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ABSTRACT: Water stress is considered as global concern in agricultural development. In order to 
investigate the influence of drought stress on proline, compatible solutes as two main herbal 
compatibility mechanisms and different agronomic traits on bean genotypes in Agricultural Research 
station located in Shiraz Islamic Azad University, Shiraz, Fars, Iran during summer 2013.The 
experimental design was split plot based on Randomized Complete Blocks (RCBD) in triplicates. In 
addition, water treatments (well-watered & drought stress) as main factor were induced and six bean 
genotypes included: three Red Bean(KS31169, D81083,Goli) and three Chitti Bean (KS21486, 
KS21488, G14088) as secondary factor were considered. The results demonstrated that D81083 
genotype had the highest 100- grain weight and G14088 genotype had the lowest 100- grain weight 
under drought stress condition. Results of means comparison revealed that highest seed yield per plant

-

1
, was relating to KS31169 genotype. It should be noted that KS21488 genotype had the highest RWC 

(%) under well-watered treatment. Results indicated that maximum chlorophyll index were belongs to 
KS31169 and Goli genotypes under drought stress environment. Results was illustrated that KS31169 
genotype had maximum content of proline under drought stress condition. On the other hand, results 
exhibited that D81083 genotype had maximum soluble sugar content under well-watered condition. 
According to results of means comparisons Goli genotype had maximum content of potassium ion 
content under water stress treatment. As a conclusion, Accumulation of proline and Soluble sugars are 
considered as osmotic adjustment in response to drought stress condition. Further field research might 
shed more light on sensitivity of bean cultivars to water stress levels with the aim of crop diversification 
for dryland areas in Iran, where adequate moisture supply is limiting. 
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INTRODUCTION 
 

 The rapid population growth in developing countries had unpleasant consequences. Nowadays, Food 
shortages and malnutrition, most important disturbing problems of human society was considered (Abass, 
2011). On the other hand, the lack of protein in human diet, have adverse effect on body and mind human 
(Abayomi et al., 2012). Through the environment variables that effect on plant growth, it should be 
pointed out that water stress is the most important factor (Azarpanah, 2013; Zare, 2013; Alizadeh, 2013). 
Therefore, adopting method for proper utilization of available water with proper agronomic practices such 
as; tolerant crop plants, understanding the relationship between water deficit and the growth of crops in 
each step, cultivars with limited irrigation, have 
 Produce remarkable performance are the best option (Azarpanah, 2013;Abayomi, 2012; Ranawake, 
2011). Drought resistance is a complex quantitative trait, involving interactions of many metabolic 
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pathways related to stress-resistant genes. Identification of a standard evaluation assay has been the 
most pressing problem for selection of drought resistant genotypes and ultimately for elucidating the 
internal genetic mechanisms (Allahmoradi, 2011). One strategy to reduce the effect of water stress on 
crop yield is to use  
 drought tolerant species and cultivars (Sadeghipour, 2009). bean (Phaseolus vulgaris L.) is 
considered one of the most important grains for human alimentation and is worldwide planted on 
approximately 26 million hectares (Machado, 2006). bean could be grown as a seed legume in dryland 
rotations with winter wheat to increase production diversity. Although there are reports that common bean 
is susceptible to drought stress or water deficit, the production of this crop in many places of the world is 
carried out under drought stress conditions, due to insufficient water supply by rainfall and/or irrigation 
(Zlatev, 2005). As much as 60% of bean production in the developing world occurs under conditions of 
significant drought stress (Leport, 2006). This is probably the reason why the average global yield of 
beans remains low (<900 kg ha 

