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| Abstract: In this study the effects of zinc sulfate and gibberellin on agro physiological of white bean under water deficiency were studied. Therefore, an expe-
riment was conducted in a split-split plot design based on a randomized complete block with three replications in two places. The experimental factors included
three irrigation levels, spraying of zinc sulfate in four levels and two levels of non-spraying and spraying of gibberellin. Analysis of measured data indicated that
the water stress had a significant effect on all traits, except proline amount and 100 seeds weight. Spraying of zinc sulfate showed a significant effect on all traits
except carotenoid value. Application of gibberellin had a significant effect on all traits except ion leakage, carotenoids, number of seeds per pod and grain yield.
The interaction effect of stressxzincsulfatexgibberellin was significant on all traits except number of seeds per pod. In addition, comparison of means at 5% level,
showed that application of 1.5 ml L"'of zinc sulfate plus gibberellin improved bean biochemical properties. Under optimum water level, using of 4.5 ml L-'of zinc
sulfate and under severe water stress conditions, using of 4.5 ml L' of zinc sulfate plus gibberellin are recommended for obtaining the maximum crop performance.
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Introduction

Malnutrition is one of the most important and
worrying problems of human society. Protein deficiency
in diet imposes the greatest harm to humans both phy-
sically and mentally (1). Bean (Phaseolus vulgaris L.)
is one of the most valuable seeds and in many parts of
the world is the main source of protein thus plays an
important role in human diet. Beans contain about 2-4
times more protein than the cereals and 10- 20 times
more than the tuberous plants (2). Bean plants with
about 20 to 30 percent protein and 50 to 60 percent car-
bohydrates, are relatively good source of minerals and
vitamins (3). Therefore, it is not only a vital nutrient
for humans but also its stem and leaves can be used for
animal feed. Another advantage of beans as a member
of legume family is enriching the soil through nitrogen
fixation (4). FAO data has shown that from 2011 to 2014
annually 337000 hectares were under beans cultivation
with production of 445000 tons of beans (5).

Bean farming has always been confronted with many
constraints including drought stress as an important fac-
tor which has a significant contribution to reducing the
production of this crop. Recent studies have shown that
only 7% from the global cultivation of beans received
adequate water and 60% of its farming were under se-
vere drought stress. Iran is located in arid and semi-arid

regions with approximately 35% of lands have very dry
climate, 29.9% dry, 20.1% semi-arid, 5% Mediterra-
nean and 10% wet (cold-mountainous) climate condi-
tions (6).

Low available water under drought stress condi-
tions, reduces the photosynthesis and thus dry matter
production (7). The main reason for reducing photo-
synthesis in drought stress conditions is the reduction
of carbon entry due to the closure of the stomata. The
stomata would be closed in response to water stress in
order to reduce water loss. The non-stomatal limitations
of photosynthesis are due to the increased mesophilic
resistance to carbon dioxide transfer, the reduction of
RuBisCO carboxylation and prevention of photosys-
tem II activity. In addition, in the absence of water, the
synthesis of chlorophylls and proteins would be reduced
as well (8). Bean is susceptible to drought stress and its
function is harmed even under short periods of stress.
Drought stress reduces the water content, decreases the
leaf water potential, the turgor pressure and cell growth.
Plants respond to drought stress by creating a series of
physiological changes. The accumulation of solutions
materials in response to drought stress (osmotic regu-
lation) is a way for turgor pressure maintaining (9). Se-
vere water stress can cease the photosynthesis, impose
metabolism disorder and eventually lead to plant death
(10). One of the drought stress effects is disturbing the
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Table 1. The physical and chemical characteristics of the experiment location.

K (‘;f;'ﬁble) P (APV. ;fll\ible) TotalN % O.C % Nféf/ﬁg T.NV.% pH EC% SP% Sampl'c‘:f depth
640 9.2 13 1.26 30.8 15.2 76 073 54 0-20
380 2.8 6 0.63 30.2 17.5 77 049 55 60-20
240 2.4 3 0.29 28.0 24.5 78 044 52 95-60
220 2.8 4 0.38 28.0 26.0 78 048 51 125-95

Table 2. The meteorological and geographical characteristics of the Eslam Abad Ggarb and Khorram Abad.

