
  

Abstract—The effect of exogenous application; seed priming or 
foliar spraying of salicylic acid (SA) on Yecora Rojo and Paragon 
wheat cv. under NaCl-salinity. Gas exchange parameters, growth 
parameters, yield and yield components were reduced in both 
cultivars under salinity stress with foliar spray and soaking seeds. 
Exogenous application of SA through foliar spraying or seed soaking 
showed a slight increases or decreases with the application method or 
between cultivars. SA foliar spraying exhibited a slight improvement 
over SA seed soaking in most parameters, particularly in Paragon. 
Although, seed soaking was less effective than foliar spraying, it was 
a slightly better with Yecora Rojo in some parameters. However, the 
low SA concentration; 0.5mM tended to improve most parameters in 
both cultivars. From data of the experiment, it has been concluded 
that the effect of SA depends on cultivar genotype and SA 
concentration. 
 

Keywords—Salinity, Salicylic acid, Growth parameters, yield 
components, Wheat cultivars.  

I. INTRODUCTION 

HEAT is a major world crop in strong increasing 
demand due to the rapid increase in human population 

[1], [2], Saudi Arabia was more than self-sufficient in wheat 
production, producing over 3 million tonnes in the period 
1989-1990 [3]. In 1992 wheat production was over 4 million 
tonnes, but has since it declined to 2.63 million tonnes [4]. 
Wheat in Saudi Arabia plays a major role in the baking 
industry [5], thus exported wheat from many countries; such 
as those in Europe, Indonesia and China [3]. Most recent 
studies have indicated increasing salinity of groundwater due 
to the local hydro-geological conditions and intensive 
irrigation practice [6], [7], which limits agriculture 
improvement in Saudi Arabia [8]. There are some limiting 
factors which prevent and inhibit germination and growth of 
healthy wheat. Salinity is the chief of these factors [9], [10]. 
Thus, salinity is one of the major obstacles in producing 
supreme quality of wheat and other crops throughout the 
world. Wheat (Triticum aestivum L.) under salinity conditions 
increases the concentration of proline and sugar resulting in a 
significant increase of electrolyte leakage at 10 and 15 dSm-1 
[11]. It has been asserted that increase in salinity concentration 
brings about decrease in relative growth rate, net assimilation 
rate, K+ and Ca2+ concentration, and grain yield of wheat, but 
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causes an increase in Na+ and Cl- levels, this might be due to 
increase in Na+/K+ ratio in grain and straw at tillering stage 
[12]-[14]. Salinity affects wheat seedling growth by changing 
phytohormone levels [15]. Further, salinity induces a 
reduction in photosynthetic rate and stomatal conductance in 
wheat.  

Adding more NaCl increases the action of superoxide 
dismutase and peroxidase in Triticum aestivum and reduces 
transpiration rate [16]. 

Moreover, increased salinity induces a considerable 
reduction in height, number of fertile tillers and dry weight of 
shoots in wheat [17]. Exposing wheat to salt stress leads to 
decrease in cell growth which causes reduction in leaf area, 
biomass and yield because many physiological processes are 
affected by salinity [18]. High salinity concentration (150 mM 
NaCl) induces leaf senescence or reduction of leaf protein in 
wheat, consequently accelerating oxygen radicals and 
hydrogen peroxide production in leaves [19]. Salinity also 
induces increases in respiration of wheat seedlings due to 
markedly consuming carbohydrates for maintenance of plant 
growth [20]. Harris et al. [21] emphasized that, the low salt 
concentration (15 mM) was able to decrease transpiration rate 
more than transpiration efficiency in seedlings of wheat and 
barly. These results are in line with [22] who demonstrated the 
reduction of net CO2 assimilation rate, stomatal conductance 
and transpiration rate in wheat under salt stress (150 mM). 

