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ABSTRACT

An experiment was conducted to investigate the possible involvement of exogencusly applied
salicylic acid (presowing seed soaking at the rate of 1.0 and 1.5 mM salicyhe acid (SA) on dry matter
production and its partitioning, antioxidant {proline and sugar), antioxidant enzymes i.e.,
superoxide dismutase, peroxidase and yield of four chickpea (Cicer arietinum L.) genotypes, viz.,
Tyson, ICC 4958, JG 315 and DCP 92-3 under drought stress. Drought imposed (by withholding
irrigation) at B0% flowering and 50% podding phase of development. Results indicate wide
variation in tolerance to drought stress amongst chickpea genotypes at both the critical stagesi.e.,
H50% flowering and B0% podding. However, the yield and its components were higher in ICC 4958
as compared to other genotypes. It is inferred that the significant response of applied SA at the rate
of 1.5 mM under drought condition was relatively more in ICC 4958 genotype in terms of
antioxidant response; substantially alleviated drought induced adverse effect and yield. It is also
conclude that drought stress at 50% flowering was found to be more damaging than the 50%
podding phase.
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INTRODUCTION

Drought is a major abiotic stress limiting agricultural crop production worldwide (Farooq ef al.,
2009a). Plants respond to water deficit and acclimate to drought stress through wvarious
physiological and biochemical changes (Farooq ef al., 2009a, b). Drought induces generation of
reactive oxygen species, such as superoxide radical (O,*), hydroxy radical (*OH), hydrogen
peroxide (H,() and alkoxy radical (RO+) in chloroplasts, mitochondria and peroxisomes
{Munne-Besch and Penuelas, 2003; Esfandiari et al., 2008). These reactive oxygen species can
directly attack membrane lipids and increase the lipid peroxidation, inactivate metabolic enzymes
and damage the nucleic acids-leading to cell death (Mittler, 2002).

Plants have evolved a series of enzymatic and nonenzymatic antioxidant systems to cope with
drought stress (Farooq et al., 2009a, b)., Without this defence mechanism, plants could not
efficiently convert solar energy into chemical one. Maintaining a high level of antioxidative enzyme
activities may thus contribute to drought tolerance (Sharma and Dubey, 2005). Enhanced
superoxide dismutase and peroxidase activities have been associated with induced resistance of
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plants to drought stress (Bartels, 2001). Activities of both are involved in superoxideradical and
hydrogen peroxide scavenging. Grain legumes, as compared to cereals, appear to have more
sensitivity towards drought.

Previous reports have indicated adverse effects of drought on chickpea (Kumar and Abbo,
2001). Chickpea 1s a cool-season legume of northern region of India, which is also being cultivated
in warm season environment of central and scuthern parts of the country. Due to changing climate,
yield losses might be the result of intermittent drought during the vegetative phase or due to
drought during reproductive development is expected to increase leading to reduction in its
potential yield. As there is reduction in the translocation of carbohydrates during drought stress,
this leads to a change in source-sink relationships. Thus, effective measures are needed to counter
the negative effects of drought on this crop. One of the effective measures in this direction is the
application of certain plant growth regulators for mitigating those effects.

Salicylic acid 1s a naturally existing phenolic compound and 1s considered to be a potent plant
growth regulator because of its diverse regulatory role in plant metabohsm. Evidences put forward
that externally applied salicylic acid increased plant’s tolerance to several abiotic stresses, including
osmotic stress (Wang ef al., 2010), drought (Azcoz and Youssef, 2010), heavy metal stress
{Moussa and El-Gamal, 2010) and also influence a range of diverse processes in plants, including
seed germmnation, stomatal closure, ion uptake and transport, membrane permeability,
photosynthesis and plant growth rate (Aftab ef al., 2010). Salicylic acid treatment cause decrease
malondialdehyde content (MDA) while membrane stability was improved (Kazemi ef al., 2011).
Chickpea shows mechanisms for overcoming this condition with the help of salicylic acid.

The present investigation was carried out with a view to recognize effect of presowing seed
soaking of salicylic acid for dry matter gain in shoots and its partitioning to different plant parts
besides alteration in antioxidant defence system and yield variations under drought stress in four
chickpea (Cicer artetinum L.) genotypes.

