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Abstract

The present study was conducted to assess whether exogenously applied SA as a foliar spray
could ameliorate the adverse effects of salt stress on sunflower plants. Two lines of sunflower
(Hisun-33 and SF-187) were grown under normal or saline (120 mM NaCl) conditions. Different
levels of salicylic acid (0, 100, 200, 300 mg L™) were applied as a foliar spray. Salt stress reduced
the growth of both lines, but both cultivars were equally responsive to the stress. Application of 200
mg L of SA caused an increase in biomass of both lines under non-saline or saline conditions.
Photosynthetic rate of both cultivars increased due to SA applied foliarly both under control and
saline conditions, particularly in line SF-187. Furthermore, increase in growth of both cultivars due
to exogenously applied SA may have been due to changes in photosynthesis. However, SA applied
as a foliar spray did not change the sub-stomatal CO, suggesting that stomtal factors were not the
major controlling factors for photosynthesis. Overall, the adverse effects of salt stress could be
alleviated by exogenous application of SA.

Introduction

Salt stress is known to perturb a multitude of physiological processes including
photosynthesis. For example, a significant reduction in photosynthesis was found in
Brassica spp. (Nazir et al., 2001), and wheat (Raza et al., 2006). However, degree of salt-
induced reduction in photosynthetic capacity depends on amount of photosynthesizing
tissue (leaf area), photosynthetic pigments, stomatal and non-stomatal factors that affect the
CO, assimilation (gas exchange and metabolism) (Dubey, 2005). Salt-induced osmotic
stress as well as sodium toxicity trigger to the formation of reactive oxygen species (ROS)
such as superoxide (O,"), hydrogen peroxide (H,O,), hydroxyl radical (OH), and singlet
oxygen (*0,), which can damage mitochondria and chloroplasts by disrupting cellular
structures (Mittler, 2002). To scavenge ROS, plants synthesize different types of
antioxidant compounds or activate key antioxidant enzymes (Mittler, 2002). In addition,
salt tolerance has been found to be positively associated with a more efficient antioxidant
system (Mittler, 2002). In view of these reports, it was suggested that salt tolerance could be
induced by enhancing antioxidant capacity of plants.

SA is water-soluble antioxidant compound that can also regulate plant growth (Aberg
1981). It also has a role in abiotic stress tolerance such as drought tolerance in wheat (Singh
& Usha, 2003), and salt tolerance in wheat (Sakhabutdinova et al., 2003; Shakirova et al.,
2003). Ameliorative effect of SA on growth of crop plants under abiotic stress conditions
may have been due to its role in nutrient uptake (Glass 1974), water relations (Barkosky &
Einhelling 1993), stomatal regulation (Larque-saavedra, 1979; Arfan et al., 2007),

* Corresponding author: ashrafbot@yahoo.com




1658 NOREEN AND ASHRAF

photosynthesis and growth (Khan et al., 2003; Arfan et al., 2007). In contrast, while
working with maize, Németh et al. (2002) reported that exogenously applied SA through
the rooting medium caused growth inhibition. Likewise, Borsani et al. (2001) demonstrated
that transgenic Arabidopsis plants (NahG) producing salicylate hydroxylate, which
transforms SA to catechol (thus lower concentration of endogenous SA in transgenic plant
than that in wild type plant), were better able to resist the oxidative damage caused by salt
and osmotic stress than the wild type plants. These reports clearly show that SA cannot
induce abiotic stress tolerance in all types of plants or in other words the effectiveness of
SA in inducing stress tolerance depends upon type of species or concentration of SA
applied. Therefore, an experiment was conducted to determine whether foliar applied SA
could induce salt tolerance in sunflower plants and to draw relationships between growth
and photosynthetic capacity to elucidate mechanism associated with improved salinity
tolerance in sunflower due to exogenously applied SA.

