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ABSTRACT: The application of salicylic acid (SA) as mitigat for depression of crop performance in salinkesovironments has
gained good attention from scientists. In thiglgtuhe growth performance &flycinemax(L.) Merril (variety TGx 1448-2E) plants
subjected to salinity treatments for four weeksobefsalicylic acid application as soil drench wagestigated. Sodium chloride
concentrations applied to soil were 0OmM, 30mM, 50nM@mM, and 90mM. These were applied to the sdidreeand after planting
up till four weeks after planting (4WAP) before $#itigation for another 4 weeks. Plant parametersmed were germination, plant
height, number of leaves per plant, fresh and drights, number of fruits formed per plant and abydwyll content of leaves. Soil
physicochemical properties, pH and EC were detexchimlso. The experiment was designed as a completetiomized one. The
result indicated that percent germinatiorGoimaxseeds was affected by salt treatment generalhe Mieeks after planting (QWAP),
plant heights were depressed in those plants giowoils without SA as stress ameliorant. Valuetioled for SA mitigated plants
were higher than those of unmitigated plants. Déffiees in plant height recorded were significa0(05). Data obtained for plant
parameters in this study indicated the enhanceeféatts of SA mitigation of salt stress. pH resotdken 8WAP indicated very
negligible variation and as such the mechanismadli@aration by SA could not be ascribed to charigesil condition even though
application of SA was on the soil. Soil EC valuesarded some significant differences=Q.05). Future study should be able to
explain the influence of SA application as soilrdre on the partitioning of K, Na and Cl ions in t®and shoots. The study suggests
that SA mitigation was by increased chlorophyll temns of plants.
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Introduction

Biotic and abiotic stresses exert reasonable ltroita on yield potentials of field grown crops. Bigtresses cause poor growth and
development in crops. Salinity, as one of the emajés of irrigation farming, affects soil fertilignd limit production. Soil salinity
creates osmotic stress, decreasing water avatighilptake of various nutrient ions, changes idutal ionic balance, dry matter
production, fruit development, carbon assimilateomd partitioning.An important consequence of salinity stress in fslas the
excessive generation of ROS such as the superaxite (Q°), H.O, and the hydroxyl radicals, particularly in chlolagt and
mitochondria (Mittler, 2002)in order to survive under stress conditions, planésequipped with oxygen radical detoxifying enegm
such as superoxide dismutase,

ascorbate peroxidase, catalase (and antioxidarecwlel like ascorbic acidy-tocopherol and reduced glutathione (Jaktehl
2007). Plants initially perceive environmental sées and activate a range of defensive mechanBtichdret al, 1997). These
mechanisms may also be induced or enhanced bypiiieation of some chemicals to the plants (RaskB95; Rajasekaran and
Blake, 1999, Jandet al, 1999) These chemicals include calcium chloride (Gp&hd salicylic acid (SA). Researchers apply these
chemicals, CaGland salicylic acid, as foliar and seed treatmenténducing stress tolerance. In this work, SA \apglied as soil
drench as mitigation to saline condition. The usehemicals to mitigate stresses will encouragent@tenance of arable lands and
engagement of marginal farmlands with very limigéghificance. It was important to establish thatpcperformance following this
method of SA application would be significant.

Salicylic acid ( o-hydroxybenzoic acid) belongsatgroup of phenolic compounds widely distributeglants and plays an important
role in the regulation of plant growth and develemm (Raskin, 1992; Klessig and Malamy, 1994). $hdicacid (SA) is an
endogenous signal molecule with many physiologigattions. Pretreatment of seeds with salicylicddadocreases the antioxidant
activities of plants, and plays a role in the plegponse to adverse environmental conditions asdieavy metals, herbicides, low
temperatures and salt stress (Metwaltyal, 2003; Ananieveet al, 2002; Jand&t al, 1999; Borsanet al, 2001). However, its
exogenous application to plants generates divengsigogical effects, such as inhibition of dry masccumulation (Schettel and
Blake, 1983), and control of ion uptake and theansport (Harper and Blake, 1981); and accelertgafl area and dry mass
production in corn and soya bean whereas planhheigd root length were unaffected (Khetral, 2003). Salicylic acid (SA) has
gained attention from researchers because of ilisyaio induce systemic acquired resistance (SAMRplants. Salicylic acid (SA
)produces a protective effect on plants under thier of stress factors of different abiotic nat{revent Tunzet al, 2007). Authors
have also reported positive effect of SA on phattsgsis and plant growth under stress (Gogteal, 1993; Rajasekaran & Blake,
1999).
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Materials and Methods