Mini Absolut Maxi Absol
inimum Absolute aximum Absolute Mean temperature Mean annual Altitude (M) Latitude Longitude

Temperature(gradi) Temperature(gradi) (gradi) rainfall (mm)
-28.8 +41°C +10.5°C 538 1346 340 8 47°26'
-14.60C +470C +17.20C 499 mm 1170 M 330 30’ 480 18’

nutritional balance of the plant, however micro elements place of 2016 and 2017 at Eslamabad-e Gharb Research
spraying, may be able to improve the situation of plant Station, Kermanshah, Iran and Research Station Khor-
growth and somewhat increase the resistance of plant to ramAbad. The physical and chemical characteristics of
stress conditions (11). the soil and the meteorological and geographical cha-

The Zn element is a necessary nutrient for optimum racteristics of the experiment location are presented in
growth of plants and has a significant role in protecting (Tables 1 and 2) respectively.
and preventing the oxidation of vital cellular compo-
nents such as chlorophyll (12). Zinc plays an important Experiment design
role in various metabolic and physiological processes of The experiment was conducted in a split-split plot
the plant, and regulates the activity of some enzymes, design based on a randomized complete block with
metabolism of carbohydrates and proteins, which is three replicates. The length of each main plot was 12m
essential for different processes of the development and its width was 3m and the length of the sub plots was
and differentiation of plant cells (13), and also reducing 3m and its width was 3m and the length of the sub-sub
the relative risk of reactive oxygen species (ROS) and plots was 3m and its width was 1.5m. The experimental
protecting the cells against its attack (14). However, its factors included three irrigation levels (irrigation after
excessive amount in plants affects the metabolism and 60, 90 and 120 mm evaporation from class A evapora-
process such as photosynthesis and as a result, limits tion pan) as main plot, spraying of zinc sulfate in four
root and leaf growth (15). It is well known that Zinc acts levels of 0.0, 1.5, 3.5 and 4.5 ml L' as sub plot and
as a common agent (activator) for various enzymes and two levels of non-spraying and spraying of gibberellin)
affects many biological processes (16). Zn also plays an mgl"') as sub-sub plot. Gibberellin and zinc sulfate were
important role in regulating the openness of stomata, as used at pre-flowering stage. Planting date was May 29,
it contributes in maintaining the potassium in the stoma- in both years of 2016 and 2017.
ta protective cells and increases relative water content
of the leaf by reducing water loss of the leaves (17). Measurement

In the past decade, plant hormones such as gibberel- Leaf electrolytes leakage (LEL) was measured ac-
lic acid have been used as anti-oxidants against abiotic cording to Flinet et al. 1996 (19). Leaves were taken
stress (10). The gibberellins increase the growth of plant from each plant and then were cut into discs by puncher.
cells. The longitudinal growth rate can be affected by The discs were washed using distilled water and then
the expansion of the cell wall and the amount of water put into tubes containing 5 ml distilled water. After 24 h,
absorption. It has been shown that gibberellin does not the electrical conductivity of the samples was measured
increase water absorption, but it increases the cell wall using EC meter (Jen way 4010). The samples were put
loosening and expandability. The use of gibberellic in the freezer at -20 °C for 24 h and then EC was mea-
acid usually increases the growth and the expansion of sured again. To break the cells and remove the contents
root system, and also increases the tolerance to abio- of them into solution, the operation of freezing and mel-
tic stresses (18). In general, various studies have shown ting was repeated several times. The electrical leakage
that use of micro elements and growth stimulants under was calculated using the following equation:
drought stress conditions increase plant tolerance to E
drought. The purpose of this study was to investigate z ~x100
the effect of zinc sulfate and gibberellin on the morpho- 2
logical and physiological characteristics of beans under Chlorophyll a, b and total chlorophyll (CL,, CL,
different levels of water availability. and CL,) were measured according to Porra (2002)

(20) method. Carotenoids were measured based on
Materials and Methods the methods described by Lichtenthaler and Wellburn
(1983) (21). The leaf proline content (Proline) was

Experimental location determined using Bates (1973) method (22). The leaf

The present study was carried out to investigate the sample (500 ml) was pulverized in 10 ml 3% sulfosali-
effect of zinc sulfate and gibberellin on biochemical and cylic acid and was filtered and then 2 ml of the sample
agro-morphological characteristics of white bean (Pha- were mixed with 2 mL ninhydrin acid (25.1 g ninhydrin
seolus vulgaris L.) under water stress conditions, in two plus 30 ml glacial acetic acid) and 2 ml glacial acetic
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acid. The sample were heated for 1 h at 100°C and then
cooled down to 4° C for 30 min. In the next stage, 4 mL
of toluene was added to the contents of each tube and
mixed with vortex for 30 seconds. The tubes were kept
at room temperature for 10 min. In this step two sepa-
rate layers were created. The absorbance of the upper
colored layer at 520 nm was measured using a toluene
by a spectrophotometer and the amount of proline were
calculated using the following equation.