MATERIALS AND METHODS

The experiment was carried out during Rabi season 2009-10 in rain- protected wire- house at
the Horticulture Research Farm, Institute of Agricultural Sciences, Banaras Hindu University
Varanasi, India. The experimental area lies between latitudes 25.18°N, longitude 83.03°E and
123,93 m altitude. The average of climatic conditions calculated during the entire growth period
is as follows: maximum/minimum temperature, Relative Humidity (RH) was 28.0/13.6°C,
71.2/36.5%, respectively and an average sunshine hour was 6.9,

The seeds of Cicer arietinum L. genotypes (Tyson, ICC 4958, JG 315 and DCP 92-2) were
surface sterilized with 0.2% HgCl, solution. Salicylic acid (Molecular Weight: 138.12 Sigma Aldrich,
Chemie GmBH, Munich, Germany) was dissolved in absolute ethancl then added drop wise to
water (ethanolfwater: 1/1000 v/v) (Williams ef al., 2003). Thereafter 10 seeds of each genctype for
each treatment were soaked for 6 h in distilled water without salicylic acid (0 mM salicylic acid)
taken as control (T) and in 1.0 mM (T,) and 1.5 mM salicylic acid (T.) before sowing in pots (30 cm
in diameter and 30 em in depth) containing farm soil having 12-14% moisture at the time of sowing
and were thinned to six plants per pot at the first true leaf stage. The experimental scil was sandy
loam containing organic carbon 0.31%, available nitrogen 228.00 kg ha™!, available phosphorus
17.00 kg ha™!, available potassium 180.00 kg ha™! and pIH 7.3. There were 36 pots per treatment
and the three replications of each experimental unit. All the pots were applied with measured dose
of fertilizer for chickpea at the rate of 20, 40, 20 kg ha™ of N, P,O; and K,O, respectively.
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Fig. 1: Schematic representation of experimental layout, | (Sclid arrow) indicate the irrigated
position with respect to DAS, 8 (empty arrow) indicate the water withholding position with
respect to DASWV (triangle) indicated the sampling time (I and II for physiclogical and
biochemical parameters and IlI-for yield and yield attrmbuting parameters), DAS indicate
Days after Sowing. (LDS: Late drought stress or post-anthesis stage, KDS: Early drought
stress or pre-anthesis stage

Drought stress applications: Each genotype was grouped in three sets e.g., irrigated, drought
imposed at 50% flowering (1.e., early drought stress) and 50% podding (i.e., late drought stress)
stage. Drought stress treatment was initiated at the early and late stage by controlling irrigation
schedule and it was instigated at Days After Sowing 50 (DAS). control plants (irrigated) were given
three irrigations (at 25, 50 and 65 DAS) from the date of sowing to maturity. Early Drought
Stressed (KDES) received two irrigations (25 and 65 DAS) whereas Late Drought Stressed (LDS)
received two irrigations at 25 and 50 DAS, stress cycle given seven days in both the conditions.
Induced drought stress measured in terms of leaf Relative Water Content (RWC), RWC decreases
from 1st days to 7th day of stress cycle, on the 7th day Relative water contant is varying from
67.96-71.67% 1n EDS and 69.0-71.17% at LDS state among chickpea (Cicer arietinum L.)
genotypes (Fig. 1).

Methods: Dry matter production and partiticning expressed as g plant™ were observed at 50%
flowering and 50% podding stages. For sampling the normal and stressed plants were pulled out
at. each sample time and were separated into stem, leaves, flowers and pods and dried in oven at,
105°C for 1 h followed by at 65°C till constant weight, to record dry weights. Total shoot dry matter
and seed yield Plant™ were recorded at maturity.

Leaf area (cm?®plant™) was measured by leaf area meter (Model Systronics Leaf Area
Meter-211). Relative Water Content Relative water contant of the leaves was estimated according
to the method of Weatherly (1950). Total soluble sugar determined by anthrone methed
{Dubois et al., 1956). Proline content was determined by the method of Bates ef al (1973).
The activity of (Super oxide dismutase) (KC 1.15.1.1) was assayed by measuring its ability to
inhibit the photochemical reduction of nitroblue tetrazolium (Dhindsa et al. 1981). The assay of
peroxidase (EC 1.11.1.7) activity was carried cut by measuring the decrease in absorbance at
420 nm due to decomposition of H,O, (Kar and Mishra, 1576).
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Statistical analysis: Samples were collected in three replicates and each replicate/sample was
assayed twice. The design of the experiment was CRD and data was analyzed for analysis of
variance (ANOVA) and means were compared by the Least Significant Difference (LLSD) test and
those at p<0.05. Standard error of mean was also caleulated (Gomez and Gomez, 1984),

