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Abstract | Salicylic acid is classified as a compound that effectively reduces the sensitivity and environmental
stress of crops as it alleviates the adverse effects of numerous stress causing factors. Numerous SA levels are
found to protect several species of plants against environmental stresses by initiating different processes that
are involved in the mechanism of stress tolerance. SA is part of an extremely complex signal transduction
network’s part and it works differently in different systems. Drought stress is a major restraint for crop pro-
duction in arid and semi arid states such as Pakistan. In this study experiments were conducted against the
responses of strawberry plant to both pre-harvest application of salicylic acid and drought treatments. The
design of the experiment was a factorial randomized complete block design (RCBD) with five water regimes
(150ml, 175ml, 200ml, 225ml, 250ml) and five levels of SA at (0.0mML?, 0.5mML"' 1mML?, 2mML™,
and 3mML™?) as the main factors and four replications. The experiments were conducted in the research area
of AAUR Pakistan. Statistical analysis showed drought stress significantly reduced vegetative and reproduc-
tive growth, along with various and biochemical attributes, but augmented the leaf proline. SA application
significantly increased plant fresh and dry weight, leaf area, proline and decreased root length, number of
roots and water use efficiency. SA treatment therefore decreased adverse effect of stress on strawberry plants.
Thus the result suggests that SA at a concentration of 3mML™ concentration could be used commercially to
improve yield of strawberry.
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Introduction

alicylic acid is known to be an endogenous moni-

toring agent (Zavalaetal., 2004). Pre harvest use of
SA initiates tolerance against pathogens in fruits such
as pear (Jiankang et al., 2006) also helps to reduce the
risks of development of disease (Yao and Tian, 2005).
2mM concentration of SA has efficiently increased
antioxidant activity, ascorbic acid content and TSS
of strawberry, and it also prevents fungal infection

(Asghar, 2006). SA alters the effect and treatment of
SA in different stages of growth such as fruit devel-
opment, vegetative, and pre harvesting stage. It also
helps to prevent of softening of fruits such as banana
and kiwi fruit (Srivastava and Dwivedi, 2000; Zhang
et al., 2003). Salicylic Acid produces free radical ions
and is an electron contributor preventing respiration
(Wolicka et al., 2005). Salicylic acid reduces rate of
respiration and loss in fruit weight by inducing the
closing of stomata (Manthe et al., 1992; Zheng and
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Zhang, 2004). SA is a simple abundant plant phenol-
ic used to monitor and control different processes in
plants which includes production of heat, resistance
against disease, germination of seed, ethylene produc-
tion and sex polarization (Raskin, 1992; Zhang et al.,
2003). Currently, the scientific literature accumulates
more and more information about the indispensible
role of phytoharmones in particular of salicylic acid,
in response to stress factors, action from the exter-
nal environment. It is considered that an important
compound of the mechanism of SA’s protective ac-
tion is to prevent the stress induced disturbance of
the phytoharmone balance (Raskin, 1992; Shakirova
et al., 2003).

Salicylic acid being phenolic in nature, acts as a natu-
ral inductor of thermogenses in Aram lily, which in-
itiates flowering and helps in the uptake of ions and
conductance through stomata (Raskin, 1992). During
the past two decades SA has gained attention among
scientists as it has a strong ability to initiate systemat-
ic acquired resistance (SAR) towards different path-
ogens in plants which is exhibited only in pathogen-
esis related proteins (PR) and SA acts to stimulate
such genes (Metraux, 2001). Salicylic acid plays a
vital role in environmental stress resistance and has
gained importance because of its plant protective
properties (Muhammad et al., 2013). SA is a strong
indicator molecule and is used in producing respons-
es towards environmental and biotic stresses (Kranter
et al., 2006). SA is a plant hormone performing as
a significant indicator molecule adds to acceptance
against a biotic stresses. It plays vital role in uptake of
ions during transpiration. SA is also involved in acti-
vating plant defensive mechanisms against different
pathogens (Khan et al., 2003) and also participates in
plant water relation (Barkosky and Einhelling, 1993)
photosynthesis stomata opening and closing param-
eters (Khan et al., 2003; Arfan et al., 2007) in stress
environments.