umol
115/5ua

(% Prolinex mLtoluene) x = umolprolinepergfreshsample

sampleq

(% Proline x mLtoluene) X = ugprolinepergfreshsample

21
sampleg
To measure the relative water content (RWC) was
used of method that described by (23). So, for each plot,
young leaves were selected on the same position on the
plant and the fresh weight (Sample weight immediately
after separating), saturation weight (Sample weight af-
ter 24 hours in distilled water) and dry weight (Sample
weight after 24 hours at 70° C) were measured with
0.001 g accuracy and calculated using the formula:
RWC= ((Fw-Dw)/(Tw-Dw))x100

Where: Fw: fresh weight, Dw: dry weight and Tw
saturation weight.

From each plot, five bush beans were randomly se-
lected and number of pods per plant (NPP) and num-
ber of seeds per pods (NSPP) were measured. Then the
root length (RL) for five plants and weight of 100 seeds
(W100S) were measured in each plots. Finally seed
yield for each plot was recorded as well.

Results

Analysis of variance

Considering that the effect of place and the interac-
tion effects of the place with other studied factors were
not significant (the results were not shown), therefore,
in order to better interpret the results, the average data
obtained from two places was used for analysis. This
study results showed that the water stress had a signifi-
cant effect on all measured traits, except proline value
and weight of 100 seeds (Table 3). The Zinc sulfate
spray showed a significant effect on all traits except
carotenoid value.

The use of gibberellin had a significant effect on all
traits except ion leakage, carotenoids value, number
of seeds per pod and grain yield (Table 3). The inte-
raction effect of stressxzinc sulfate, showed a signifi-
cant difference for all traits. The interaction effect of
stressxgibberellin also showed a significant effect on
all traits except total chlorophyll, number of seeds per
pod, number of pods per plant and weight of 100 seeds.
The interaction effect of gibberellinxzinc sulfate did not
show a significant effect on number of seeds per pod.
Finally, the three-way interaction effect of stressxzinc
sulfatexgibberellin was significant on all traits except
the number of seeds per pod.

The results of means comparison by Duncan’s
methods at 5% level for main effects of water stress,
zinc sulfate and gibberellin factors are presented at
(Table 4) and means comparison of some traits for inte-

Table 3. Variance analysis of mean square of studied traits.

Mean square of traits

S.0.V df - -
LEL Cl, Cl, Cl, Carotenoid Proline
Rep 2 12.13™ 0.02" 0.10m 0.25m 13.72° 278.6™
(S) 2 936.03"  28.41™ 1291 68.64™ 268.38" 2629.6™
Erorrl 4 4.81 0.3 0.23 0.82 1.67 1736.7
(Zn) 3 98.12" 12.90"  6.84™  36.38" 6.44" 8645.5™
SxZn 6 5747 7.56™ 1.16™ 8.25™ 82.58™ 2951.2"
Erorr2 18 17.59 0.44 0.08 0.38 2.94 468.65
Gibberellin 1 15.40™ 11.99" 459"  34.13" 1.31m 1319.0°
SxGA 2 3227 1.48" 0.52" 0.50m 26.41™ 1697.7°
ZnxGA 3 75.53" 5.09" 0.45 5.54" 48.46™ 1152.5*
SxZnxGA 6 16.19° 15.60* 1.43" 19.05™ 61.46™ 1621.9"
Erorr3 24 5.84 0.11 0.12 0.21 2.83 243.3
Mean square of traits
S.0.V df -
RWC RL NSPP NPP W100S Yield
REP 2 41.25m 123.11™  0.84™ 3.40m 0.59m 1856
Stress 2 1037.61" 23.03% 591" 142.64" 20.21™ 35627
Erorrl 4 23.67 144.49 0.21 14.48 3.15 572
Zinc sulfate 3 1457.44™  79.49" 0.33" 46.16™ 14.37" 26331™
SxZn 6 151.1" 99.69"  0.66™  237.57" 12.01™ 25542™
Erorr2 18 10.31 22.77 0.09 8.51 2.16 2401
Gibberellin =~ 1 134.45™ 0.54x 0.45m 37.56" 81.03™ 1402
SxGA 2 193.01™ 2828  0.01™ 7.26™ 5.33m 12809™
ZnxGA 3 15.80™ 6.22™ 0.06™ 82.07" 12.37° 3683™
SxZnxGA 6 167.38" 16.15° 0.15m 19.67° 11.00™ 10068™
Error4 24 RWC 4.59 0.15 5.74 2.79 1273

df*, ** and ns significant at5%, 1% Duncan’s test and no significant, respectively.
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Table 4. Mean comparison for main effects of studied factors by Duncan’s method at 5% level.

