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ABSTRACT: strategies such as foliar application of salicylic acid and potassium show
particular possibilities for conserving irrigation water, aiding plant survival under dry conditions.
In this study, two field experiments were carried out during the summer seasons of 2014 and
2015, to examine the response of bean (Phaseolus vulgaris .L) plants to the foliar application of
salicylic acid (SA) at 10 and 20 ppm as well as potassium sulphate at 1 and 2% under three
irrigation intervals i.e. 8, 12 or 16 days.

The obtained results indicated that irrigation every 8 days improved vegetative growth in terms
of plant height, number of leaves per plant and plant fresh and dry weights as well seed yield
and quality i.e. germination percentage , mean germination time, seedling root length and
seedling vigor index . All used foliar treatments i.e. salicylic acid at 10 and 20 ppm as well
potassium sulphate at 1 and 2% improved vegetative growth ,seed yield and its quality. Foliar
application with SA at 20 ppm was the best treatment in this regard. The interactions between
irrigation every 8 days and foliar application with SA at 20 ppm gave the highest values of the
studied vegetative, seed yield and quality characters.

For obtaining high seed yield and quality of bean plants it could be recommended that,
irrigation should be done every 8 days and plants should be sprayed with salicylic acid at 20
ppm three times during the growing season at 3, 5 and 7 weeks after sowing. However, in case
of water shortage it is possible to extend the irrigation interval up to 16 days with three times
foliar application of salicylic acid at 20 ppm to ameliorate the drought stress without decreasing
the yield.
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INTRODUCTION needs a huge amount of irrigation water

River Nile which floods about 55.5 billion which is already not sufficient to meet all the
m® water a year is the most important water expected demands. There is a need to come
resources in Egypt for agricultural, industrial, up with strategies that will encourage
and urban activities. Rainfall which is about sustainable agricultural production and also
13 mm a year and occurs only in winter identify possible agricultural practices could
season is not sufficient even for an irrigation integrate to save water.

interval. Even though, most of ground water
comes due to infiltrating and moving water
from Nile or its irrigated fields. More than
85% of water consumption is due to
agricultural related activities. In Egypt, water
availability is considered the prime constraint
that determines the addition of new
cultivated areas. Agricultural expansion

The sustainable management of water
resources is a priority for agriculture also for
the temperate regions such as Egypt, where
dry and hot summers usually occur
(Tambussi and Bort, 2007), and drought
events may have a large impact on both
productivity and crop quality. It is necessary
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to get maximum yield in agriculture by using
available water in order to get maximum
profit per unit area because existing
agricultural land and irrigation water are
rapidly diminishing due to the rapid
industrialization and urban development.
Therefore, we need to know the right
amount of water needed for the plants i.e.
plant water consumption. Furthermore, it is
essential to develop the most suitable
irrigation schedule to get optimum plant yield
for different ecological regions as plant water
consumption depends mostly on plant
growth, soil and climatic conditions (Ertek et
al., 2002).

Dry bean (Phaseolus vulgaris .L) is an
important protein crop in Egypt grown
mostly for human consumption. According
to 2015 year statistics of Ministry of
Agriculture and Land Reclamation , the
average dry bean production in Egypt is
about 128248 tons produced from 115498
feddan (1 feddan = 4200 m?).

Most dry bean production in the
developing world occurs under conditions
of recurring drought stress (Graham and
Ranali, 1997). Drought stress has a
considerable impact on dry 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 genotype used
(Emam et al., 2012). Dry bean is very
sensitive  to drought  stress  during
flowering because any type of stress
during this stage can result in significant

flower and pod abortion. (Graham and
Ranalli, 1997). The impact of drought
stress is determined by the severity of

stress and the ability of plants to adapt
to this stress (Rosales et al.,, 2012).
Drought stress reduced bean dry matter
production, leaf area index, number of
pods per plant, number of seeds per
plant, hundred seed weight and grain
yield (Mathobo et al. 2017), reduced leaf
area, chlorophyll content, dry matter and
yield in two common bean cultivars (D81083
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and Sayyard) in Iran (Emam et al,
2012). Post flowering drought stress
resulted in a reduction in seed yield,

pods per plant and 100 seed weight in
small red seeded common bean (Rezene
et al., 2013). Also photosynthetic rate of
bean plants was reduced due to stomatal
conductance (Zlatev and Yordanov, 2004).
Periods of drought stress during the
reproductive phase of the common bean
have been associated with a reduction in
seed vyield (Emam 1985). Molina et al.
(2001) reported that drought stress reduced
seed yield of common bean cultivars, by
50%. Shoot biomass accumulation is
considered an important trait to attain high
seed yield in grain legumes. Significant
differences have been observed for shoot
biomass accumulation among dry bean
cultivars grown under severe drought stress
conditions.  Furthermore, differences in
biomass accumulation and allocation have
been detected among bean cultivars with
different growth habits (Rosales-Serna et al.
2004).

