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It is difficult to study plant response to fertilizers 
under saline conditions due to high concentration 
of salts and nutritional imbalances. Studies showed 
that application of fertilizers in saline soils might 
result in increased, decreased or unchanged plant 
salt tolerance. In other words, plant response to 
fertilizers depends on severity of salt stress in the 
root zone (Maas and Grattan 1999). Under low sa-
linity stress, nutrient deficiency limits plant growth 
more than salinity and a positive interaction or an 
increased salt tolerance response occurs. While 
under moderate and high salinity, the limiting 
effect of salinity also affects plant growth (Hu et 
al. 1997, Grattan and Grieve 1999).

Most investigations on salinity-nitrogen issue fo-
cused either on nitrogen influence on plant (e.g. Öz-
er et al. 2004, Svoboda and Haberle 2006) or on 
salinity as limiting plant growth factor (e.g. Burger 
and Čelková 2003, Orak and Ateş 2005, Supanjani 
and Lee 2006). Only few publications are available 
in the literature on interactive effects of salinity 
and nitrogen fertilization. Application of fertilizers 
to saline soils may exacerbate soil salinity condi-

tions (Grattan and Grieve 1999). Most salinity and 
nitrogen interaction studies have been conducted 
on soils that were deficient in N. Therefore, ap-
plication of N fertilizers improved growth and/or 
yield of corn, wheat (Soliman et al. 1994), cotton, 
millet and rice (Grattan and Grieve 1999). In most 
of these studies, the fact that applied N did not 
improve the growth under extreme saline condi-
tions suggests that applied N decreased plant salt 
tolerance (Grattan and Grieve 1999). Halophytes 
grown in highly saline and N-deficient environ-
ments and glycophytes grown in mildly saline and 
N-deficient environments respond similarly to 
added N (Okusanya and Ungar 1984). Some stud-
ies also indicate that corn and cotton dry matter 
decreased by increasing salinity but increases by 
N application (Homaee et al. 2002).

In salinity and nitrogen interactive studies, the 
form in which N is supplied is important. Some 
studies indicate that increased nitrate in nutrient 
solution would decrease chloride uptake and its 
accumulation (Feigin et al. 1987, Martinez and 
Cerda 1989). Tshivhandekano and Lewis (1993) 
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showed that NH4
+-fed wheat and maize were more 

sensitive to salinity than NO3
–-fed plants when 

grown in solution culture.
Activity of nutrients in soil solution is affected 

by high concentrations of salt ions, usually Na and 
Cl, resulting in a nutritional disorder in plants 
(Grattan and Grieve 1999). Interactive effect of 
salinity and nutrients on the plant growth may be 
associated with the nutrient status in plant tissues 
(Hu and Schmidhalter 1997). Accumulation of Na 
and Cl in leaves through the transpiration flow, 
is a general and long-term process occurring in 
salt-stress plants (Munns and Termaat 1986).

Nutrient uptake and accumulation by plants is 
often reduced under saline conditions as a result 
of competitive process between the nutrient and 
a major salt species. However, this depends on the 
type of nutrients and composition of soil solution 
(Grattan and Grieve 1999, Maas and Grattan 1999, 
Homaee et al. 2002). Although plants selective-
ly absorb potassium over sodium, Na+-induced 
K+ deficiency can develop on crops under salinity 
stress by Na+ salt (Maas and Grattan 1999).

Most studies related to plant nutrition and salinity 
interactions have been conducted in sand or solution 
cultures. A major difficulty in understanding plant 
nutrition status as affected by soil salinity is recon-
ciling results obtained in experiments conducted 
in the field and in solution cultures (Grattan and 
Grieve 1999). Thus it is likely that plant responses 
and interactions observed in artificial media may 
not necessarily, at least with the same magnitude, 
be as they would under natural conditions.