The seeds of soybeaBycinemaxL. Merril , variety TGx 1448-2E) were collectediin a commercial farmer in Benin City. Test for
viability was done using the flotation method. Pri@ sowing into soil, the viable seeds were prinredistilled water for one hour.
Composite top soil (0 - 15 cm depth) collected franfallow farm was weighed into experimental p&ach pot contained three
kilogrammes of soil. A total of forty pots were peged divided into two batches. One batch recesadtitreatments only and the
second batch was given salt treatments for the fosr weeks after sowing and thereafter salicdid was introduced as
amelioration. These salt treatments and salicyglid were applied as soil drench. Concentratiorsatifsolution prepared were 0, 30,
50, 70 and 90mM respectively. This was done byotiigsg the calculated weight of NaCl salt of regperconcentrations in one litre
of deionised water. The concentration of salicyicidd applied was 10mM. The different salt treatraewere applied to the
experimental pots to soak the soil before plantamgording to the experimental design. Ten seedes s@wn per pot. After planting,
application of the salt treatments continued eewyth day, for eight weeks for one batch. Simylathe other batch received salt
treatments every fourth day for four weeks anctghidi acid every fourth day for the next four weeks

Physicochemical analysis of the composite soil easied out using standard procedures. Ten graniri®eg) soil samples were
collected from the experimental pots and used férapd electrical conductivity after eight weeksgobwth. A field based and
nondestructive procedure was used to estimatehtoeophyll content of leaves using the chlorophyiéter (CCM-200 plus). The
chlorophyll meter works on the principle that clojphyll molecules have distinct optical absorbanod these are exploited to
estimate relative chlorophyll concentration in léaues. Two wavelengths are used for absorbagteendinations. One wavelength
falls within the chlorophyll absorbance range whiile other serves to compensate for mechanica&rdifEes such as tissue thickness.
The meter measures absorbance at both wavelengihsaktulates a chlorophyll concentration index jG/@lue that is proportional
to the amount of chlorophyll in the leaf tissuearRlgrowth parameters employed in this study ineflidermination, plant height,
number of leaves per plant, average number ofsfpet plant, chlorophyll content, fresh and dryghés. Germination was recorded
every day after sowing for two weeks. Plant height number of leaves were measured every weekifier weeks. Biomass of
plants (fresh and dry weights) was also determarfeet plant harvest. The study was carried outomspdetely randomized design.
Statistical analyses of data were done using th&SFRAT version 8.1 for one- and two-factor analysisvariance, and the
comparison of the means, using Student Newman-Kests

Results

The results obtained in the study are shown ind&aht 5 and Figures 1-4. The physicochemical aisabfsexperimental soil before
salinity treatment is shown in Table 1. Percentieation of seeds sown in salt-treated soil is showTable 2. Germination was not
observed in all treatments within the first threysl Percent germination recorded was below 50%ilisalt — treated soils. Seed
storage technique may be responsible for this whtien. Data obtained for plant height are showiTable 3. There was a general
increase in plant height as the growth period imeed. The higher values for mean plant height wetained in salicylic acid
ameliorated soils after 9 weeks of growth. Sigaifit differenceso=0.05) were noted between the treatments. Numbézankes
counted is shown in Table 5. Data obtained weresigmificant between treatments. Table 4 showgpthand EC values recorded for
soil samples obtained after some weeks of planvtixoThe pH values (between 7 and 8) indicated thatsoils provided near
neutral condition for plant growth. Electrical camtivity test showed that the soils did not hawmilsir ionic conditions. Significant
differences ¢=0.05) were observed for the treated soils. Fregshday weights of plants are shown in Figures 1 2ndspectively.
Significant differencesoE0.05) between treated plants were observed faetidata. Figure 3 shows the average number o§ fruit
formed by plants. The highest mean value obtainasl iw plants grown in 30mM NaCl-treated soil. Fegdrshows the chlorophyll
content index recorded for plants. Generally, higB€l values were observed for plants grown inssaiheliorated with salicylic
acid. Differences in CCl values obtained betweands of plants grown in treated soils were alspiognt (@=0.05).