A variety of strategies have been
considered to avert the adverse effects of
drought stress in plants. Among them foliar
application of salicylic acid and potassium
used to alleviate the harmful effects of
drought on plants. In this connection, Dawa
et al. 2015 indicated that foliar application of
salicylic acid at 15 and 30 ppm and foliar
potassium at 1% and 2% improved
vegetative growth, photosynthetic pigments
and yield of bean plant under both well
watered and water stress conditions. Results
of Sadeghipour and Aghaei (2012) showed
that water stress reduced number of pods
per plant, number of seeds per pod, 100-
seeds weight and finally seed vyield of
common bean. Exogenous application of SA
improved all measured traits under both well
watered and water stress conditions, Results
signify the role of SA in regulating drought
response of plants and suggest that SA
could be used as a potential growth
regulator, for improving common bean
growth under water stress conditions.
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Potassium foliar application proved to be
effective to improve vyield of different
legumes under water stress conditions
Kassab and El-Zeiny (2004) on faba bean
and Thalooth et al. (2006) on mung bean
plants.

Therefore, the objective of this study
was to determine whether the foliar
application of salicylic acid or potassium
sulphate can improve growth and yield of dry
bean under prolonged irrigation intervals
and to check the possibility of saving
water without losing much yield.

MATERIALS AND METHODS

Two field experiments were carried out
during two successive summer seasons of
2014 and 2015, at El- Baramoon Research
Farm, Mansoura Horticulture Research
Station, HRI, ARC. Egypt to investigate the
response of bean plants to foliar application
with salicylic acid and potassium under
different irrigation intervals. The soil of the
experimental plots was analyzed, using the
methods described by Page et al. (1982), for
the physical and chemical properties and the
obtained data are shown in Table (1).

Common bean seeds (Phaseolus
vulgaris L. c.v. Nebraska) were obtained
from the Vegetable Crops Seed Production

and Technology Department, Horticulture
Research Institute. Sowing was done on 10
™ and 11" of March in the two summer
seasons of 2014 and 2015, respectively.
The seeds were planted at 10 cm apart in a
single row. Each row was 3 m long and 0.7
m wide. Each plot contains 6 rows. Thus, the
area of each plot was 12.6 m 2, Other
agriculture practices such as fertilization,
weeding, pest and insect control were
carried out as recommended for the
conventional common bean planting.

The studied factors were:

1- lIrrigation intervals every 8, 12 and 16
days. The irrigation water amount added
each time was at rate of 175 m® per
feddan which calculated according to the
equation of Israelson and Hansen (1962).

2- Foliar treatments : control (sprayed with
distilled water), salicylic acid at 10 ppm,
salicylic acid at 20 ppm , potassium
sulphate at 1% and potassium sulphate
at 2%. All foliar treatments were applied
thrice at 3, 5 and 7 weeks after sowing.

A strip block system in complete
randomized blocks design with three
replicates was used. Irrigation intervals were
assigned in the main plots (vertically) and
foliar treatments were randomly distributed
in sub-plots (horizontally).

Table 1: The main physical and chemical properties of the experimental site during the

two growing seasons.

Some Physical \% Some Chemical Val
properties 15t ond Properties 15t ond season
Sand (%) 28.1 27.9 pH* value (1:25) 8.0 7.9
Silt (%) 31.8 31.6 EC dSm? 0.9 0.9
Clay (%) 40.1 40.5 Total N (%) 0.03 0.04
Available N (ppm)
NH,-N 23.37 23.00
Texture class Clay-loam [Clay-loam |NO,-N
0.162 0.126
NO3-N
13.21 13.12
CaCO; (%) 3.2 3.0 Available P (ppm) 13.3 12.6
Organic matter (%) 1.8 1.6 Available K (ppm) 304 302
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Data recorded
1-Vegetative growth characters

At flowering stage, ten random plants
from each treatment were taken to measure:
Plant height (cm), number of leaves/ plant,
fresh weight/ plant (g), and dry weight/ plant

(9)-

2-Seed yield and its components

At harvest stage (after ripening and pods
drying), samples of fifteen random plants
from each treatment were collected and
used for recording seed yield parameters i.e
number of seeds per pod, seeds yield per
plant(g),weight of 100 seeds (seed index) (g)
and total seed yield per feddan (k).

3-Seed quality

Germination percentage and rate were
carried out according to ISTA rules (ISTA,
2011).

Shoot length (cm) and root length of
seedling (cm) were also determined at the
end of germination test.

Seedling vigor index (SVI) was calculated
according to the equation of Abdul-Baki and
Anderson (1973).