-1
). Therefore, it appears that drought stress is a worldwide production 

constraint for bean (Hati, 2006). Indeed, drought tolerance implies the ability to sustain reasonable yields 
under moderate water stress and not the ability to survive over prolonged and severe water stress 
periods (Ashraf, 2005). Water stress has been reported to reduce the expression of many characteristics 
in beans except days to flowering and moisture retention in the leaf (Farooq, 2006). In beans, accelerated 
maturity of crop along with reducing grain yield and mean weight of hundred seeds following water  
stress, have been reported(Hufsteler, 2007). Periods of water stress during the reproductive phase of the 
common bean, has been associated with a significant reduction in grain yield and nodulation (Moradi, 
2008). Decrease in grain yield has been resulted from a lower percentage of pod production, when 
drought occurred during flowering and from embryos abortion, when it occurred in the pod-forming stage 
(Ranawake, 2011). In general, grain yield was decreased as the number of days under drought stress 
was increased (Miashita, 2004). Furthermore, bean cultivars and lines has reported to respond differently 
to soil moisture stress during the flowering period, depending on the severity of water stress(Beebe, 
2008).Water stress during the flowering and grain filling periods reduced seed yield and seed weight and 
accelerated maturity of dry bean(Chaves, 2003). Crops respond differently to environmental stresses 
such as drought. Improving genetic resistance of crops to drought has been a major challenge for plant 
breeders. Crop resistance to drought has been attributed to different mechanisms leading to different 
response types (Sanchez, 2007). Given that proline accumulation is one of the mechanisms of crop 
resistance to stress conditions such as drought (Azarpanah, 2013; zare, 2013; Xue, 2009)  According to 
results of Aranjuelo, (2011) that water stressed plants could invest a large quantity of carbon and N 
resources into the synthesis of osmoregulants in the leaves such as proline for maintaining cell turgor. 
Soluble sugarss  play   magnificent role in procedures such as synthesis of compounds, energy 
production, membrane stabilization,  apart from gene expression mediator and molecular signaling 
(Sarker, 2009;Cattivelli, 2008). Proline has been assigned the role of cytosolute a storage compounds or 
a protective agent for cytoplasmic enzymes and cellular structure (Vendruscolo, 2007; Caballero, 2005).In 
addition, proline high concentration accumulation occurs in cell cytoplasm without any damage to cell 
structure and metabolism (Sharma, 2006). 
 The main goal of present study was to elucidate bean (Phaseolus vulgaris L.) plant adaptive 
response to drought stress by determination and evaluation the contents of proline and Soluble sugarss 
as two well-characterized markers for osmotic adjustment to determine suitable selection criteria for 
selecting suitable genotypes under drought stress conditions. 
 

MATERIALS AND METHODS 
 

Plant material and study environment  
 Six groups of bean (Phaseolus vulgaris L.) genotypes consisted of red (KS31169, D81083,Goli) and 
Chitti (KS21486, KS21488, G14088) were bought from Agricultural Research Center, khomeyn, Iran and 
evaluated under well-watered and drought stress conditions  at the research farm of Agricultural 
Research station located in Shiraz Islamic Azad University, Shiraz, Fars, Iran (located at 29°37′N52°32′E 
and 1486 m altitude elevated from sea level)  during summer 2013. The assay was conducted under an 
average relative humidity of 40% and average minimum and maximum and temperatures and annual 
raining of 43.2, -16°C and 550 mm, respectively. The soil was classified as a loamy silt clay soil 
comprised of 49% sand, 34% silt, and 21% clay with mean pH 7 and soil organic matter content of 1.2%. 
 

http://tools.wmflabs.org/geohack/geohack.php?pagename=Shiraz&params=29_37_N_52_32_E_
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Experimental protocol and planting 
 The experiment design was laid out entirely in a split–plot arranged in a randomized completed block 
design (RCBD) with three replications. The seeds were sown on 28 June 2013. NPK were added at the 
rate of 50 kg N hectare-1 as ammonium nitrate 46% N, 60 kg P2O5 hactar

-1
 as superphosphate 15.5% 

PO (before sowing) and 0-90- 180 kg K2O hectare
-1

 as potassium sulfate 48% KO at treatments fertility. 
The other agronomic practice for growing bean was followed as recommended. Representative samples 
were collected from three replicates for each treatment after 30-60 and 90 days from sowing, where, all 
physiological and morphological parameter as well as proline and Soluble sugars were determined. 
Plough, two vertical disks, leveling, furrow and mound were used relating plot making. Frequent soil 
analysis was performed for determination of fertilizer content. Planting was accomplished after several 
ploughs. Fertilizers were applied to the field according to the soil analysis. The experimental plots 
received similar management practices such as land preparation, weed control and etc. Plots were 
established initially according to experimental design study. Thus each experimental plot area had a 
surface area of 20m

