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Abstract 
 
     In order to study of the effect of priming and salinity on physiological and chemical characteristics of wheat 
(Triticum aestivum L.), an experiment was carried out at the Experimental Farm of Shiraz University. Results showed 
that primed plants significantly reduced its gas exchanges by accelerating senescence under a series of salt stress, 
which became more serious along with the increasing of salt concentrations, especially at 21 d after anthesis. Under 
each level of salt stress, dry matter accumulation of primed plants was always higher than the non-primed plants. 
Primed plants had higher potassium selectivity against sodium than non-primed plants with the former could maintain 
relatively stable balance of ions, potassium/sodium was found not to be the limited factor for salt tolerant plants, but 
it was in salt-sensitive plants. Net photosynthesis (Pn) significantly positively correlated with leaf potassium/sodium 
(K+/Na+), relative water content (RWC), and leaf area duration (P < 0.01). So those four parameters might be ideal 
criterions of salt tolerance in wheat. In conclusion, salt stresses caused significant declines in growth period of wheat 
by accelerating leaf senescence at reproductive stage. Primed plants of wheat successfully preserved normal growth 
by maintaining Pn, K+/Na+, leaf area duration (LAD) and dry matter accumulation (DMA), while non-primed plants 
decreased considerably in those parameters. The improvement of photosynthesis and related traits in reproductive 
stage was a key to the growth of wheat under saline conditions. 
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1. Introduction 
 
     According to the studies %7 of the world 
lands is saline and %3 is high saline, because of 
low precipitation, high evaporation and 
irrigation by saline waters, soil salinity is 
getting increased (Teimouri et al, 2009). The 
most important problems for economic crops 
production in arid regions is high concentration 
of ions specially NaCl either in soil or in 
irrigation water (Moeinrad, 2008). Salinity 
reduces the ability of plants to take up water and 
this quickly causes reductions in growth rate, 
along with a suite of metabolic changes 
identical to those caused by water stress 
(Abbasdokht, 2011). High salinity adversely  
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affects germination, growth, physiology and 
productivity by causing ionic and osmotic 
stresses as well as oxidative damage (Iterbe-
Ormaetxe et al., 1998). Moreover, salt stress has 
also been found responsible for an increased 
respiration rate, ion toxicity (Sudhir and 
Murthy, 2004), changes in C and N metabolism 
(Kim et al., 2004), mineral distribution, 
membrane instability (Marschner, 1986) and 
permeability (Gupta et al., 2002), decreased 
biosynthesis of chlorophyll and inefficiency of 
photosynthesis (Munns, 2002), all of which 
ultimately leading to lowered economic 
productivity. 
     Differences between closely related plants 
are particularly interesting to identify a small 
number of factors responsible for salt tolerance 
(Gehlot et al., 2005). Salinity stress has been 
studied in relation to regulatory mechanisms of 
osmotic and ionic homeostasis (Ashraf & 
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Harris, 2004). The response of plants to a 
salinity stress may vary with the genotype; 
nevertheless some general reactions occur in all 
genotypes. Increased tolerance to salinity stress 
in crop plants is necessary in order to increase 
productivity with limited water supplies and 
high salinity. Tolerant genotypes respond to 
salinity stress with complex changes in their 
physiological and molecular status (Morsy et 
al., 2007). During the course of salinity stress, 
active solute accumulation of osmotic solutes 
such as soluble carbohydrates, proteins and free 
amino acids is claimed to be an effective stress 
tolerance mechanism. The adaptability of plant 
species to high salt concentrations in soil by 
lowering tissue osmotic potential was 
accompanied by accumulation of these osmotic 
solutes (Zhu, 2002; Jaleel et al., 2008). Studies 
of Heikal et al. (2000), Ismail and Azooz (2002) 
revealed that salt tolerance of wheat, was 
correlated with higher accumulation of ionic 
and osmotic solutes in salt-tolerant than that of 
salt-sensitive plants. Differences in the 
accumulation patterns of Na+ and K+ were found 
under salinity stress. The salt tolerant plants 
maintained a high K+ content and higher K+/Na+ 
ratio compared with the salt sensitivity plants 
(Azooz et al., 2004; Rejili et al., 2007). High 
K+/Na+ ratio is more important for many species 
than simply maintaining a low concentration of 
Na+ (Cuin et al., 2003). Salinity stress is known 
to trigger oxidative stress in plant tissues 
through the increase in reactive oxygen species 
(Apel & Hirt, 2004). Chloroplasts are the major 
organelles producing the reactive oxygen 
species (ROS) such as, the superoxide radical 
(O2

