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Tolerance of Seven Faba Bean Varieties to Drought and Salt Stresses 
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Abstract: Seven varieties of faba bean (Vicia faba L.), one of them is Egyptian origin and the other six

varieties were provided by ICARDA, were investigated for evaluating their drought and salt tolerance.

Faba bean plants were grown under three different irrigation water intervals, 5, 10 and 15 days and two

concentrations of NaCl, 25 and 50mM. Control plants showed higher growth and yield than plants

subjected to water or salt stress. Control plants of the seven varieties arranged by yield follow the order:

V5, V6, V3, V2, V1 and V4. Variety 4 exhibited significant stimulation of yield under salinity effect of

the adopted concentrations, thus this variety has the highest salt tolerance of the seven studied varieties.

Expose the faba bean varieties (1, 2, 4, 5, 6 and 7) to water stress leads to significant increase in

photosynthetic pigments after 45days from sowing, this effect inversed after 90 days. Salt stress commonly

reduce chlorophyll but increase carotenoids in plant leaves. The photosynthetic pigments of variety 3

leaves increased by water and salt stresses. Salinized plants showed the highest values of total soluble

sugars, proline and total free amino acids. Highest records of total soluble sugars of the seven varieties

of control plants were exhibited by varieties 5, 6 and 1. Higher values of total soluble sugars were

recorded for varieties 1, 7 and 3 under 25mM and varieties 6, 5 and 1 under 50 mM NaCl. Variety 3

showed the highest amounts of proline under water and salt stresses. Variety 2 showed the highest values

of total free amino acids under water stress and V2, V5 and V1 under 50 mM NaCl. The dendrogram

obtained by application of clustering analysis on the reduction percentage values in the yield as a result

to water and salt stresses, appeared that varieties; 4, 6 and 3 are more drought tolerance, and varieties 4

and 3 are more salt tolerant than the other varieties. 
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INTRODUCTION

 Faba bean, Vicia faba L. is the most important

pulse crop cultivated in Egypt due to the richness of

seed protein content. For instance, faba bean

consumption in Egypt exceeded 440,000 t in 2001 .[15]

The importance of faba bean in Egypt lies not only in

its multiple uses in preparing diverse local dishes but

also in its importance in crop rotation due to fixing

atmospheric nitrogen that enriches the soil with

nitrogen and organic matter and improving the water

use efficiency of the cropping system  particularly in[36]

dry rainfed areas . The crop is also used as animal[39 ,40]

fodder and green manure. 

The total production of faba bean is still

insufficient to cover the local consumption so there is

great need to increase our production by expansion

through reclaimed areas which represent the hope of

cultivated lands. Since grain legumes are salt and

drought sensitive, farmers do not consider growing

them in a saline or drought environment. The present

study throws some light in this direction.

Several environmental factors adversely affect plant

growth and development and final yield performance of

a crop. Drought and salinity, are among the major

environmental constraints to crop productivity

worldwide . [3]

Salinity is a worldwide problem in irrigated areas.

In the Mediterranean area, the percentage of irrigated

soils affected by salinity amounts to about 20%,

varying from country to country between 7 and 40% .[21]

Moreover, fresh water resources for agricultural use are

becoming limited due to the competition with human

and industrial use. Therefore, use of low saline water

is a subject of increasing interest.

Intensive studies have been carried out in order to

identify physiological traits that can be used as criteria

for selection for salinity resistance . Less attention is[8 ,28]

given to difference in salt tolerance between varieties

of the same crop . [38 ,35]

Water is a principal limitation to agricultural

production during drought and in arid regions of the

world. Exposure of plants to a water-limiting or salt

environment during various developmental stages
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appears to activate various physiological and

developmental changes.

Reduction of photosynthetic activity, accumulation

of organic acids and osmolytes, and changes in

carbohydrate metabolism, are typical physiological and

biochemical responses to stress.

Synthesis of osmoprotectants, osmolytes or

compatible  solutes is one of the mechanisms that

plants have evolved for adaptation to water deficit.