Table 1: Physico-chemical analysis of soil obtainedom the field before salinity treatment
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Each value is an average of duplicate measurements
Table 2: Percent germination (%) of seeds oGlycinemax L. sown in NaCl-treated soils
NaCl salt Percent germination (days after planting)
concentration (mM) 3 6 9 12 14
0 0.00 18.78+5.49 31.25+5.81 33.75+ 5.96 33.75+ 5.96
30 6.50+1.64 15.00+ 1.89 21.25+2.95 21.25+2.95 21.25+2.95
50 0.00 12,50 +4.91 23.75+ 6.80 27.50+ 7.01 27.50+ 7.01
70 0.00 16.25+3.75 21.25+4.79 23.75+ 4.20 25.00+ 4.63
90 4.28+1.25 15.00+ 2.68 22.50+ 3.13 22.50+ 3.13 22.50+ 3.13

Figures=mean + S.E.; means in the same column bgaimilar alphabet are not significantly differamting Student Newman-Keuls test
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Table 3: Plant height (cm) obtained forGlycine max plants grown in NaCl-treated and NaCl +salicylic &id treated soils

Salt Concentration Plant height (cm) at different weeks after treatmeh
applied (mM) Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9
0 17.12 + 18.38 + 2277 + 26.23+ 29.48P+ 3383T+1.40 38.60™ +
1.31 1.74 3.27 2.53 2.42 0.93
30 18.15+ 18.93 + 20.67 + 2350+ 25.78P+ 34.23'+438 38.60°+
1.65 1.95 1.00 0.91 0.39 2.02
NaCl 50 9.43+ 10.13 + 11.88+ 12.90 + 14.2F + 15.38 + 5.83 16.45+
2.11 3.97 4.45 4.96 9.51 7.71
70 13.78+ 13.68 + 15.10 + 18.40 2257+ 27.23t+822  29.98> +
9.20 9.12 10.08 +12.29 15.15 20.00
90 11.50 + 11.93 + 12.68 + 14.55 + 16.28 + 19.7% + 23.50 +
7.90 8.20 8.67 9.99 11.21 13.92 16.55
0 14.36 + 16.00 + 17.35 + 29.18 + 37.33'+  4562+1.78 53.52+
2.59 2.04 2.80 0.50 0.67 1.04
30 18.87+ 19.65 + 20.45+ 29.95 + 39.28 + 48.45 +0.42 55.55+
NaCl + 0.90 1.47 1.39 0.66 O.BE( t 0.7%(
Salicylic 50 13.30+ 14.16 + 15.82 + 22.35+ 29.20+ 35.60''+23.75  40.60" +
acid 8.90 9.43 10.79 14.93 19.48 27.08
70 18.76 + 19.37+ 22.00 + 29.4% + 3788+  46.22+2.17 52.25+
0.62 0.93 1.12 0.84 1.59 2.89
90 15.60 + 16.45 + 18.15 + 2712+  33.10"+ 3895f+350 47.58'+
3.28 3.50 3.86 2.15 2.43 2.34

Figures = mean = S.D., means bearing the similahabets in the same column are not significanttied#nt using Student- Newman- Keuls test

Table 4: pH and EC values obtained for soil samples taken & eight weeks ofGlycine max plant growth

Salt applied Concentration (mM) pH Electrical condictivity (US)
0 7.700+0.100 64.62+20.18
30 7.767+0.058 45.25'45.60

NaCl 50 7.767+0.058 45.25'+5.60
70 7.73840.058 38.78£0.00
90 7.738+0.058 45.25'+5.60
0 7.833+0.115 51.7345.59
30 7.638+0.153 42.0%5.60

NaCl + Salicylic acid 50 7.73840.153 48.48"+0.00
70 7.800+0.100 48.48"1+9.70
90 7.838+0.058 38.98:0.73

Figures=mean +S.D.; means in the same column beasimilar alphabet are not significantly differamging Student Newman-Keuls test

