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ABSTRACT

Salinity is one of the most important agriculture problems in arid and semi-arid areas and a limited factor
in production of legumes. Some of studies recently showed that mycorrhizal fungi (MF) has main role in
improvement nutrition and plants growth in salinity stress. In order to investigate the effect of  MF, different
levels of Phosphorus (P) and saline irrigation water on yield and yield components and proline concentration
in plant, a pot experiment was conducted  in a factorial completely randomized design with three levels of
Triple super phosphate (TSP): 0, 100 and 200 mg (kg soil)-1 and MF with three levels: control (without fungi),
Glomus mosseae and Glomus intraradices and irrigated with four levels of salinity water: 500 as control, 2000,
4000 and 6000 mS cm-1 which were made in laboratory with sodium chloride and then for more sureness tested
by EC meter. The experiment was carried out with three replications in the growth chamber at Kerman
University in 2010. The results of variance analysis showed that the increase of salinity treatment reduced
significantly number of pods per plant, number of seeds per pod, weigh of 100-seed and seed yield, whereas
it had a significant increase in proline concentration of plant. MF had no significant effect on number of pods,
seeds per pod and weigh of 100 seed. Results also revealed that the interaction of phosphorus and salinity were
significant on the seed yield. It seems that Glomus intraradices fungi had a better effect in plant growth and
improved nutrition of common bean in salinity condition. At low salinity stress the application of P fertilizer
and MF resulted the reduction of salinity effects and increasing of suitable yield as well. 
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Introduction

The legumes with the cultivation area of one
million and two hundred thousand hectares and with
the production about 700 thousand tons [10], have
devoted the second country place of cultivation area
after cereals to themselves and play the main role in
the protein needs of people. Among the aqueous

grains, the bean has the first place of cultivation in
Iran [10]. Approximately, 20-30 percent of the
produced bean in the Middle East, and 50-10 percent
in Latin America is affected by soil salinity [8]. The
bean is highly sensitive to salinity and the soil
salinity and yield losses can be tolerated in less than
two deci siemens/m [15].

Considering that a large part of the country
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grounds due to certain weather conditions, mother
materials nature and irrigation water quality was poor
saline or their trend towards salinization is more, it
is natural that the plants' cultivation in these
circumstances is difficult and needs as much as
possible the necessary measures to prevent the yield
loss comes to action. In this regard, in addition to
compliance issues and management principles, supply
of plant needed nutrient elements is necessary, which
means by a regular supply of nutrient elements,  the
problems of salinity, which caused by the stresses
can be minimized [12]. Among the necessary plant
nutrient elements, the phosphorus is consumed as one
of the crucial elements in the appearance of energetic
compounds and implementing the biochemical
processes.

The phosphorus is the main component in
several plant cells, including sugar phosphate (can be
used in respiration, photosynthesis and constructive
phospholipids of cell membrane). The phosphorus
also is nucleotides combinations, which were used in
plant energy metabolism and DNA and RNA
molecules [13]. In addition to the public role of
phosphorus in the plant life processes, this element
can be used to provide the stress tolerance
mechanisms needed by the plant that are under the
influence of stresses  to  take advantage of available
carbohydrates in order to compartmentation of ions
(Gibson, 1998, quoted by Poustini and Aboutalebian,
2001). Therefore, any change in phosphorus levels in
plants can be a direct impact on the critical activities
of plant and cells. With increased consumption of
saline water in agriculture, applying the fertilizer and
improving the plant nutrition in saline conditions was
significantly considered [20]. In addition, the data
shows that the salt tolerance in agricultural plants by
the soil fertility levels are changing. The plants with
low fertility level which have received enough
fertilizer, showed the resistance against the salinity
[11]. In recent decades consumption of chemical
inputs in agricultural lands has been caused many
environmental problems, including water pollution,
loss of agricultural products quality and reducing the
soil fertility [26,33,34].

