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Abstract

Impacts of various concentrations of salicylic acid (SA) on cucumber (Cucumis sativus L.) seedling characteristic were evaluated

under different water stress levels by using a factorial arrangement based on completely randomized design with three replications at
experimental greenhouse of Ferdowsi University of Mashhad, Iran. The studied factors included three water deficit levels (100% FC, 80%
FC, and 60% FC) considered as first factor and five levels of SA concentrations (0, 0.25, 0.5, 0.75, and 1 mM) as second factor. Results
showed that foliar application of SA at the highest concentration enhanced leaf area, leaf and dry weight while decreased stomatal
conductance under high level of water deficit stress. Though, severe water deficit stress sharply raised the SPAD reading values. In general,
exogenous SA application could develop cucumber seedling characteristic and improve water stress tolerance.
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Introduction

Water is the major factor limiting crop yields in numer-
ous regions of the world. Even where water for irrigation
is currently abundant, there are increasing concerns about
future accessibility (Gregory ez al., 2000). Water deficit af-
fect virtually every aspect of plant physiology and metabo-
lism. In addition, water stress affect the water relations of
a plant on the cellular as well as whole plant level causing
specific as well as unspecific reactions, damages and adap-
tation reactions (Beck ez al., 2007). Cucumber (Cucumis
sativus L.) is a vegetable crop of the Cucurbitaceae family
and greenhouse’s production is popular in many areas of
the world (Terashima e al., 1994). Cucumber is a primary
source of vitamins and minerals for human body but its ca-
loric and nutritional value is very low (Wang ez al., 1997).
Cucumber plant is extremely sensitive to water deficit
stress (Liu ez al., 2009). Leaf growth, photosynthetic rate
of cucumber were sharply declined by a decline in IAA and
cytokinin contents, rather than ABA accumulation under
water deficit conditions (Pustovoitova et al., 2005).

The environmental stress stimulates the disproportion-
ate production of reactive oxygen species (ROS) such as
superoxide anion (O*) and hydrogen peroxide (H,0,) in
plants (Liu ez a/., 2009). Plants respond to stresses were
performs by the synthesis of signaling molecules (Hayat ez
al.,2010). These signaling molecules activate a range of sig-
nal transduction pathways, some of which relieve the plant
to overcome the stresses (Jing-Hua ez 4/., 2008). Salicylic
acid (SA) plays a fundamental role in water stress tolerance
and considerable interests have been focused on SA due to
its ability to induce a protective impact on plants under
water stress (Azoon and Youssef, 2010).

Received 11 December 2011; accepted 02 February 2012

The role of SA as a defense signal has been well docu-
mented (Hayat ez /., 2010). In addition, different effects
of SA on antioxidative enzymes activities could be associ-
ated with H O, metabolism (Hayat ez /., 2010). Several
such signaling molecules as calcium, jasmonic acid, ethyl-
ene and salicylic acid have been identified in plants (Jing-
Hua ez al., 2008). It has been reported that exogenous SA
application raised the cytoplasmic Ca?* level which is well
documented as a messenger in various plants (Bonza ez 4/.,
2000). The main object of this study was to test the various
concentrations of exogenous SA application on cucumber
seedlings properties under different water deficit condi-
tions for detecting best dose of SA application for increas-
ing cucumber tolerance to water stress.

Material and methods

Experimental design

This study was carried out as a factorial experiment
(3x5) based on complete randomized design with three
replications in experimental greenhouse of Ferdowsi Uni-
versity of Mashhad, Iran under controlled conditions.
First factor was three water deficit levels (100% FC (I1),
80% FC (12), and 60% FC (I3)), and second factor was
five levels of SA concentrations (0 (S1), 0.25 (S2), 0.5
(S3), 0.75 (S4), and 1 (S5) mM). Seeds of cucumber (Su-
per Dominus cultivar) provided from Khorasan Agricul-
tural Research Station of Iran.

