified 

apopulation of 14 soybean genotypes to either drought-

tolerant or drought-susceptible based on STI. In 

addition, STI showed a consistent correlation with yield 

in seasonal variations (Golabadi et al., 2006) and 

locations (Pourdad, 2008).  

Results of the present investigation revealed that 

drought stress increased phenols and flavonoids content 

in cv Giza 111 as well as anthocyanins and proline 

contents in all cultivars. In line with the results of the 

present investigation, total flavonoids and anthocyanins 
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content was increased in response to drought stress 

(Baroowa and Gogoi, 2012; 2015).  Flavonoids and 

anthocyanins are important low molecular weight 

antioxidant compounds in plants (Radyuk et al., 2009) 

which play an important role in stress defense (Chu et 

al., 2010). Flavonoids act as free radical scavangers 

(Chutipaijit et al., 2008). Elevated anthocyanins level 

enhances resistance to water loss as the glycosides 

attached to anthocyanins in vacuoles adjust the osmotic 

potential of the cells, thereby minimizing water loss 

through evapotranspiration (Chutipaijit et al., 2008). In 

addition, Peng et al.( 2006) suggested that anthocyanins 

may be a beneficial primary antioxidant in rice leaves 

against oxidative stress induced by environmental 

stresses.  

 
 

Table (2). Seed yield; stress tolerance index (STI) based on yield, biomass, relative growth rate (RGR) and 

net assimilation rate (NAR) of soybean cultivars under either normal (cont) or water stress (WS) 

conditions (average of the two growing seasons).  

Characters 
Seed yield g plant-1 

STI 
Biomass g plant-1 RGR (mg g-1 d-1) NAR (mg cm2 d-1) 

Cont. WS Cont WS WS/cont Cont. WS WS/cont Cont. WS WS/cont 

G22 16.2a*
A** 7.7b

B 0.56ab 24.0a
A

 14.6ab
B

 0.48 20.2a
A

 11.5ab
B

 0.57 0.90a
A 0.67ab

B 0.74 

G35 13.8b
A 6.8c

B 0.42c 23.2a
A 9.0b

B 0.39 20.0a
A

 10.7b
B

 0.53 0.85a
A

 0.61b
B

 0.71 

G111 14.6ab
A 9.2a

B 0.61a 21.8a
A 15.3a

B 0.70 19.6a
A 12.8a

B 0.65 0.84a
A

 0.70a
A

 0.83 

*   Different small letters within the same column indicate significant differences between means at P0.05 according to DMRT. 

** Different capital letters within the same row indicate significant difference between cont and WS treatments at P0.05 according to 

DMRT. 
 

Table (3). Relative water content (RWC), membrane stability index (MSI), phenols, flavonoids, anthacyanins 

and proline contents in leaves of soybean cultivars under either normal (cont) or water stress (WS) 

conditions (average of the two growing seasons).  

C
h

a
ra

ct
er

s 

RWC  

(%) 

MSI  

(%) 
Phenols 

 (mg g
-1

 DW) 
Flavonoids  
(mg g

-1
 DW) 

Anthocyanins 
 (µM g

-1
 FW) 

Proline 

C
o

n
t 

W
S

 

W
S

/C
o

n
t 

C
o

n
t 

W
S

 

W
S

/C
o

n
t 

C
o

n
t 

W
S

 

W
S

/C
o

n
t 

C
o

n
t 

W
S

 

W
S

/C
o

n
t 

C
o

n
t 

W
S

 

W
S

/C
o

n
t 

C
o

n
t 

W
S

 

W
S

/C
o

n
t 

G22 85.7
a*

A**
 

72.3
ab

B
 
0.84 85.6

a
A

 
71.6

b
B

 
0.84 32.0

a
A

 
36.5

ab
A

 
1.14 7.2

a
A

 
9.0

ab
A

 
1.25 0.22

b
A 1.98

ab
B

 
9.00 0.15

a
A

 
0.26

b
B

 
1.73 

G35 86.2
a
A

 
68.7

b
B

 
0.80 86.0

a
A

 
70.2

b
B

 
0.82 30.7

a
A 34.6

b
A 1.13 7.5

a
A 8.6

b
A 1.15 0.26

a
A 1.86

b
B

 
7.15 0.17

a
A

 
0.24

b
B 1.41 

G111 84.0
a
A

 
75.0

a
B 0.89 86.4

a
A 76.3

a
B 0.88 31.6

a
A 38.0

a
B 1.20 7.4

a
A 10.7

a
B 1.31 0.20

b
A 2.07

a
B 10.35 0.13

a
A 0.39

a
B 3.00 

* Different small letters within the same column indicate significant differences between means at P0.05 according to DMRT. 