Previous studies investigated the potential role of SA to 
ameliorate the effects of salinity have applied SA either by 
seed soaking [23], [24] or by foliar spraying [25]. It has been 
suggested that the application of SA (1, 2, and 3 mM) 
especially at 3 mM improved wheat growth under water stress 
by maintaining photosynthetic rates and stomatal conductance 
[26]. Pretreatment of wheat seeds with SA (0.05 mM) for 3 
hours promotes the development of antistress reaction under 
salinity and water deficit by preventing reduction of indole 
acetic acid and cytokinin and maintaining proline 
accumulation [27] and accumulation of ABA [15]. Moreover, 
spraying SA (10 mM) encourages salt tolerance in maize due 
to elevating photosynthesis performance and carbohydrate 
metabolism [25]. Soaking barley (Hordeum vulgare) seeds in 
SA (1 mM) for 6 hours alleviated adverse impacts of salinity 
through reduction of the oxidative damage of plant 
membranes [28]. Hamada and Al-Hakimi [29] found that 
soaking wheat grains in 0.72 mM SA increased wheat salt and 
drought tolerance via elevation of net photosynthetic rate and 
reduced sodium accumulation. Moreover, [30] demonstrated 
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that adding SA (0, 0.1, 0.5, 1 mM) in soil plays a role as a 
potential growth regulator to promote plant salt tolerance via 
an increase in antioxidant activity. Hamayun et al. [31] 
reported that SA also has ability to mitigate negative effects of 
salinity stress on soybean (Glycine max), perhaps through 
causing expression of gene coding. 

It is possible that the foliar application might be more active 
at the seedling stage. Therefore, this study was carried out to 
compare the effect of SA applied by either seed soaking (SOS) 
or by foliar spray (FOS) treatment on improving wheat salt 
tolerance. SA was applied through two methods; one was 
soaking wheat seeds in different concentration of SA; the 
second was foliar application of SA on wheat leaves at 30 and 
40 DAS. The aims of this experiment were to compare seed 
soaking and foliar spray of SA and to confirm the greater 
response of Paragon to SA. 

II. MATERIALS AND METHODS 

A. Plant Material 

Two cultivars were selected for this study; Yecora Rojo is 
highly recommended in Saudi Arabia by Silos and Flour Mills 
Organization and it is a semi-dwarf wheat [32] with a high 
protein content (14.2%) [33] and high yielding in salt-affected 
fields [34]. The second cultivar is Paragon is highly 
recommended in the UK by Home Growth Cereal Authority 
(HGCA) in the UK for baking, due to its high protein content 
(14%) and high disease resistance and Belvoir is the highest 
yielding spring cultivar on the NIAB recommended list [35]. 

B. Salicylic Acid Treatment 

Concentrations of 0, 0.5, 1 mM of SA were used for both 
soaking and foliar spray methods. For seed soaking, Wheat 
grains (250g) were soaked in 500 ml of SA for 6 h and then 
dried near to the original weight by forced air under shade 
[23]. For foliar SA application, each plant was sprayed two 
times (30 and 40 DAS) with SA solution using a manual 
sprayer (Hozeloch Spraymist). The spray was applied on 
plants in the early morning (4 - 6 am). Spray was applied to 
give complete covering of the plant leaves until run-off 
occurred. The control plants were sprayed with distilled water 
[36], [37]. 

C. Growth Conditions 

The experiment was a factorial combination of wheat seeds 
treated with different levels of Salicylic acid (0, 0.5, and 1 
mM), applied by soaking or by foliar spray, with two salt 
concentrations, tap water (approximately 1 mM NaCl as 
control) and 100 mM NaCl. Plants were watered with this 
solution or tap water every three days starting eight days after 
emergence. The application of SA was either by soaking for 6 
hours or by foliar spraying at 30 and 40 DAS. There were four 
replicates and the soaked and sprayed pots were placed 
together in each replicate. Pots were removed from their 
experimental position for spraying to avoid spray drift onto 
other pots. This study was conducted in the glasshouse (16) at 
the University of Reading from 10th of October 2009 to 17th of 
March 2010. Light was provided by high pressure sodium 

400W lamps for 16 hour duration, and humidity was between 
65 and 75 %. Loam based compost soil (John Innes No.2) was 
used. Two litres pots were filled with soil; field capacity of 
these pots was determined by weight. Pots were watered to 
field capacity and five seeds per pot were sown on 10th of 
October 2009. The air temperature range was from 10 to 33° C 
in daytime and 3 to 15° C at night. The weather in December 
2009 and January 2010 was exceptionally cold. The 
germination tests were carried out to confirm the suppliers’ 
information of at least 98% germination in all cultivars.  