SVI= Seedling length (cm) x Germination
percentage

4- Chemical analysis of leaf

At flowering stage, top fourth leaf from
five random plants were picked up and
subjected for determining total chlorophyll. A
digital chlorophyll meter, Minolta SPAD-502

(Minolta Company, Japan) was used.
The same leaves were dried, grinded and
prepared for measuring nitrogen,

phosphorus and potassium according to
methods described in Cottenie et al., 1982.

Statistical analysis:

All the collected data were tabulated and
statistically analyzed by Statistical Analysis
of variance using MSTAT-C version 4, 1987
software and the treatments means were
compared using the LSD test according to
Gomez and Gomez 1984
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RESULTS AND DISCUSSION
1-Vegetative growth characters

Data presented in Table 2 indicated that
all vegetative growth characters in terms of
plant height, number of leaves per plant as
well plant fresh and dry weights were
significantly affected by irrigation intervals.
Short irrigation interval every eight days
recorded the highest values of all studied
characters followed by irrigation every 12
days and finally irrigation every 16 days.
Irrigation every 8 days increased plant
height by 12.39 and 19.33 % over irrigation
every 12 and 16 days respectively, for the
first season. While, this increment was 12.06
and 19.24 % in the second season, for the
same periods. The same trend was
observed for number of leaves and fresh
and dry weights/ plant.

Concerning the effect of foliar application
either by salicylic acid or potassium
sulphate, data in the same table showed
that, either salicylic acid or potassium
sulphate at all used concentration improved
the vegetative growth of bean regardless the
irrigation intervals. Foliar application with
salicylic acid at 20 ppm recorded the highest
values of the studied characters. It increased
plant height by 24.41 and 24.33 % ; number
of leaves by 44.11 and 40 % ; plant fresh
weight by 21.65 and 21.59% and plant dry
weight by 20.63 and 20.67% over control
treatment for the first and the second
seasons, respectively.

As regards the effect of interaction
between irrigation intervals and foliar
application of salicylic acid and potassium
sulphate on bean vegetative growth, Table 2
indicated that, in both seasons of study,
irrigation bean plant every 8 days and
spraying them with salicylic acid at 20 ppm
recorded the highest values of all vegetative
growth characters followed by irrigation
every 8 days and spraying with salicylic acid
at 10 ppm. While increasing the irrigation
intervals up to 16 days without applying any
of salicylic acid or potassium sulphate
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significantly decreased the all characters. improved the values of different characters
Prolonged irrigation interval to 12 or 16 days to reach more or less near to the values
with applying salicylic acid or potassium when irrigation was done every 8 days
sulphate as foliar protective treatments without applying any foliar treatment.

Table (2): Effect of irrigation intervals, foliar application treatments with SA and K,SO,
and their interaction on bean vegetative growth during 2014 and2015 seasons.

Plant height No. of Plant fresh Plant dry
(cm) leaves/plant weight () weight (g)

Treatments

Irrigation Foliar

e 2014 | 2015 | 2014 | 2015 | 2014 | 2015 | 2014 | 2015
Intervals | Application

A: Irrigation Intervals
Irrigation every 8 38.64 | 39.78 | 12.15 | 12.40 | 49.64 | 51.14 | 5.460 | 5.566
Irrigation every 12 34.38 | 35.5 11.60 | 12.20 | 46.22 | 47.16 | 5.300 | 5.508
Irrigation every 16 32.38 | 33.36 | 10.60 | 11.40 | 36.76 | 38.2 | 4.070 | 4.190

LSD 5% 0.97 0.92 0.34 0.43 0.18 0.23 0.24 0.18
B: Foliar Application
Control 30.85 | 31.77 | 9.25 | 10.00 | 39.73 | 40.90 | 4.460 | 4.597
SA 10 ppm 37.66 | 38.77 | 12.67 | 12.67 | 46.30 | 47.67 | 5.170 | 5.323
SA 20 ppm 38.38 | 39.50 | 13.33 | 14.00 | 48.33 | 49.73 | 5.380 | 5.547
K»S0,4 1% 34.60 | 35.67 | 11.33 | 11.67 | 43.67 | 44.97 | 4.880 | 5.027
K»S0,4 2% 34.34 | 35.37 | 10.67 | 11.67 | 43.00 | 44.23 | 4.800 | 4.947
LSD 5% 1.21 1.13 1.02 0.95 0.96 0.70 0.29 0.24
C: The interaction