•-), hydrogen peroxide (H2O2) and singlet 
oxygen (O-

1) during photosynthesis (Asada, 
1992). Salt stress induces a significant reduction 
in photosynthesis. This reduction depends on 
photosynthesizing tissue (leaf area) and 
photosynthetic pigments (Dubey, 2005; Raza et 
al., 2006). The production of ROS can be 
particularly high, when plants are exposed to 
salinity stress (Athar et al., 2008; Ashraf, 2009). 
ROS cause chlorophyll degradation and 
membrane lipid peroxidation. So, 
malondialdehyde (MDA) accumulation as 
product of lipid peroxidation and chlorophyll 
retention are two oxidative stress indicators that 
are tested tools for determining salt tolerance in 
plants (Yildirim et al., 2008). To scavenge ROS, 
plants posses specific mechanisms, which 
include activation of antioxidant enzymes 
(Jaleel, et al., 2006) and non- enzymatic 
antioxidants such as, carotenoids and ascorbic 
acid (Mittler, 2002). 

     Abbasdokht et al. (2004) reported that high 
quality of germination in crops will result high 
yield. There are many strategies to overcome 
the negative effects of drought and salinity. A 
good strategy is the selection of cultivars and 
species for salinity and drought conditions. But 
an alternative strategy for the possibilities to 
overcome salt and drought stresses is by seed 
priming. Effects of priming or pre-treatment of 
seed persist under suboptimum field conditions, 
such as salinity (Muhyaddin and Weibe, 1989; 
Wahid et al., 2006), low or high temperature 
(Bradford et al., 1990; Pill and Finch-Savage 
1988; Wahid and Shabbir 2005) and low soil 
moisture availability (Lee et al., 1998; Du and 
Tuong, 2002). Different seed priming tools have 
been successfully integrated (Taylor et al., 
1998; Basra et al., 2004; Farooq et al., 2006b). 
Seed priming is beneficial in many respects. 
Seed priming techniques such as hydropriming, 
hardening, osmoconditioning, smohardening, 
and hormonal priming have been used to 
accelerate emergence of roots and shoots, more 
vigorous plants, and better drought tolerance in 
many field crops like wheat (Iqbal and Ashraf, 
2007), chickpea (Kaur et al., 2002), sunflower 
(Kaya et al., 2006) and cotton (Casenave and 
Toselli, 2007).  
     Although reports are available on the 
physiological enhancements of direct-seeded 
rice (Du and Tuong, 2002; Ruan et al., 2002), 
no comprehensive study has evaluated the 
response of wideranging seed priming 
treatments for enhancing seedling 
establishment, plant allometry. Information is 
also scarce on the physiological implications of 
priming- triggered enhancement in germination, 
growth or yield, and their inter-relationships 
using primed seeded winter wheat. It is 
surmised that the priming of seed is beneficial 
in improving the agronomic characters of wheat 
under saline conditions. Here we tested this 
prediction by evaluating the effects of seed 
priming strategy on the relationships among leaf 
physiology, gas exchange, growth parameters 
and duration of growth stage. 
 