D. Gas Exchange  

Leaf gas exchange measurements, including the net 
photosynthetic rate (A), stomatal conductance (gs) and 
transpiration (E) of the second or third fully expanded leaf 
from the top of two plants in each of the four replicates was 
measured at 50 days after sowing (DAS). Measurements were 
made using a portable infrared gas analyzer (LCI – ADC) 
connected to a Parkinson leaf chamber (5.8 cm2) at a light 
level of PAR > 1000 µmol m-2 s-1, with atmospheric CO2 
concentration between 394 to 400 ppm and leaf temperature 
from 29 to 33 °C [38], [39]. 

E. Growth Parameters 

At first harvest 55 DAS, the four plants from each replicate 
of each treatment were harvested. Each plant was cut 
individually at the soil level, and separated into leaves and 
stems. The leaf area (LA) was determined using an automatic 
area meter (Delta-T devices Ltd., Burwell, Cambridge, U.K.). 
Specific leaf area (SLA) was calculated by the following 
formula: 

 
SLA = LA / DGLW 

 
where: SLA is specific leaf area, LA is leaf area and DGLW is 
dry green leaf weight [40]. 

Green leaf number (GLN), fresh green leaf weight (FGLW), 
dry green leaf weight (DGLW), Tiller number (TN), fresh 
stem weight (FSW) and dry stem weight (DSW) were 
measured (each fraction was weighed (fresh weight) and then 
dried in an oven at 70° C for 72 hours).  

At final harvest 159 DAS, the one remaining plant from 
each of replicate of each treatment was harvested. Main ear 
length (MEL), tiller number (TN), ear number (EN), fresh ear 
weight (FEW), dry ear weight (DEW), grain number (GN) 
was counted by hand and dry grain weight (DGW) were 
measured per plant and individual seed weight (ISW) was 
calculated by the following formula: 

 
ISW = DGW / GN 

 
where: ISW is individual seed weight, DGW is dry grain 
weight and GN is grain number. 

All data are expressed on a per plant basis. The summary 
results of the statistical analyses are given in Table I. 
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F. Statistical Analysis 

The data from the four plants per pot were averaged and 
these values are presented per plant. Data were analysed by 
ANOVA using the Statistical Analysis Software (SAS) 
package 9.1 (SAS 2002-2003). The least significant difference 
(LSD) was used to compare between means at P < 0.05 under 
completely randomized block design. The ANOVA had 
factors of replicate (4 levels), cultivars (2 levels), salinity (2 
levels), SA (3 levels) and application method (2 levels) and all 
the cultivars by salinity by SA by application interactions. The 
error then had (69) degrees of freedom.  

III. RESULTS AND DISCUSSION 

The comparison of gas exchange parameters between 
Paragon and Yecora Rojo under saline (tap water as control 
and 100 mM NaCl) conditions without SA, indicated that 
there was a significant reduction in net photosynthetic rate (A), 
stomatal conductance (gs) and transpiration rate (E). 
Compared with control plants, with Paragon the effects of 
salinity expressed as the reduction in A, gs and E were 21%, 
62% and 35% respectively for foliar spraying, whereas the 
reduction with seed soaking was slightly greater with 
reductions of 27%, 69%, and 41% respectively. With Yecora 
Rojo, there was a slight increase in A with foliar spraying 

(8.4%) and seed soaking (8.0%) and a slight decrease in gs by 
15% (foliar spraying) and 10% (seed soaking). E showed no 
effect (Figs. 1 (a), (b), and (c)). 

The reduction in gas exchange parameters in this 
experiment is consistent with Brugnoli and Lauteri (1991) and 
Sharma et al. (2005) who attributed the decline in A due to 
restriction of CO2 via stomatal closure or rise in mesophyll 
resistance [41], [42]. El-Hendawy et al. [14] and Hassan [43] 
related the reduction in A to the decreases in chlorophyll 
content and gs, where the decline in gs could be due to 
hormonal control, sent by signals from the roots on water 
content in the shoot [44]. The reduction in E may be due to 
decrease in gs and stomatal density [45], or due to an increase 
in abscisic acid under stress which controls stomatal 
conductance and causes decline in E [46].  

However, the rise in A for Yecora Rojo under salinity in this 
experiment is consistent with Hamada and Al-Hakimi [29] 
who reported that the increase in A under saline conditions in 
wheat plants could be due to increase in chlorophyll content 
per unit leaf area. This is a possible adaptation to saline 
conditions in Yecora Rojo. However, SA supply had no 
significant effect on gas exchange parameters with both 
methods of SA application at different SA levels and different 
salinity concentrations. Variation in SA impact between 
cultivars was found in this experiment. 