Sustainable agriculture based on the bio-
fertilizers with the goal of eliminating or significantly
reducing the consumption of chemical inputs, is
considered as an optimal solution to overcome these
problems. To overcome the problem of soil salinity,
the biological approach is a basic strategy that should
be considered [14]. Herein, the mycorrhiza fungi can
be cited. Arbuscular Mycorrhizal Fungi (AM) plays
an important role in improving the plant nutrition and
growth in saline conditions so that some of them are
called as Bio-ameliorators of saline soils
[17,38,37,36,35]. Presence of Arbuscular Mycorrhizal
Fungi in saline soils and creating symbiosis with the
root of many plants, in these circumstances indicates

that probably some of the fungi have been resistant
to salinity and in symbiosis with plants by improving
growth of plant increases their tolerance against the
salinity [32].

The researches were made in this field, although
small, has shown that mycorrhizal plant growth in
saline conditions has not reduced or compared with
non-mycorrhizal plants has had a slight reduction [1].
The reasons that can be used to explain the varied
and sometimes contradictory results are the different
yield species and strains of Arbuscular Mycorrhizal
in saline conditions. Now we know that the soil
features, plant species and salinity composition are
also effective [3]. The bean plant is sensitive to
salinity and in this study, the effects of mycorrhizae
and phosphorus on yield, yield components and bean
leaf proline concentration in reducing the effects of
salt, have been studied.

Materials and methods

To study the interaction effects of saline
irrigation water, mycorrhiza fungi and phosphorus
fertilizer on plant growth, a pot experiment was
conducted in the growth chamber at Kerman
University (12 hours day/night, 25/15oC temperature)
during July to October, 2010. Topsoil (20cm) was
collected from a known site near Kerman city. The
soil had a pH of 7.8, Electrical conductivity of soil
paste extract (ECe), 2.2 dS m-1, and 15% CaCo3. Soil
samples were air-dried and sieved through a 4 mm
screen. The plants were grown in plastic pots
containing 3.0 kg air-dry soil at a bulk density of 1.4
g cm-3 treated with three levels of Triple super
phosphate (TSP) (0, 100 and 200 mg kg-1 soil) and
mycorrhizal fungi (MF) with three levels: control
(without fungi), Glomus mosseae and Glomus
intraradices and irrigated with four levels of saline
water: 500 as control, 2000, 4000 and 6000 mS cm-1

which were made in laboratory with sodium chloride
and then for more sureness tested by EC meter. The
experiment was factorial based in completely
randomized block design with three replications. The
soil was well mixed with a small volume of TSP
solution as required and water added to maintain soil
moisture at field capacity. 50 g of MF added to each
pot. After one week, the seedlings were thinned to 3
plants per pot. Soil moisture was maintained at field
capacity by weighing the pots and replenishing the
water loss daily. The irrigation of pots started with
salinity water treatments after around 20 days which
the plants were germinated well.

In order to determine proline of leaf [4], 1.25 g
ninhidrine added to 30 ml glacial acetic acid and
heating to solve well and then added 20 ml
phosphoric acid (6 M) to the solution. Samples of
fresh tissue were weighed (0.02 g) and homogenized
with 10 ml of 3 % sulphosalicilic acid as solvent.
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After filtering the sample, 2 ml extraction was taken
and mixed by 2 ml ninhidrine and 2 ml acetic acid
in test tubes, the reaction mixtures were kept in a
water bath at 100 ºC for 1 hour to develop the
colors. Immediately after removal from the water
bath, the test tubes were cooled in ice bath and 4 ml
toluene was added to separate chromospheres. The
absorbance was read in a spectrophotometer at 520
nm, as indicated by Bates [4]. Proline content in
fresh tissue was calculated by comparing the sample
absorbencies with the standard proline curve in a
concentration range of 0 to 25 g m-3. At harvest, in
the final growth stage, shoot samples were washed
with distilled water, dried at 75 °C and calculated
yield and components yield. Data were analyzed
statistically using analysis of variance with SAS.
Probabilities of significance between treatments and
interactions, and least significant difference (LSDs)
were used to compare means within and between
treatments (P # 0.05).