Stress mm evaporation LEL % C1, Cl, Cl, Carotenoid Proline
from class A mg/g Fw mg/g Fw mg/g.Fw mg g FW!  mggFW!
60% 2537 ¢ 1045 a 6.04 D 1649 a 18.18 ¢ 14723 b
90% 3431 b 991 b 655 a 16.46 a 2149 b 164.11 a
120% 3739 a 836 ¢ 510 ¢ 1355 b 2486 a 14495 b
Stress mm evaporation by o, RIcm  NSPOD Seednopod NPODPPodnoplant WI100Sg  Yield kg ha
from class A
60% 63.68 a 2663 b 583 a 2930 a 28.78 a 209.74 a
90% 5249 b 28.39 525 b 2621 b 28.01 a 199.56 a
120% 52.11 b 28.25 485 ¢ 2449 ¢ 2695 b 13851 b
. Cl Cl Cl Carotenoid  Proline m
Zinc sulfaml L-1 LEL% mg/g:‘Fw mg/gf;Fw mg/g.TFw mg g FW! g FW! i
Control 3538 a 902 b 528 b 1430 ¢ 21.62 ab  141.78 bc
1.5 3228 b 868 ¢ 547 b 1425 ¢ 2230 a 183.85 a
3.5 3209 b 1040 a 633 a 16.92 a 2095 b 14833 b
4.5 29.68 ¢ 10.19 a 652 a 16.52 b 21.17 ab 13444 ¢
Zinc sulfa ml L-1 RWC % RLem  NSPOD Seed nopod NPODP Pod no plant  W100S g  Yield kg ha'
Control 4589 d 2847 a 520 a 2824 a 29.08 a 147.60 b
1.5 5158 ¢ 2465 b 519 a 27.51 ab 28.00 ab 20422 a
3.5 6125 b 2932 a 539 a 2457 ¢ 2693 b 15320 b
4.5 65.67 a 2857 a 546 a 2633 b 27.65 b 22540 a
. . 1 1 1 arotenoid Proline
Gibberellin LEL % mg?g?Fw mg(/:gf;Fw mg(/:g.TFw ?ng g FW! mg g FW!
Yes 31.89 a  9.16 b 564 b 1481 b 21.65 a 147.82 b
No 3282 a 998 a 615 a 16.19 a 2137 a 156.38 a
Gibberellin RWC % RL cm NSP Seed no pod NPP Pod no plant W100S g  Yield kg ha'
Yes 5473 b 27.84 a 523 a 2739 a 2898 a 187.02 a
No 5746 a 27.67 a 539 a 2594 b 2685 b 178.19 a

Means with the same letter are not significantly different from each other (P>0.05 ANOVA followed by DMRT).

ractive effects of stressxzinc sulfatexgibberellins are
presented at (Table 5).

Leaf electrolytes leakage

Among the stress levels, the highest LEL was due
to irrigation after 120% evaporation from the evapora-
tion pan with an average of 37.4% and showed signifi-
cant difference with other irrigation levels. Lowest LEL
was for St60% with an average of 25.4%. The lowest
amount of LEL was associated with applying 4.5 ml L"!
zinc sulfate with average of 29.7% and had a significant
difference with other zinc sulfate levels. The highest
LEL was related to control level (no application of zinc
sulfate) with average of 35.4% that showed a significant
difference with other levels. The spraying of gibberellin
did not show any significant effect on LEL compared to
non-spraying of gibberellin.

Mean comparison of studying treatments for LEL
by Duncan’s method at 5% level showed that the
highest LEL was for treatment of St90 (43.2%) that did
not have significant difference with other treatments
of St120GA, St120Zn3.5GA, St120, St120Zn4.5,
St90Zn1.5 and St120Zn4.5GA. The lowest percentage
of LEL belonged to St60Zn4.5 with amount of 21.2%
that did not have a significant difference with other
treatments of St60Zn3.5, St60Zn1.5GA, St60Zn4.5GA,
St90Zn4.5GA, St60GA and St60Znl.5 (Table 5). The
lowest leaf electrolytes leakage was observed under
normal irrigation conditions.