 
TABLE I  

THE SUMMARY OF P VALUES AT P < 0.05 FROM ANOVA FOR FINAL HARVEST.  
MAIN EAR LENGTH (MEL), TILLER NUMBER (TN), EAR NUMBER (EN), FRESH EAR WEIGHT (FEW), DRY EAR WEIGHT (DEW), GRAIN NUMBER (GN) DRY 

GRAIN WEIGHT (DGW) AND INDIVIDUAL SEED WEIGHT (ISW) 

All MEL TN EN FEW DEW GN DGW ISW 

Rep 0.2006 0.0983 0.1741 0.0219 0.0133 0.0137 0.1457 0.0343 

Cul 0.0001 0.0036 0.0010 0.0001 0.0001 0.0001 0.0001 0.0001 

Appl 0.1446 0.0186 0.0395 0.0618 0.0307 0.0757 0.1099 0.3837 

Cul*Appl 0.9920 0.5487 0.5825 0.3999 0.3002 0.2166 0.1943 0.7360 

Sal 0.1929 0.0485 0.0395 0.0004 0.0072 0.0022 0.0120 0.0088 

Cul*Sal 0.4305 0.8414 0.5825 0.1031 0.5361 0.0184 0.4335 0.0014 

Appl*Sal 0.4190 1.0000 0.5825 0.4323 0.4207 0.7500 0.3209 0.3953 

Cul*Appl*Sal 0.2442 0.8414 0.4419 0.3724 0.5486 0.5893 0.3897 0.9507 

Salic 0.0354 0.9900 0.6864 0.7234 0.6878 0.5176 0.6684 0.5703 

Cul*Salic 0.6906 0.9133 0.7936 0.3519 0.2956 0.3622 0.3763 0.5204 

Appl*Salic 0.7537 0.1656 0.2047 0.7180 0.9385 0.9955 0.8557 0.9004 

Cul*Appl*Salic 0.3692 0.5327 0.6385 0.9210 0.7093 0.7226 0.7926 0.2354 

Sal*Salic 0.5035 0.5434 0.4456 0.7745 0.9045 0.7741 0.8216 0.6563 

Cul*Sal*Salic 0.7820 0.9900 0.7936 0.8448 0.4636 0.8679 0.7037 0.2792 

Appl*Sal*Salic 0.8120 0.2341 0.1175 0.2973 0.4553 0.1773 0.6155 0.0993 

Cul*Appl*Sal*Salic 0.8479 0.9319 0.7380 0.8931 0.8744 0.6874 0.7662 0.6397 

Rep= Replicate, Cul= Cultivars, Appl= application, Cul*Appl= Interaction between cultivars and application, Sal= Salinity, Cul*Sal= Interaction between 
cultivars and salinity, Appl*Sal = Interaction between application and salinity, Cul*Appl*Sal= Interaction between cultivars, application and salinity, Salic= 
Salicylic acid, Cul*Salic= Interaction between cultivars and salicylic acid, Appl*Salic= Interaction between application and salicylic acid, Cul*Appl*Salic= 
Interaction between cultivars, application and salicylic acid, Sal*Salic= Interaction between salinity and salicylic acid, Cul*Sal*Salic= Interaction between 
cultivars, salinity and salicylic acid, Appl*Sal*Salic= Interaction between application, salinity and salicylic acid, Cul*Appl*Sal*Salic= Interaction between 
cultivars, application, salinity and salicylic acid. 
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TABLE II  
THE SUMMARY OF P VALUES AT P < 0.05 FROM ANOVA FOR NET PHOTOSYNTHETIC RATE (A), STOMATAL CONDUCTANCE (GS) AND TRANSPIRATION RATE (E) 