Materials and Methods

An experiment was conducted under greenhouse conditions at the Department of
Botany, University of Agriculture, Faisalabad Pakistan. Achenes of sunflower (SF-187
and Hisun-33) were obtained from the Regional Office of Pakistan Seed Council
Faisalabad, Pakistan. During the growth period mean day temperature 30.6 + 5.1°C, night
temperature 18.3 + 7.6 °C, relative humidity (RH) 35.9 + 6.5 and the day length from 8 to
11 hours were recorded. Achenes of sunflower (Helianthus annuus L) were surface
sterilized in 5% sodium hypochlorite solution for 10 minutes before using them for
experimentation. Ten sunflower achenes were directly sown in each plastic pot of 28 cm
diameter containing 12 kg well-washed sand, but after germination, seedlings were
thinned to three of almost uniform size. The experiment was arranged in a completely
randomized design with four replicates. All pots were irrigated with full strength
Hoagland’s nutrient solution for 18 days after which NaCl treatments in Hoagland’s
nutrient solution were begun. The NaCl treatments used were 0 or 150 mM in full
strength Hoagland’s nutrient solution. Salt solution was applied in aliquots of 50 mM
every day. Two liters of a treatment solution was applied to each pot after every week,
however, moisture content of the sand was maintained daily by adding 200 ml distilled
water to each pot. Different concentrations of salicylic acid (SA) (M. wt. = 138.1) [(0,
0.1% Tween 20 solution; 100, 200 and 300 mg L™ in 0.1% Tween-20 {polyoxyethylene
sorbitan monolaurate} solution)] were applied as a foliar spray at the vegetative stage.
Tween-20 solution was used as a surfactant to ensure penetration of SA into leaf tissues.
A constant volume (5 mi/plant) of the solution was sprayed on all pots with a manual
sprayer. The plants were sprayed once on the leaves early in the morning. The plants
were harvested three weeks after foliar application of SA at the vegetative stage and data
for fresh biomass were recorded. The plants were then oven-dried at 65°C for 72 h and
dry biomass recorded. However, before harvesting the plants following physiological
parameters were also measured:

Gas exchange characteristics: Measurements of gas exchange attributes were made on
2" intact leaf from the top of each plant using an ADC LCA-4 portable infrared gas
analyzer (Analytical Development, Hoddesdon, UK). These measurements were recorded
from 10:30 to 12.30 h with the following specifications/adjustments of the leaf chamber:
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leaf surface area, 11.25 cm?; water vapor pressure into the chamber ranged from 6.0 to
8.9 mbar, ambient CO, concentration, 352 umol mol™; temperature of the leaf chamber
varied from 28.4 to 32.4 °C; leaf chamber gas flow rate (U), 251 umol s™; molar flow of
air per unit leaf area (Us) 221.06 mol m? s™*; RH of the chamber 41.2 %; PAR (Qa) at
the leaf surface at noon was up to 918 umol m™ s™*; ambient pressure was 98.8 kPa.

Statistical analysis: The experiments were set up in a completely randomized design
(CRD) with four replicates. Analysis of variance of all parameters was computed using
the Costat computer package.The least significance difference between the mean values
was calculated following Snedecor & Cochran (1980).

Results
Salt stress caused a significant reduction in shoot fresh and dry weights of both

sunflower lines (Fig 1). However, shoot fresh and dry weights of both lines were
appreciably increased due to exogenous application of salicylic acid under both stressful
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Fig. 1: Fresh and dry weights of shoots and roots of salt stressed and non-stressed plants of two
lines of sunflower when different concentrations of SA were applied at the vegetative stage as a
foliar spray.
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Fig. 2: Gas exchange characteristics of salt stressed and non-stressed plants of two lines of
sunflower when different concentrations of SA were applied as a foliar spray at the vegetative
stage.