Table 5: Number of leaves per plant obtained foiGlycine max plants grown in NaCl-treated and NaCl + salicylicacid treated

soils
Salt Concentration Number of leaves per plant at different weeks
applied (mM) 3 4 5 6 7 8 9
0 8.00 + 15.25+ 19.25+ 22.00+ 26.00+ 27.00+ 28.00+
0.00 0.50 0.50 4.00 271 2.71 3.22
30 9.28+ 15.00+ 18.25+ 20.50+ 2428+ 27.78+ 28.75+
3.20 2.16 1.89 2.65 3.77 6.80 7.21
NaCl 50 5.50+ 9.50'+ 11.75+ 14.25+ 15.00+ 15.50 16.50+
4.12 6.60 8.06 9.60 10.29 +10.85 9.53
70 7.50+ 11.50+ 13.50+ 15.00+ 17.00+ 19.25+ 21.25+
5.01 7.85 9.43 10.23 11.03 13.09 10.02
90 7.28+ 10.50+ 13.00+ 14.75+ 16.75+ 18.50+ 20.50+
4.92 7.00 8.68 9.84 11.47 13.18 9.23
0 9.28+ 14.25+ 17.50+ 21.25+ 23.50+ 28.00+ 29.25+
0.50 171 2.38 4.03 5.20 6.88 6.20
30 10.28+ 14.25+ 17.00+ 20.00+ 23.00+ 25.50+ 26.25+
NaCl + 0.96 0.96 1.83 3.56 5.48 2.38 5.36
Salicylic 50 7.28+ 12.25+ 1475+ 16.00 18.00+ 19.75+ 21.75+
acid 4.92 8.18 4.84 +10.80 12.19 13.38 11.41
70 11.78+ 16.00+ 19.25+ 24.00+ 28.50+ 32.75+ 33.25+
0.50 1.49 171 2.94 3.70 4.65 4.88
90 10.28+ 13.50+ 17.25+ 21.00+ 24.25+ 28.75+ 30.25+
0.96 2.65 2.22 4.32 4.99 5.25 5.22

Figures = mean +S.D., means bearing the similghalbets in the same column are not significantffiedgnt using Student- Newman- Keuls test
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Figure 1: Mean fresh weight of Glycine max plants obtained after eleven weeks of growth in #areated and salicylic acid
ameliorated soils (error bars indicate standard deiation).
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Figure 2. Mean dry weight of Glycine max plants obtained after eleven weeks of growth in #aireated and salicylic acid
ameliorated soils (error bars indicate standard deiation).
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Figure 3: Average number of fruits of Glycine max plants obtained after eleven weeks of growth in #areated and salicylic
acid ameliorated soils (error bars indicate standad deviation).
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Figure 4: Mean chlorophyll content index (CCI) of Glycine max plants obtained after eleven weeks of growth in #atreated
and salicylic acid ameliorated soils (error bars idicate standard deviation).

Discussion

Developments of crop plants exposed to salt treatsriegave often been reported as inhibitory. Tonssuch inhibition, the use of
chemicals (CaGland SA) have been suggested and reported in mants fMetwallyet al, 2003; Ananievat al, 2002; Jandat al,
1999; Borsanet al, 2001), though their applications are on the tglairectly. In this study, SA was applied as doénch, where it is
expected to ameliorate the inhibitory effect crdal®yy the salt treatments. This amelioration was suesl as good growth
performance. It has been suggested that signatingpounds that are able to reduce the effect ofs#geon plants and increase
productivity are important to restoration of natuzaosystems as well as agricultural, horticult@adl forestry production systems
around the world (Shararedtal., 2009). Foliar application of SA accelerated lesfa and dry mass production in corn and soybean
(Khan et al, 2003). The SA reduced the negative effects lnfigastress on shoot and root dry weightsRosmarinus officinalis
(Shararefetal., 2009). The SA induced protection of photosyrithapparatus in plants under stress (RajasekacB ke, 1999).
The positive effect of SA on plants under stress at#ributed to its ability to activate the synibesf carotenoids, xanthophylls and
the rate of de-epoxidation (Moharelaral, 2003). In addition, SA has an enhancing effecplbotosynthetic capacity by stimulating
the activity of RUBISCO in plants under stress amiiction of antioxidant defenses (Cornadtaal, 2010).