RESULTS AND DISCUSSION

Phenology has a powerful effect on plant growth response and productivity under drought
stress. Growth duration determines water-requirement and the probability of exposure to stress,
both of which decrease in early flowering genotypes (Blum, 1996). In this experiment salicylic acid
treatment is nonsignificant in respect to phenology of crop. The days to Ist flowering in chickpea
genotypes ranged minimum from 45 days (ICC 4958) to maximum 53 days (Tyson). Days to 50%
flowering in various chickpea genotypes ranged minimum from 59 days (Tyson) te maximum 62
days (J(G 315), whereas in highest seed yielding genotype 1CC 4958 it was 60 days. Days to 50%
podding and maturity among the genotypes ranged minimum from 74 day and 110 days
(ICC 4958) to a maximum of 85 and 125 days (DCFP 92-3), respectively. The highest seed yielder
1CC 4958 took 74 days for 50% podding and 110 days for maturity and thus minimizing the impact
of drought stress as terminal stress predoeminates in the region (Fig. 2).

Significant differences amongst genotypes in leafl area (em? plant™) at 50% flowering were
observed (Table 1), Leaf area gradually increased to maximum at B0% podding (Table 2) and then
declined at maturity. Amongst genotypes, highest leaf area was noticed in DCP 92-3 while it was
lowest in ICC 4958 and Tyson both at 50% flowering and 50% podding. The highest seed yielding
genotype ICC 4958 attained leaf area of 161.65 at 50% flowering and 207.58 cm?® palnt™ at 50%
podding. Genotype DCP 92-3 attained highest leaf area but not produced highest yield. Plasticity
in leaf area is an important means by which drought-stressed crop maintains control over water-use
{Blum, 1996). The results suggest that crops need to adjust their transpiring surface through
reducing leaf growth (as a mechanism for reducing water loss). Thus, drought tolerance in this
study may be attributed to reduced transpiration and then water loss by having smaller leaf size
and reducing leaf area expansion of genotypes when drought stress develops.

In grain legumes, dry matter production and its accumulation is related to the flowering time.
Chickpea being a long day plant, delayed flowering that increased dry matter accumulation,
whereas conditions favouring early flowering adversely affected dry matter accumulation. Tatar
and Gevrek (2008) reported that onset of water stress at early phase of development greater dechne
of dry matter production than the late phase. Chickpea genotypes Tyson, JG 215 and DCP 92-3
exhibited slow rate of dry matter accumulation up to initiation of flowering except ICC 4958 due
to lesser leaf area at this stage. Total dry matter accumulation in chickpea increased with the onset,
of plant growth showing maximum in between flowering and podding in all chickpea genotypes.
Stem dry matter (g plant™) recorded at 50% flowering, 50% podding and at maturity that showed
significant. differences among genotypes (Table 1-3). Dry matter of stem gradually increased till
maturity. Further, masimum dry matter at 50% flowering was noticed in Tyson (1.52 g) followed
by DCP 92-3 (1.02 g) and ICC 4958 (1.03 g), which was minimum in JG 215 (0.93 g). The
percentage dry matter reduction in stressed plants was noticed to a maximum in Tyson (52.4%)
over normal at B0% flowering followed by ICC 4958 (51.4%) in treatment T, (1.5 mM B5A).
Subsequently, at 50% podding it was again uppermost in Tyson (2.35 g) closely followed by DCP
92-3 (2.23 g) while it was lowest in JG 315 (1.66 g). As far as percentage reduction of stem dry
matter is concerned, it was maximum under stress over normal in ICC 4958 (59.2%) followed by
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Fig. 2. Phenoclogical traits of chickpea (Cicer artetinum L.) genotypes. Data are presented as
treatments Mean+SE

Tyson (52.6%) at B0% podding (Table 2). The significant response of the threshold level of
salicylic acid at the rate of 1.5 mM was relatively more in ICC 4958 and Tyson. Results also point,
towards allocation/partitioning of dry matter to different plant parts for growth and maintenance
in relation to salicylic acid.