2. Materials and Methods 
 
     The experiment was conducted at the 
Experimental Farm of Shiraz University in 
2009. Wheat seeds were primed with KNo3 
solution (1.2 MPa) for three days at 25◦C. After 
priming, seeds were put in wire mesh strainer 
and washed with tap water for 3 min and then 
rinsed with distilled water. Following this, seeds 
were dried between two filter papers and set to 
germinate. Seeds of primed and non-primed of 
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winter wheat (Triticum aestivum L.) were 
planted into soil pools with different NaCl 
concentrations (0.0%, 0.3%, 0.6%, 0.9% w/w). 
During the experiment, no water was lost except 
water evaporations of soil and plants. In 
avoiding the influence of rainfall on the salt 
concentrations, plastic films were used as rain 
roofs. All the pools were illuminated by natural 
light, with the photosynthetic active radiation. 
All the pools were filled with light loam soil, 
which has the organic matter content, available 
nitrogen, available phosphorus, and available 
potassium being 0.72% (w/w), 110.11, 70.11 
and 65.73 mg kg−1, respectively. Soil salt 
concentrations were adjusted with pure salt 
(NaCl). Plants were irrigated five times 
throughout the growing period. All samples and 
measurements on physiological variables were 
taken at a 7 days interval from anthesis. In order 
to carry on photosynthesis, green plants need a 
supply of carbon dioxide and a means of 
disposing of oxygen. In order to carry on 
cellular respiration, plant cells need oxygen and 
a means of disposing of carbon dioxide. Net 
photosynthetic rate and stomatal conductance 
were measured on flag leaves of the primed and 
non-primed plants receiving different salt 
treatments at 7 d intervals after anthesis. Only 
on clear days were the measurement done. Leaf 
water status is intimately related to several leaf 
physiological variables, such as leaf turgor, 
growth, stomatal conductance, transpiration, 
photosynthesis and respiration (Kramer & 
Boyer, 1995). Water content and water potential 
have been widely used to quantify the water 
deficits in leaf tissues. Leaf water content is a 
useful indicator of plant water balance, since it 
expresses the relative amount of water present 
on the plant tissues. Dynamic trends of relative 
water contents (RWC) in flag leaves and dry 
matter accumulation (DMA) in spikes were 
determined at 7 d intervals after anthesis 
subjected to each treatment. Samples were taken 
immediately after the measurements of gas 
exchanges were finished. In determining 
relative water contents, flag leaf samples were 
washed in distilled water and weighted after 
drying by filter paper to obtain their fresh mass 
(f.m.), the turgid leaf samples were blotted, 
dried and weighed to gain the turgid mass (t.m.) 
values. All the leaf samples were then dried at 
75 ◦C for 72 h, with their dry masses (d.m.) 
being determined. Leaf RWC in different stages 
were calculated by the following formula 
(Muranaka et al., 2002) To measure DMA, we 
separated 25 spikes from 25 individuals of each 
treatment and dried at 75 ◦C for 72 h, finally, 

the dry matter weight was obtained after cooling 
the samples to room temperature. 
 
RWC (%) = [(f.m. - d.m.)/(t.m. – d.m.)] * 100 
 
     Leaf area index (LAI) is defined as the leaf 
area per unit of ground area, and is a measure of 
the leafiness of a crop and Leaf area duration 
(LAD) is the integral of LAI over time. LAD is 
calculated by multiplying LAI with the time (in 
days or weeks) during which the leaf area is 
photosynthetically functional.  
 
LAD= [(LAI1 + LAI2)/2] x Number of days 

 
     Leaf area was measured by leaf area 
analyzer. Leaf area index (LAI) was computed 
as the ratio between total leaves photosynthetic 
area and the corresponding land area at different 
stages. Flag leaf samples were firstly dried at 75 
◦C for 72 h, then ground to determine the 
sodium and potassium contents. About 0.5 g 
ground flag leaves were put in to digesting 
tubes, 10 ml concentrated nitride acid and 3ml 
perchlorate acid was added. All the samples 
were further soaked for 12 h, and then burned at 
300 ◦C for 6 h, with the extractions being 
completed to 50 ml with distilled water finally 
ions contents were measured using an atomic 
absorption spectrophotometer. The experiment 
was carried out as factorial based on 
randomized complete block design (RCBD) 
with four replications. The treatments included 
salinity and seed priming (primed ad non-
primed seeds). Statistical analysis of data was 
processed using analysis of variance (ANOVA) 
in MSTAT-C. The effects of salt stress on plant 
growth parameters were verified using one-way 
ANOVA. Pearson’s correlation test was also 
carried out to study the relationships among leaf 
physiology, gas exchange, growth parameters 
and duration of growth stage. 
 
3. Results and Discussion 
 
     The effect of salinity on plant growth is due 
to an osmotic effect and/or ion toxicity. 
However, variation of adaptive mechanisms 
exists in different species (Rehman et al., 1996). 
Results showed that dry matter accumulation 
were similar in primed and non-primed plants in 
control; however, significant differences 
appeared in dry matter accumulation of the 
primed and non-primed plants under salt stress 
(dry matter collected from 25 spikes). 
Reproductive stage is the most sensitive period 
for winter wheat to obtain high yield (Yu et al., 
2001). Generally, longer reproductive period of 
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wheat can capture more light energy and 
produce more CO2 assimilations.At the 
beginning of reproduction stage, dry matter 
accumulation of primed plants increased more 
rapidly than non primed plants and non-primed 
plants decreasing more rapidly than the primed 
plants in late reproductive stage at all levels of 
salt stress. There was significant difference 
between primed and non primed plants at 0.3% 
and 0.6% and 0.9 % salt concentrations in dry 
matter accumulation. No significant differences 
in dry matter accumulation were found in 
primed plants at 0.6% and 0.9% salt 
concentrations compared with the 0.3% and 
control. Dry matter accumulation of primed and 
non-primed plants at levels of 0.0%, 0.3% and 
0.6% salt concentration increased linearly from 
7 to 28 days after anthesis. Those parameters of 
non-primed plants showed significant 
reductions in comparison with control at all 
levels of salt concentration, with serious 
reductions being especially noted at salt levels 
of 0.6% and 0.9%. Under each level of salt 
stress, dry matter accumulation of primed plants 
was always higher than the non-primed plants. 
There were no significant differences between 
primed and non-primed plants in net 
photosynthetic rate and stomatal conductance in 
control plants under normal soil conditions. 
However, gas exchanges of primed plants 
maintained normal capacities at 0.3% salt 
concentrations, while decreased under 0.6% and 
0.9% salt concentration. The primed plants 
significantly reduced its gas exchanges by 
accelerating senescence under a series of salt 
stress, which became more serious along with 