While application of fertilizers could improve plant 
nutritional status, it may also increase the salinity 
of soil solution. This study aimed at finding out at
what extent nitrogen fertilizer must be applied in 
saline soils; its main objective was to investigate the 
interactive effects of salinity and nitrogen fertilizer
on growth and composition of nutrients in sorghum. 
Further, the relationship between mineral nutrients 
concentration in plant tissues and growth indices 
under saline conditions was studied.

MATERIAL AND METHODS

Sorghum (Sorghum bicolor L. Moench) was se-
lected for this study, because it is categorized 
as a moderately salt tolerant plant. Its salinity 
threshold value is reported to be 6.8 dS/m with 
the slope of 16 percent per each dS/m (Maas and 
Grattan 1999).

A randomized complete factorial blocks experi-
ment with three replicates was conducted under 
large lysimeters with 120 cm height and 50 cm 
diameter. The needed experimental soils were 
taken from 0–25 cm surface layer of a natural 
saline soil. The collected soil was then air-dried 
and passed through an 8 mm sieve for pot ex-
periment and a 2 mm sieve for chemical analysis. 
Some physical and chemical characteristics of the 
experimental soil are given in Table 1. As can be 
seen in Table 1, unlike previous studies, the soil 
was originally saline and was no not necessary to 
artificially create salinity.

The applied irrigation waters consisted of C0, C1, 
C2, C3 and C4 corresponding to 0.6, 6, 8, 10 and 
12 dS/m, respectively. The applied saline water 
treatments were prepared by diluting the natural 
saline water (80 dS/m) with fresh water (no artificial 
saline water was applied). Table 2 illustrates the 
chemical properties of the applied water for the 
experimental treatments. The applied fertilizers 
consisted of eight nitrogen levels. These were no 
fertilizers (F0), triple super phosphate as a base 
fertilizer with no N-fertilizers (N0 or control treat-
ment), urea treatments and ammonium nitrate 
treatments. Each urea and NH4NO3 treatments 
consisted of three levels including 114, 137 and 
160 kg elemental nitrogen per ha. These amounts 
correspond to 87, 100 and 117% of N requirement 
in non-saline soils, respectively (U1, U2, U3, A1, 
A2, A3).

Twenty kg soil was placed in PVC pots. Five holes 
with 2 cm diameter were made at the bottoms of 
each lysimeter to facilitate the calculated leaching 
and to maintain soil salinity at the target amounts. 

Table 1. Some physical and chemical properties of the experimental soil

Sand 
(%)

Silt 
(%)

Clay 
(%) Texture OC 

(%)
SP 
(%) pH ECe 

(dS/m)
TNV 
(%)

K P Zn Fe Mn Cu

(mg/kg)

53 33 14 sandy 
loam 0.79 27 7.4 5.2 13.76 468 10.4 0.74 4.5 10 0.86

OC – organic carbon; SP – soil water saturation percentage; ECe – electrical conductivity of soil extract. The 
K concentration was measured by flame photometer, P by Olsen method, using spectrophotometer, Zn, Fe, Mn 
and Cu by DTPA extract using atomic absorption apparatus
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The amount of 250 kg triple super phosphate per 
ha as a base fertilizer was calculated for each pot 
(except F0) and was applied to the experimental 
soils. The calculated nitrogen fertilizers were ap-
plied in two portions before sowing and when the 
plant height reached to about 35–40 cm in C0.

A number of 10 disinfected sorghum seeds were 
sown at 3 cm depth in each pot. The applied ir-
rigation water was by 50 percent higher than the 
consumptive use of plants to achieve the target 
leaching fraction. By applying this amount of 
leaching, the salinity of soil saturation extract 
approached the salinity of applied irrigation wa-
ters. The soil salinity was further monitored by 
taking some soil samples from the pots that were 
prepared as backups of the experiment.

