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Abstract 

We aimed at studying the effects of seed priming on agronomic traits in maize using NaCl solutions containing 
different salt concentrations. The study was carried out in Valiasr University of Rafsanjan, Iran in 2009. A factorial 
experiment based on a completely randomized design with three replications was applied. Salinity treatments were 0, 4, 8 
and 12 dS.m-1

 and salt solutions for priming were 0.0, 0.5 and 1.0 molar NaCl. Seed characteristics like shoot dry weight, 
stem length, number of leaves, leaf area, chlorophyll and ion leakage were measured. The results of analysis of variance 
showed that the effects of salinity and seed priming on shoot dry weight, stem length, number of leaves, leaf area, chloro-
phyll and ion leakage were significant at the probability level of 1% (P< 0.01). The increase in salinity up to 12 dS.m-1 

negatively influenced all traits except ion leakage and the amounts of reduction for the mentioned traits were 75.67, 52.25, 
25, 69.97 and 21.17%, respectively, as compared with the control. In the case of ion leakage, the difference was 3.03 times 
less than that of control. Seed priming compensated the negative effects of salinity on plant traits and all the traits 
positively responded to the treatment of seed priming. Results showed that seed priming with NaCl may be considered as a 
reliable procedure to increase the maize tolerance to salinity. 
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Introduction 

One of the most important limitations of crop 
production in Iran is water deficit and low rain-
fall. Soil salinity, in a vast area of the country, 
has also been added to this problem by inducing 
osmotic stresses in the plant growth which is 
usually accompanied with yield reduction of 
crops (Copland and McDonald, 1995). Bewley 
and Black (1982) revealed that an increase in sa-
linity levels would reduce germination percen-
tage in the plants. Growth prevention (Ghavami 
et al., 2003), metabolism disturbance (Ghazi, 
1998), and reduced yield and quality (Franco et 
al., 1998) in plants are due to the damages re-
sulted from salinity. Application of NaCl solu-
tions for seed priming can be considered as a 
simple method for improving salinity tolerance of 
seeds. During the priming, spinach seeds absorb 

enough water and the germination processes in-
itiate but radicle and the plumule do not emerge 
(Kaya et al., 2001). 

The aim of this technique in plant propagation 
is accelerating germination rate of seeds under 
different environmental conditions, preferably 
seed emergence, seedling vigor improvement as 
well as increasing yield quality and quantity (En-
ferad et al., 2003). Polyethylene glycol (PEG) 
and NaCl are the most common osmo-priming 
compounds inducing plant stresses (Harris, 
1996). Wiebe et al. (1987), Pill et al. (1991) and 
Passam and Kakouritis (1994) working on toma-
to, asparagus and cucumber, respectively showed 
that seed priming improves germination, seedling 
emergence and plant growth under salinity condi-
tions. However, useful effects of NaCl priming at 
late growth stages of crops have not yet been dis-
tinguished. 

Seed priming with NaCl was not useful at 
seedling growth stage of cucumber (Passam and 
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Kakouritis, 1994), while Cano et al. (1991) re-
ported that it had a positive effect on matured 
tomato plants and hence, the yield. The reason 
for increasing salinity tolerance in the plants 
grown from primed seeds is due to higher capaci-
ty of seeds adapted to osmotic conditions. It be-
came clear that the rate of Na and Cl in roots, 
carbohydrates and organic acids in leaves in the 
treated seeds are usually higher than the control. 
In a study on tomato using 3 levels of NaCl prim-
ing (0, 0.5, and 1 M) and 3 levels of salinity (35, 
70 and 140 mM NaCl), Cano et al. (1991) re-
ported that the effects of NaCl priming on yield 
differed and mainly depended on NaCl concen-
tration. Tomato yield increased by 1 M NaCl 
priming but in turn, decreased by increasing sa-
linity levels.  

Numerous studies disclosed that maize was 
not only a very desirable forage for animal feed 
but it should be a unique energy provider. Consi-
dering the fact that saline soils are covering a 
large part of agricultural areas, we tried to inves-
tigate the effects of salinity on some agronomic 
and physiological characteristics of maize as well 
as the effects of NaCl priming of seed on germi-
nation characteristics of maize.  

Materials and Methods 

To investigate the effects of salinity-mediated 
seed priming on maize growth under saline con-
ditions, a factorial experiment based on a com-
pletely randomized design with three replications 
was carried out at the greenhouse of Valiasr Uni-
versity of Rafsanjan, Iran in 2009. Hybrid maize 
seeds (single-cross 704) were soaked in two NaCl 
solutions (0.5 and 1 M) for 8 hours and then 
rinsed with tap water for three minutes; it was 
followed by washing with distilled water and fi-
nally dried with a tissue paper. The seeds primed 
with 0.0, 0.5 and 1 M NaCl plus non-primed 
seeds (totally four treatments) were sown in the 
pots. Sowing depth was 3-4 cm and five seeds 