These molecules, which act as osmotic balancing

agents, are accumulated in plant cells in response to

stress .[45]

One of the most important responses of plants to

abiotic stresses is an overproduction of different types

of compatible solutes . One of these solutes, proline[6 ,41]

is widely distributed in plants and it accumulates in

larger amounts than other amino acids in drought

stressed plants . Similarly, total free amino acids,[5]

proline and total soluble sugars in leaves increased in

alfalfa plants .[24]

Tolerance  to abiotic stresses is very complex at

the whole plant and cellular levels . This is in part[17 ,18 ,6]

due to the complexity of interactions between stress

factors and various molecular, biochemical and

physiological phenomena affecting plant growth and

development .[55]

Stress tolerance mechanisms may vary from species

to species and at different developmental stages ,[16]

basic cellular responses to abiotic stresses are

conserved  among most p lant spec ie s .[ 5 3 , 5 4 , 5 5 ]

Furthermore, different abiotic stress factors may

provoke osmotic stress, oxidative stress and protein

denaturation in plants, which lead to similar cellular

adaptive responses such as accumulation of compatible

solutes, induction of stress proteins and acceleration of

reactive oxygen species scavenging systems .[5 5 ]

Compatible solutes are low molecular weight, highly

soluble compounds that are usually nontoxic at high

cellular concentrations. Generally, they protect plants

from stress through different courses, including

contribution to  cellular osmotic ad justment,

detoxification of reactive oxygen species, protection of

m e m b r a n e  i n t e g r i t y  a n d  s t a b i l i z a t i o n  o f

enzymes/proteins . Furthermore, because some of[52 ,9]

these solutes also protect cellular components from

dehydration injury, they are commonly referred to as

osmoprotectants.

This study aims to evaluate seven faba bean

varieties for yield and yield components and some

physiological parameters under different salinity and

irrigation conditions to determine the best salt and

drought-tolerant varieties. The objective was also to

find out whether the salt tolerance corresponds with the

drought tolerance of the varieties.

MATERIALS AND METHODS

Set-up: The set-up consisted of 175 clay pots, made

from clay with 35cm diameter and 40cm depth, each

filled with 7kg of sandy loam soil, its characteristics

are recorded in Table 1.

Crops: Table 2 presents the name and pedigree of the

seven varieties of faba bean obtained from Desert

Research Center, Mataria, Cairo. One variety was

Egyptian origin and six varieties were provided by

Natural Resource Management Program, International

Center for Agricultural Research in the Dry Areas

(ICARDA), in the faba bean selection program for their

high productivity. As the program does not include

drought and salt tolerance, no data are available about

this aspect of the seven varieties.

The faba bean varieties were sown at the end of

September 2007 at a rate of 10 seeds per pot. A fluid

culture of Rhizobium leguminosarum (strain FB 481)

obtained from Biofertilizers Department, Agriculture

Research Center, Giza, was applied directly on the

seeds to ensure nodulation.  Fresh water was used for

seed emergence. Two weeks after sowing, when the

seedlings were well developed, the plants were thinned

out to six per pot. 

Five treatments were applied as follows: 

C Plants irrigated every five days with fresh water

(control)

C Plants irrigated every ten days with fresh water

(D1)

C Plants irrigated every fifteen days with fresh water

(D2)

C Plants irrigated every five days with saline water

(25mM NaCl) (S1)

C Plants irrigated every five days with saline water

(50mM NaCl) (S2)

The salt stressed plants were rinsed with fresh

water every 20 days to avoid hyperaccumulation of

NaCl in the soil.

Growth and Yield M easurements: Five plants per

treatment were harvested at ages of 45, 90 days and at

pod maturity. Shoot length, fresh and dry weights

(70°C for 48h) of shoots, number of pods/10 plants,

number of seeds/10 plants and weight of seeds/10

plants were determined.