Photosynthetic pigments

According to this study, the highest amount of Chlo-
rophyll A in the stress levels was for irrigation after 60%
evaporation from the evaporation pan with an average
of 10.45 mg/g.Fw that has a significant difference with
other levels of irrigation regimes. The lowest amount
of CIA was for St120% with average of 8.36 mg/g. Fw.
On the other hand, the highest amount of Chlorophyll
B in the stress levels was for St90% with an average of
6.55 mg ml-1 that has a significant difference with other
levels and the lowest amount of CIB was for St120%
(5.10 mg/g.Fw). In addition, the highest amount of-
Chlorophyll T in the stress levels was for St60% with
an average of 16.49 mg/g.Fwand did not show signi-
ficant difference with levels of St90%. The lowest
amount of CIT was for St120% (13.55 mg/g.Fw). The
highest amount of carotenoid in the stress levels was
for St120% with an average of 24.86 mg/g.Fw and was
significantly different than other levels of stress and the
lowest amount of carotenoid was for St60% with ave-
rage of 18.18 mg/g.Fw.

The most amount of CIA for main effect of zinc
sulfate belonged to the level of Zn3.5 with average of
10.40 mg/g.Fw and did not show significant difference
with level of Zn4.5. The lowest amount of CIA was
for applying 1.5 ml L-1 of zinc sulfate which was also
significantly different with other levels. On the other
hand, the highest amount of CIB for main effect of zinc
sulfate belonged to the level of 4.5 ml L-1 of zinc sul-
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fate with average of 6.5 mg/g.Fw and no significant dif-
ference with level of Zn3.5. The lowest amount of CIB
was for control level of zinc sulfate, with no significant
difference with level of Znl.5. In addition, the highest
amount of CIT for main effect of zinc sulfate were obtai-
ned at the level of Zn3.5 with average of 16.9 mg/g.Fw
that has a significant difference with other levels. The
lowest amount of CIT was for level of Zn1.5 with no si-
gnificant difference with control level. The comparison
of means for carotenoid showed that the highest amount
of carotenoid was due to the level of Zn1.5 with average
of22.3 mg/g.Fw that did not show significant difference
with control level. The lowest amount of carotenoid was
for the level of Zn3.5 and has significant different only
with the level of Znl.5.

The spraying of gibberellin significantly decreased
CIA, CIB and CIT content, but the spraying of gibbe-
rellin did not show significant effect on carotenoid
amount (Table 4). The comparison of means of studying
treatments for CIT by Duncan’s method at 5% level
showed that the highest CIT obtained for treatment of
St90%Zn4.5 (20.11 mg/g.Fw) and did not have a signi-
ficant difference with treatment of St60%. The lowest
amounts of CIT belonged to St120%GA with amount of
10.20 mg/g.Fw that has a significant difference with the
other treatments.

The comparison of means of studying treatments for
amount of carotenoid showed that the highest amount
was for treatment of St120%Zn3.5GA with average
of 31.06 mg/g.Fw and no significant difference with
St120%, and St120%Zn4.5GA. The lowest amount
of carotenoid belonged to St60% with amount of 14.2
mg/g.Fw and did not have a significant difference with
St60%Zn3.5 and St60%GA (Table 5).

Proline

The highest amount of proline under water stress
was for irrigation after 90% evaporation from the pan
evaporation, with an average of 164.1 pg ml"' and had
a significant difference with other levels of water stress.
The lowest amount of proline was for St120% with ave-
rage of 144.9 ug ml"' and did not show a significant dif-
ference with the level of St60%.

The highest amount of proline for levels of zinc sul-
fate as main effect belonged to the level of Znl1.5 with
average of 183.8 ug ml! with significant difference with
other levels of Zn. The lowest amount of proline was
for the level of Zn4.5 that only showed significant diffe-
rence with the control level.

The comparison of means amounts of proline
showed that the highest amount was for treatment of
St90%Zn1.5 with average of 213.09 pg ml' and did
not have a significant difference with St120%Znl.5,
St90%Zn1.5GA andSt60%Zn3.5. The lowest amount
of proline belonged to St120% with amount of 109.68
ug ml-land did not have a significant difference with
St90%Zn3.5GA,  St90%Zn3.5,  St60%Zn4.5GA,
St120%Zn4.5GA, St60%GA, St60%Zn4.5,
St120%2Zn4.5, St60%Zn1.5GA and St90% too. In nor-
mal conditions, a moderate amount of proline content
was observed as only applying of 3.5 ml L-1 of zinc
sulfate caused a significant increase in proline. In mode-
rate and severe water stress conditions, the use of 1.5 ml
L' of zinc resulted in a significant increase in proline

content.