The emergence rate of each pot was obtained 
by daily calculating number of seedlings. Those 
experimental plants that received saline water with 
ECs of 10 and 12 dS/m were eliminated from the 
experiment after 7 and 9 weeks, respectively, due 
to chloride toxicity. The others were harvested at 
77 days after seeding by cutting them at 2 cm above 
the soil surface. Immediately after harvesting, the 
fresh weights were recorded, using a digital bal-
ance. The plant heights and their leaf area (by leaf 
area meter) were also measured. The harvested 
plants were then dried at 65°C for 24 h, weighed 
and grounded to pass a 1 mm sieve. The grounded 
plants were digested by wet oxidation method, 
using sulfuric acid, salicylic acid, selenium and 
hydrogen peroxide mixture for subsequent mineral 
analysis. The plant height, fresh weight, dry weight 
and the leaf area were measured as growth indices. 
The nitrogen, potassium, calcium, magnesium, 
sodium and chloride contents of harvested plants 
were also measured. The nitrogen concentration 
was measured, using the Kjeldal method, sodium 
and potassium by flame photometer, and calcium 
and magnesium by atomic absorption apparatus. 

The nitrogen, potassium, calcium and magnesium 
uptake were also calculated. The experimental data 
were analyzed using ANOVA and the comparison 
of means was analyzed based on the Duncan’s 
multiple range tests.

RESULTS AND DISCUSSION

Emergence

The statistical analysis of the obtained data in-
dicated that the effects of water salinity, fertilizer 
and their interactive effects on plant emergence 
are significant (α = 1%). Water salinity caused to 
decrease the plant emergence. The highest rate of 
emergence was obtained for C0 treatment (Table 3). 
In C0, although the rate of plant emergence in dif-
ferent fertilization treatments had no significant 
difference, the highest rate of emergence belonged 
to F0 and N0 fertilization treatments. In other 
words, the emergence rate in the treatments with 
no N fertilizers was higher than other treatments 
and N fertilization before sowing decreased the 
sorghum emergence rate (Table 3). In C2 treat-
ment, the highest emergence rate was obtained 
for no fertilizers treatment (F0). This indicates 
that N application decreased the emergence rate 
(Table 3). In C3 and C4 treatments the emergence 
rate in different fertilization treatments had no 
significant difference (Table 3). Thus the limiting 
effect of water salinity on plant emergence was 
definitely more significant than the fertilization 
effect. This resembles the finding of Wang and 
Shannon (1999) who reported that salt tolerance 
of soybean varieties differed and emergence rate 
significantly decreased when salinity of saturation 
extract reached to more than 3 dS/m. Thus, salin-
ity delays the normal emergence of radicle and 
plumule through decreasing osmotic potential. 

Table 2. Chemical properties of the applied water treatments

Treatment ECe 
(dS/m) pH

Na+ K+ Ca2+ Mg2+ Cl– HCO3
– SO4

2–

(mg/l)

C0 0.6 7.96 19.5 0.8 87.2 12 25.6 17 24

C1 6 7.92 1007 9.4 489.2 89.3 1747 17 768

C2 8 7.84 1343 12.5 652.8 119 2329 17 1114

C3 10 7.81 1679 15.2 816 149 2913 17 1459

C4 12 7.72 2024 17.5 964 179 3493 17 1804

ECe – electrical conductivity
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Prolongation of this critical emergence period 
damages seedlings as result of pathogenic and 
environmental factors and thus decreased success 
of plant establishment.

The plant height, fresh weight, dry weight and 
the leaf area were measured as the growth indices. 
The effects of water salinity, nitrogen fertilizer 
and their interactive effects on these indices were 
significant (α = 1%).