Salicylic acid is basically an ortho-hydroxy benzoic
acid that is helpful in performing different biochem-
ical and morphological roles in plants and also regu-
lates their productivity and growth of plants (Hayat
et al., 2010). Improved seedling growth and germina-
tion was noted in wheat crop, when the grains were
treated with SA before sowing (Shakirova, 2007).
Fariduddin et al. (2003) described the accumulation
of dry matter being amplified in Brassica juncea, when
sprayed with low concentrations of SAE. Khodary,

(2004) observed an important increase in pigment
contents growth characteristics and photosynthetic
role in maize crops treated with SA. In tomato and
cucumber, total production of the fruit improved con-
siderably when treated with low concentration of SA
(Larque-saavadra and Martin-Max, 2007). SA treat-
ment on leaves increase pod formation and flowering
in soybean (Kumar et al., 1999). SA is categorized as
of python hormones that control numerous processes
in plants such as photosynthesis, closing of stoma-
ta, protein and chlorophyll synthesis, inhabitation of
ethylene, transpiration, biosynthesis, uptake of nutri-
ent (Raskin, 1992; Khan et al., 2003). Other appli-
cations of SA include osmo regulation maintenance
in plants during water deficit stress (Shakirova et al.,
2000; El-Tayeb, 2005). Furthermore salicylic acid is
a natural hormone and an indicator molecule that
helps in the triggering of plant’s defense mechanism

(Klessing and Malamy, 1994).
Materials and Methods

Present research study was conducted at the Re-
search Area of Horticulture Department, Pir Mehr
Ali Shah Arid Agriculture University Rawalpindi
during 2010-2012 in Rawalpindi. The agro-climate
of region comprises humid sub-tropical climate and
fall under semi-arid zone having hot and long sum-
mers followed by mild and short winter. Annual rain-
fall is about 1044 mm, most of which occur during
monsoon season (July — September). The runners of
strawberry cv “Chandler” used in the research were
collected from Swat, KPK province and were plant-
ed in clay pots (25 cm diameter x 25 cm height) in-
dividually. The experimented pots were filled with
homogenous mixture of sand, silt and FYM (1:1:1).
Hundred plants were studied as one replicate and
each treatment comprised of four replicates. Presence
of small holes at the base of each pot was made sure
for water percolation. The experiment was conducted
in October 2010 to April 2012. Water regimes were
calculated according to field capacity.

Stress was applied to each plant when they produced
three to four true leaves, according to the respective
treatment. A foliar spray of salicylic acid was applied
at 30 days after sowing (DAS). Total two applica-
tions of salicylic acid sprays were carried to the foliage
(entire aerial plant parts) during the research. The ex-
periment was conducted according to a Randomized

Complete Block Design (RCBD) and sampling for
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various parameters was carried out accordingly.

Climatic conditions of rawalpindi during strawberry

growing period 2010-2012

'The data for temperature (minimum and maximum),
rainfall of entire cropping periods were obtained from
Metrological department of Rawalpindi. Average
monthly temperature was lowest in December 2010
and January 2011 while it was highest in September
2010 and May 2011. In contrast, total monthly rain-
fall was highest in February 2010 and March 2011
but lowest in November and December as indicated
in Table 1. Minimum temperature was recorded dur-
ing january 2011 with average rainfall during crop-
ping season as evident from table.

Soil analysis
Physical and chemical properties of soil were present-
ed in Table 2. The soil analysis showed that soil was

Table 1: Climatic conditions of Rawalpindi during
2010-2012
Months Rainfall Max.Temp Min.Temp Average

relatively rich in plant nutrients. Soil was well drained
sandy loam with pH 8, Ec. 0.45dsm-1, available phos-
phorus 74.0mg kg-1, available potassium 140mg kg-
1mg kg ,organic matter 2.50% while saturation was
26. Whereas in year 2011-2012 the analysis of soil
revealed that soil was sandy loam in texture with the
same pH 8, Ec. 0.45dsm-1dsm, available phosphorus
75.0mg kg-1, available potassium 145mg kg-1mg kg

and organic matter 2.70% while saturation was 30.