2
, with 4 m × 5 m dimensions.Each plot was consisted of 3 plant lines and six meter 

length. In addition, the distance between main plots was estimated three meters, whereas the plant 
distance on each row was 20 cm and the rows were 25 cm far from each other. The amount of free 
proline in leaves was determined according to Bates method (Bates, 1973). Dried leaves (0.5 g) were 
mixed with 10 ml sulfosalicylic acid 3% v/v. After filtration, it was centrifuged at 3000 g for about 25 
minutes. The supernatant was mixed with acetic acid and Ninhydrin reagent. In the next step, the mixture 
was maintained in boiling water for approximately one hour. Then cooled and the absorbance was 
determined at 520 nm by UV-visible Spectrophotometer (CECIL, England, CE 250). Soluble sugars were 
determined based on the method of phenolsulfuric acid (Dubois, 1985). Contents of soluble sugar were 
expressed as mg g

−1
 FW. Determination of potassium in plants by atomic absorption techniques was 

carried out by Isaac and Kerber (1971) procedure. Relative water content was estimated according to the 
method of Castillo (1996) and calculated in the leaves for each drought treatments. Samples (0.5 g) were 
saturated in 100 ml distilled water fo 48 h at 4°C in the dark and their turgid weights were recorded. Then 
they were oven-dried at 65°C for 48 h and their dry 
weights were recorded. RWC was calculated as follows: 
RWC (%) = [(FW – DW) / (TW – DW)] × 100, 
Where FW, DW and TW are fresh weight, dry weight and turgid weight, respectively. 
Chlorophyll fluorescence was measured by pocket PEA chlorophyll fluorimeters (Hansatech Instruments, 
V 1.02). 
 
Treatment applied and data collection 
 Irrigation treatments and genotypes were placed into the main- and sub-plots, respectively. The main 
factors were included irrigation levels (well-watered irrigation and drought stress), respectively. For 
induced drought stress, stopping the irrigation at 50% flowering stage was performed. Plots under 
drought stress were irrigated to FC (Field Capacity) when the weight of each plot reached to 30% of FC. 
This process was conducted with tensiometer. Six bean genotypes included: three Red Bean(KS31169, 
D81083,Goli) and three Chitti Bean (KS21486, KS21488, G14088) as secondary factor were 
considered.At harvest time, 20 plants were chosen randomly from each plot to determine seed yield per 
plant

-1
, 100-grain weight, RWC content, chlorophyll index, proline and Soluble sugars and potassium ion 

contents. 
 
Statistical Analysis 
 Analysis of variance based on RCBD was performed by SAS ver. 9.1 software. We applied Duncan's 
Multiple Range Test at 0.05 and 0.01 probability levels for means comparison using SAS and MSTAT-C 
softwares.In addition, Excel software was used for charts adjustments as well 
 

RESULTS AND DISCUSSION 
 

100-grain weight 
 100-grain weight was significantly affected by soil moisture treatments (Table 1).The results of 
analysis of variance based on randomized complete block design (RCBD) showed that effects of 
genotype on 100-grain weight trait was significant at P <0.01(Table 1). On the other hand, results 
indicated that Irrigation×genotype interaction effects on this trait was significant at P <0.01(Table 1). 

http://www.google.com/url?sa=t&rct=j&q=tensiometer&source=web&cd=1&cad=rja&sqi=2&ved=0CCgQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FTensiometer&ei=W5TFUvT2EceVrgf2xoHgCw&usg=AFQjCNEkaIBRlB4l7z01_vGL2UUdfEiHyA&bvm=bv.58187178,d.bmk
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Table 1. mean squares of studied traits in bean 
  Mean Square(MS) 
S.O.V D.F weight 

100 grain 
yield RWC Index 

chlorophyll 
Proline 
contain 

soluble 
sugar 
amounts 

potassium 
ion content 

Sodium 
ion 
content 

Replication 2 7.74
ns 

39.70
ns 

1.44
ns 

9.08
*
 0.0002

ns
 78164.83

ns 
120.09

ns 
41.28

ns 

irrigation levels 
(A) 

1 88.39 1444.12
** 

4874.81
** 

142.64
**
 0.02

**
 9533.89

ns 
912.06

* 
30.91

ns 

Experimental 
error (Ea) 