Fresh and dry weights

The increase of water salinity caused a decrease 
of plant fresh and dry weights in such an extent 
that the average fresh and dry weights, compared 
to C0 treatment, decreased to 13.7 and 26.5 per-
cent in C1 and to 24.0 and 50.6 in C2, respectively 
(Figure 1a). Comparison of the averages based on 
the Duncan’s multiple range test shows that in 
C0 treatment (EC = 0.6 dS/m), both fresh and dry 
weights increased due to nitrogen application. As 
given in Figure 1b, the highest average was obtained 
for N-3 (the third level of nitrogen fertilization). 
In C1 treatment (EC = 6 dS/m), by increasing 
N fertilization, both dry and fresh weights of sor-
ghum increased compared to N0 level. However, the 
highest average was obtained for N-2 (the second 
level of fertilization) (Figure 1c). As depicted in 
Figure 1d, in C2 salinity treatment, the highest 
average dry and fresh weights were obtained for 
N-1 fertilization level. Thus, by increasing water 
salinity, the lower levels of nitrogen fertilization 
had a higher effect on increase of dry and fresh 
weights. In other words, in moderately saline treat-
ments of C1 (EC = 6 dS/m) and C2 (EC = 8 dS/m), 
nitrogen application increased the fresh and dry 
weights, while more fertilization caused both of 

them to decrease. The obtained results also indicate 
that in high salinities, application of fertilizers in 
higher than ordinary rate may cause more salinity 
and osmotic pressure and may decrease water and 
nutrients uptake and decrease the growth. In other 
words, under low salinity, nutrients deficiency can 
be the main limitation for plant growth. However, 
under higher salinities, the salinity limits growth 
more than nutrient deficiency.

Leaf area

The leaf area decreased by increasing water 
salinity. The average leaf area in C1 and C2 treat-
ments decreased by 24% and 35.4%, respectively, 
compared to C0 (Figure 2a). This can be attributed 
to a decrease of photosynthesis area as the main 
damage of salinity stress that decrease dry mat-
ter production rate. The comparison of statistical 
means indicated that in C0 treatment, the leaf 
area increased with increasing nitrogen fertilizer 
(Figure 2b). In C1 treatment, the leaf area increased 
after nitrogen application. However, the high-
est leaf area was obtained for N-2 (Figure 2c). In 
C2 treatment, the highest leaf area was obtained 
for N-1 (Figure 2d). It suggests that with increas-
ing salinity the lower level of applied nitrogen has 
a higher influence on the increase of leaf area.

The plant height

The plant height decreased with increasing salini-
ty. The average plant height in C1 and C2 treatments 
compared to C0 decreased by 10.9 and 16.7%, 
respectively (Figure 3a). In C0 treatment, height 
differences between fertilization treatments were 

Table 3. The effect of salinity on percentage of sorghum emergence

Salinity
Fertilizer levels and sources

F0 N0 U1 A1 U2 A2 U3 A3

C0 90a 90a 86.7a 86.7a 90a 90a 93.3a 86.7a

C1 63.3a 56.7a 36.7b 33.3b 30b 40b 36.7b 40b

C2 46.7a 30b 26.7b 36.7b 23.3b 30b 26.7b 26.7b

C3 16.7a 13.3a 16.7a 13.3a 10a 13.3a 20a 16.7a

C4 13.3a 13.3a 13.3a 10.0a 13.3a 10.0a 13.3a 10.0a

Identical letters in each line show non-significant difference at 1% level as determined by the Duncan’s multiple 
range tests. F0 – no fertilizer treatment; N0 – control fertilizer treatment (base fertilizers without N application); 
A1, A2, A3, U1, U2, U3 are the first to third levels of ammonium nitrate and urea fertilizers, respectively
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Figure 1. The effect of salinity and nitrogen treatments levels on fresh and dry weights of sorghum
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not significant which might be related to nitrogen 
effect on tiller emergence (Figure 3b). In C1 and 
C2 treatments, the highest means were obtained 
for N-2 and N-1, respectively (Figure 3c and d).

Plant composition

The performed statistical analysis indicates that 
the effect of salinity on mineral nutrients composi-
tion in the experimental plant tissues is significant 
(α = 1%). The results presented in Table 4 indicate 
that the nitrogen concentration in tissues increased 
with increasing salinity.