Drought stress /Water treatment

In October all plants were watered to excess 1 day
before root damage commenced and weighed after
water stopped dripping from the pot to determine
weight at field capacity. Thereafter, drought-stressed
plants were weighed daily and then watered to bring
them up to 85% of this weight. After 1 week, this
maximum level of hydration was increased to 87%
due to severe wilting in some plants within 24h of
watering. Several plants continued to wilt on sunny
days and these were given an additional 5 ml daily.
Non stressed plants were watered just until water ap-
peared below the pot to avoid excessive irrigation. A

) 08 (©) Temp(C)  ensiometer reading, which measures the soil matric
2010-2011 . . .
potential, was taken on selected plants prior to daily
SEP 92 33 21 27 .
watering to confirm drought stress. Values depend on
oen 28 30 14 2 soil characteristics but in this experiment they were
DO, 2 & e typically 28-40 kPa for stressed plants and 0-12 kPa
DEC 211 — 122 for well-watered plants on a scale from 0 kPa (satu-
JAN 17.5 21.5 2.9 12.2 rated soil) to 40 kPa. On the final day before harvest-
FEB 1056 201 7 13.55 ing started, the 47 drought-stressed plants averaged
MAR 4338 29 12.6 20.8 82.2% (70.9% sd) of weight at field capacity 24 h after
APR 224 33.9 16.9 25.4 last watering, whereas measurements taken on a sub-
MAY  35.6 36.4 20.5 28.45 set of non stressed plants averaged 89.8%(72.1% sd,
2011-2012 n=15) of field capacity (Victoria, 2010).
SEP 104.5 30.86 18.03 24.445
OCT 22 26.1 10.16 18.13 Treatments of water regimes and salicylic acid con-
NOV 0 20.64 3.77 12.205 centration
DEC 2 209 17 113 Treatments Drought stress Salicylic acid
-1
JAN 7 17.7 15 96 T1 150ml/plant OmML .
FEB 1183 186 5.8 12.2 g ;zgmy’iam (1)5“1\1[1\5%
MAR 2315 261 10.6 1835 mp ant "
APR 3 591 141 36 T4 225ml/plant 2mML?
’ ' ' T5 250ml/plant 3mML?
MAY 70 37.7 211 29.4
Table 2: Soil analysis of potting media
Year E.C. Ph  Organic Available Phosphorus  Available potassium  Saturation  Texture
dSm-1 matter (%)  (mgkg™) (mgkg™) (%)
2010-2011 0.45 8 2.5 74 140 26 Sandy loam
2011-2012 0.45 8 2.7 75 145 30 Sandy loam
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Methodology

'The length of every plant from each treatment per rep-
lication was measured by scale and the average figures
were determined individually. The numbers of leaves
of arbitrarily chosen plants from each treatment were
counted and their average was calculated. A meas-
urement of leaf area was obtained with an ADC area
meter AM 100. According to readings, twenty leaves
per treatment per replication were gathered arbitrar-
ily to build the contrast. Average number of trusses
was calculated for every plant separately. The Average
number of flowers was calculated from the plants per
treatment per replication from 1 flower open to fruit
setting. At ripeness the overall number of fruit pro-
duced by every plant was counted individually to see
the result of each treatment on fruit yield. The percent
amount of fruit set from flower from period of one to
last picking was measured by following formula:

Number of flowers converted into fruitx 100

Frut set percentage (%) = Total number of flowers in a plant
'The readings of fruit size were obtained by measuring
the length and width of ten randomly chosen fruits
per treatment per replication with the assistance of
vernier caliper at extreme ripeness. The weight of
fruit of ten selected plants from all treatments per
replications was recorded in grams by using calibrated
weighing balance (SHIMADZU EL-6000SA). Root
length was measured with a scale at the end of exper-
iment. Shoot length was also measured with a scale
at the end of experiment. The root: shoot ratio of the
plant was calculated by using following formula. Root
shoot ratio= root length/shoot length.