Leaf dry matter (g plant™) observed at 50% flowering, 50% podding showed significant
difference amongst genotype (Table 1, 2). Leaf dry matter increased gradually to maximum at 50%
podding and thereafter showed decrease till maturity. Maximum leaf dry matter amongst genctypes
at 50% flowering was noticed in Tyson (2.23 g) followed by DCF 92-3 (2.04 g) while it was
minimum [CC 4958 (1.31 g) here salicylic acid treatment is nonsignificant amongst genotypes.
Further, maximum leaf dry matter at 50% podding was noticed in DCP 92-3 (2.82 g) followed by
Tyson (268 g) in T, while it was lowest in ICC 4958 (1.84 g). Flower dry weight (g plant™) at 50%
flowering had significant difference among genotypes. ICC 4958 (0.115 g) showed maximum Pod
dry weight (g plant™) at 50% podding had significant differences amongst genotypes and SA
treatment (Table 2), showed maximum in the highest seed yielding genotype ICC 4958 (1.66 g)
followed by Tyson (1.49 g)in T, while in T it was lowest in JG 314 (1.13 g). The difference in dry
matter accumulation could be related to the difference in phenclogy and toward the late stages it
might also be related to differing pattern of assimilate partitioning between vegetative and
reproductive component (Bell et al., 1991).

Adopting Levitt (1972) definition, the capability of genotypes to maintain relatively higher
water content 1s an avoidance mechanism. When plant adjusts to lower relative water content, it
is considered a tolerance mechanism. Drought stress significant reduces the relative water content.
at both the critical phase of development (Tatar and Gevrek, 2008; Pattanagul, 2011). In the
present study, Relative water contant was low at 50% flowering compared to 50% podding in all
the genotypes at drought stress conditions. Genotypes J(G 315 and DCP 92-3 showed lower Relative
water contant as compared to Tyson and [ICC 4958 at 50% flowering stage. Tyson and ICC 4958
had maintained higher RWC at both the stages. Relative water contant (%) was in the range of
71.6-74.4 (unstressed) and 67.9-71.6 (stressed), whereas salicylic acid at the rate of 1.5 mM
increased leaf Relative water contant values close to the control {(unstressed plant). Results showed
lowest RWC value (68%) in gencotype JG 315 and the maximum RWC (71.17%) was remarkably
maintained under stress in Tyson (Table 1). The higher seed wyielding genotype generally

maintained more than 70% leaf relative water content. Maintenance of plant water status 1s a
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fundamental phenomenon for normal growth of plants under stressful environment.. Disturbances
in water balance in plants lead to impaired functioning of different gas exchange attributes,
ultimately resulting 1n reduced plant growth (Campos et al., 1999; Demirevska ef al., 2010;
Rapacz et al., 2010). Under such conditions, exogenous application of salicylic acid helps regulate
the plant water relation. It appears that salicylic acid potentially generates a wide array of
metabolic responses in plants and also effective for plant water relations (Hayat ef al., 2010).
Exogenous application of salicylic acid may help reduce adverse effects of drought in chickpea.
Change in Relative water contant with alternate decrease and increase during the period of water
stress suggests alteration in internal mechanisms for osmeotic adjustments that helped to maintain
Relative water contant closer to normal pre stress value and thereby preventing Relative water
contant to fall below a critical level especially in Tyson genotype.

Results show that proline accumulation was increased at 50% flowering and 50% podding
stages under drought with higher accumulation at 50% podding stage. As far as genotypes are
concerned, Tyson and [CC 4958 accumulated more proline as compared to J(GG 315 and DCP 92-3
in response to salicylic acid over the control. Proline content in plants treated with salicylic acid at
the rate of 1.5 mM under drought stress was maximum [310.67 pg g~ (f.wt.)] in Tyson and
minimum in DCP 92-5 [188.0 pg g~ ! (f.wt.}] (Table 4). There was a strong correlation between plant
water content and accumulation of compatible solutes (proline and glycinebetaine) under drought
stress. Costa ef al. (2008) reported that the plant submitted to stress suffered an increase in amount,
of proline, since the solute 1s an osmotic adjuster. Salicylic acid treatment obviously improved
Relative water contant with simultaneous and significant increase in proline resulted in csmotic
adjustment to a great extent. In this study, one of the important osmolytes, proline, was
substantially increased upon exposure to drought,; interestingly, salicylic acid could have induced
abscisic acid mediated protective reactions of plants to water deficit mainly by increasing proline
accumulation (Yoshiba ef al., 1995) which along with osmolytes has improved dehydration
tolerance. Azooz and Youssef (2010) reported preline content increase with application of salicylic
acid under drought stress. The increased proline might have helped to maintain high tissue water
contents as indicated by higher values of RWC (Table 1).