the increasing of salt concentrations, especially 
at 21 days after anthesis. Gas exchanges 
declined to nearly zero under 0.6% and 0.9% 
salt concentrations. The values of net 
photosynthetic rate and stomatal conductance in 
primed plants were higher than in non-primed 
plants at all levels of salt concentration, 
particularly, at 0.3% and 0.6% salt 
concentrations. Primed plants maintained higher 
leaf area index and leaf area duration than non-
primed plants during the reproductive period at 
all levels of salt concentration (Fig. 1). LAI and 
LAD are two very important marks to measure 
their growing situation. Leaf area index and leaf 
area duration of primed plants were larger than 
non primed plants in control, however, both 
decreased under salt stress condition and the 
reduction appeared more critical with increasing 
of salt concentrations (i.e., 0.6% and 0.9%). The 
primed plants displayed no significant 
reductions in leaf area index and leaf area 
duration in comparison with control at salt 
concentrations of 0.3% and 0.6%, only a rapid 
decrease being noted at 0.9% salt concentration. 
While those parameters of the non-primed 
plants were significantly decreased at all levels 
of salt stress, particularly, at 0.6% and 0.9% salt 
concentration. On the other hand, both 
parameters in the primed plants were higher 
than non-primed plants at all levels of salt 
concentration. Leaves of primed and non-
primed plants dried to death and lost their 
photosynthetic capacities at the end of 
reproductive stage at the level of 0.9% salt 
concentration. 

 

 
Fig.1. Changes of LAD at primed (pr) and non-primed (np) at 0.0%, 0.3%, 0.6% and 0.9% salt concentration 

 
     The relative water contents of primed and 
non primed plants during their reproductive 
stages were similar to those of control plants. 
Primed plants had no significant reductions 

under 0.3% and 0.6% salt concentrations 
compared with control, only appeared rapid 
decrease at level of 0.9%. While non-primed 
plants had significant reductions at all levels of 
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salt concentration. The relative water content of 
primed plants appeared higher than non-primed 
plants at all levels of salt concentration, 
specially, at the late of reproductive stage. 
Salinity not only affects yield potential of a 
plant but almost every aspect of physiology and 
biochemistry of a plant (Parvaiz et al., 2008; 
Zhu, 2002).Some believed that one of the key 

features of salt-tolerant plant was the ability for 
cells to maintain optimal K+/Na+ ratio (Tester 
and Davenport, 2003). Flag leaf potassium 
contents of the primed plants peaked at 14 days 
after anthesis at all levels of salt concentration, 
thereafter decreased along with increasing of 
salt concentrations (Fig. 2). 

 

 
Fig. 2. Effects of different levels of salinity stress on K+ in flag leaves of primed (pr) and non-primed (np) plants after anthesis 

 
     However, the non-primed plants always 
decreased its leaf potassium content since 
anthesis, especially along with increases of salt 
concentrations. Sodium contents appeared to 
increase for primed and non-primed plants. 
Nonetheless, sodium contents in the primed 

plants flag leaves were much lower than in the 
non-primed plants, which increased slightly 
with the enhancement of in vitro sodium 
concentration. Sodium contents significantly 
increased in non-primed plants, specially, at 
mature period (Fig. 3). 