 A gs E 

Rep 0.0147 0.0173 0.0001 

Cul 0.0016 0.0225 0.0199 

Appl 0.2356 0.1797 0.1136 

Cul*Appl 0.3847 0.9483 0.9967 

Sal 0.0009 0.0001 0.0001 

Cul*Sal 0.3126 0.6578 0.0289 

Appl*Sal 0.5816 0.5126 0.7377 

Cul*Appl*Sal 0.6129 0.6392 0.7269 

Salic 0.2131 0.8348 0.1531 

Cul*Salic 0.3783 0.4081 0.4850 

Appl*Salic 0.4475 0.4737 0.4906 

Cul*Appl*Salic 0.9265 0.8007 0.9358 

Sal*Salic 0.2250 0.5051 0.5652 

Cul*Sal*Salic 0.2200 0.0680 0.1030 

Appl*Sal*Salic 0.9612 0.7571 0.9967 

Cul*Appl*Sal*Salic 0.8331 0.9392 0.9855 

Rep= Replicate, Cul= Cultivars, Appl= application, Cul*Appl= Interaction between cultivars and application, Sal= Salinity, Cul*Sal= Interaction between 
cultivars and salinity, Appl*Sal = Interaction between application and salinity, Cul*Appl*Sal= Interaction between cultivars, application and salinity, Salic= 
Salicylic acid, Cul*Salic= Interaction between cultivars and salicylic acid, Appl*Salic= Interaction between application and salicylic acid, Cul*Appl*Salic= 
Interaction between cultivars, application and salicylic acid, Sal*Salic= Interaction between salinity and salicylic acid, Cul*Sal*Salic= Interaction between 
cultivars, salinity and salicylic acid, Appl*Sal*Salic= Interaction between application, salinity and salicylic acid, Cul*Appl*Sal*Salic= Interaction between 
cultivars, application, salinity and salicylic acid. 

 
In this context, Borsani et al. [47] explained the variation in 

response to SA in their work on Arabidopsis to a dual role of 
SA which can have positive and negative effect under stress 
whereas Stevens and Senaratna [46] and Najafian et al. [48] 
attributed the variation to differences in SA concentration and 
between plant species (Table II). 

In addition, this study showed that a significant reduction in 
green leaf number, leaf area, specific leaf area and tiller 
number under saline conditions without SA in both cultivars 
with both applications. With foliar spraying the greatest 
reduction was in leaf area by 20% for Paragon and 40% for 
Yecora Rojo. With seed soaking application the decline also 
was greater and clearer in leaf area than in other growth 
parameters by17% for Paragon and 19% for Yecora Rojo. 
However, there was an increase in specific leaf area (11%) in 
Yecora Rojo (Fig. 2). A similar tendency has been reported in 
[28], [29], [49], [50]. These reports showed that salinity 
caused a noticeable reduction in growth parameters of wheat. 
The decrease in growth parameters could be due to increase in 
concentration of Na+ and Cl- in leaf tissues which induce 
changes in the osmotic potential [51], or due to decrease in the 
metabolic processes [15]. 

 
 
 

 

Fig. 1 (a) Net photosynthetic rate at 50 DAS. LSD between 
individual treatments is shown, LSD between cultivars 1.37, between 
application 1.37, between salinity 1.37, between salicylic acid 1.68 

 

 

Fig. 1 (b) Stomatal conductance at 50 DAS. LSD between individual 
treatments is shown, LSD between cultivars 0.08, between 

application 0.08, between salinity 0.08, between salicylic acid 0.10 
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Fig. 1 (c) Transpiration rate at 50 DAS. LSD between individual 
treatments is shown, LSD between cultivars 0.20, between 

application 0.20, between salinity 0.20, between salicylic acid 0.25 
 

 

Fig. 2 Specific leaf area at 55 DAS. LSD between individual 
treatments is shown, LSD between cultivars 21.8, between 

application 21.8, between salinity 21.8, between salicylic acid 26.7 
 

The reduction in leaf number and leaf area under salinity 
may be related to the reduction in tiller number [32], [52], and 
the reduction in leaf growth could be related to water stress 
[17]. In other words, the decline in leaf area is a means to 
minimize water loss [51]. Moreover, in this experiment there 
was a decrease in A which might have caused a reduction in 
growth. This finding is in agreement with the results of [43]. 
The decline in specific leaf area under salinity was mentioned 
by [13] who attributed the reduction in SLA to the influence of 
carbon use in plant changing the ratio of photosynthetic tissues 
to respiring tissues. This result is consistent with the results of 
other reports by Jamenez et al. [53] in roses and Bie et al. [54] 
in lettuce, which attributed the leaf injury to sodium 
concentration in the plant. 