2 0.18 36.44 0.14 4.25 0.001 161295.70 263.56 18.86 

Genotype (B) 5 460.90
** 

1760.06
** 

60.68
** 

88.95
**
 0.20

**
 44207.92

* 
17017.50

** 
11.36

ns 

A × B 5 153.28
** 

817.99
** 

817.99
**
 26.35

**
 0.06

**
 62015.73

* 
9002.69

** 
13.81

ns 

Experimental 
error (Eb) 

20 5.68 40.66 40.66 2.46 0.001 27581.72 204.24 13.37 

C.V (%) - 6.59 18.33 18.33 10.46 6.00 25.99 2.29 15.31 

ns, * and **: Not significant, significant at the 5% and 1% levels of probability, respectively. 
SOV: Source of variation, df: degree of freedom, A: irrigation levels, Ea: Experimental error, B: Genotype, Eb: 

Experimental error 

 
 In present study, Results of means comparison showed that the highest 100-grain weight was related 
to well-watered treatment. It should be pointed out that induced drought stress on flowering stage in bean 
was reduced 100-grain weight (Fig 1-A).Results enumerated that the highest and lowest 100-grain weight 
was related to   D81083, KS31169 and G14088 genotypes, respectively). These findings were in 
accordance with those of Uddin, (2013) and Machado, (2006)who reported on depression of 100-grain 
weight as a result of severe influence from environmental factors such as water stress. 
 Also, De Costa, (1999) recorded that seed yield of bean was significantly greater in treatments which 
included irrigation during the pod-filling and flowering stages, while the treatment which received irrigation 
only during the vegetative stage had significantly lower seed yield. Therefore, irrigation is critical during 
pod-filling and flowering stages. 
 
Seed yield per plant

-1
 

 Analysis of variance showed that different irrigation levels, bean genotypes and Irrigation×genotype 
interaction were significant influenced on seed yield per plant

-1
 at P <0.01(Table 1). 

 According to results of means comparisons about different irrigation levels, highest seed yield per 
plant

-1
 was belonged to normal irrigation treatment. In recent study, results of analysis of variance were 

reported that induced drought stress on flowering stage was decreased seed yield per plant
-1

 (Fig 2.A). 
The results enumerated that the highest seed yield per plant

-1
 was belonged to Red Bean (KS31169 

genotype, 67.09g) and lowest seed yield per plant
-1

 was related to chitti bean (KS21488 genotype, 16.94 
g, respectively).Considering pods number plant

-1
 is one of the major components of grain yield, the 

superiority of pods number plant
-1

 is important in plant breeding to improve grain yield (Sriphadet, 2007). 
 Drought stress at the reproductive stage is the most important in terms of economic yield. The 
development of reproductive organs, which is under the control of photoassimilate production and 
partitioning by the source tissues, is at this stage the most critical (Taiz and Zeiger, 2002; Wahid and 
Rasul, 2004). Therefore, increased drought at this stage has a pronounced effect on fruit development 
and grain yield. Analogous observations on mungbean have been presented by Thomas, (2004) who 
recorded that the yield was reduced by 25% when water was excluded during vegetative growth, whereas 
yield was reduced by 59% when water stress was imposed at flowering stage. 
 