Relative water content

Among the water stress levels, the highest RWC
was for level of St60% with an average of 63.68% that
showed significant difference with other levels and the
lowest RWC was for St120% with an average of 52.11%
that did not have significant difference with level of
St90%.

Reviewing zinc sulfate level effect on RWC showed
that the highest amount with average of 65.67% was ob-
tained when 4.5 ml L' of zinc sulfate was used and had
a significant difference with other levels. The lowest
RWC was for control level (not using zinc sulfate) with
average of 45.9%.

Root length

The highest length of root under water stress levels
was for St90% with an average of 28.4 cm and did not
show a significant difference with level of St120%. The
lowest root length was for St60% with average of 26.6
cm and had a significant difference with other levels
of irrigation. Therefore, root length increased at first
step of increasing irrigation duration (moderate water
stress) and its growth was ceased at the second step
of increasing irrigation duration (severe water stress).
The comparison of means of root length showed that
the highest root length was for treatment of St60%GA
with average of 33.7 cm and had a significant diffe-
rence with St120%GA, St60%Znl.5GA, St60%Znl.5,
St90%Zn1.5GA andSt60%Zn3.5. The lowest root
length belonged to St120%GA with average of 16.9 cm.

Yield and yield components

The highest number of seeds per pod in water stress
levels was for irrigation after 60% evaporation from
the evaporation pan with an average of 5.8 and has a
significant difference with other levels of irrigation and
the lowest NSP was for St120% with average of 4.85
that has a significant difference with other levels. The
highest number of pod per plant in the stress levels was
for St60% with an average of 29.3 that has a significant
difference with other levels of irrigation and the lowest
NPP was for St120% with average of 24.5 and had a
significant difference with other levels. The highest
weight of 100 seeds obtained under water stress level
of St60% with an average of 28.8 g and did not show
a significant difference with the level of St90%. The
lowest W100S was for St120% with average of 26.9 g
and has a significant difference with other levels of irri-
gation. The highest yield in the stress levels obtained at
St60% with an average of 209.7 kg.m? and did not show
a significant difference with the levels of St90%. The
lowest yield for seed was for St120% with average of
138.51 kg.m? and had a significant difference with other
levels of irrigation.

Analysis of variance results showed that zinc sulfate,
did not have a significant effect on the NSP at any ap-
plied level. The highest NPP in response to zinc sulfate
obtained at control level with average of 28.2 and did
not have a significant difference with the level of Znl1.5
and the lowest NPP was for the level of Zn3.5, and had
a significant difference with other levels. The highest
weight for 100 seeds for levels of zinc sulfate obtained
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at control level of zinc sulfate with average of 29.1 g
and did not show significant difference with the level of
Znl.5 and the lowest W100S was for the level of Zn3.5
that did not show significant difference with the levels
of Zn4.5. The highest yield in response to zinc sulfate
main effect obtained at the level of Zn4.5 with average
of 225.4 kg.m? and did not have a significant difference
only with level of Znl.5. The lowest yield was for the
control level and did not show significant difference
with Zn3.5.

Results of analysis of variance for yield showed that
the highest seed yield was for treatment of St60%Zn4.5
with average of (370.1 kg.m?) and did not show signi-
ficant difference with St90%Znl1.5GA. The lowest
seed yield obtained at St120%Zn3.5GA with average
of (29.88 kg.m?). Therefore, under normal conditions,
using 4.5 ml L' of zinc sulfate, under moderate water
stress conditions, use of 1.5 ml L! of zinc sulfate plus
gibberellin and under severe water stress conditions, use
of 4.5 ml L' of zinc sulfate with gibberellin, have resul-
ted in 74.2, 71.6 and 6.5 percentage higher yield than
yield obtained under normal condition, respectively.

Discussion

The significant effect of irrigation regime on the stu-
died traits revealed the important role of water in plant
growth processes, which has also been reported in seve-
ral other studies (24). Zinc is an essential nutrient for
normal growth in crops and plays an important role in
protecting cellular components such as chlorophyll by
preventing their oxidation (12). However, excessive use
of zinc on plants can disturb metabolic processes such
as photosynthesis and transpiration and thus decrease
the plant growth due to reduced root growth and leaf
chlorosis (15). Gibberellins are plant hormones with
a wide range of activities including seed germination
and cell elongation (25). The foliar use of gibberellins
improved plant morphology and physiology (26).