  

 
Fig. 3. Effects of different levels of salinity stress on Na+ content in flag leaves of primed (pr) and non-primed (np) plants after 

anthesis 

 
     The primed plants maintained higher 
potassium/sodium ratios, but the non-primed 
plants decreased the ratios remarkably with 
increase of salt concentrations (Fig. 4). Our 
results showed that the K+/Na+ ratio fell slightly 
in the primed plants at 0.3% and 0.6% salt 
concentrations, although it decreased 

dramatically at 0.9%. However, the ratio in the 
non-primed plants decreased considerably at all 
salt concentrations. Such a phenomenon might 
owing to both excessive Na+ accumulation in 
plant tissue and enhanced K+ leakage from the 
cell (Poustini and Siosemardeh, 2004). 

 



 Abbasdokht & Edalatpishe / DESERT 17 (2013) 183-192  

 
188 

 
Fig. 4. Effects of different levels of salinity stress on K+/Na+ ratio in flag leaves of primed (pr) and non-primed (np) plants after 

anthesis 

 
     Vegetative growth period and reproductive 
growth period of primed and non-primed plants 
are shown in fig. 5. The primed plants had 
longer Vegetative growth period and 
reproductive growth period than the non-primed 
plants in control, and those differences appeared 
more apparent under salt stress. The primed 
plants maintained regular growth at 0.3% and 
0.6% salt concentrations compared with control, 
while reproductive growth period reduced 
rapidly at salt concentration of 0.9%. 
Nevertheless, Reproductive growth period of 
the non-primed plants decreased dramatically at 
all levels of salt stress, especially at 0.6% and 
0.9%. The total growth stages of the primed 
plants were very close to control at 0.3%, 0.6% 
and 0.9% salt concentrations, while the 
vegetative growth period and reproductive 
growth period of the non-primed plants 
decreased remarkably. Primed and non-primed 
plants accelerated senescence at 0.9% salt 
concentration, even so, total growth stage in 
primed plants still kept longer than in the non-
primed plants. 
     There were no significant differences in 
vegetative growth period of both plants at 0.0% 
and 0.3% salt concentrations, with slight 
declines in vegetative growth period appeared in 
the non-primed plants at 0.6% and 0.9% salt 
concentrations. Considerable decreases were 
found in the reproductive growth period of non-
primed plants in comparison with the primed 
plants at all levels of salt concentration (Fig. 5). 
This may allow the reproduction growth period 
to be salt-tolerant independently of the 
vegetative growth. Our finding was common 
with the report of Poustini and Siosemardeh 
(2004). Therefore, we believed that the 
tolerance of wheat plants to salt was determined 

by their reproductive phases, rather than by the 
vegetative stages. Primed plants, maintained 
normal growth period under 0.3% and 0.6% salt 
concentrations only significant decrease in 
growth period happened under 0.9% salt 
concentration. Nevertheless, the non-primed 
plants showed earlier senescence/death at both 
0.6% and 0.9% salt concentrations at late 
reproductive stage. Significantly positive 
relationships (P<0.01) among net 
photosynthesis and stomatal conductance, leaf 
area index, leaf area duration, and relative water 
content of flag leaf, reproductive growth period 
and total growth period were determined. While 
significantly positive relationships (P < 0.05) 
were observed between Net photosynthesis and 
leaf area duration (Table 1). Significantly 
positive correlations (P<0.01) were also found 
between Net photosynthesis and stomatal 
conductance, flag leaf relative water content. 
Other significant correlations (P<0.01) included 
positive correlations among net photosynthesis, 
leaf area index, leaf area duration, relative water 
content, dry matter accumulation of spikes, 
reproductive growth period and total growth 
period, potassium/sodium, stomatal 
conductance, leaf area duration and relative 
water content in primed plants (Table 1). It has 
been reported that two major physiological traits 
enable the plant to tolerate salinity: (a) 
compensatory growth following adjustment to 
salinity and (b) ability to increase both leaf area 
ratio and net assimilation rate to achieve this 
increased growth (Wiynarah 1990). Structural 
components of plants including leaf structure 
that undergo changes due to salinity are 
intimately linked to physiological and 
biochemical activities of the plant (Cushman 
and Bohnert 1995, Bohnert and Jensen 1996).
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Fig. 5. Effects of salt stresses on vegetative growth period (VGP), reproductive growth period (RGP) and total growth period (TGP) 

of primed (pr) and non-primed (np) plants 

 
4. Conclusion 
 
     Adverse changes in morphological structures 
associated with physiological modifications due 
to salinity may be the main elicitors of growth 
decline under salt stress. Salt accumulation in 
the expanding leaves has been correlated with 
photosynthetic decline and with ultra-structural 
and metabolic damages and sequential death of 
leaves and growth vigor may be related to the 
survival efficiency of different varieties (Yeo et 
al. 1990). So, leaf characters and physiological 
growth attributes may be important criteria for a 
tolerant variety. Although studies on the 
responses of plants to salt stress have been 
conducted, most of the researches were 
conducted on developing or mature leaves with 
scant regard to the senescence phase (Grandjean 
and Futher, 1989; Grover, 1993). The process of 
leaf senescence is known to take place under the 
active control genes that forms an integral part 