Total soluble sugar level differed significantly at 50% flowering and podding stages among
chickpea genotypes with salicylic acid treated plant under drought. In this experiment, Tyson and
ICC 4958 showed more soluble sugar contents under drought stress (Fig. 3), which was further
increased by salicylic acid in all four genotypes (Fig. 3). Al-Hakimi (2006) previously reported in
soybean plants increase the soluble sugar content exhibited a favourable effect of the accumulation
along with some ions antagonized or ameliorated the inhibitory effect of drought stress by
application of salicylic acid. The oxidative stress may damage the biological membranes thus
disrupting the whoele assimilation process (Farooq et af., 2009¢) and resulting in substantial yield
dechne, whereas reduction in tissue water status disrupts the activities of several enzymes involved
in carboxylation and antioxidant defence system (Farooq ef al., 2009a, b) thus leading to yield
reduction. Cytosolic concentration of osmolytes (i.e., soluble sugar and proline) 1s often increased
resistance to drought stress, which not only helps in maintaining the tissue but also is invelved in
osmoregulation (Lobato et al., 2008, Farcoq et al, 2009a, b; Pattanagul, 2011; Nahar et al.,
2011). Azooz and Youssef (2010) and Ismail ef al. (2011) recently reported soluble carbohydrates
increase with application of salicylic acid. Scluble sugar might have functioned as a typical

osmoprotectant for osmotic adjustment in chickpea in order to stabilize cellular membranes
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Fig. 3{(a-h): Effect of BSalicylic Aecid (SA) on total soluble sugar [mg g ! (f.wt.)] in
chickpea (Cicer artetinum L..) genotypes grown under drought stress imposed at early
and later stage of development. (.e., EDS: Early drought stress or drought stress 50%
flowering, LDS: Late drought stress or drought stress at 50% podding). Data are
presented as treatments Meant5K

for maintaining turgor pressure. Thus, it is evident that osmotic adjustment prevents lowering of
Relative water contant. below a critical level by efficient water uptake, restores photosynthesis and
maintains positive carbon balance for longer stress period.

Under stress conditions, the generation of Reactive oxygen species is a common
phenomenon observed in most plants. These stress-generated Reactive oxygen species damage the
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macromolecules such as DNA, proteins and lipid structures (Foyer and Noctor, 2003; Ashraf and
Foolad, 2007; Ashraf, 2009). Flants have an internal protective enzyme catalysed clean up system
to scavenge reactive oxygen species, thus ensuring normal cellular function. Superoxide dismutase
constitutes the first line of defence via detoxification of super oxide radicals (Sairam et al.,
2000), thereby maintaining membranes of plant tissue. Superoxide dismutase detoxifies superoxide
anion free radicals by forming H,O, it can be further eliminated by coneerted action of peroxidase.
In this study, a steady increase in the activities of supercoxide dismutase and peroxidase was
observed with time (Table 4). Super oxide dismutase showed maximum response to Salicylic acid.
An increase in activity of peroxidase was observed, though not as marked as for superoxide
dismutase. Superoxide dismutase and peroxidase activity increased significantly at the rate of
1.5 mM salicylic acid at drought imposed 50% podding stage (Table 4). This well elucidates that
peroxidase should play a more significant role in detoxifying the produced H,(, since the activity
of peroxidase increased, in contrast to that of other antioxidant enzymes 1.e., CAT. Besides, it 1s well
known that CAT is less efficient than peroxidase in scavenging H,O, because of its low substrate
affinity (Erdal and Dumlupinar, 2010a, b). Tysen and ICC 4958 showed higher activities of
superoxide dismutase and peroxidase than JG 315 and DCP 92-3 at both the stage and under all
the treatments. Salicylic acid at the rate of 1.0 and 1.5 mM also significantly increased antioxidant
enzymatic activities. However, activity was higher with salicylic acid at the rate of 1.5 mM
under drought condition and genotypes (Tyson and ICC 4958) as compared to salicylic acid
at the rate of 1.0 mM. Genotype Tyson nonsignificantly differed from ICC 4958 but it differed
significantly both from JG315 and DCP 92-3. At 50% podding superoxide dismutase activity was
higher at the rate of 1.5 mM SA [255.07 units mg™* {(protein) min™!] than 1.0 mM SA [247.35
units mg~! (protein) min~']in genotype ICC 4958 (Table 4) whereas, peroxidase activity was similar
with respect to treatment but differed in genotypes. Highest values of peroxidase activity were
observed at 1.5 mM SA in ICC 4958 [28.97 unit mg™? (protein) min!] (Table 4).