RWC content (%)  
 The results enumerated that different irrigation levels, bean genotypes and Irrigation×genotype 
interaction were significant impact on RWC content (%) at P <0.01(Table 1).Results of means 
comparisons was reported that RWC content under well-watered irrigation was higher that RWC content 
under drought stress condition. The statistical analysis of the data indicated that maximum RWC content 
was belonged to Red bean (Goli genotype, 75.55%) and minimum RWC content was belonged to Red 
Bean (KS31169 genotype , 67.42% respectively). 
 Results exhibited that RWC content on well-watered treatment was higher than RWC content under 
drought stress condition. In other words, in present study induced water stress was reduced RWC content 
severity. Results of means comparison Irrigation×genotype interaction showed that Maximum RWC 
content was relating to Chitti bean (KS21488 genotype, 92.67%) under well-watered irrigation 
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condition.Obviously, in other genotypes RWC content under well-watered and drought stress conditions 
was reduced. It was concluded that minimum RWC content were retaliating to (KS21488, KS21486 and 
KS31169) under water deficit treatment. The results conformed to the Thomas, (2004) and Efeoglu, 
(2009). The decline might be triggered by water deficit in the soil as a consequence of water lost through 
the stomata. The genotypic variation in RWC under water stress level could be the difference in 
adaptation of the cultivars 
 (Abdalla and El-khoshiban, 2007). Cultivars which maintain adequate leaf RWC can be in general 
considered as suitable for dry regions and are more tolerant to drought conditions and plasmolysis 
(Ahmadi and Siosemarideh, 2005). Detrimental effect of 
 reduction of RWC on physiological and biochemical reactions and consequently on growth and 
productivity is well documented (Lawlor, 1995). Moreover, Ahmadi and Siosemarideh, 2005 evaluated the 
physiological traits depending on the tolerance against drought stress in broad bean and reported that the 
RWC significantly was decreased during the stress and the tolerant varieties possessed the higher RWC 
than the non tolerant ones. In this regard Dadda found to be suitable; our results has also confirmed that 
measuring RWC is a potential tool for screening genotype under various degrees of water stress. 
 
Chlorophyll index 
 As shown in Table 1, different irrigation levels, bean genotypes and Irrigation×genotype interaction 
were significant on chlorophyll index at P <0.01. 
 Water stress also affects crop phenology, leaf area development, number of leaves per plant and 
finally results in low yield (Abdel and Al-Rawi, 2011).Likewise, chlorophyll index showed a gradual 
significant increase in response to drought stress treatment. Photosynthesis of the plants growing under 
drought stress condition was severely inhibited by water deficit treatment. In this experimental the 
analyzed data was showed that chlorophyll index was increased significantly with induced drought stress 
treatment.Results presented in (Fig 4) indicated that maximum chlorophyll index were relating to Red 
Bean (KS31169 and Goli genotypes) under drought stress condition. In addition, results presented in (Fig 
4) exhibited that minimum chlorophyll index were relating to Chitti Bean (G14088 genotype) under well-
watered condition.  
 
Potassium ion content mg (g dw)

-1 
 

 The main role of potassium is the activation of many enzyme systems involved in the structure of 
organic substances and in the building up of compounds such as starch or protein and also involved in 
cell enlargement and in triggering the growth of young meristematic tissues. Also, K promotes 
photosynthesis and transport the assimilates of the carbohydrates to the storage organs. Potassium is 
involved in many aspects of the plant physiology (Sarrwy, 2010). Results was illustrated that different 
irrigation Levels was significant effect on this trait at P <0.01(Table 1).It was observed that two other 
factors included genotype and Irrigation×genotype interaction were significant effect on Potassium ion 
content 
  at P <0.01(Table 1). The results enumerated that highest Potassium ion content was belong to Red 
Bean (Goli genotype, 704.07 g dw

-1
) and lowest Potassium ion content was belong to Chitti Bean 

(G14088 genotype). Potassium ions contribute significantly to the osmotic potential of the vacuoles even 
under drought conditions. 
 The larger K

+
 requirement of water stressed plants can be related to the protective role of K

+
 against 

stress induced photo-oxidative damage. The protective role of K
+
 in plants suffering from drought stress 

has been well documented (Maser, 2002). Under water stress, the photosynthetic efficiency of plants is 
reduced drastically as a consequence of chloroplast dehydration (Mengel, 1982). Any shortage of water 
cause plants to lose turgor. K

+
-deficient roots have lower sap osmotic pressure and turgor. Stretch 

activated K
+
 channels could provide turgor-responsive transport pathway for K

+
( Yadov, 2006). Mahajan 

and Tuteja (2005) said that K
+
  is one of the essential elements and is required by the plant in large 

quantities. K
+
 is required for maintaining the osmotic balance, it is an essential co-factor for many  

enzymes and it has a role in opening and closing of stomata. 
 