Estimation of Photosynthetic Pigments Content: At

ages of 45 and 90 days, fresh leaves of faba bean

plants  were  used  to  determine  the photosynthetic
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Table 1: Soil characteristics

Sand Silt Clay pH EC (dSm ) Organic mater Field capacity-1

84.2% 12.9% 2.9% 7.8 0.5 1.2% 13.9%

Table 2: Nam e, origin and pedigree of seven faba bean varieties. 

Symbol                Name            Pedigree Origin FAO status

V1 Giza Blanca Nubaria-1

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V2 Sel. F6/1749/2003, Comb. C. Sp+AB HBP (BotxAsxOr), Fam. 775-3 ICARDA U

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V3 Sel. F6/1802/2003, Comb. C. Sp+AB S 98 023 Fam. 1 ICARDA U

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V4 Sel. F6/1753/2003, Comb. C. Sp+AB-2 HBP (BotxAsxOr), Fam. 775-5 ICARDA U

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V5 Sel. F6/1766/2003, Comb. C. Sp+AB-2 HBP (BotxAsxOr), Fam. 776-2 ICARDA U

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V6 Sel. F6/1767/2003, Comb. C. Sp+AB HBP (BotxAsxOr) Fam. 776-3 ICARDA U

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V7 Sel. F6/1796/2003, Comb. C. Sp+AB S 98 023 Fam. 784-1 ICARDA U

(U=Undesignated)

pigments (chlorophyll a, chlorophyll b and carotenoids)

according to  the  spectrophotometric  method

recommended by VonWettstein . Chlorophyll a+b was[49]

calculated.

Estimation of Metabolic Products: After 90 days

from seed sowing, fresh leaves of faba bean plants

were ground in liquid nitrogen and used for the

estimation of the following metabolites.

C Total soluble sugars were measured in an ethanol

extract of faba bean leaves, using phenol-sulfuric

method according to Dubois et al. . Pure glucose[13]

was used as standard. 

C Total free amino acids were determined using

ninhydrin reagent according to Moore and Stein .[33 ]

Pure glycine was used as standard. 

C Proline content was determined using the method

of Bates et al., . Pure proline was used as a[7]

standard.

C Protein  electrophoresis,  SDS   polyacrylamide

gel electrophoresis was performed in 10%

acrylamide  slab  gels according to Laemmli .[26]

For  gel  analysis,  gel  was photographed,

scanned  and analyzed using Gel Doc 2000 Bis

Rad system.

Statistical Analysis: The data were statistically

analyzed using the one-way analysis of variance as

described by Snedecor and Cockran  to compare[43]

between the response of each variety to the five

treatments. The means were compared by LSD at 5%

using SPSS program version 12. The seven varieties

have been classified according to the reduction or

increase percentage in yield as affected by water or salt

stress by application of agglomerative clustering

analysis technique according to Kruscal  by using[25]

Community Analysis Package (cap) (1999).

RESULTS AND DISCUSSION

Growth Parameters: Fig. 1 presents the growth

parameters (shoot length, fresh and dry weights).

Generally, control plants showed comparatively higher

degree of shoot length than stressed plants by 45 and

90 days old plants. Variety 5 recorded the highest

shoot length followed by V2, while V6 recorded the

lowest length. Noticeably, water stressed plants were

commonly shorter than salt stressed plants at 90 days

age. It is noticed also that V3 plants under water and

salt stresses have showed higher shoot lengths.

Fresh and dry weights of control plants were

commonly higher than those for water stressed plants,

followed by salinized plants, except V4 plants under

water stress gave higher fresh and dry weights than

those for salt stressed plants.

Hu et al.,  found that the shoot fresh weight of[23]

maize plants grown under drought and salinity were

both reduced by about 50% compared with the control

plants. They attributed these results to the effect of

both stresses on the water content of the leaves.