** Different capital letters within the same row indicate significant difference between cont and WS treatments at P0.05 according to 

DMRT. 
 

Table (4). Stomata and hair density (number mm
-2

) on the abaxial and adaxial surface of the leaves of control 

(cont) and water-stressed (WS) soybean cultivars (average of the two growing seasons).  

Cultivars 

Stomata (Number mm
-2

) Hairs (Number mm
-2

) 

Abaxial Adaxial Abaxial Adaxial 

Cont WS WS/cont Cont WS WS/cont Cont WS WS/cont Cont WS WS/cont 

G22 95.7
a*

A** 86.6
a
A 0.90 39.6

a
A 28.7

a
B 0.72 10.0

a
A 36.3

ab
B 3.6 18.0

a
A 25.7

c
B 1.4 

G35 96.0
a
A 84.0

a
A 0.88 40.4

a
A 26.0

ab
B 0.64 11.2

a
A 30.0

b
B 2.7 17.8

a
A 32.3

b
B 1.8 

G111 94.0
a
A 92.4

a
A 0.98 37.0

a
A 22.8

b
B 0.62 9.8

a
A 42.6

a
B 4.3 15.0

a
A 38.6

a
B 2.6 

* Different small letters within the same column indicate significant differences between means at P0.05 according to DMRT. 

** Different capital letters within the same row indicate significant difference between cont and WS treatment at P0.05 according to 

DMRT. 
 

Table (5). Areoles frequency and dimensions as well as calcium oxalate crystals number and dimensions in 

the leaves  of control  (cont) and water-stressed (WS) soybean cultivars (average of the two 

growing seasons).  

Cultivars 

Areoles  

(Number mm
-2

) 

Areoles dimensions  

(Length X width, µ) 

Crystals   

(Number mm
-2

) 

Crystals  dimensions 

(Length X width, µ) 

Cot WS 
WS/ 

cont 
Cont WS 

WS/ 

cont 
Cot WS 

WS/ 

cont 
Cot WS 

WS/ 

cont 

G22 20.4
ab*

A** 29.6
b
B 1.45 180x106

a
A 135x76

a
B 0.54 170

ab
A 217

ab
B 1.27 7.3x4.6

a
A 18.3x8.6

ab
B 4.7 

G35 18.8
b
A 26.8

b
A 1.42 206x135

a
A 184x107

ab
A 0.71 192

a
A 243

b
B 1.26 8.2x5.3

a
A 15.6x7.2

b
B 2.6 

G111 22.5
a
A 36.4

a
B 1.6 165x96

a
A 97x62

b
B 0.38 155

b
A 280

a
B 1.80 7.6x4.0

a
A 19.8x9.7

a
B 6.3 

* Different small letters within the same column indicate significant differences between means at P0.05 according to DMRT. 

** Different capital letters within the same row indicate significant difference between cont and WS treatment at P0.05 according to 

DMRT. 
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Table (6). Correlation coefficients between recorded parameters and seed yield of soybean cultivars under 

water-stress condition. 

 DBM RGR NAR RWC MSI PC FC AC PrC SN HN 

Stress Yield 0.79** 0.72** 0.64** 0.81** 0.69* 0.60* 0.56* 0.42
ns

 0.63* 0.36
ns

 0.64* 

Dry biomass 

(DBM) 
 0.63* 0.60* 0.75** 0.62* -0.36

ns
 -0.14

ns
 -0.26

ns
 0.26

ns
 0.28

ns
 -0.23

ns
 

Relative growth rate 

(RGR) 
  0.54* 0.68* 0.58* -0.28

ns
 -0.19

ns
 -0.22

ns
 0.24

ns
 0.26

ns
 -0.26

ns
 

Net assimilation rate 

(NAR) 
   0.71** 0.62* -0.35

ns
 -0.40

ns
 -0.28

ns
 0.31

ns
 0.65* -0.70** 

Relative water 

content (RWC) 
    0.69* 0.36

ns
 0.40

ns
 0.43

ns
 0.30

ns
 -0.57* -0.62* 

Membrane stability 

index (MSI) 
     0.56* 0.63* 0.27

ns
 0.70** 0.30

ns
 0.21

ns 

Phenols content 

(PC) 
      0.57* 0.17

ns
 0.19

ns
 0.26

ns
 0.13

ns
 

Flavanoids content 

(FC) 
       0.28

ns
 0.19

ns+ 
0.36

ns
 0.24

ns 

Anthocyanins 

content (AC) 
        0.36

ns
 0.41

ns
 -0.56* 

Proline content 

(PrC) 
         0.36

ns
 0.23

ns
 

Stomata number 

(SN) 
          -0.54* 

Hairs number 

(HN) 
           