of leaf development (Biswal and Biswal, 1999). 
This study revealed that seed priming strategies, 
with significant differences, promoted plant 
growth, agronomic and physiological characters 
throughout the ontogeny of wheat. Net 
photosynthetic rate and stomatal conductance in 
primed plants maintained higher levels than the 
non-primed plants at 0.3% and 0.6% NaCl 
concentrations, with the latter plants decreasing 
gas exchanges drastically under salt 
concentration even less than 0.6%. Such a result 
indicated that the primed plants could acclimate 
the deleterious effects of salinity by maintaining 
almost normal photosynthesis. In fact, the 
sharper decreases in net photosynthetic rate than 
in stomatal conductance indicate that stomatal 
limitations rather than stress-induced 
dysfunctions at the chloroplast level accounted 
largely for the inhibition of CO2 assimilation 
under salinity stresses. However, both primed 
and non-primed plants decreased considerably 
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their net photosynthetic rate and stomatal 
conductance at salt level of 0.9%. The occasion 
leading to the decrease in photosynthetic 
capacity might be associated with the loss of 
RuBP carboxylase/oxygenase (Grover, 1993) in 
the relatively later senescence phases.The 
results indicated that high concentration salinity 
stress aggravated the senescence for both plants 
by causing significant reductions in net 
photosynthetic rate and stomatal conductance. 
Even though we found that the primed plants 
could relieve the senescence under salt 
concentrations less than 0.6% as evidenced by 
the nearly normal gas exchanges, while the non-
primed plants did not have this ability. The 
decreases of relative water content, leaf area 
index and leaf area duration in non-primed 
plants happened earlier than control under salt 
stress, which were linear with the days of the 
late of reproductive stage. Those decreases can 
largely cause reductions in photosynthetic area, 

the duration of photosynthesis and dry matter 
accumulation. LAI of the primed plants showed 
rapid decreases at 14 days after anthesis, 
because primed plants grew faster and formed 
denser canopy than the non-primed plants, with 
senescence accelerated in lower section leaves. 
Although both plants displayed rapid 
senescence at salt concentration of 0.9%, these 
higher parameters of relative water content, leaf 
area index and leaf area duration were always 
noted in the primed plants at all levels of salt 
stress. The primed plants here could avoid this 
harmful effects by maintaining lower leaf Na+ 
content, higher K+ versus Na+ through selective 
ion transport from soil to leaf. On the other 
hand, high toxic ion (Na+) concentrations in 
non-primed plants caused a sharp decrease in K+ 
content and K+/Na+ ratios at all levels of salt 
concentration, specially at 0.6% and 0.9% salt 
stress concentrations, indicating physiological 
injures happened from ion poisoning. 

 
Table 1. Correlations among studied parameters of primed (pr) and non-primed plants (np) exposed salt stress 

Seed 
Teatment 

Items gs K+/Na+ LAI LAD RWC TGP 

Primed (pr) Pn 
gs 

K+/Na+ 
LAI 
LAD 
RWC 

0.81** 
 

0.61* 

0.69* 
 

0.75** 
0.73** 
0.64* 

 

0.73** 
0.79** 
0.66* 

0.86** 

0.82** 
0.77** 
0.73** 
0.83** 
0.82** 

0.72** 
0.83** 
0.87** 
0.86** 
0.83** 
0.88** 

Non-primed 
(np) 

n 
gs 

K+/Na+ 
LAI 
LAD 
RWC 

0.73** 0.77** 
0.73** 

0.81** 
0.81** 
0.84** 

0.81** 
0.83** 
0.86** 
0.81** 

0.88** 
0.85** 
0.8** 
0.88** 
0.72** 

0.9** 
0.88** 
0.77** 
0.96** 
0.9** 
0.83** 

Pn = net photosynthetic rate; gs = stomatal conductance; K+/Na+ = potassium/sodium; LAI = leaf area index; LAD= leaf area 
duration; RWC= relative water content of flag leaf; RGP = reproductive growth period; TGP = total growth period. * and  ** 
Correlation is significant at 0.05 and 0.01 levels. 
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