Control 35.15 | 36.20 | 10.75 | 11.00 | 45.20 | 46.60 | 4.970 | 5.070

Irrigatio SA 10 ppm | 41.18 | 42.40 | 13.00 | 13.00 | 52.30 | 53.90 | 5.750 | 5.870

nevery |SA 20 ppm |42.25 | 43.50 | 14.00 | 14.00 | 53.50 | 55.10 | 5.860 | 5.980
8days |k,50,1% |37.50 | 38.60 | 12.00 | 12.00 | 49.00 | 50.50 | 5.390 | 5.500
K,S0,2% |37.12 | 38.20 | 11.00 | 12.00 | 48.20 | 49.60 | 5.300 | 5.410
Control 30.20 | 31.10 | 09.00 | 10.00 | 41.20 | 42.00 | 4.720 | 4.910
Irrigatio |SA 10PPM | 37.30 | 38.40 | 13.00 | 13.00 | 48.40 | 49.40 | 5.550 | 5.770
nevery |SA 20 ppm |38.10 | 39.20 | 13.00 | 14.00 | 49.60 | 50.60 | 5.710 | 5.940
12 days [k ,50,1% |33.50 | 34.50 | 12.00 | 12.00 | 46.10 | 47.10 | 5.300 | 5.510
K,S0,2% |33.30 | 34.30 | 11.00 | 12.00 | 45.80 | 46.70 | 5.200 | 5.410
Control 27.20 | 28.00 | 08.00 | 09.00 | 32.80 | 34.10 | 3.700 | 3.810
Irrigatio | SA 10PPM | 34.50 | 35.50 | 12.00 | 12.00 | 38.20 | 39.70 | 4.200 | 4.330
nevery |SA 20 ppm | 34.80 | 35.80 | 13.00 | 14.00 | 41.90 | 43.50 | 4.580 | 4.720
16 days [k,50,1% |32.80| 33.90 | 10.00 | 11.00 | 35.90 | 37.30 | 3.950 | 4.070
K,S0,2% |32.60 | 33.60 | 10.00 | 11.00 | 35.00 | 36.40 | 3.900 | 4.020
LSD 5% 210 | 1.96 | 1.77 | 164 | 166 | 1.21 | 050 | 0.42
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Under water deficiency, cell elongation of
higher plants can be inhibited by interruption
of water flow from the xylem to the
surrounding elongating cells (Nonami,
1998). Drought caused impaired mitosis; cell
elongation and expansion resulted in
reduced growth traits (Hussain et al. 2008).
Similar to our results, Dawa et al. (2015)
reported that, drought stress decreased
vegetative growth of bean but application of
SA or potassium improved these traits in
both drought and control conditions.
Reduction of dry bean leaf area under
drought stress conditions during vegetative
growth stage has been reported in many
studies (Emam et al. 2012; Nielsen and
Nelson, 1998).

Role of SA in improving plant height
under water stress may be due to improving
mitosis and cell elongation process. Water
deficit stress mostly reduces leaf growth and
in turns the leaf areas in many species of
plants (Jaleel et al. 2009). Exogenous
application of potassium salts improved the
growth, enhanced water use efficiency, leaf
turgor and relative water content of stressed
sunflower (Akram et al., 2009). Obtained
results are in agreement with those of Dawa
et al., 2015; Ghanbari et al. 2013 and
Emam et al. 2012, who all worked on bean.

2-Seed yield and its components

Data in Table 3 revealed that all seed
yield and its components were significantly
and negatively affected by increasing the
irrigation intervals up to 16 days which
recorded the lowest values. Irrigation every
8 days gave the highest values of all studied
characters, i.e. 5.6 and 5.85 seeds per pod;
seed index of 47.98 and 48.92 g of 100
seeds and 1079 and 1101 kg per feddan as
total yield for the first and the second
seasons, respectively. Irrigation every 12
days came in the second rank while
irrigation every 16 days exhibited the last
rank in this regard.
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Foliar application of salicylic acid (10 or
20 ppm ) or potassium sulphate (1 or 2%)
significantly improved seed vyield and its
components in bean Table 3. All foliar
treatments significantly increased number of
seeds per pod over control without
significant  differences  between those
treatments in both seasons. Seed index was
positively affected by foliar application of SA
at 20 ppm which recorded the highest
values (47.92 and 47.88 gm) in the first and
the second seasons, respectively. Seed
yield per plant and total seed vyield per
feddan had the same trend in their response
to foliar application treatment .Salicylic acid
at 20 ppm was the superior treatment in this
regard as it increased seed yield per feddan
by 35.42 % over control treatment as an
average of the two seasons. Salicylic acid at
10 ppm recoded an increment of 31.97 %
over control and came in the second order
while potassium sulphate at 1% ranked third
with 24.9 % and lastly potassium sulphate at
2% recorded 20.81 % increment over control
plants.