The diameter of plant crown was also increased in-
dependently in centimeters by using vernier caliper,
after the harvesting and the average was calculated.
'The Canopy extend for N — S and E — W direction
was obtained in centimeters through graduated scale
and average was calculated. Biomass was measured
by taking fresh and dry weight of the plants. The
total runners formed by the plants were calculated.
Weight of twenty fresh and dried leaves at 70°C in
an oven was determined by balance (SHIMADZU
EL-6000SA) and their mean values were obtained
to calculate the difference between treatments. PH
(Hydrogen ion concentration) of strawberry fruit
was measured with the pH meter from homogenized
juice. Leaf chlorophyll contents were tested using
chlorophyll meter spad-502 (Minolta camera Co.
Ltd) Osaka Japan. To record the reading shows in

pre-calibrated spad units, a leaf was inserted half way
from the leaf tip and collar, and on middle point be-
tween the leaf midrib and leaf margin. The area of leaf
has a range 2x3 cm at flowering phase the juvenile
completely stretched leaf which had an uncovered
collar was selected for measuring readings (Nogu-
chi and Hansen, 1999).The soluble solid contents of
fruit from each treatment were measured by means of
digital refractometer (Atago-palette 101; Atago Co;
Itabashimku, Tokyo, Japan). Wedge form pieces of
uniform dimension from fine fruits were chosen at
random from every treatment for every replication. A
compound sample was prepared using a homogeniz-
ing by juicer. TSS values were then measured from
the prepared homogenized juice.

A randomized complete block design (RCBD) was
used as experimental design with two factors each
with four replicates. Data was statistically analyzed
by using analysis of variance (ANOVA) techniques
for the soundness of analysis and difference among
treatment means was compared by using Least Sig-
nificance Difference (LSD) test at 5 % probability
level. Statistical analysis was carried out with the help
of statistix8.1 software. The experiment was repeated
in the subsequent year. Data on the following param-
eters were recorded for all experiments:

. Plant height

. Number of leaves
. Leaf area
. Crown size

. Shoot length

. Fresh weight of plant
. Chlorophyll contents
. Total soluble solids

. Fruit yield

Result and Discussion

Effect of drought and sa on plant height (cm)

'The plant height significantly varied with the differ-
ent water regimes in 2010-2011 (Figure 1). The max-
imum plant height was (50.58cm) under 3mM SA
treatment and stress level 225ml. The minimum plant
height was (26.48cm) under stress level 150ml(con-
trol) and 3mM SA treatment. Analysis of variance
showed highly significant differences among water
regimes and salicylic acid treatment for plant height
during 2011-2012. The greatest plant height was
(50cm) less than 3mM SA treatment and stress level
the 225ml. The lowest plant height was (26.73cm)
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Figurel: Effect of drought and salicylic acid on plant length (cm) in strawberryplants during year 2010-2012.

under stress level in the150ml (control) and 3mM
SA treatment. According to the outcome the plants
treated with water stress and salicylic acid had the
greatest plant height. Khodary, (2004) and Niakan
et al. (2010) described that pre-harvest sprays of sal-
icylic acid increased the shoot length in plants. Our
findings agree Salicylic acid when combined with so-
dium chloride salt, increased height compared to the
control but the concentration of salinity and salicylic
acid affected the plant height. Overload concentra-
tion of salt and growth regulator may negatively af-
fect the plant height (Borsani et al., 2001).

Effect of sa and drought on number of leaves

Analysis of the number of leaves of strawberry plant
during 2010-2011 were significant at p <0.05 (Fig-
ure 2). Plants treated with 3mM SA treatment and
stress level 250ml produced maximum number of
leaves (10.53). But the lowest number of leaves was
4.30 in the stress treatment 150ml (control) and
OmM SA treatment. While the number of leaves sig-

nificantly varied with the different water regimes in
the year 2011-2012. Interactions of treatment were
highly significant. The maximum number of leaves
was (10.53) in the 3mM SA treatment and stress
level 250ml. The minimum number of leaves was
(4.32) under stress level 150ml (control) and 0OmM
SA treatment. Salicylic acid therefore improved the

numbers of leaves per plant similar results had been
recorded by Eraslan et al. (2007).

Effect of drought and sa on leaf area (cm?)