Results and discussion

Proline:

Results from statistical analysis of data showed
that changes in leaf proline accumulation were under
the influence of salinity, fungi and their interaction
(Table 1). Leaf proline concentration was increased,
with increasing salinity in mycorrhizal and non-
mycorrhizal plants, but this increase was significant
only in the 4000 mS cm-1. The mycorrhizal fungi had
no significant effects on reducing of leaf proline
concentration, in the control, 2000 and 6000 mS cm-

1, but it was reduced 25 percent compared to the
control treatment in the third level of salinity (4000
mS cm-1). Although, there was no significant
difference in any of salinity levels between the two
species of mycorrhizal fungi, however G. intraradices
fungus had better performance in reducing the proline
concentration (Figure 1).

Proline accumulation in plants under stress is a
basic defense response to maintain the cell osmotic
pressure. There were several reports based on the
importance of the proline in osmotic adjustment and
maintaining the cell structure and stress resistance in
many plants which are resistant or sensitive to the
salinity [9,5] expressed the reason of proline
accumulation in the plants which were under stress.
He demonstrated that plants which having low access
to water sources, have  much less free proline, thus
the proline in plants which are under severe stress
can be accumulated. So it seems that in this
experiment, until the salinity of water was equal or
less than 2000mS cm-1, common bean has consumed
the organic matters which were produced from the
photosynthesis, for growth, but further than this

salinity level, this material was spent more for the
metabolism of compatible solutions such as proline.
Murat et al., [19] also have reported an increase in
proline under the salinity stress in the maize plant.

Number of Pods per Plant:

The effect of salinity stress on the number of
pods per plant was significant (Table 1), so that the
number of pods was declined by increasing the
salinity. Libeman et al., [16] reported that the yield
components of bean include the number of pods per
plant, seeds per pod and the weight of one hundred
seeds play an important role in determining the yield
of bean. In our experiment the most number of pods
was observed in the control salinity treatment with
number of 7.5 pods per plant. Although, there were
no statistically significant differences between the
number of pods in the control treatment and 2000
mS cm-1, the reduction of the related trait in
treatments of 4000 and 6000 mS cm-1 compared to
the control treatment  was 20.27 and 24.53 percent
respectively (Figure 2).

The flowering stage is a critical and sensitive
stage to the salinity stress in the bean plants, on the
other hand the salinity stress reduced the growth
period, and thereby the number of pods per plant
will be reduced. Total pod is most sensitive yield
component to environmental stresses, because the
functional components which were formed earlier in
the generative phase, show a greater response to the
stress [21]. According to the results obtained by
Sinaki et al., [27], the salinity stress affected the
soybean plant flowering and consequently reduced
the number of pods. Sabetteymoori, et al., [24]
reported that by increasing the salinity levels of 2.4
to 10.4 dS m-1, the number of capsules was reduced
in the sesame plant.

The effect of phosphorus on the number of pods
per plant was significant (Table 1). Using the
phosphorus fertilizer of 200 mg Kg-1 soil (with 7.8
pods per plant) was 16 percent superior to the
control treatment, but the second and third levels of
phosphorus fertilizer had no significant difference
with together (Fig. 3). Bolland et al., [6] linked the
increase of 50 to 100 percent in the yield of bean
towards receiving the different levels of phosphorus
fertilizer to increasing the number of pods per plant.
Panwar et al., [22] have reported in their experiment
that increasing the lentils yield due to the further
growth, flowering and pod numbers was resulted by
the consumption of phosphorus fertilizer. The main
effect of fungi and triple interactions of salinitys,
mycorrhizal fungi and phosphorus fertilizer could not
have a significant impact on the number of pods per
plants.
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Number of Seeds per Pod:

The number of seeds per pod was affected only
by the salinity treatment (Table 1). It decreased when
the salinity levels increased, but the significant
decrease in the number of seeds per pod began in the
salinity of 4000 µS cm-1. In the level of 6000 µS cm-

1 it showed 38.5 percent reduction compared to other
levels (Figure 4). Sakr et al., [25] reported that the
salinity reduces the number of seeds per plant. The
experimental results of Turk and Tawaha [31],
showed that this trait was affected by the amounts of
phosphorus, which was available to the plant, and
they noted that by applying the phosphorus fertilizer,
seed number per pod was significantly increased. In
our experiment the amounts of phosphorus fertilizer
on the number of seeds per pod were not significant.
Lopez-Bellido et al., [17] believe that the number of
seeds per pod is determined by genotype and other
factors can rarely affect on it.

100-seed weight:

This trait was significantly affected only by the
salinity and phosphorus fertilizer. The mycorrhizal
treatments and all interaction effects of experimental
factors had no significant effect on this trait (Table
1).  The weight loss of 100-seed was significant only
in the salinity level of 6000 µS cm-1. The 100-seed
weight of bean in salinity levels of 500, 2000 and
4000 µS/cm with the average of 2.27 g were in
similar statistics class, but in the salinity level of
6000 µS cm-1 it showed a significant decrease of 6.7
percent compared to the control treatment (Fig. 5).

The loss in 100-seed weight under the salinity
stress can be due to the inhibition in uptake and
transfer of nutrition materials during the growth and
filling periods of grain. Bybordi [7], in his
experiment on canola under the salinity stress,
observed the loss in 1000-seed weight. In our
experiment the 100-seed weight was significantly
(p<0.01) affected by increasing the phosphorus
fertilizer and showed an increase about 2.04 percent
at the highest phosphorus level compared to the
control (Fig. 6).

Turk and Tawaha [31] reported that 100-seed
weight will be affected by the mineral phosphorus
fertilizer.  But Bolland et al., [6] reported that the
number of seeds per pod and average seed weight
will not be affected by increasing the phosphorus
fertilizer. The results from our study were consistent
with the results of Takahashi and Anwar (2007)
experiment. They stated that in their study, 100-seed
weight of wheat in the treatments which were
without the phosphorus fertilizer was significantly
less than the treatments containing the phosphorus
fertilizer.

Seed yield:

The mean comparison of the data showed that
the bean could tolerate the salinity effects of
irrigation water of 2000 µS cm-1 and had the similar
statistical class with the control at this salinity level.
Nevertheless by increasing the salinity to the levels
of 4000 and 6000 µS cm-1, the seed yield of bean
have been significantly reduced by 44 and 73.7
percent respectively. The bean yield components
were reduced under the salinity stress, and the yield
also consequently reduced. Singh [29] reported that
in the salty soils, the okra plant yield and nutrients
uptake were reduced. Moss and Hoffman (1997) also
reported a 50 percent reduction on the bean yield in
the salinity level of 3.6 ads m-1.

The interaction effect of mycorrhizal fungi and
salinity stress was significant on the bean yield
(Table 1). The common bean yield in salinity levels
of control, 2000 and 4000 µS cm-1 showed
significant reduction of 7.1, 5.4 and 10 percent in
non-mycorrhizal treatments compared to the
mycorrhizal plants respectively. Although, there was
no significant difference between the two species of
fungi, the G. intraradices fungus was superior in the
bean yield compared to the G. mosseae fungus with
the increase of 2.7 percent at all salinity levels (Fig.
7).