Concerning the interaction between the
three used irrigation intervals and foliar
application treatments, Data in Table 3
indicated that the highest seed yield and its
components recorded when irrigation done
every 8 days with foliar application of SA at
20 ppm then SA at 10 ppm under the 8 days
of irrigation. Medium irrigation interval of 12
days with using SA or potassium sulphate
improved yield considerably and gave total
seed yield higher than irrigation every 8 days
without using SA or potassium. When
irrigation period extended up to 16 days with
applying SA at 20 ppm , SA at 10 ppm or
potassium sulphate at 1% , plants still
produce seed vyield higher than when
irrigation done every 8 days without applying
any foliar treatments. The lowest values of
all studied seed vyield characters were
obtained when irrigation done every 16 days
without applying SA or potassium.
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Table (3): Seed yield and its components of bean as affected by irrigation intervals ,
foliar application treatments with SA and K,SO, and their interaction during
2014 and 2015 seasons

No. of Seed index Seed Seed

Treatments seeds/pod (@) yield/plant (g) | yield/fed. (kg)

Irrigation Foliar

e 2014 | 2015 | 2014 | 2015 | 2014 | 2015 | 2014 | 2015
Intervals | Application

A: Irrigation Intervals

Irrigation every 8 5.600 | 5.850 | 47.98 | 4892 | 19.92 | 20.32 | 1079 1101

Aavec

Irrigation every 12 5.200 | 5.400 | 46.15 | 47.05 | 18.18 | 18.58 | 998 1015

Aavec

Irrigation every 16 4.400 | 4.200 | 41.19 | 40.18 | 16.78 | 17.11 | 944 962

Aaovie

LSD 5% 082 |0.77 |032 |055 |073 |065 |6.00 |12.00

B: Foliar Application

Control 4.000 | 4.083 | 39.04 |39.80 |14.73 |15.02 | 821 837

SA 10 ppm 5.667 | 5.667 | 46.95 | 47.88 | 19.98 |20.38 | 1084 | 1104
SA 20 ppm 5.667 | 5.667 | 47.92 | 45.81 | 20.49 |20.90 | 1114 | 1133
K2S04 1% 5.000 | 5.333 | 46.18 |47.10 | 18.51 | 18.88 | 1026 | 1045
K2S04 2% 5.000 | 5.000 | 45.44 |46.32 | 17.79 |18.17 | 992 | 1011
LSD 5% 073 |075 |[0.82 |095 |089 |0.75 |10.00 | 16.00

C: The interaction

Control 5.000 | 5.250 | 42.83 | 43.70 | 17.22 | 17.56 | 970.0 | 990.0

rrigation SA10ppm | 6000 |6.000 | 49.34 |50.29 |21.54 |21.97 |1150 | 1175
every [SA20ppm | 6000 |6.000 | 50.82 |51.82 |21.93 |22.37 |1169 | 1190

8days K,50,1% | 5000 | 6.000 | 48.84 | 49.80 | 19.81 | 2021 | 1075 | 1100

K2S042% | 6,000 | 6.000 | 48.09 | 48.96 | 19.12 | 19.50 | 1030 | 1050

Control 4.000 | 4.000 | 39.39 | 40.09 |14.83 | 15.13 | 840.0 | 858.0

.. |SA10ppm | 5000 |6.000 | 48.29 | 49.26 |20.42 |20.83 |1108 | 1122
Irrigation

every [SA20pPM | 5000 |6.000 | 49.34 | 50.33 | 20.18 | 20.60 | 1053 | 1071

12days [k,S0.1% | 5000 | 6.000 | 47.20 | 48.14 | 1821 | 18.57 | 1008 | 1025

K2S042% | 5000 |5.000 | 46.52 | 47.45 | 17.35 | 17.77 | 983.0 | 999.0

Control 3.000 | 3.000 | 3491 | 35.61 |12.13 |12.37 |652.0 | 663.0

rrigation SA10ppm | 5000 |5.000 | 43.22 | 44.08 |19.12 |19.50 |1083 | 1101
every [SA20ppPm | 5000 |5.000 | 43.59 | 35.28 | 18.22 | 18.58 | 1031 | 1051

16days [K,S0,1% | 5000 | 4.000 | 4251 | 43.36 | 1752 | 17.87 | 994.0 | 1009

K2S042% | 4000 | 4.000 | 41.72 | 42.55 | 16.91 | 17.23 | 962.0 | 985.0

LSD 5% 126 |1.30 [142 |165 |154 |1.29 |18.00 |28.00
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Drought stress affects crop growth and
yield during all developmental stages. The
effect of drought on yield is highly complex

and involves processes as diverse as
reproductive organs, gametogenesis,
fertilization, embryogenesis, and seed