Growth conditions and plant measurement

The seeds were surface sterilized by soaking in 1% so-
dium hypochlorite (NaOCI) for S min and subsequently
rinsed thoroughly with distilled water prior to applying
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any treatment. Seeds of cucumber (one seed per pot) was
sown in 1-2 cm depth in 1-L plastic pots (120 mm x150
mm) and filled with soil-sand-litter mixture (1:1:1). Irriga-
tion schedule according to water deficit treatments were
performed by soil field capacity (FC) calculation. Calcula-
tion of amount of the water in FC conditions performed
by following equation:

soil mass at field capacity - over dry soil mass "

100

Water at the field capacity =
over dry soil mass

Each pot daily weighted and adds required water to
reach to determined percentage of FC. Plants were grown
in 18-25°C, 85 mmol.m™s" daily radiations, and 65% rel-
ative humidity. When the first leaf was appeared the plants
were sprayed with different levels of SA solved into dis-
tilled water. Plant measurements were included: leaf area
per pot, stomatal conductance (cm?.s), leaf and root dry
weight per pot and SPAD reading when fourth leaf was
fully expend. Collected materials were weighted after dry-
ing in an oven at 45°C for 72 h. Stomatal conductance and
SPAD measurements performed by leaf prometer SC-1
and SPAD 502 Minolta, respectively.

Statistical analysis

In order to evaluate the treatments impacts on study
parameters, analysis of variance (ANOVA) was performed
as standard procedure for factorial complete randomized
designs. The t-test was used to find significant differences
among treatments. The significant differences between
treatments were compared by Duncan’s multiple range
tests at 5% probability level.

Results and discussion

Water deficit

All study parameters except root dry weight was sta-
tistically influenced (P < 0.05) by different water deficit
levels (Tab. 1). The highest and lowest values of leaf arca
(41.9 and 24.8 cm? pot’) and leaf dry weight (0.23 and
0.16 gr pot”) obtained from control and maximum levels
of water deficit (60% FC), respectively (Tab. 1). Similar re-
sults were observed when water deficit impacts were evalu-
ated on stomatal conductance, increasing of water stress
levels showed sharply decline in this parameter. However,
the highest SPAD reading (47) reached in extreme levels
of water stress (Tab. 1).

Leaf expansion is extremely influenced by water status
of plants especially in sensitive plants such as cucumber
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owing to the fact that water plays vital role in leaf develop-
ments of plants (Jelonek ez /., 2009). In addition, there
was direct correlation between leaf weight and leaf area
(Liu and Stutzel, 2004) therefore decreasing of leaf arca
was main reason of decline of leaf dry weight. Stomatal
conductance relationship with water situation of plants is
well documented (Akinci and Losel, 2010). SPAD read-
ing shows plant chlorophyll density and nitrogen status
in leaves (Nakano e 4l., 2010), increasing of chlorophyll
density by decreasing of leaf area was expected in higher
levels of water stress.

SA concentration

Different SA concentrations showed significant im-
pact (P < 0.05) on all studied parameters except for SPAD
reading (‘Tab. 2). The highest values of leaf area (45.3 cm?
pot?), leaf (0.27 gr pot') and root (0.26 gr pot?) dry
weights obtained in maximum concentration of SA (1
mM) (Tab. 2). Generally, increasing the concentration of
SA significantly increased the values of leaf area, leaf and
root dry weights. On the other hand, utmost value of sto-
matal conductance (57.5 cm? s™) gained in control treat-
ment (Tab. 2).

Previous studies have offered considerable evidence
concerning the stimulation of SA to water stress tolerance
(Gunes et al., 2007). Hmada and Hakimi (2001) have
shown that the treatment of wheat plants with 100 ppm
SA through seed soaking was able to alleviate inhibitory
effect of drought and stimulate growth by enhancing pho-
tosynthetic rate and reducing dark respiration.

Interactive effects of water deficit and SA concentration

The results showed that maximum leaf area value (55
cm? per pot) and the highest interaction between SA con-
centrations and water deficit levels was obtained under
0.75 mM SA application and second water deficit level
(80%) FC (Tab. 3). Moreover, leaf dry weight dramatical-
ly increased in severe water deficit level by increasing in SA
concentration in particular in 1 mM SA concentration (30
gr per pot) (Tab. 3). Different SA concentrations did not
show direct impact on SPAD reading values in under vari-
ous water stress levels but values of this parameter gradu-
ally increased in severe water stress levels (Tab. 3).