It is realized that the rate of leaf electrolytes leakage
increased step by step with reducing the irrigation le-
vel. The cell membrane stability under water stress is
one of the most important factors in drought tolerance.
Accordingly, increasing electrolytes leakage decreases
the membrane stability and thus decreases drought
tolerance (27). The significant increase in electrolytes
leakage was observed under water stress conditions
in common bean (28) which were consistent with this
study results. It seems that using of zinc and gibberel-
lin was not effective in reducing LEL under this condi-
tion and only, when were used at 4.5 ml L' zinc sulfate,
the LEL increased significantly. On the other hand, in
moderate stress conditions, by using of gibberellins,
the amount of LEL decreased and there was no signifi-
cant difference with normal conditions. In severe stress
conditions, LEL was highly increased and using zinc
sulfate and gibberellin did not have a reducing effect
on the value of LEL. In stress condition, increasing of
the reactive oxygen species is the reason of oxidative
damage in many cellular components and cause of the
cell membrane peroxidation and increasing electrolyte
leakage (29). Using zinc sulfate results in reduction of
ion leakage in common bean (30). In this study also, it
was observed that with increasing use of zinc, there was

a significant decrease in electrolyte leakage.

Chlorophyll content as an indicator of leaf photo-
synthesis is one of the criteria to assess drought tole-
rance of plants (31). Our results showed that chlorophyll
a content decreased step by step with increasing irriga-
tion duration, while chlorophyll B content increased
in moderate stress and decreased in severe stress. In
addition, the total chlorophyll content in severe stress
significantly decreased compared to normal and mode-
rate stress conditions. (32) reported that drought stress
significantly decreased chlorophyll content which resul-
ted in lower plant growth and productivity. (33) repor-
ted that high levels of chlorophyll in stress conditions
increased the photosynthesis rate and, thus increased
drought tolerance. Carotenoids play an important role
in utilization of light and increasing plants production
and enhance plants drought tolerance and the oxidative
damage caused by drought stress (10). It is found in this
study that with increasing stress severity, the carotenoid
content significantly increased, while other studies for
various plants have indicated that with increasing the
severity of stress, the level of carotenoid decreases (34).

In this study it is found that with enhancing dosage
of zinc sulfate, the photosynthetic pigments, except
carotenoid content, significantly increased. This increa-
sing of photosynthetic pigments content is related to
functional role of zinc in activation of enzymes in the
complex pathway of pigments biosynthesis and some
antioxidant enzymes, e.g. glutathione reductase and
ascorbate peroxidase, which prevent the reduction of
pigments synthesis by active oxygen radicals (2). The-
refore, we observed that the total chlorophyll content
was high under normal irrigation conditions. However,
it showed that different levels of gibberellin and zinc
sulfate in normal irrigation conditions had a different
effect on chlorophyll content, in addition, in this condi-
tion, the use of gibberellin and zinc sulfate reduced the
total chlorophyll content. Conversely, under moderate
stress condition, application of 4.5 ml L' zinc sulfate
significantly increased the total chlorophyll content, but
under severe stress, the use of zinc sulfate and gibbe-
rellin did not show a significant effect on chlorophyll
content.

As the intensity of water stress increased, carote-
noid levels also increased. In other words, under nor-
mal irrigation conditions, the least amount of carotenoid
was observed in bean leaves and it seems that in nor-
mal conditions, the use of gibberellin and zinc sulfate
were the cause of carotenoid increase. In this condition,
using the low level of zinc sulfate (1.5 ml L), caused
the highest increase in carotenoid level. Under moderate
water stress condition, the use of gibberellin and zinc
sulfate, only when used at low level of zinc sulfate (1.5
ml L) plus gibberellin, resulted in carotenoid increase.
However, under severe stress conditions, the use of 3.5
ml L' of zinc sulfate plus gibberellin resulted in highest
rate of carotenoid.

The mechanism for drought tolerance might be asso-
ciated with accumulation of proline as an osmotic pres-
sure regulator (35). In fact, increasing the rate of proline
in plants, by improving the osmotic pressure regulation,
can quickly increase their tolerance to drought. There-
fore, it is found that under moderate water stress, the
amount of proline significantly increased compared to
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optimum irrigation, but on the other hand, the amount
of proline decreased under severe water stress. (35)
showed that increase of the proline content of fababeans
under water stress condition depends on the genetic po-
tential of the studied cultivars and the proline content
were higher in tolerant cultivars with increasing tension
level, while in the sensitive cultivars proline content did
not change as tension level increased.