and non-stressful conditions. However, line SF-187 had higher shoot fresh weight than that
of Hisun-33, particularly under saline conditions. A maximum increase in shoot fresh
weight was recorded at 200 mg L™ of SA. In contrast, difference in shoot dry weights
between sunflower lines was non-significant (Fig. 1). Root fresh and dry weights of both
lines decreased due to imposition of salt stress. However, line Hysun-33 produced higher
fresh and dry root biomass compared to line SF-187 under saline conditions.
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Salt stress reduced net CO, assimilation rate (Py), transpiration rate (E), stomatal
conductance (gs), and sub-stomatal CO, (C;) of both sunflower lines. However, water use
efficiency (WUE = P\/E) and C/C, was not significantly affected due to salt stress.
Exogenous application of 200 mg L™ increased net CO, assimilation rate of both lines
under both non-saline and saline conditions. However, line SF-187 showed higher net
assimilation rate under saline conditions, whereas under saline conditions differences
between the lines were non-significant (Fig 2). Similarly, stomatal conductance was also
improved due to foliar applied SA in stressed and non-stressed plants of both lines,
particularly at 200 or 300 mg L™ of SA level (Fig 2). However, the lines did not differ in
this gas exchange attribute. In contrast, transpiration rate of both lines remained almost
unchanged due to foliar applied SA under both non-saline and saline conditions. Sub-
stomatal CO, (Ci) also remained unaffected due to SA applied as a foliar spray in both salt
stressed and non-stressed plants of both lines, except in salt stressed SF-187 plants where
100 mg L™ SA caused a significant increase in C;. The interactive effects showed that
water-use-efficiency (WUE) [P\/E] was significantly affected by salicylic acid and salinity
(Fig. 2). Generally WUE increased due to SA applied as a foliar spray in both salt stressed
and non-stressed plants of both sunflower lines, particularly at 200 mg L™ SA level.

Discussion

From the results of the present study, it is obvious that salt stress reduced plant
growth of both sunflower cultivars. However, exogenous application of SA improved the
plant growth in salt stressed plants of both cultivars. These results are in agreement with
those of El-Tayeb (2005) and Arfan et al. (2007) who reported that exogenous foliar
application of SA ameliorated the adverse effects of salt stress on growth of barley and
wheat, respectively. Similarly, foliar application of SA also caused increase in biological
yield of wheat under water stress (Singh & Usha, 2003). Thus suggests that SA-induced
enhancement in growth may also promote crop yield. Since salt stress limits plant growth
by adversely affecting various physiological and biochemical processes including
photosynthesis, antioxidant capacity, and ion homeostasis (Ashraf, 2004), it is suggested
that SA-induced enhancement in growth of salt stressed plants might have been due to
SA-induced changes in these biochemical or physiological processes. For example, EI-
Tayeb (2005) reported that SA-induced increase in growth could be related to enhanced
activity of antioxidants that protect the plants from oxidative damage. Therefore,
photosynthesis which is a major controlling factor for plant growth and yield (Natr &
Lawlor, 2005) might have been increased due to SA application. In the present study,
foliar application of SA caused considerable enhancement in net photosynthetic rate
under salt stress, particularly at 200 mg L™ SA level. This increase in photosynthetic rate
due to exogenously applied SA was in agreement with some earlier studies in which it
was found that exogenously applied SA increased the photosynthetic rate in different
crops, e.g., barley (Pancheva et al., 1996), rice (Maibangsa et al., 2001), soybean (Kumar
et al., 2000; Khan et al., 2003), wheat (Singh & Usha, 2003), and maize (Khan et al.,
2003; Khodary, 2004). Furthermore, a positive relationship between photosynthetic rate
and growth has been observed, which suggests that SA-induced changes in
photosynthetic rate might have contributed in growth enhancement under saline
conditions. Similar relationship between growth and photosynthetic capacity was found
in different crops e.g., Brassica spp. (Nazir et al., 2001), wheat (Arfan et al., 2007).
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In the present study, exogenously applied SA caused increase in stomatal conductance,
but it did not change the sub-stomatal CO,. These findings suggest that SA applied as a
foliar spray reversed the salt-induced stomatal closure. This argument can be supported
by the findings of Rai et al. (1986) that SA application can reverse the stomatal closure
induced by ABA. However, SA-induced increase in A and gs with no change in sub-
stomatal CO, (C;) suggests that stomatal limitations were not the controlling factors for
photosynthesis as was previously observed in Capsicum annum (Bethke and Drew,
1992). However, it can be suggested that foliar spray with SA might have affected
certain metabolic factors in carbon uptake or fixation including Rubisco enzyme
concentration and activity, and/or photosynthetic carbon reduction (PCR) cycle as
previously suggested by Khodary (2004) and Arfan et al. (2007).

In conclusion, the adverse effects of salt stress on the growth of sunflower can be
mitigated by foliar spray of SA. However, effectiveness of SA in alleviating the adverse
effects of salt stress was dose dependent.
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