Salicylic acid is well known obviously taking place sig-
naling molecule that plays a vital role in establishing and
signaling a defense response against abiotic stress (Hayat
et al., 2010). Exogenously application of SA in suitable

Tab. 1. Effects of different water deficit levels on leaf area, stomatal conductance, leaf and root dry weight, and SPAD reading of

cucumber
Water deficit Leaf area Leaf dry weight Root dry weight  Stomatal Cf)nfiuctance SPAD reading
level (cm?.pot) (gr per pot) (gr per pot) (cmZst)
11 41.9° 0.23* 0.24" 58.2 41°
12 41.6* 0.22* 0.22" 54.0* 40°
I3 24.8b 0.16° 0.20™ 25.6° 47°

11: 100% FC, 12: 80% FC, and 13: 60% FC
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Tab. 2. Effects of various SA concentrations on leaf area, stomatal conductance, leaf and root dry weight, and SPAD reading of

cucumber

Leaf area

Leaf dry weight

Root dry weight ~ Stomatal conductance

SA concentration (cm®por) (grpor!) (gr.pot!) (cm2s") SPAD reading
S1 27.4° 0.16° 0.14° 57.5* 41*
S2 36.6° 0.17%® 0.25* 54.5° 43
S3 35.6° 0.20® 0.18® 46.8® 40?
S4 37.6* 0.25° 0.25* 42.3% 420
S5 45.3 0.27* 0.26* 28° 45

$1: 0mM, $2: 0.25, $3: 0.5 mM, S$4: 0.75 mM, and S5: 1 mM

Tab. 3. Interactive effects of different water deficit levels and various SA concentrations on leaf area, leaf and root dry weight

Water deficit level
SA -
concentration Ll are»a Ratio Leelfdly “{elght Ratio SPAD reading Ratio
(cm*pot™) (gr.pot?)
11 12 I3 2/11  13/11 11 12 13 12/11  13/11 11 12 13 12/11  13/11

S1 38 35 14 0.9 0.4 019 021 0.10 1.1 0.5 35 39 49 1.1 1.3
S2 52 25 21 0.5 0.8 016 017 023 1.1 14 41 41 47 1.0 1.1
S3 44 51 36 12 0.7 020 019 024 1.0 13 40 39 43 1.0 1.1
S4 25 51 45 2.0 0.9 025 023 016 0.9 0.7 42 42 44 1.0 1.0
S5 52 55 26 1.1 0.5 037 027 030 0.7 1.1 47 38 51 0.8 1.3

11: 100% FC, 12: 80% FC, I3: 60% FC; S1: 0 mM, S2: 0.25, $3: 0.5 mM, S4: 0.75 mM, and $5: 1 mM

concentrations may enhance the efficiency of antioxidant
system in plants (Hayat ez 4/.,2010). Khan ¢z a/. (2003) re-
ported an increase in transpiration rate and stomatal con-
ductance in response to foliar application of SA in corn
and soybean under stress conditions. Foliar application
of SA also proved to increasing the pigment contents and
chlorophyll content in Brassica napus (Ghai ez al., 2002).
In conclusion, application of SA in suitable concentra-
tions (0.75 mM) could good opportunity to decrease of
water stress injures on cucumber seedlings.

Conclusions

It is well documented that SA potentially generates a
wide collection of metabolic responses in plant also affects
the photosynthetic parameters and plant water relations.
The protective effect of SA under abiotic stress such as wa-
ter deficit is generally coupled with photosynthetic perfor-
mance (Szepesi ¢f al., 2009). In general, increasing the wa-
ter deficit levels directly decline leaf area, dry weight and
stomatal conductance. On the other hand, application of
SA gradually mitigated the negative effects of water deficit
stress especially, on leaf area expansion. Moderate levels of
SA application (0.75 mM) showed highest performance
under higher levels of water deficit. To sum up, the results
of recent study conformed recovery impacts of SA appli-
cation under water deficit conditions on cucumber seed-

lings.
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