Table1: ANOVA analysis number of pod, seed of pod, 100seed weight and grain yield bean.
Mean of squares(MS)

----------------------------------------------------------------------------------------------------
df Number of pod pod Seed 100seed weight Grain yield (gr/m2) prolin(mg/gr)

Salinity stress 3 24/92** 15/57** 19/05** 136179/52** 98/34**

Mycorrhiza fungi 2 0/75ns 0/73ns ns 0/02 1158/79* 5/03**

Phosporus 2 1/33* 0/56ns 2/90** 4606/40** 0/30ns

FungixSalinity stress 6 0/74ns 0/59ns 0/14ns 128/01ns 0/10*

PhosporusxSalinity stress 6 0/28ns 0/16ns 0/17ns 585/92** 0/57ns

Phosporusxfungi 4 0/31ns 0/17ns 0/46ns 52/52ns 0/17ns

salinityxfungixPhosporus 12 0/38ns 0/20ns 0/10ns 65/34ns 0/21ns

error 72 0/35 0/47 0/19 55/99 0/91
C.V - 8/91 21/24 1/64 5/33 20/82
**,* and ns are significant (p<0.01),(p<0.05) and nonsignificant respectively.
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Fig. 1: Effect of salinity stress and mycorrhiza fungi on concentration of prolin in bean

Fig. 2: Effect of salinity stress on number of pod in bean 

Fig. 3: Effect of Phosporus fertilizer on number of pod in bean

Fig. 4: Effect of salinity on number of seed in bean pod
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Fig. 5: Effect of salinity stress on 100seed weight in bean

Fig. 6: Effect phosporus on100seed weight in bean

Fig. 7: Interaction effect of salinity stress and mycorrhizal fungi on grain yield in bean 

Fig. 8: Interaction effect of salinity stress and Phosphorus fertilizer on on grain yield in bean 

The Arbuscular Mycorrhizal Fungi may improve
the salt tolerance and plant growth in the saline soils
[3]. As is clear from the results, the mycorrhizal
fungi (compared to no fungi treatment) caused to a
significant increase in the yield of bean seed. It
seems that the use of mycorrhizal fungi in bean

production could increase the absorption of nutrients
in saline condition and thus increases the yield of
bean. Aliasgharzadeh [2] showed that the Glomus
etunicatum fungus had significant effect on increasing
of onion bulb fresh weight in the high levels of
salinity and the G.intraradices fungus was more
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effective on the barley yield. Tavasoli and
Aliasgharzadeh [2], were recommended the use of
Glomus etunicatum and Glomus versiforme fungi in
saline soil, regarding to improve the onion growth by
fungi application in these conditions.

So we can conclude, although the mycorrhizal
fungi have not the specific mode in establishing
coexistence with the plants, but in the different
climate and soil conditions, the different species have
the different abilities in establishing coexistence and
having the positive effects on plants. According to
our experimental conditions and fungi species which
were used, it seems that G. intraradices fungus has
the better performance in growth and improving the
nutrition of bean t under the salt Stress.

The interaction effect of salinity and phosphorus
fertilizer on the bean plant yield was significant
(Table 1). Application of phosphorus fertilizer had a
significant impact on the yield. By increasing the of
phosphorus fertilizer level from 0 to 200 mg kg-1 of
soil, the seed yield was significantly increased except
on salinity level of 6000 µS cm-1 (Fig 8). This
increase was 13.73 percent at the highest level
compared to the control treatment. There was no
significant difference in yield of bean between the
levels of 100 and 200 mg kg-1 of phosphorus
fertilizer. The salinity causes to decrease bean yield
but phosphorus fertilizer (in the level of 200 mg kg-1)
causes to increase 14.1 and 16.5 percent of bean
yield in the salinity levels of 2000 and 4000 µS cm-
1 respectively. The application of P fertilizer had no
significant impact on the yield of bean seed in the
salinity of 6000 µS cm-1 (Fig. 8).

Moeini and Farahbakhsh [18] observed that the
application of Phosphorus adjusted the negative
effects of salinity on the yield of sunflower and its
impact in low levels of phosphorus was more
tangible. They expressed that the application of
phosphorus may be able to improve the plant
resistance in the salinity conditions. According to
these results it seems in low intensity of salinity
stress, the use of phosphorus fertilizer with
mycorrhizal fungi, can reduce the salt effects by
improving the absorption of nutrient elements and we
can use this approach to achieve more yield. in
common bean production.
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