Proline accumulation mg (g dw)

-1 

 Among amino acids, the accumulation of proline is frequently reported in many plants or tissues in 
response to a variety of abiotic stresses. 
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 However, the precise role of proline  accumulation is still elusive. The results demonstrated that 
different irrigation Levels, genotype and Irrigation×genotype interaction had significant effect on proline 
accumulation at P <0.01(Table 1). The increase of proline in severe drought stress in our experiment was 
consistent with them. The data indicate that plants may have evolved a mechanism to coordinate 
synthesis, catabolism and transport activities for the accumulation of proline. During the experiment, we 
found that Red Bean (KS31169 genotype, 0.91 mg/g DW

-1
) had increase of proline content higher than 

other genotypes (Table 2). Also, The measurements illustrated that minimum proline content was relating 
to Chitti Bean (KS21486 genotype, 0.36 mg/g DW

-1
). It is possible that these differences are due to up-

regulation of proline degrading enzymes such as proline dehydrogenase (PDH) in drought stressed Red 
Bean plants. These results prove that proline accumulation by Red Bean genotypes is due to up-
regulation of proline biosynthesis pathway rather than inhibition of catabolic process and that Red Bean 
genotypes to keep proline in a high lavel consume more energy and substances, but Chitti Bean 
genotypes keep their proline constant in a low level, because of suitable management and resist in 
drought stress. 
 

Table 2. Effect of different irrigation levels, genotype of bean on studied traits in bean 
Irrigation 
level 

genotype of 
bean 

weight 100 
grain (g) 

Seed yield 
per plant

-1
 (g) 

RWC 
(%) 

Index 
chlorophyll 

Proline 
contain 
(mg/g DW

-1
) 

soluble sugar 
amounts 
 (mg/g DW

-1
) 

potassium 
ion content 
 (mg/g DW

-1
) 

 
 
well-
watered 

goli 27.72ed 33.12bc 86.11b 14.17bc 0.52 fg 715.6 ab 684.44 b 
KS31169 53.32a 95.51a 77.84c 15.57b 0.83 bc 711.6 ab 557.58 f 
D81083 41.52bc 43.65b 84.72b 11.18cd 0.63 e 872.4 a 599.87 e 
KS21486 39.89bc 24.12cd 85.71b 13.91bcd 0.46 g 556.8 ab 651.84 c 
KS21488 35.90c 25.78cd 92.67a 11.08cd 0.67 e 633.5 ab 604.87 de 
G14088 31.53d 24.47cd 75.65c 10.58d 0.78 cd 440.9 b 607.62 de 

 
 
drought 
stress 

Goli 31.48bc 41.48b 64.99d 23.50a 0.83 bc 542.4 ab 723.70 a 
KS31169 38.48bc 38.68b 57.00e 24.64a 0.97 a 467.5 ab 637.75 c 
D81083 54.01a 26.29cd 64.91d 14.49bc 0.86 b 693.0 ab 704.87 ab 
KS21486 38.28bc 25.63cd 56.15e 14.49bc 0.26 h 799.8 ab 629.68 cd 
KS21488 25.20e 16.94d 55.50e 11.17cd 0.54 f 613.3 ab 510.83 g 
G14088 23.63e 21.59cd 64.50d 12.08cd 0.75 d 619.4 ab 559.79 f 

Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using 
Duncan's Multiple Range Test 

 
 Our present results indicate that proline accumulation by repressed catabolic pathway under 
oxidative stress helps plants to decrease oxidative damage.In fact, the magnitude of proline accumulation 
is relatively dependent on the levels of carbohydrates (Hare, 1997) in  previous study Larher, ( mentioned 
that sucrose was a positive effector of proline accumulation. A similar trend was obtained by Ashraf and 
Ibram (2005), Slama, (2006) and Ashraf and Foolad (2007)  Azarpanah, (2013) and zare, (2013)who 
found that osmoprotectants such as proline and glycine betaine were increased under drought stress. 
Drought tolerance Of bean genotypes was found to be associated with high accumulation of proline and 
and GB in nodules. Production of osmolytes is a general way to stabilize membranes and maintain 
protein conformation at low leaf water potentials, and osmolytes play a major role in osmotic adjustment 
and also protect the cells by scavenging ROS (Pinhero, 2001).However, the response varies depending 
on genotypes, intensity and duration of water stress (Abdalla, 2007). 
 