Drought and salinity lower the soil water potential,

similar physiological mechanisms such as the water

deficit or osmotic effect in plants might explain the

reduction in plant growth . Mahajan and Tuteja[34] [29]

reported that physiological effects of drought on plants

were the reduction in vegetative growth, particularly

shoot growth, slower cell division due to reduce cyclin-

dependent kinase activity. Foliage parts growth was

generally more sensitive than the root growth. Reduced

leaf expansion is beneficial to plants under water

deficit, as less leaf area is expanded resulted in reduced

transpiration. Wilson et al.  showed that salinity[50]

treatment results in a progressive decline in growth of

four cowpea cultivars. High salinity causes both

hyperionic and hyperosmotic stress and can lead to

plant demise. 
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Fig. 1: Growth parameters of seven faba bean varieties grown under water and salt stresses.

Relatively high Na concentration may cause
stimulation to the growth of salt tolerant plants by its

effect on generation of turgor and thereby cell
expansion . Increase in leaf area with increase of[30]

salinity can be attributed to cell expansion.
Consequently, increase in growth of sunflower with

increase of salinity was due to its osmotic adjustment
and increased leaf area .[1]

Yield and Yield Components: Number of pods/10

plants, number of seeds/10 plants and weight of seed

yield/10 plants are illustrated by Fig. 2. Generally, the
control plants of the seven varieties gave higher yield

than the water and salt stressed plants. In addition, the
control plants of V5 gave the highest yield compared

to other varieties. The results showed clearly that the
control plants of the seven varieties could be arranged

according to the obtained yield in the following order:
V5, V6, V3, V2, V7, V1 and V4.

Fig. 2 clearly shows that for all bean varieties
studied the yield of water stressed plants was lower

than  the  yield  of control. It is noticed that yield of



Res. J. Agric. & Biol. Sci., 4(2): 175-186, 2008

179

Fig. 2: Yield and yield components of seven faba bean varieties grown under water and salt stresses.

variety 5 (having the top yield) was 50 and 71%

suppressed by water stress D1 and D2 respectively.

Variety 4 (having the lowest yield of control)

exhibited significant stimulation of yield under salt

stress indicating that this variety had the highest salt

tolerance of the seven studied varieties. In the other

varieties, the yields were suppressed under salt stress

(Fig 3).

The results clearly show that water stress applied

in this investigation was more effective for bean

varieties than salt stress of the applied magnitude in

the present investigation.

The clustering analysis was illustrated by the

dendrogram (Fig. 4) showed that the seven bean

varieties as affected by water stress classified into two

groups. Group (a) contains four varieties; V1, V5, V2

and V7, the yield and yield components of these

varieties highly reduced as affected by water stress.

Group (b) contains three varieties; V3, V6 and V4, the

yield of these three varieties slightly reduced when

compared to group (a).

According to the reduction percentage in the seven

bean varieties yield, clustering analysis classified the

seven bean varieties in their response to salt stress

(25mM and 50mM NaCl), to two groups (c &d).

Group (c) represented by six varieties; V1, V6, V2,

V7, V5 and V3, the yield of these varieties was

reduced as a result of salt stress. On the other hand,

group (d) represented only by V4.

Martínz et al.  stated that the level of water[3 1 ]

stress imposed in this experiment (irrigation every 21

days) induced a significant reduction in the number of

pods/plant in almost all the cultivars of Phaseolus

vulgaris L. used. During the flowering and pod set

period, water stress exacerbation of the abortion of

these organs . Water stress also produced reduction in[46]

the number of seed per pod. De Costa et al.  decided[12]

that the analysis of yield components showed that the

positive yield response to irrigation of mung bean was

due to increase of the maximum total biomass.

Photosynthetic Pigments: Chlorophyll a, b, a+b and

carotenoid content were measured in control and

stressed leaves of the seven varieties of faba bean and

result depicted in Fig. 5. Control plants (plants irrigated

with fresh water every five days) showed the highest
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Fig. 3: Reduction percentage in yield and yield components of seven faba bean varieties grown under water and

salt stresses.