were allocated to each treatment. Pots were filled 
with a sandy soil with a pH of 7.3 and EC of 1.2 
dS.m-1. For preventing salt accumulation in the 
pots, two holes of 1 cm diameter were created as 
the drainage. Bottom of each pot was filled with 
one kg gravels. In order to provide a similar soil 
environment for all pots, the amount of water 
used for the first irrigation was higher than the 
field capacity; after that, the drained water was 
separately collected and then added to the related 
pot. After sowing, pots were watered by salt solu-
tions with ECs of 0, 4, 8 and 12 dS.m-1. After 12 
days (emergence), plants were thinned and only 
two seedlings left in each pot. Watering was ad-
justed according to the leaf moisture potential. 
Therefore, salinity was the only stress imposed 
on plants. In order to prevent the increase in salt 
concentration and apply a uniform watering in 
each pot, the collected drained water was added 
to a definite amount of water and returned to the 
related pot. After six weeks, the following traits 
were measured: stem length, number of leaves, 
leaf area, chlorophyll and ion leakage. Analysis 
of variance and mean comparisons were done to 
estimate the differences between primed and non-
primed seeds as well as various salt concentra-
tions on germination characteristics of seedlings.  

Results and Discussion 

The results of analysis of variance indicated 
that priming and salinity levels significantly af-
fected shoot dry weight. Shoot dry weight de-
creased with the increase in salinity as compared 
to the control (Table 2). The increase in salinity 
up to 12 dS.m-1 caused a 81% reduction of shoot 
dry weight compared with control. Lowered 
shoot dry weight at high concentrations of salini-
ty has been reported in maize (Nazem Bekaee 
and Fahimi, 1999) and wheat (Cayuela et al., 
1996). Mean comparisons of different priming 
treatments showed that the lowest and highest 
shoot dry weights were obtained for non-primed 

Table 1. Analysis of variance of seeds priming and salinity levels for shoot dry weight (SDW), stem 
length (SL), number of leaves per plant (NLP), leaf area (LA), chlorophyll (Ch) and ion leakage (IL). 

S.O.V. df 

Mean of Squares 

SDW SL NLP LA Ch IL 

Priming (P) 
Salinity (S) 
S × P 
Error 

3 
3 
9 
32 

0.001** 
0.028** 
0.0001* 
0.00001 

0.559ns 
25.239** 

0.601* 
0.238 

0.028ns 
2.75** 
0.028ns 
0.042 

47.977** 
1657.46** 

13.237* 
5.496 

27.88** 
123.3** 
5.787ns 
2.781 

411.26* 
4342.744** 

170.34ns 
105.4 

*: significant (p < 0.05); **: highly significant (p< 0.01); ns: non-significant 
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and 0.5 M NaCl-primed seeds (Table 3). Interac-
tion of salinity levels and priming treatments for 
shoot dry weight was also significant (Table 1), 
indicating that various salt concentrations did not 
similarly influence the characteristics of primed 
and non-primed seeds. Mean comparisons of in-
teractions showed that all salinity levels de-
creased shoot dry weight in all priming treat-
ments. The amount of reduction in 0.5 M, 1 M 
NaCl, water and non-primed seeds were 64.86, 
74.32, 70.27 and 92.56%, respectively (Table 4). 
It can be concluded that priming technique is ef-
ficient for compensating the negative effects of 
salinity on the shoot dry weight of seedling in 
maize. 

Analysis of variance showed that salinity sig-
nificantly affected stem length, number of leaves 
and leaf area of seedlings (Table 1). The higher 
the concentration of salinity, the lower the ex-
pressions of those characteristics was (Table 2). 
Stem length like shoot dry weight reduced in re-

sponse to increasing salinity so that the highest 
stem length was obtained for the control, al-
though it was not statistically significant at the 
salinity levels of 4 and 8 dS.m-1. The highest 
stem length was obtained when non-primed seeds 
were watered with normal water and the lowest 
one was appeared for the non-primed seeds at 12 
dS.m-1 salinity. Priming treatments consisting of 
non-primed, 0.5 M and 1 M NaCl reduced stem 
length by 42.71, 49.20 and 65.59%, respectively, 
as compared with the water-primed seeds. 

Number of leaves/plant was also reduced sig-
nificantly at salinity levels, whereas no differenc-
es were found among the priming treatments 
(Table 1). Plants treated with the normal water 
produced the highest number of leaves (Table 2). 
No interaction was revealed for salinity levels 
and priming treatments, representing that the 
number of leaves/plant could not be influenced 
by the primed seeds (Table 3). 

Leaf area was one of the main characteristics, 
which was changed due to either increasing salin-
ity or priming (Table 1). High concentrations of 
salt lowered the number of leaves significantly 
(Table 2), whereas priming by water or NaCl so-
lutions accelerated leaf areas six weeks after sow-
ing the seeds (Table 3). Indeed, significant inte-
ractions of salinity levels and priming treatments 
showed that the highest leaf area appeared when 
the plants were watered with normal water (con-
trol) at either priming treatments (Table 4). Such 
a response for stem length and leaf area has been 
reported by other researchers, too (Nazem Be-
kaee and Fahimi, 1999; Cayuela et al., 1996). It 
seems that salinity has affected metabolism of 
cells and plant growth and consequently, stem 
and leaves develop slowly through decreasing 
cell turgor. Therefore, the first sensible effect of 
salinity on the plants appeared by the low number 
and small size of leaves. 