development stress (Barnabas et al. 2008).
Reproductive development at the time of
flowering is especially sensitive to drought
stress (Samarah et al. 2009a,). Drought
stress is a main abiotic stress that limits crop
pollination by reducing pollen grain
availability (Trueman and Wallace 1999),
increasing pollen grain sterility (Al-Ghzawi et
al.  2009), decreasing pollen grain
germination and pollen tube growth (Lee
1988). Drought stress can also reduce
megagametophyte fertility (Young et al.
2004), inhibit the differentiation of young
microspores (Satake 1991), lower the
number of dehisced anthers (Sawada 1987),
repress anther development (Nishiyama
1984), and decrease seed set and seed
development (Al-Ghzawi et al. 2009).
Drought stress occurring during flowering
and early pod development significantly
increased the rate of pod abortion and
consequently decreased final seed vyield of
soybeans (Westgate and Peterson 1993; Liu
et al. 2003). In soybean, Liu et al. (2004)
showed that ABA in flowers and pods was
increased by drought stress and was
associated with a reduction in pod set.
These studies suggest that drought stress
leads to increase ABA concentration
causing pod abortion. Liu et al. (2004) found
that ABA affected pod set directly via the
processes within the ovary (i.e. cell division)
or indirectly via influencing the availability of
photosynthate sugar. Loss and Siddique
(1997) reported that water deficits imposed
during the reproductive development of faba
beans can decrease number of flowers and
pods per plant and number of seeds per
pod. Same results were obtained in our
study by decreasing seed vyield with
prolonged the irrigation intervals (Table 3).

3-Seed quality
Data presented in Table 4 showed that
seed quality of beans was significantly
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affected by different irrigation intervals.
When irrigation intervals increased, the
different seed quality parameters i.e.

germination percentage, mean germination
time, seedling root length and seedling vigor
index were decline. The highest values of
these parameters reached their maximum
when bean plants were irrigated every 8
days (91.1 % for germination; 2.455 day for
mean germination time and 12.4 cm for
seedling root length as an average of the
two experimental seasons.).

Germination percentage was improved
by applying salicylic acid (10 or 20 ppm ) or
potassium sulphate (1 or 2%) over the
control treatment and SA at 20 ppm had the
higher germination percentage. Mean
germination time had a progressive
reduction as a result of applying salicylic
acid or potassium sulphate at any
concentration and SA at 10 ppm was the
best treatment in this regard. Seedling root
length responded positively also to foliar
treatment and SA at 10 or 20 ppm were the
best treatments followed by potassium
sulphate at 2% then potassium sulphate at
1% . Control treatment recoded the lowest
value. Seedling vigor index increased with
applying salicylic acid or potassium sulphate
compared with control. SA at 20 ppm
recoded the highest values then SA at 10
ppm followed by potassium sulphate at 2%
then potassium sulphate at 1% and control
treatments.

Concerning the effect of the interaction
between irrigation intervals and foliar
application treatments on bean seed quality,
data in Table 4 showed that the best values
of seed quality parameters were obtained by
applying SA at 20 ppm under 8 days of
irrigation interval. However, under the
medium interval (12 days) or the long one
(16 days) , SA acts efficiently to improve the
quality parameters to record values
exceeding the values exhibited when
irrigation done every 8 days without applying
any stimulating treatments.
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Table (4): Effect of irrigation intervals, foliar application treatments with SA and K,SO,
and their interaction on bean seed quality during 2014 and 2015 seasons.

R Mean . . .
Treatments Germination Germination Seedling root Seed_lmg vigor
% : length (cm) index
time (days)

Irrigation Foliar

e 2014 | 2015 | 2014 | 2015 | 2014 | 2015 | 2014 | 2015
Intervals | Application

A: Irrigation Intervals

Irrigation every 8days | 90,80 | 91.40 | 2.442 | 2.468 | 12.28 | 12.52 | 3018 | 3101
Irrigation every 12 days| g9 35 | 90.8 | 2.906 | 2.832 | 11.14 | 11.38 | 2857 | 2963
Irrigation every 16 days| g5 g | 858 | 3.258 | 3.309 | 8.94 | 9.06 | 2388 | 2443

LSD 5% 0.49 | 0.28 | 0.060 | 0.036 | 0.17 | 0.18 | 33.0 | 50.0
B: Foliar Application

Control 82.00 | 83.00 | 3.589 | 3.647 | 9.20 | 9.40 | 2163 | 2238
SA 10 ppm 89.58 | 90.67 | 2.553 | 2.577 | 11.43 | 11.63 | 2947 | 3043
SA 20 ppm 92.33 | 92.33 | 2.653 | 2.680 | 11.57 | 11.80 | 3072 | 3138
K2SO,4 1% 89.33 | 90.00 | 2.773 | 2.603 | 10.67 | 10.87 | 2741 | 2819
K2S04 2% 89.67 | 90.67 | 2.773 | 2.840 | 11.07 | 11.23 | 2848 | 2940
LSD 5% 0.95 | 0.60 | 0.044 | 0.031 | 0.250 | 0.20 | 78.00 | 64.0

C: The interaction

Control 86.00 | 87.00 | 3.250 | 3.300 | 11.10 | 11.40 | 2589 | 2671
rrigatio |SA10PPM | 92.00 | 93.00 | 2110 | 2.120 | 12.90 | 1310 | 3211 | 3311
nevery |SA20ppm | 94.00 | 94.00 | 2.210 | 2.220 | 13.00 | 13.30 | 3309 | 3384
8 days K,SO, 1% | 90.00 | 91.00 | 2.320 | 2.330 | 12.00 | 12.20 | 2907 | 3003