 

Results of previous studies indicated that drought 

stress increased proline accumulation (Quilambo, 2004; 

Baroowa and Gogoi, 2015). Proline has been assigned 

an important role in adaptation of plants to stress 

conditions due to its diverse biological effects such as 

osmotic regulation, antioxidant action, energy transfer 

as well as carbon and nitrogen source (Kuznetsov and 

Shevyakova, 1999). 

A decrease in stomata number/unit leaf area on 

the adaxial surface and an increase in hairs density on 

both leaf surfaces in response to drought stress were 

detected in the present study (Table 4). The density of 

trichomes on leaf surface reflects the adaptive responses 

of soybean plants to environmental conditions (Du et 

al., 2009). Stress resulting from irradiation increased 

trichomes number per leaf surface area on both abaxial 

and adaxial surface of soybean leaves (Celik et al., 

2014). Increased pubescence in response to drought was 

also reported (Abrams, 1994;Karabourniotis and 

Bornman, 1999; Picotte et al., 2008). Enhanced 

Pubescence hinders the outward loss of water by 

transpiration by reducing incident radiation on blade 

surface hence, decreasing leaf temperature and 

maintaining a thin layer of stagnant air adjacent to the 

leaf surface, providing an advantage to plants growing 

in water-deprived environments. In this regards, it is 

worth mentioning that increasing trichome density have 

been shown to increase water use efficiency under water 

stress conditions (Picotte et al., 2008). Stress-induced 

trichome formation was correlated with induction of the 

expression of TTG1 and GL2 genes that regulate 

trichome development (Celik et al., 2014).  

Inconsistent results regarding the effect of stress 

on stomata number were reported. While a decrease was 

reported in response to irradiation with gamma rays 

(Celik et al., 2014), no effect of abiotic stress treatments 

on stomatal density was reported (Rodiyati et al., 2004; 

Inamullah and Isoda, 2005). These inconsistences could 

be explained by the variability in leaf position and plant 

developmental stage. In the current study, water stress 

decreased density of stomata on the adaxial epidermis in 

all cultivars. Decreasing  stomatal density may be a 

defense response of plants to avoid drought-induced 

dehydration by minimizing water loss. One approach to 

minimize water loss is regulating stomatal density and 

dimensions (Mehri et al., 2009).  

According to the results of the present study, 

drought stress increased number of areoles/ unit leaf  

blade whereas decreased areole size, implying drought-

induced development of extensive veinlets. This effect 

is advantageous to water-stressed plants as higher 

venation density provides more channels for water 

conduction. Drought-tolerant genotypes of Coffea 

arabica which demonstrate better yield performance in 

marginal areas were characterized  by smaller areole 

area compared with drought-susceptible genotypes 

(Mishra et al., 2011). They concluded that venation 

patterns could be used for screening cultivars in 

breeding programs for drought tolerance. Calcium 

oxalate is a very common and widespread mineral that 

have several biological roles in plants. Crystals in the 

epidermis may reflect sunlight and impede transmission 

of sunlight to the underlying tissues (Fahn and Cutler, 

1992) thus, cooling the leaf tissues (Franceschi, 2001)    
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(a)      (b) 
       

(c)       (d) 
 

Fig (1): Hairs (a, b) and crystals (c, d) in the adaxial epidermis of cv Giza 111 as affected by drought stress  

(b, d) compared with control (a, c); x 40. 

 

Results of the preset study indicated a significant 

positive correlation between seed yield under stress and 

dry biomass, RGR, NAR, RWC, MSI, phenols, 

flavonoids, proline and hairs density. In line with these 

results, shoot biomass accumulation in beans was 

positively and significantly correlated with seed yield 

not only under drought stress but also under well-

watered conditions (Shenkut and Brick, 2003). Shoot 

biomass is therefore indicative of seed yield hence, 

could be an important trait in the selection of soybean 

germplasm for drought tolerance. Several 

morphological and physiological traits positively 

correlated with seed yield under stress have been 

identified (Masoumi et al., 2011; Tint et al., 2011; 

Maleki et al., 2013). Shoot dry matter, stem moisture 

content and electrolyte leakage showed significant 

correlation with stress yield (Tint et al., 2011). 