In addition, salinity disturbs mineral nutrient 
absorption and ion balance in the plant. Thus, 

Table 2. Mean comparisons of salinity levels for shoot dry weight 
(SDW), stem length (SL), number of leaves per plant (NLP), leaf 
area (LA), chlorophyll (Ch) and ion leakage (IL). 

Salinity 
(dS.m-1) 

Traits 

SDW SL NLP LA Ch IL 

Control 
4 
8 
12 

0.148a 
0.086b 
0.059c 
0.036d 

6.47a 
5.57b 
4.59c 
3.09d 

4a 
3.17b 

3b 
3b 

38.51a 
19.98b 
16.59c 
11.56d 

35.95a 
33.56b 
31.77c 
28.34d 

22.79c 
42.98b 
48.73b 
69.03a 

Means with the same letter(s) in each column are not significantly 
different. 

Table 3. Mean comparisons of priming treatments for shoot dry 
weight (SDW), stem length (SH), number of leaves per plant (NLP), 
leaf area (LA), chlorophyll (Ch) and ion leakage (IL). 

Priming 
treatments 

Traits 

SDW SL NLP LA Ch IL 

Non-primed 
Water 
NaCl 0.5 M 
NaCl 1 M 

0.071b 
0.084a 
0.088a 
0.085a 

5.125a 
4.89ab 
5.04ab 
4.63b 

3.33a 
3.25a 
3.33a 
3.25a 

18.87b 
21.60a 
22.85a 
23.33a 

30.30b 
33.95a 
32.58a 
32.77a 

53.6a 
40.77b 
41.95b 
47.20ab 

Means with the same letter(s) in each column are not significantly 
different. 

Table 4. Mean comparisons of salinity × priming interac-
tions for shoot dry weight (SDW), stem length (SL), number 
of leaves per plant (NLP), leaf area (LA). 

Priming Salinity 
(dS.m-1) 

SDW SL LA 

NaCl  0.5 M 0 
4 
8 
12 

0.148a 
0.089b 
0.063d 
0.052de 

6.617b 
5.867b 
4.600cd 
3.533e 

38.51a 
21.89b 
18.88b 

21.100cd 

NaCl  1 M 0 
4 
8 
12 

0.140a 
0.088b 
0.068cd 
0.038e 

6.617b 
4.833cd 
4.400d 
3.133ef 

38.52a 
22.217b 
19.537b 
13.047cd 

Water 0 
4 
8 
12 

0.149a 
0.82bc 
0.063d 
0.044e 

6.300b 
5.467bc 
4.600cd 
3.200ef 

38.50a 
22.18b 
14.87c 
10.86cd 

Non priming 0 
4 
8 
12 

0.147a 
0.086b 
0.040e 
0.011f 

7.267a 
6.100b 
4.633cd 
2.500f 

38.51a 
13.64cd 
13.07cd 
10.25d 

Means with the same letter(s) in each column are not signif-
icantly different. 
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leaf and stem length reduction can be attributed 
to mineral nutrient deficiency likely caused by 
salinity. Seed priming with saline solutions or 
normal water would have a contradictory effect 
with high salinity (Tables 2 and 3). Acceleration 
in leaf senescence is another important effect of 
salinity on the plant, which results from chloro-
phyll deficit in leaves. Salinity affected chloro-
phyll content (Table 1) and high salinity signifi-
cantly decreased the content of chlorophyll (Ta-
ble 2). This may be attributed to the loosening of 
protein chlorophyll bounds in thylakoid mem-
branes resulting from the concentration of poi-
sonous ions, Na and Cl, accumulated in the cells 
due to salinity. 

The effect of salinity and priming on ion lea-
kage was highly significant (Table 1). The high-
est and lowest ion leakages were recorded for the 
non-primed and primed seeds with water, respec-
tively (Table 3). Alteration in nitrogen metabol-
ism and synthesizing compounds like proteins are 
important for the osmotic adjustment. Lessening 
the thylakoid thickness and granna swelling are 
other reasons for chlorophyll reduction. High 
salinity prohibited functions of leaves and se-
vered the stress injuries in the cells. Therefore, 
salinity reduced photosynthesis capacity of plants 
not only through lowering the number of leaves 
and leaf area but also by disturbing biosynthesis 
of cell materials. Disturbance in biosynthesis 
through low chlorophyll content of cells resulted 
in low dry weight of plants. This indicates that 
dry weight, leaf area and chlorophyll concentra-
tion are interrelated. Those traits definitely cause 
yield reduction at harvest. 

The results showed that ion leakage intensi-
fied as salinity increased, so that salt solution of 
12 dS.m-1 increased ion leakage 3.03 times higher 
than the control (Table 2). It is worth mentioning 
that ion leakage increased with shifting salinity 
even in the primed seeds. Increasing ion leakage 
is due to the loss of membrane integrity (Nazem 
Bekaee and Fahimi, 1999). Seed soaking in saline 
solution before sowing was very efficient in cell 
membrane integrity. It is of vital importance to 
study physiological changes of the plants induced 
by NaCl priming. 
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