Although SA application showed neither increase nor 
decrease in green leaf number, leaf area, specific leaf area, and 
tiller number, there was no significant effect with both 
methods of SA application under salinity stress or without 
stress. The results disagree with these of Shakirova et al. [15] 
who related that the increase in growth parameters is due to 
the ability of SA to prevent the reduction of IAA and 
cytokinin concentration under saline conditions. It assists cell 
division in roots which improve the growth. Similar results 
were found in [23] in spring wheat. The difference in response 
to SA between cultivars could be due to a dual function of SA 
which can have positive and/or negative effect under stress 
[47].  

Total fresh weight and its components (fresh leaf weight 
and fresh stem weight) were reduced significantly under saline 
conditions (100 mM NaCl). Compared with control plants, the 
reduction with foliar application was higher than with soaking 

seeds. The reduction in fresh and dry matter of wheat could be 
a toxic effect caused by NaCl concentration [32], [55]. Wheat 
growth parameters may be affected by osmotic potential [56], 
or due to changes in plant anatomy, which leads to reduce in 
water uptake [57]. Sairam et al. [58] demonstrated that the 
increase in H2O2 and lipid peroxidation as a result of salinity 
influence on membrane stability index led to a reduction in 
wheat growth. 

SA application again induced slight effects but these were 
not significant with or without salinity stress via both method 
of SA application. On contrary, Arfan et al. [59] demonstrated 
that SA induced increases in fresh and dry weight. That could 
be due to the increase in photosynthesis per unit leaf area. El-
Khallal et al. [51] related the increase in growth to increase in 
concentration of free amino acids and proline by SA, which 
mitigated salinity stress. 

This experiment also indicated that dry green leaf weight, 
dry stem weight and total dry weight were affected by salinity 
without SA treatment. Compared with control plants, with 
foliar spraying with Paragon 100 mM NaCl stimulate slightly 
dry leaf weight and total dry weight which caused increase by 
5% and 6% respectively whereas dry stem weight was not 
affected. With Yecora Rojo there were reductions of 15%, 
25% and 22% respectively. With seed soaking application, the 
effect of 100 mM NaCl on total dry weight and its components 
was not constant. With Paragon, dry leaf weight decreased by 
7%, dry stem weight increased by 13% whereas total dry 
weight was not affected. With Yecora Rojo the negative effect 
of salinity was obvious, dry leaf weight, dry stem weight and 
total dry weight declined by 23%, 32%, and 27% respectively. 

The reduction in dry weight was also found [42], [55]. 
These reports attributed this reduction in dry weight to toxic 
effect of NaCl and the reduction in water uptake, and 
consequently the decrease in nutrient uptake and osmotic 
potential [30], [51]. El-Hendawy et al. [14] reported that the 
reduction in growth was due to decrease in photosynthetic 
capacity. However, the stimulation or unchanged effect by 
salinity was reported in earlier studies on wheat by Salama et 
al. [60] who related that to the roots ability to control Na+ 
uptake and maintan internal K+ and Mg++ level. Mansour and 
Salama [61] attributed that to wheat genotype. Wilson et al. 
[32] refer an increase in or stimulation wheat growth by Na+ to 
differences between genotype and to cell expansion.  

SA treatment through foliar spraying and seed soaking did 
not induced significant effects on total dry weight and its 
components. The results are not in agreement of those in [28], 
[62], in which found an increase in dry weight and related that 
to improvement in photosynthetic rate. Afzal et al. [23] 
associated the rise in dry weight to increase in N and nitrate 
reductase activity whereas Yildirim et al. [63] related that to 
increase in mineral uptake. 

Final harvest (159 DAS) showed the reduction in yield and 
yield components under salinity stress (100mM NaCl) without 
SA. Compared with control plants, in Paragon with foliar 
spraying tiller number, ear number, fresh ear weight and dry 
ear weight were reduced significantly by 27%, 22%, 39%, and 
33% respectively. For Yecora Rojo the decline was slightly 
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less in the most parameters, they were reduced by 21%, 43%, 
32%, and 20% respectively under 100 mM NaCl. With seed 
soaking tiller number in Paragon and ear number in both 
cultivars were not changed under salinity stress whereas other 
parameters declined. In Paragon, fresh ear weight and dry ear 
weight reduced by 25% and 21% respectively. With Yecora 
Rojo tiller number and fresh ear weight reduced by 13% and 
6% respectively whereas salinity slightly increased dry ear 
weight by 13%. 