Masoumi et al. (2011) recorded significant positive 

correlations between stress yield and different 

components of the plant's enzymatic antioxidant defense 

system.A corresponding correlation was recorded in the 

present investigation between other components of the 

plant's antioxidant system i.e. phenols and flavonoids, 

indicating the vitality of an efficient antioxidant system 

in plants' drought tolerance. The present study results 

revealed a positive significant correlation between MSI 
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and RWC. Similar results were reported by Tint et al. 

(2011) who concluded that better membrane integrity 

under stress conditions help to stabilize moisture in 

plant tissues that may help in maintaining stomatal 

conductance and osmotic potential, which improve 

water use efficiency (Franca et al., 2000). 
 

CONCLUSIONS 
 

Based on the results of the present investigation, 

it could be concluded that cv Giza 111 is better adapted 

to drought-affected areas and could be utilized in 

breeding programs for drought tolerance. Better drought 

tolerance of cv Giza 111 was based on acquision of the 

highest stress tolerance index based on stress yield, 

which was positively and significantly correlated with 

dry biomass, RGR, NAR, RWC, MSI, phenols, 

flavonoids and proline contents as well as hairs number 

per leaf surface area. Combining these traits in breeding 

programs should increase drought tolerance in soybean.  
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   الصفات المرتبطة بتفاوت القدرة على تحمل الإجهاد فى بعض أصناف فول الصويا

 هبة محمد إبراهيم عبد السلام
 المنصورة، جمهورية مصر العربية 65553قسم النبات الزراعى، كلية الزراعة، جامعة المنصورة، 

 
راسة بهدف تحديدد التادت ت  دل الةددرى تحدل تحجدا افجهدتد  دل ب دو أادصتف  د ا الاد يت الجص رتدة  دل أجريت الد

 ل الج رتة  الج تجا البحثية لةسم الصبتت ال راتل، كحيدة ال راتدة، جتج دة الجصاد رى  د ا  جار  شجحت تجربتتن حةحيتتن
.  صادددات التجربددة بتادددجيم الةقدددت الجصشددةة  تردددجصت الةقدددت الر يسددية جسدددت يين لحدددر   3102   3102ج سددجل ال راتدددة 

 . 000  جي ى  23، جي ى 33ى )الت قيش  الر  ال تد  كجةترصة( بيصجت ترجصت الةقت الارتية ث ث أاصتف هل جي 

 لةد أ رحت الصتت ج أن ج تجحة الت قيش سببت صةص جحا ا البا ر،تراكم الجتدى الجت ة، ج دا الصج  الصسدبل، ج ددا 
اددت ل التجثيددا، الجحتدد   الجددت ل الصسددبل   جةيددتة ثبددتت ابتشددية بيصجددت سددببت  يددتدى الجحتدد   جددن الايصدد  ت، الا   صيدددات، 

الكحية   البر لين بشكا جتات ت  ل ابادصتف التدل شدجحتهت الدراسدة.  لةدد دلحدت الصتدت ج تحدل أن جةيدتة تحجدا ابصث سيتصيصتت 
كتن أتحل ج ص يت بتلجةترصة بتلادصاين اخ درين،  كدتن الدت جةترصدا باداتت تجيد  بهدت  دل  در ف  000الجاتف لحاصف جي ى 

، ج دا الصج  الصسبل، ج دا ادت ل التجثيدا، الجحتد   الجدت ل الصسدبل   افجهتد الجت ل تجثحت  ل قيم أتحل لتراكم الجتدى الجت ة
 جةيتة ثبتت ابتشية  كالت جحت   أتحل جن الايص  ت، الا   صيدات، ابصث سيتصيصتت الكحية   البر لين. 

ادتف  يجكدن يتجي  بدرجة تأقحم أتحل ل در ف الج 000 بصتء تحل الصتت ج الجتحاا تحيهت تم إستصتتج أن الاصف جي ى 
 إست داجة  ل براجج التربية التل تهدف إلل تحسين الةدرى تحل تحجا افجهتد  ل   ا الا يت.     