In 2010-2011 a significant eftect was found for leaf
area (Figure 3). The highest leaf area of plant was
(88.75cm?) less than 3mM SA treatment and stress
level 250ml. The lowest leaf area of plant ranged was
(27.5cm2) under the stress level 150ml (control) and
in the OmM SA treatment. Whereas significant dif-
ferences among means for water regimes and salicyl-
ic acid interaction were also found for this parameter.
'The result of interaction during 2011-2012 indicated
thatplantgrownunder droughtstresswith application
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Figure 2: Effect of drought and salicylic acid on number of leaves in strawberry plants during 2010-2012.

of different concentration of SA produced maximum
leaf area. The highest leaf area of plant was (40.62cm?)
in the 3mM SA treatment and stress level 250ml. The
least leaf area of plant ranged was (23.30cm?) under
stress level 150ml (control) and 0.0mM SA treatment.
Exogenous application of salicylic acid increased the
leaf area in the strawberry plants. Our results are par-
allel to El-Tayeb, (2005) on barley; Khodary, (2004);
Amin et al. (2007) on onion; Szepsi et al. (2005); Ste-
vens et al. (2006) in tomato; Yildirim et al. (2008)
on cucumber. SA has an anti-senescence persuade
on plant parts and its treatment may extend the de-
velopment of vegetative parts important to increased
leaf area (Jamali et al., 2011). Sayyari et al. 2013 also
observed that fresh and dry weight, leaf area of let-
tuce plants significantly were aftected by drought and
SA application (Bhatt et al., 2005; Zahra et al., 2010).
Delavri et al. (2010) also found that SA raises the leaf
area in sweet basil plants, which is in agreement of our
findings. Senaratna et al. (2000) have recommended

same system to be accountable for SA induced several
stress tolerance in bean and tomato plants.

The effect of sa on crown size under drought

Analysis of variance for crown size during 2010-2011
(Figure 4) showed the maximum crown size was
(16.45 cm) at 3mM SA treatment with stress level
250ml whereas (15.39 cm) at 2mM SA treatment on
stress level 250ml. It revealed that both results are at
par. Furthermore, the smallest crown size was (7.4
cm) under stress level 150ml (control) and 0.0mM SA
treatment. Significant water regimes and salicylic acid
interactions were found for this trait. The enlarged
crown diameter referred to more vegetative develop-
ment including increased number of side branches,
flowering trusses, runners and leaves. These findings
are similar to Eraslan et al. (2007). Many researchers
have shown evidence that salicylic acid improved the
fresh mass of the crown, shoot and roots of the plants

(Karlidag et al., 2009 b, Amborabe et al., 2002).
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Figure 3: Effect of drought and salicylic acid on leaf area (cm?’) in strawberry plants during 2010-2012.
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Effect of sa and drought on shoot length

The effect of different levels of stress on shoot length
was highly significant during 2010-2011 (Figure 5).
'The highest shoot length was (36.58cm) in the 3mM
SA treatment and stress level 225ml. The shortest
shoot length was (10.98cm) in the 150ml and 3mM
SA treatment. Whereas significant differences among
means for water regimes and salicylic acid interaction
during 2011-2012, were also revealed for this trait.
'The highest shoot length was (34.65 cm) under 3mM
SA treatment and stress level 225 ml. The shortest
shoot length was (10.98cm) under stress level 150ml
and 3mM SA treatment.

Effect of drought and sa on fresh weight of plant (mg)
The result pertaining to fresh weight of strawberry
fruit for 210-2011 (Figure 6) was found to be signif-
icantly different among the treatments. The highest
fresh weight of plant was (65.62mg) under 2mM SA

treatment and stress level 225ml. The lowest fresh
weight of plant was (22.30mg) under stress level
150ml (control) and 0.0mM SA treatment. Where-
as statistical analysis of data during 2011-2012 re-
vealed that the interactive effect of SA treatment
and stress levels on the fresh weight of strawberry
plant was significant. The highest fresh weight of
plant was (88.75mg) under 2mM SA treatment and
stress level 225ml. The least fresh weight of plant
was (27.50mg) under stress level 150ml (control)
and 0.0mM SA treatment. Salicylic acid is a growth
hormone which increases the vegetative characteris-
tics of plants when used exogenously, thus escalating
the growth and maturity of the plants and many re-
search workers (Hayat et al., 2010; Hao et al., 2010;
Rivas-San et a., 2011) have found similar results. Ste-
vens et al. (2006) and Szepesi et al. (2005) showed
increased shoot fresh mass in tomato and Yildirim et
al. (2008) in cucumber, when exogenous salicylic acid
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Figure 5: Effect of drought and salicylic acid on shoot length (cm) in strawberry plants during year 2010-2012.