The results are in agreement of those in [52] that reported a 
reduction in tiller number, ear number and ear weight could be 
due to influenced leaf extension at early growth and nutrient 
uptake. Hassan [43] attributed that reduction to decrease in 
photosynthesis. 

However, SA application through foliar spraying and seed 
soaking did not give any significant effect on yield and yield 
components whereas previous studies detected a significant 
effect. The improvement in yield could be due to enhancement 
in ear number through translocation of photoasimilates from 
stem to grains during filling stage under SA effect [59], or due 
to increase in photosynthesis [51]. 

Grain number and dry grain weight was affected 
significantly under 100 mM NaCl without SA treatment. 
Compared with control plants, in Paragon with foliar spraying 
grain number and dry grain weight declined by 52% and 35% 
respectively and were reduced by 45% and 40% respectively 
in Yecora Rojo. With seed soaking in Paragon there were 
reductions in grain number and dry grain weight by 27% and 
19% respectively but they increased by 9% and 8% 
respectively in Yecora Rojo. 

In agreement with our results, in [32], [52] found that the 
reduction in grain yield under salinity stress could be 
attributed to decline in leaf and tiller number. Hassan [43] 
attributed the reduction in grain yield to declined in net 
photosynthetic by salinity, whereas Poustini and 
Siosemardehb [64] related that to the reduction in K+/Na+ 
ratio. El-Khallal et al. [51] in their work on maize, suggested 
the reduction in yield could be attributed to decrease in 
endosperm cell number as a result in a rise in abscisic acid. 

The experiment results did not show any significant effect 
of SA application on grain yield. On contrary, Singh and Usha 
[26] found a significant improvement in grain yield by SA and 
they contributed that to increase in Rubisco activity. Arfan et 
al. [59] and El-Khallal et al. [51] related that improvement to 
the general increase in photosynthesis. 

Main ear length (MEL) was also affected by salinity 
without SA. Compared with control plants, in Paragon and 
Yecora Rojo with foliar spraying MEL showed slight 
increases by 3.4% and 4.1% respectively. With seed soaking 
there was also an increase in MEL for both cultivars Paragon 
(6.1%) and Yecora Rojo (5.0%). These results are not in line 
with [65] in which it has been reported that the ear length of 
maize was diminished under salinity stress brought about by 
decreases in water uptake. 

SA supplementation induced a significant impact on MEL 
(Fig. 3). At tap water, with foliar spraying in Paragon the 
maximum increase in MEL was 2% at 1 mM SA whereas in 

Yecora Rojo MEL was decreased by 9% at 0.5 mM SA and 
11% at 1 mM SA. 

With seed soaking, the effect was adverse; MEL in Paragon 
was reduced by 10.8% at 0.5 mM SA but only 2% at 1 mM 
SA. In Yecora Rojo the maximum increases was 1% at 1 mM 
SA. At 100 mM salinity, SA showed a negative effect on MEL 
with both applications and in both cultivars. The reduction 
was more pronounced in Yecora Rojo with foliar spraying.  

Increases in ear length with SA were reported in wheat [66] 
and in maize [67], the latter attributed that to translocation of 
photosynthesis products from source to sink in yellow maize. 
Overall, not much work has been done on main ear length. 
However, the effect of SA on MEL probably depends on plant 
genotype, plant stage and SA concentration as found for other 
parameters [67]. 
 

 

Fig. 3 Main ear length at 159 DAS. LSD between individual 
treatments is shown, LSD between cultivars 0.41, between 

application 0.41, between salinity 0.41, between salicylic acid 0.51 

IV. CONCLUSIONS 

The effect of salinity was obvious on gas exchange 
parameters, growth parameters, yield and yield components. 
They were reduced in both cultivars with foliar spray and 
soaking seeds. Using SA through foliar spraying or seed 
soaking showed a slight increases or decreases but these were 
not constant and significant with the applications method or 
between cultivars. Foliar spraying exhibited a slight 
improvement over seed soaking in most parameters, 
particularly in Paragon. Although, seed soaking was less 
effective than foliar spraying, it was a slightly better with 
Yecora Rojo in some parameters. However, the low 
concentration (0.5 mM SA) tends to improve most parameters 
in both cultivars. Overall, this experiment emphasizes that the 
effect of SA depends on cultivar genotype and SA 
concentration. 
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