K,SO, 2% | 92.00 | 92.00 | 2.320 | 2.370 | 12.40 | 12.60 | 3073 | 3137

Control 82.00 | 84.00 | 3.510 | 3.540 | 9.300 | 9.800 | 2237 | 2343
rrigatio |SA10PPM | 80.75 | 92.00 | 2510 | 2580 | 11.80 | 1210 | 3076 | 3174
nevery [SA20ppm | 93.00 | 94.00 | 2.750 | 2.780 | 11.90 | 12.10 | 3161 | 3262
12 days K,SO, 1% | 90.00 | 91.00 | 2.750 | 2.210 | 11.00 | 11.20 | 2835 | 2921

K,SO, 2% | 91.00 | 93.00 | 3.000 | 3.100 | 11.50 | 11.70 | 2985 | 3115

Control 78.00 | 78.00 | 4.000 | 4.100 | 7.000 | 7.000 | 1662 | 1700
rrigatio |SA10PPM | 86.00 | 87.00 | 3.000 | 3.080 | 9.600 | 9.700 | 2563 | 2644
nevery |SA20ppm | 90.00 | 89.00 | 3.000 | 3.040 | 9.800 | 10.00 | 2744 | 2768
16 days K,SO, 1% | 88.00 | 88.00 | 3.250 | 3.280 | 9.000 | 9.200 | 2482 | 2534

K,SO, 2% | 86.00 | 87.00 | 3.000 | 3.050 | 9.300 | 9.400 | 2487 | 2567
LSD 5% 165 | 1.04 |0.077 | 0054 | 043 | 035 | 134 | 111
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Many researchers had similar
conclusions to our results presented in table
4 and found that drought stress not only
affects seed production, but also lowered
seed germination and vigor found that
drought stress during reproductive growth
lowered seed germination and vigor,
Drummond et al. 1983 ; Heatherly ,1993 and
Samarah et al, . 2009b; increased electrical
conductivity, Dornbos and Mullen 1985 or
reduced seed vigor, as measured by the
accelerated aging test Yaklich 1984 who all
worked on soybean.

4-Chemical analysis

It is clear from the data in Table 5 that
the mean values of total chlorophyll,
nitrogen, phosphorus and potassium% in
leaves of bean plants were significantly
affected by different irrigation intervals, the
highest values of chlorophyll, nitrogen and
phosphorus were recorded with irrigation
every 8 days followed by irrigation every 12
days however, the lowest values were
obtained with irrigation every 16 days in both
growing seasons. Potassium% recorded its
high values with irrigation every 12 days
followed by irrigation every 8 days, while the
lowest values were obtained with irrigation
every 16 days.

In the same Table, the effect of foliar
treatments showed significant differences in
both seasons regarding chemical
constituents. Foliar application with salicylic
acid at 10 ppm recorded the highest mean
values of chlorophyll followed by foliar
treatment with salicylic acid at 20 ppm. Also
foliar potassium sulphate at 1% or 2% gave
higher significant values compared with the
control. The high values of nitrogen and
phosphorus content were obtained after
foliar application of SA 20 ppm followed by
SA at 10 ppm then potassium sulphate at
2% and potassium sulphate at 1% while
control plants recoded the lowest values of
chemical constituents. The highest values of
potassium content in bean leaves were

90

recorded when plants were treated with 2%
of potassium sulphate followed by 1%
potassium sulphate then SA at 20 ppm and
SA at 10 ppm while control plants recoded
the lowest values of potassium % in bean
leaves.

As regard to the interaction effect
between irrigation intervals and foliar
application treatments, data in Table 5
showed that the combination treatments of
foliar salicylic acid at 20 ppm and irrigation
every 8 or 12 days gave the highest values
of chlorophyll, nitrogen and phosphorus in
both seasons. Combinations of irrigation
every 12 days and SA at 20 ppm or
potassium sulphate 2% or irrigation every 8
days and treatment with potassium sulphate
2% gave the highest values of potassium
content in bean leaves. Irrigation every 16
days without applying either SA or
potassium sulphate resulted in the lowest
values for chlorophyll, nitrogen, phosphorus
and potassium in both seasons.