There were significant differences among the genotypes and treatments for the total number
of filled pods plant™ and seed yield plant™ along with 100 seed weight. Maximum in numbers
were observed in the genotype ICC 4958 (46.00, 15.72 and 27.19) followed by genotype JG 315
{42.17, 9.47 and 15.81), respectively in the treatment, of salicylic acid at the rate of 1.5 mM. Empty
pods plant™ was significantly different among genotypes but nonsignificant with treatments.
Maximum number of empty pods plant ™ was noticed in JG 315 (12.00) and minimum in ICC 4958
(7.00) under drought (T able 5).

The present investigation on the accumulation and partitioning of dry matter of chickpea crop
exhibited specific trend about productivity potential that may prove helpful to achieve better
criteria for yield improvement. The chickpea genctype ICC 4958 performed better than other
genotype due to higher number of filled pods, seed yield plant™, higher RWC. The higher relative
water content indicated a better esmoregulation in these genotypes. The genotypes ICC 4958 also
showed the characteristics of earliness by maturing in 110 days after sowing under drought.

Data supports that increases the activity of antioxidant enzymes such as superoxide dismutase
and peroxdase (Singh and Usha, 2003; Havat et al., 2008), which in turn protect plants against
reactive oxygen species generation and membrane injury or may affect synthesis of other
substances having a protective effect on plants under stress. Besides these, salieylic acid might have
helped in regulating the stomatal functioning and continued the water status of plant under
water stress, which in turn maintained wvarious physiological processes needed for increased
growth and yield.

In this investigation, salicylic acid not only alleviated the inhibitory effects of drought stress
but also had a stimulatory effect in the dry matter gain in the shoots and its partitioning to
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different plant parts. There is evidence that GA regulates the dry matter partitioning between
source and sink. Noushina et al. (2011) recently reported that GA signalling is involved in
adjustment of plants under limiting envireonmental conditions and maintains source-sink relation.
This adjustment could be mediated through the GA and salicylic acid interaction. Hence, there is
every reason that salicylic acid treatment under drought condition had maintained source-sink
relationship in the present experiment to improve yield and yield attributes by dry matter
partitioning. Genotype Tyson and ICC 4958 substantiated relatively more tolerant to drought than
DCP 92-3 and JG 315. However, the response of exogencusly applied salicylic acid was more
pronounced in Tyson and ICC 4958,

On the whole, observations it was point out that accumulation of esmolytes allows additional
water to be taken up from the environment reducing the immediate effect of water shortage within
the plant so as to help stabihzing protein tertiary structure and cells. For that reason, seed soaking
treatment. of salicylic acid is beneficial to improve antioxidant system in organizing overall
physiology under drought.

CONCLUSIONS

Based on analyses of four chickpea genotypes and two salicylic acid treatments, there were
substantial variations in biomass partitioning in obtaining yield under drought within chickpea
genotypes. A perusal of results shows that drought tolerant genotypes ICC 4958 have higher
Relative water contant, less leaf area higher, total scluble sugars, proline accumulation and
enzymatic activities such as superoxide dismutase and peroxidase in comparison to drought
susceptible genotypes. Dry matter partitioning is more to different plant parts for growth and
maintenance under drought. The significant response of the threshold level of salicylic acid at the
rate of 1.5 mM was, relatively more in ICC 4958 and Tyson. On the basis of the performance of
chickpea genotypes at different levels of salicylic acid especially at 50% flowering and 50% podding
stages of development, it 1s concluded that 50% flowering stage was most sensitive under drought
stress, which could be in part mitigated by pre-soaking salicylic acid treatment for improved yield
and yield attributes.
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