September 2017 | Volume 30 | Issue 3 | Page 279

oo .
Qols Links
OResearchers



OPEN 8ACCESS

Responses of strawberry plant to application of salicylic acid

2010-2011

-
ey
0
()
2
<
(%]
(&)
&
+—
C
e
a
t = = - H H H H H H H H Hd H 1 el H el 1 H e
S04 N L N s N s S s s s S s s s s s s
= 22222 2222222222222 222222
E E E E E E E E E E E E E E E E E E E E E E E E E
O 1N « N M O 1N =« N M O 1N =« N M O 1N =« N M O 1N =« N ™M
e e S S e S S e = S S M. S = S S . <
E X EE E E X EE EE X EEE E XT EE E E X EE E
O £ O O O 1 € N N N O £ O © O W € W 1 1N O E O O O
N g ! 1 i N fF NN N OGS O O O AN 7 6 NN N I 5 10 1 W
HmHHHH,\HHHNONNNNNNNNNmNNN
— — .N N' (o]
Water regimes and SA concentrations
2011-2012
=
€
=
ey
[o14]
QY
2
ey
(%]
[J)
&
4+
c
i)
& 2222222222222 222=22=22=2=222°2
E EE E E E E E EE EE EEEEE EEEETETEEE
O N «" N M O N =« N M O N =« N M O N =« N NN O 1N « N M
R O S S S S = S S M. S = . -
E+*+ EEEEX EEEELXLEEEELEEEELETETE
O £ O OO WM Eg W N O £ O O O W E W WBWWNMW O E O O O
N s wm i~ ANKNKNOASOOOWN fF 848 5 W10 W W
HmH\—iH\—i,\\—i\—iHNONNNNNNNNNmNNN
— i o o~ (o]

Figure 6: Effect of drought and salicylic acid on plant fresh weight in strawberry plants during year 2010-2012.

was applied. However, an unfavorable effect of high
absorption of salicylic acid is reported by Babalar et
al. (2007) which agree with our results. The statis-
tical analysis showed that drought stress and appli-
cation of SA had significant effects on the morpho-
logical, physiological and biochemical parameters of
the strawberry plants. Water stress is characterized by
stomata closing, wilting and decreases in enlargement
and growth of cells due to decrease in water content,
turgor and total water potential. Enlargement, dif-
terentiation and cell division are main processes that
determine the senescence of adult leaves, premature
abscission, hence decrease the photosynthesis area
(Bhatt et al., 2005; Zahra et al., 2010).

Effects of sa and drought on chlorophyll contents
Leaf chlorophyll is one of main component of the
photosynthetic system governing the dry matter pro-
duction. Its production increased significantly with
SA application under water stress as compared to

the control without SA. On chlorophyll concentra-
tion, the effect of different levels of stress was highly
significant. It was observed that the interactive effect
of treatment and stress levels on the concentration of
chlorophyll was significant (Figure 7). The highest
concentration of chlorophyll was (47.6) and (47.56)
less than 2mM SA treatment and stress level 225ml.
Furthermore, the lowest chlorophyll concentration
level was (34.4) and (35.45) under stress level 250ml
and 0.0mM SA treatment. In the present study, chlo-
rophyll were increased in stressed plants due to SA
application as a foliar spray, thus effect of SA on
chlorophyll agree with earlier studies in which it was
found that SA increased the pigment content in soya
bean (Zhao et al., 1995) maize (Singh et al., 2008;
Khodary, 2004) and wheat (Singh and Usha, 2003)

grown under normal or stressed conditions.

Moreover, SA significantly increased chlorophyll,
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Figure 7: Effect of drought and salicylic acid on chlorophyll contents in strawberry plants during years 2011-2012.

recording maximum value in the 2mM. In contrast,
the content of such pigments were reversely distort-
ed using higher concentration of SA. Gharib (2006)
also found the same results that in marjoram and
sweet basil whereby SA at 10-5mM stimulates syn-
thesis of chlorophyll whereas 10-3mM has a reverse
effect. Igbal et al. (2006) and Shakirova et al. (2003)
on wheat plants and Abdel-Wahid et al. (2006) on
maize plants showed that SA caused a significant
raise in chlorophyll content. It is usually found that
photosynthetic effectiveness depends on pigments
like chlorophyll a and b, playing an important role in
photochemical response of photosynthesis (Taiz and
Ziegar, 2002).