Our results are in harmony with those of
Fayez and Bazaid 2014 , who indicated that
exogenous spraying of SA or KNOj;
successfully ameliorated leaf chlorophyll and
carotenoid contents of barley plants grown
in water stresses. Drought conditions
resulted in limited photosynthesis due to a
decline in Rubisco activity and reduced gas
exchange (Bota et al., 2004). Similarly,
Idrees et al. (2010) reported that SA
protected photosynthesis and enhanced
Rubisco activity in water stress treated
wheat. In soybean, pod set was positively
correlated with photosynthetic rate (Liu et al.
2004) and ovary abortion was caused by
only 2 or 3 days of low water potential, which
was enough to inhibit leaf photosynthetic
rates (Westgate and Boyer 1986). Charles-
Edwards et al. (1986) suggested that
number of seeds per plant of soybean was
positively and linearly correlated with leaf
photosynthetic rate.
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Table (5): Chlorophyll content, nitrogen, phosphorus and potassium percentages of bean
in response to irrigation intervals, foliar application treatments with SA and
K,SO,and their interaction during 2014 and 2014 seasons.

Treatments Chlorophyll N % P % K %

Irrigation Foliar

S 2014 | 2015 | 2014 | 2015 | 2014 | 2015 | 2014 | 2015
Intervals | Application

A: Irrigation Intervals

Irrigation every 8 days | 20,09 | 19.70 | 3.561 | 3.620 | 0.505 | 0.515 | 1.286 | 1.312

Irrigation every 12 19.33 | 18.89 | 3.372 | 3.438 | 0.531 | 0.541 | 1.356 | 1.382
Irrigation every 16 15.78 | 15.47 | 2.854 | 2.912 | 0.497 | 0.507 | 1.200 | 1.222
LSD 5% 0.63 | 0.84 | 0.075 | 0.116 | 0.015 | 0.014 | 0.052 | 0.054
B: Foliar Application
Control 14.83 | 14.53 | 2.973 | 3.033 | 0.493 | 0.502 | 1.18 | 1.200
SA 10 ppm 20.71 | 20.29 | 3.458 | 3.523 | 0.517 | 0.527 | 1.243 | 1.267
SA 20 ppm 20.69 | 20.19 | 3.570 | 3.623 | 0.531 | 0.542 | 1.333 | 1.360
K2S0,4 1% 18.28 | 17.92 | 3.090 | 3.153 | 0.505 | 0.515 | 1.300 | 1.327
K2S04 2% 17.48 | 17.16 | 3.320 | 3.283 | 0.508 | 0.519 | 1.347 | 1.373
LSD 5% 0.70 | 0.90 | 0.108 | 0.109 | 0.018 | 0.015 | 0.037 | 0.036

C: Interaction

Control 15.21 | 14.82 | 3.150 | 3.210 | 0.482 | 0.491 | 1.180 | 1.200

.. |SA10ppm |2180|21.36 | 3.820 | 3.890 | 0.512 | 0.522 | 1.220 | 1.240
Irrigation

every [SA20ppm | 2514|21.70 | 3.970 | 4.000 | 0.532 | 0.543 | 1.350 | 1.380

8days K,S0,1% | 1911|1873 | 3.340 | 3.410 | 0.495 | 0.505 | 1.300 | 1.330

K2S042% | 1812 |17.83 | 3.520 | 3.590 | 0.505 | 0.515 | 1.380 | 1.410

Control 16.15 | 15.90 | 3.000 | 3.060 | 0.521 | 0.531 | 1.210 | 1.230

. |SA10ppm | 2580|2234 | 3.740 | 3.810 | 0.535 | 0.546 | 1.330 | 1.360
Irrigation

every [SA20ppm | 2315|2269 | 3.790 | 3.870 | 0.542 | 0.553 | 1.450 | 1.480

12days [K,S0,1% | 19.41 | 19.02 | 3110 | 3.170 | 0530 | 0.541 | 1.380 | 1.410

K2S042% | 1893 | 18.55 | 3.220 | 3.280 | 0.525 | 0.536 | 1.400 | 1.430

Control 13.14 | 12.88 | 2.770 | 2.830 | 0.475 | 0.485 | 1.150 | 1.170

rrigation SA10ppm | 1753 17.18 | 2.810 | 2.870 | 0.503 | 0.513 | 1.180 | 1.200
every |SA20ppm | 1652 | 16.19 | 2.950 | 3.000 | 0.520 | 0.530 | 1.200 | 1.220

10days kS0, 1% | 1632 16.00 | 2.820 | 2880 | 0.490 | 0500 | 1.220 | 1.240

K2S042% | 1540 | 15.10 | 2.920 | 2.980 | 0.495 | 0.506 | 1.250 | 1.280

LSD 5% 1.21 | 155 | 0.187 | 0.198 | 0.019 | 0.018 | 0.064 | 0.062
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CONCLUSIONS

The results of this study emphasize the
role of SA and K,SO, in regulating water
stress response of bean, and suggest that
salicylic acid or potassium sulphate acts as
a potential growth enhancer to improve plant
growth and seed yield as well as its quality.
SA and K,SO, can help to reduce the
adverse effects of drought and will increase
the bean growth and yield.
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