Kaydanet al (2007) reported higher percentage emergence fratvseeds pretreated with SA grown under salimeliton as
compared to non-treated seeds. Shakimtval (2003), El-Tayeb (2005) and Afzat al. (2005) observed that SA pretreatment of
seeds increases emergence percentage under sadinditions. In this study, the germination@lfycinemaxseeds was below 50%
in both salt treated and untreated soils. ThoughHhighest mean percent germination@®fmaxwas in the untreated soil, the
difference in germination between salt treatedwamedeated was insignificant (Table 2). The SA watsapplied to soil within the first
14 days after sowing. The germination result showlat salt treatment depressed seed emergence.affiedioration and
enhancement effects of SA were observe@.imaxplants after six weeks of growth. The SA applimatstarted after four weeks of
plant growth in saline soil (Table 3). The meanueal obtained for plant height nine weeks after tpign(9WAP) for example,
exhibited amelioration and enhancement effects.edidntrol soil condition, plants grown in SA-tredtsoil produced mean plant
height approximately 140% of that for plants grawrsoil not treated with SA. This is enhancemefeatfof SA. Under salt-treated
soil condition, for example, 90mM concentration,ameplant heights (9 WAP) were 23.50cm and 47.55espectively for plants
grown in SA-untreated and SA-treated soils. One alaarly observed the amelioration and enhancemiéetts of SA. Similarly,
plants grown in other concentrations of salt treattrexhibited this amelioration and enhancemescesf For growth parameter like
number of leaves per plant (Table 5), the enhanoearad ameliorating effects of SA were indicateglants grown on 70mM and
90mM salt-treated soils. The differences betweeamntgl grown in SA ameliorated soils and SA-untreageils were however
insignificant.

Khodary (2004) reported that SA increased fresh dmydweights of shoots and roots of salt stressaizenplants. Fresh and dry
weights of plants were also improved following SApplication in soil at 70mM and 90mM salt concatitns in soil (Figure 1 and
2). Kaydanet al. (2007) stated that salinity decreased dry weightshoots and roots while SA improved dry weigbitseedlings.
The number of fruits formed per plant was obsermetl to follow a particular pattern. The striking selovation was that the
application of SA to OmM and 70mM salt treated saihade plants grown in them to produce more fthas in plants grown in SA
untreated soil (Figure 3). Generally, the sizethefpods formed by plants grown in SA-applied se#se larger than those of plants
grown only in salt treated soil. The data are notuded here. This study suggests that SA effattsuits formed were on the sizes
rather than on the number. The differences in tabrer of fruits formed per plant between plantsagran salt treated and SA
ameliorated soils were generally not significant(Q.05). Chlorophyll content index (CCI) measurduhwed that plants grown in SA
ameliorated soils consistently gave higher chloytiptontents than those grown in SA untreated s@ilgure 4). The differences
were significant ¢=0.05). Kaydaret al (2007) observed that under the influence of gglithe photosynthetic pigments generally
decreased in wheat seedlings. On the other handre@fments increased pigment content of the plamtier saline and non-saline
conditions. El-Tayeb (2005) stated that in barlgylorophyll a, b and carotenoids decreased sigmiflg in NaCl-treated plants in
comparison with control. Zhoet al (1999) reported that photosynthetic pigments vileceeased in corn following SA application.
Similarly, Khanet al (2003) showed that SA increased photosynthetie ira corn and soya bean. The implication of higher
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photosynthetic pigments (like chlorophyll) in plamgrown in saline soil ameliorated with SA shouéddirectly recorded as increased
fresh and dry weights of the plants. In this stutlys higher CClI values did not reflect directly ldgher fresh and dry weights of
plants grown in SA ameliorated soil. This study Baswn that applying SA as soil drench mitigatezlrirgative effects of salinity to
plants. The study suggests that SA mitigation waibreased chlorophyll contents of plants. This lmaplication in reduction of
oxidative damages (Raskin, 1992, 1995; Mittler, 200event Tuneet al., 2007).The soil condition measured 8 WAP (Table 4
indicated no significant changes in pH of soil atidsoil samples were slightly alkaline. The rang@H was between 7.70 and 7.83
units for both SA ameliorated and SA untreatedss@bil EC values recorded some significant diffees ¢=0.05). pH records taken
8 WAP indicated very negligible variations and ashsthe mechanism of amelioration by SA could retbcribed to soil changes,
even though the application of SA was on the Jdie study has shown that SA can ameliorate saktigss (and even significantly
stimulated growth 9 WAP) by applying it as soil mich and the suggested mechanism is by increadddrophyll content of plant
leaves. Future study should be able to explainnthgence of SA application as soil drench on taetifioning of K, Na and Cl ions in
roots and shoots.
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