Soluble sugar content (g dw)

-1 

 Results indicated that different irrigation levels weren’t significant effect on this trait (Table 1). On the 
other hand, bean genotypes and Irrigation×genotype interaction were significant influenced on Soluble 
sugar content (g dw)

-1
 at P <0.05(Table 1). The highest soluble sugar content  was belonged to Red Bean 

(D81083 genotype) and lowest soluble sugar content was relating to (G14088 genotype,440.90 mg/g DW
-

1
). Imposition of different irrigation treatments on Bean genotypes significantly increased total soluble 

sugar content (Fig 6). Therefore, drought stress considerably affects total soluble sugar content 
metabolisms in plants. The maximum and minimum soluble sugar contents were belonged to, D81083 
and G14088 genotypes, respectively. Accumulation of soluble sugar could result in water potential 
decrease which is essential for growth development and physiological compatibility (Saeidi, 2006).  
 A central role of sugars depend not only on direct involvement in the synthesis of other compounds, 
production of energy but also on stabilization of membranes (Hoekstra, 2001) action as regulators of 
gene expression (Koch, 1996) and signal molecules (Smeekens, 2001).Recent studies have reported the  
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accumulation of simple sugars following an increase in the invertase activity in the leaves of the drought 
challenged plants (Trouverie, 2003). 
 

CONCLUSION 
 

 Much work has been done on alleviation of problem with plant improvement and using physical and 
chemical methods. But they are highly expensive, time consuming and do not meet the objective. Abiotic 
stress  signaling is an important area with respect to increase in plant productivity. The knowledge 
generated through these studies should be utilized in making transgenic plants that would be able to 
tolerate stress condition without showing any growth and yield penalty. As conclusion a major field crop, 
bean yield was highly affected by drought stress, particularly when drought occurs during flowering and 
early pod development. The yield loss caused by drought stress was mainly due to an increased rate of 
flower and pod abortion. the early stage of pod development was characterized by active cell division in 
the young ovules and was marked by rapid pod expansion and might be also related to a low level of 
metabolic activities within the developing pods. Bean is sensitive to water stress and water Stress 
significantly affects on seed yield per plant

-1
, 100-grain weight, RWC content, chlorophyll index, proline 

and Soluble sugars and potassium ion contents. Overall, drought stress has considerable impact on bean 
growth and seed yield although the ranges of reductions are highly variable due to differences in the 
timing and intensity of the stress imposed and the genotypes used. Bean seed yield reduction due to 
drought stress are attributed to adverse effects of the stress on individual yield components (number of 
pods per plant, number of seeds per pod, seed weight and harvest index). The relative importance of 
individual components as determinants of seed yield varies from experiment to experiment. This finding 
suggested that Red Bean (KS31169 and D81083) than other genotypes. Based on this study, in arid 
condition which water is limited and dry land farming is necessary, D81083 could be selected as a 
tolerance genotype to water deficiency. The results of the present study demonstrated the importance of 
relative water content, proline and Soluble sugars and potassium ion contents and chlorophyll index   as 
parameters for screening drought resistance during post-flowering stage. The tolerance mechanism in 
water-deficit may be associated with accumulation of osmoprotectants such as proline and soluble 
sugars. The accumulation of soluble sugars is strongly correlated to the acquisition of drought tolerance 
in plants.  In recent study, the effects of drought stress and irrigation regimens on bean genotypes were 
significant. Concurrently management of Bean plant in Fras, Iran region with high potential of corn yield is 
inevitable. 

 

 
Figure 1. Evaluation of 100-grain weight under different irrigation levels(A) and different red and chitti bean genotypes(B) 

 

 
Figure 2. Evaluation of Seed yield per plant

-1
 under different irrigation levels(A) and different red and chitti bean genotypes(B) 
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Figure 3. Evaluation of RWC(%) under different irrigation levels(A) and different red and chitti bean genotypes(B) 

 

 
Figure 4. Evaluation of Chlorophyll index under different irrigation levels(A) and different red and chitti bean genotypes(B) 

 

 
Figure 5. Evaluation of Proline accumulation mg (g dw)

-1
under different irrigation levels(A) and different red and chitti bean 

genotypes(B) 

 

 
Figure 6. Evaluation of Soluble sugar content mg (g dw)

-1
under different irrigation levels(A) and different red and 

chitti bean genotypes(B) 
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Figure 7. Evaluation of Potassium ion content mg (g dw)

-1
under different irrigation levels(A) and different red and chitti bean 

genotypes(B) 
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