Our results showed that the applying of zinc in
beans at low doses increased the proline and at higher
doses, proline decreased significantly. (36) reported a
decrease in the amount of soybean leaf proline under
different levels of irrigation by using the Zn and repor-
ted that receiving Zn via leaf in plant, reduced a large
portion of glutamate that was involved in chlorophyll
biosynthesis. This compound plays a role in the proline
biosynthesis pathway. The spraying of gibberellin si-
gnificantly decreased proline amount. Therefore, it was
concluded that under different irrigation regimes, the ef-
fect of gibberellin and different levels of zinc sulfate on
the proline amount of common bean was varied. These
differences are due to the different interaction effects of
these factors in different moisture conditions.

In conclusion, it can be stated that, under moderate
and severe water stress conditions, applying of 1.5 ml
L' of zinc sulfate is the cause of proline increase. The
plants grown under water stress conditions, due to in-
creasing of osmotic compounds, and decrease of water
in the intracellular begin to absorb more water from
the soil (37). In this study a direct correlation between
soil moisture content and relative water content of leaf
was monitored. By decreasing soil moisture and increa-
sing the duration of irrigation period, the relative water
content of leaves decreased and resulted in a significant
reduction in amount of morphological traits, especially
yield and yield components.

The zinc element plays a major role in regulation
of stomatal opening, because of its important role in
maintaining potassium in the stomata guard cells, and
increasing the relative water content under water stress
conditions (17). In this study, it was observed that by
increasing application of Zn, the relative water content
of the leaf showed a significant increase, which was
consistent with the report by (30). Gibberellin spray
(54.7%) significantly reduced RWC in comparison with
non-gibberellin spraying (57.5%).

The influence of water stress is varied on physiolo-
gical trait expression and this difference could be attri-
buted to differences between the nature of the traits, as
some characters are more sensitive to water stress ef-
fects than others (38).

The highest length of root for levels of zinc sulfate as
main effect belonged to the level of Zn3.5 with average
0f 29.3 cm and has a significant difference only with le-
vel of Zn1.5. The lowest root length was for the level of
Znl.5. (39) reported that using of Zn increased root and
shoot dry weight. The spraying of gibberellin did not
have a significant effect on root length. In other words,
the root length increased with increasing Zn, but this
increase was not statistically significant. (40) reported
that gibberellin did not have a significant effect on plant
height and significantly decreased root length.

Based on these results, the root length does not
have a highlighted change under experimental condi-

tions. However, in normal and moderate water stress
conditions gibberellin resulted in highest root length.
Under severe water stress, gibberellin plus 4.5 ml L
of zinc sulfate had an important role on increasing of
root length. So gibberellin is effective in increasing root
length of beans, when the water stress is low or absent,
however under severe water stress conditions, using
zine sulfate (4.5 ml L!) plus gibberellin would increase
root length.

It is concluded that morphological traits of yield and
yield components with increasing duration period of ir-
rigation and reduction of plant available water were si-
gnificantly decreased. The quality of Zn levels effect on
morphological traits was varied. Zn deficiency results
in biochemical and physiological changes in beans, and
its application can significantly improve bean growth
(39). The seed yield showed a significant increase with
increasing Zn dose. The seed number per pod increased
with increasing Zn value, but this increase was not statis-
tically significant (41) stated that zinc has important role
in auxin biosynthesis as a plant growth regulator (42).
Increasing grain yield mostly were due to increasing of
number of seeds per pod, because the number of pods
per plant and the weight of 100 seeds were decreased
significantly with increasing dose of Zn. (43) reported
that combined application of Mn and Zn caused an in-
crease in primary yield components through number of
grains per pod, number of pods per plant, and produc-
tivity itself.

The spraying of gibberellin did not have a signifi-
cant effect on the NSP and seed yield, but significantly
increased NPP and W100S. Our results showed a signi-
ficant increase only for 100 seeds weight and number of
pods per plant by using gibberellin. On the other hand,
application of gibberellin did not show a significant
effect on seed number per pod and yield. (17) studied
the effect of growth regulators under different moisture
and salinity conditions on snap beans, and found that
the effect of growth regulators was significant only for
number of pods per plant and did not indicate significant
effect on biomass and pod weight per plant.

In our experiment, it was observed that the agro-
morphological and biochemical traits were affected by
various irrigation regimes and application of gibberel-
lin and zinc sulfate in different irrigation conditions
showed a different effect on the study traits. In addition,
it was found that application of 1.5 ml L'of zinc sulfate
plus gibberellin improved bean biochemical properties.
Under normal conditions, application of 4.5 ml L-'of
zinc sulfate and under severe water stress conditions,
using of 4.5 ml L of zinc sulfate plus gibberellin is
recommended for obtaining the maximum performance
of yield. However, in moderate stress conditions, use of
1.5 ml L-'of zinc sulfate is recommended.
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