Fig. 4: The dendrogram resulting from the application of clustering analysis on seven faba bean varieties growing

under drought (A) and saline (B) conditions according to yield and yield components.
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Fig. 5: Photosynthetic pigments of seven faba bean varieties grown under water and salt stresses.
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chlorophyll a+b content at 90 days age. While stressed

plants exhibited commonly reduction in chlorophyll
content at 90 days age.

Stressed plants showed higher values of carotenoid
content than the control at 90 days age. Plants irrigated

every 10 days with water showed higher values of
carotenoids content than plants irrigated every 15 days.

Plants irrigated with 25 mM NaCl showed higher
amounts of carotenoid content than plants irrigated with

50 mM NaCl.
Varieties 1, 5 and 6 (control) had higher values of

total chlorophyll content than other varieties. Variety 3
under water and salt stresses had the highest values of

total chlorophyll content. Varieties 7 and 5 irrigated
with 25 mM NaCl showed the highest amounts of

carotenoid content.
The present results are parallel to Garg et al.[20]

who reported that in most crop species there is
considerable reduction in chlorophyll content due to

water deficit. Agastian et al.  reviewed that[2]

chlorophyll content of leaves decreased in general

under salt stress and the oldest leaves start to develop
chlorosis and fall with prolonged periods of salt stress.

Osmolytes:

Total Soluble Sugars: Control plants, irrigated with
water every 5 days, of the seven bean varieties studied

had the lowest values of total soluble sugars (Fig. 6),
while plants under water stress irrigated every 10 or 15

days showed almost higher values of total soluble
sugars than the control plants. This record is clear for

varieties 5, 6, 1 and 3. Salinized plants recorded
generally higher amounts of total soluble sugars,

especially plants irrigated with 25 mM NaCl. It is
noticed that higher values of total soluble sugars were

recorded for varieties 1, 7 and 3 under 25 mM NaCl
and varieties 6, 5 and 1 under 5o mM NaCl. 

Souza et al.  revealed that the content of total[44]

soluble sugars of Vigna unguiculata was doubled at the

maximum water stress. Campos et al.  suggested that[1 0 ]

the accumulation of soluble sugars was a result of

some metabolic impairment that affected sugar
composition in the leaf or its translocation. They also

suggested that this response may have contributed to
the observed inhibition of photosynthesis during water

stress. Liu et al.  reviewed that drought stress[27]

significantly decreased leaf sucrose and starch

concentrations but increased leaf hexose concentrations.
Trouvirie et al.  showed that accumulation of simple[47]

sugars such as glucose and fructose following an
increase in the invertase activity in the leaves of the

drought challenged plants.

Free Proline Content: Free proline content in leaves
of control, water stressed and salt stressed plants of all

varieties are presented in Fig. 6. The free proline

content was significantly increased in stressed plants

over control plants of all varieties. Salt stressed plants
(50 mM NaCl) had higher values of free proline than

water stressed plants. A more pronounced increase was
observed in the variety 3 compared to other varieties

under both drought and salt stresses. 
Ashraf and Iram  reported that accumulation of[4]

proline is an important indicator of drought stress
tolerance. There was an increase in proline content in

all plant parts.
Misra and Gupta  reported that salt stress resulted[32]

in a significant accumulation of free proline in shoots
of both the cultivars of green gram (Phaseolus aureus).

The  magnitude of increase in free proline
accumulation was higher in the tolerant cultivar than in

the sensitive cultivars.
The accumulation of proline under stress protects

the  cell  by  balancing  the osmotic pressure of
cytosol  with that  of vacuole and  external

environment . In addition, proline may interact with[19]

cellular macromolecules such as enzymes and stabilize

the structure and function of such macromolecules .[42]

Proline accumulation may contributed to osmotic

adjustment at the cellular level . [37]

Total Free Amino Acids: Water stressed plants had
lower values of total free amino acids than salt stressed

plants (Fig. 6). Plants irrigated every 10 days had the
higher amounts of total free amino acids than plants

irrigated every 15 days. Salinized plants showed the
highest values of total free amino acids, specially

plants irrigated with 50 mM NaCl showed higher
amounts of total free amino acids content. Faba bean

V2 under water stress or salt stress recorded the
highest amounts of total free amino acids followed by

V5, V1 and V6 under 50 mM NaCl.
Ashraf and Iram  stated that water deficit caused[4]

a significant increase in total free amino acids of all
plant parts of Phaseolus vulgaris and Sesbania

aculeata. A maximum increase in free amino acids was
observed  in  leaves  and nodules of P. vulgaris.