In the present study chlorophyll increased in stressed
plants after SA application as a foliar spray, thus effect
of SA on chlorophyll can be clarify in view of some
earlier studies in which it was found that SA aug-

mented the pigments content in soybean (Zhao et al.,
1995) maize (Singh et al., 2008; Khodary, 2004) and
wheat (Singh and Usha, 2003) grown under normal
or stressed condition. In view of some earlier studies ,
it can be explained that exogenous applied SA might
have affected different factors governing metabolism
and uptake of carbon fixation that includes RuBisCo
enzyme activity and concentration (Pancheva et al.,
1996) and often metabolic limiting factors such as
photosynthetic carbon reduction (PCR) cycle ( Lawl-
er and Carnic, 2002; Athar and Ashraf, 2005).

Effect of drought and sa on total soluble solids

A significant effect of drought treatment was ob-
served on TSS of strawberry fruit for year 2010-2011
(Figure 8).The highest T'SS was (8.46) in the 3mM
SA treatment at stress level 250ml. Furthermore, the
lowest T'SS was (4.32) under stress level 150ml (con-
trol) and 0.0mM SA treatment.
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Figure 8: Effect of drought and salicylic acid on total soluble solids in strawberry plants during year 2010-2012.

'The results showed that salicylic acid joint with drought
stress can progress the T'SS of strawberry fruits. Dur-
ing year 2011-2012 also significant effect of drought
was observed on TSS of strawberry fruit. The highest
TSS was (8.50) at 3mM SA treatment at stress level
250ml. Furthermore, the least TSS was (4.31) under
the stress level 150ml (control) and 0.0mM SA treat-
ment. The results illustrated that salicylic acid collec-
tive with drought stress can get improved the TSS of
strawberry fruits. Our findings agree with the results
reported by Karlidag et al. (2009 b) and Asghar (2006)
that foliar application of salicylic acid at ImM and
2mM enhanced the superiority characteristics such as
total soluble solids in strawberry fruits.

Effect of sa and drought on fruit yield

'The effect of the drought on fruit yield of strawber-
ry for 2010-2011 (Figure 9) was significant at the
p< 0.05. The greatest fruit yield was (55.250) in the
3mM SA treatment and stress level 250ml. The small-
est fruit yield was (10.300) under stress in the 150ml

(control) and OmM SA treatment. Statistical analy-
sis of variance showed highly significant differences
among water regimes and salicylic acid treatments for
fruit yield during 2011-2012. The greatest fruit yield
was (54.14) in the 3mM SA treatment and stress lev-
el 250ml. The smallest fruit yield was (11.61) under
stress in the 150ml (control) and 0OmM SA treatment.
Results demonstrated that foliar application of SA,
mainly in the 3mM resulted in the highest increase
in yield. Foliar application of salicylic acid has also
shown to considerably amplified yield and its compo-
nents in maize (Shehata et al., 2001 and Abdel-Wa-
hed et al., 2006) and wheat plants (Shakirova et al.,
2003; Igbal and Ashraf, 2006).

Conclusions

'The results described here show that SA is an impor-
tant compound for reducing environmental stresses
and sensitivity of crop, because under certain con-
ditions it has been found to mitigate the damaging
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Figure 9: Effect of drought and salicylic acid on fruit yield (gm) in strawberry plants during years 2010-2012.

effects of various stress factors in plants. Several SA
levels have been shown to protect various plant spe-
cies against environmental stress factors through a
number of different processes such as stress tolerance
mechanism. It is clear that SA also plays an impor-
tant function in network of signal transduction and its
according differs in different systems. From the pro-
ceeding outcome and conversation it can be conclud-
ed that leaf application of strawberry plants with SA
and water regimes, independently or their relations,
stimulate the growth of strawberry plants by means
of increasing of the biosynthesis of pigments in pho-
tosynthesis, enhancing yield of strawberry thus SA
enhanced value and nutritional value. That SA can be
utilized to reduce crop losses during stress may have
important practical use.
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