Yadav et al.  reported that amino acids content[51]

increased under drought stress apparently due to

hydrolysis of proteins in chickpea.

SDS-PAGE Protein Analysis: The SDS-PAGE for
total protein in leaves was carried out for the seven

faba bean varieties (Fig. 7, Table 3). Bands with
different molecular weights were detected and ranging

from about 12.56 KDa to 201.03 KDa and the total
number of bands among varieties ranged from 16 in

V7 to 19 in V6 .
The results showed two unique polymorphic bands

which differentiate the variety 3 by one band of a
molecular weight  21.38 KDa and V6 by the band of

18.67  KDa.  Also, results indicated that there are 16
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Fig. 6: Osmolytes (Total soluble sugars, proline and free amino acids) of seven faba bean varieties grown under
water and salt stresses.

Table 3: Presence (1) absence (0) of SDS-PAGE protein banding

pattern of seven varieties of faba bean leaves grown under

water and salt stresses

M V1 V2 V3 V4 V5 V6 V7

201.03 0 1 0 0 0 1 0

161.28 1 1 1 0 1 1 0

128.57 1 1 1 1 1 1 1

108.13 1 1 1 1 1 1 1

86.47 1 1 1 1 1 1 1

70.92 1 1 1 1 1 1 1

62.14 1 1 1 1 1 1 1

55.13 1 1 1 1 1 1 1

48.61 1 1 1 1 1 1 1

44.93 1 1 1 1 1 1 1

41.53 1 1 1 1 1 1 1

36.27 1 1 1 1 1 1 1

33.53 1 1 1 1 1 1 1

27.93 1 1 1 1 1 1 1

24.4 1 1 1 1 1 1 1

21.38 0 0 1 0 0 0 0

18.67 0 0 0 0 0 1 0

16.72 1 1 1 1 1 1 1

15.46 1 1 1 1 1 1 1

12.56 1 1 1 1 1 1 1

Total 17 18 18 16 17 19 16

Fig. 7: SDS-PAGE protein banding pattern of seven
varieties of faba bean leaves grown under

water and salt stresses.
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monomorphic bands and the remainder were

polymorphic bands with a percentage of  20%. The
results also indicated that V2 and V6 had a specific

band of molecular weight 201.03 KDa which could be
used to distinguish them among others. However the

protein  profile  revealed  slight  polymorphism.
Similar findings were obtained by Hassan  who[22]

reported that slight polymorphism was observed among
seed storage protein of eleven lentil cultivars. Former

results are aliened with those previously obtained by
El-Saied and Afiah .[14]

In conclusion, the present study investigated the
tolerance of seven faba bean varieties to drought

treatments (irrigation 10 and 15 days) and two
concentrations of NaCl (25 and 50 mM). According to

the studied attributes; growth, yield and osmolytes, it
can be reported that varieties 4, 3 and 6 are drought

tolerant and varieties 4 and 3 are salt tolerant. This
classification mainly based on the yield of the seven

faba bean varieties according to Voltas et al.  and[48]

Cattivelli et al. . They reported that the difficult in[11]

identifying physiological and growth parameters as a
reliable indicator of yield in dry conditions has

suggested that yield performance over a range of
environments should be used as the main indicator for

drought tolerance. This study needs consequence
studies on the salt tolerance limits of V4 and V3 by

investigating them under higher salt concentrations and
qualify the seeds of the seven varieties under stresses.
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