As given in Table 4, the Ca and Mg concentration 
increased with increasing salinity. The average 
Ca concentration in C1 and C2 treatments com-
pared to C0 increased by 16.7 and 33.3 percent, 
respectively. For Mg this increase was 25 and 
37.5 percent, respectively. This increase result 
from high concentrations of calcium and mag-
nesium ions in saline water. On the other hand, 
salinity increase caused Ca and Mg uptake to de-
crease (Table 4), to such an extent that the average 
Ca uptake in C1 and C2 treatments compared to 
C0 decreased by 11.1 and 33.3 percent, respec-

tively. For the average Mg uptake this reduction 
was 20 and 40 percent for C1 and C2 treatments, 
respectively.

Through Ca and Na antagonistic effect on K up-
take salinity caused to decrease K concentration in 
the tissues (Table 4). The average K concentration 
in C1 and C2 treatments compares to C0 decreased 
by 11.5 and 15.1 percent, respectively. On the other 
hand, salinity through decreasing dry weight and 
K concentration caused to decrease the K uptake 
(Table 4). Some other researchers also reported 
that high Na concentration in growth media may 
diminish K concentration in some plant species 
(Greenway and Munns 1980, Rathert 1983). The 
decrease could be caused by the antagonism of 
Na and K at uptake sites of roots, to the effect of 
sodium on K transport into xylems (Lynch and 
Lauchli 1984) or to the inhibition uptake proc-
esses (Gronwald et al. 1990).

The data presented in Table 4 clearly indicate 
that Cl and Na concentration increased with in-
creasing salinity. The average Cl concentrations in 
C1 and C2 treatments were 2 and 2.4 times higher 
than C0 treatment. The average Na concentration 
in C1 and C2 treatments was 3.7 and 4.1 higher 
than C0 treatment. This resembles the findings 
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Figure 2. The effect of salinities (a) and nitrogen treatments levels on leaf area [(b) C0, (c) C1, (d) C2]
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of Hu and Schmidhalter (1997) who reported that 
salinity increases Cl and Na concentrations and 
reduces K concentration in wheat.

The effect of nitrogen fertilizers on mineral 
nutrient concentrations and their uptake in plant 
tissues as well as the interactive effect of salinity 
and nitrogen fertilizers on nutrient uptake and 
concentrations of N, P and Cl were significant 
(α = 1%).

Based on the data presented in Tables 5 and 6, 
under all salinity levels the nitrogen applica-
tion increased N concentration and its uptake. 
In C0 treatment, K concentration was decreased 
by N application compared to N0 (Table 6), but 
it was not significant. This decrease might be 
related to the effect of applied N on enhance-
ment of plant dry weight (dilution effect). As can 

be seen in Table 5, in C1 and C2 treatments the 
K concentration was increased by N application. 
Also, N fertilization in all treatments has increased 
the K uptake (Table 6).

In C0 treatment, both concentration and uptake 
of Ca and Mg were increased by N application as 
well as dry weight improvement (Tables 5 and 6). 
In C1 and C2 treatments, both concentration and 
uptake of Ca and Mg were increased by N ap-
plication but this increase (except for Mg uptake 
at C1 salinity level) was not significant (Table 5). 
The increase of Ca and Mg concentrations was 
probably caused by an increase of root exchange 
capacity resulting from N application and more 
uptakes of bivalent cations.

The stat i s t ica l  analys is  indicated that  in 
C0 treatment, Na and Cl concentrations showed 

Table 4. The effect of salinity levels on nutrient concentrations and uptakes

Salinity N 
(%)

N-uptake 
(g)

K 
(%)

K-uptake 
(g)

Ca 
(%)

Ca-uptake 
(g)

Mg 
(%)

Mg-uptake 
(g)

Cl 
(%)

Na 
(%)

C0 2.15c 640a 2.18a 630a 0.30c 90a 0.16c 50a 0.57c 0.21c

C1 2.29b 500b 1.93b 420b 0.35b 80b 0.20b 40b 1.14b 0.77b

C2 2.46a 350c 1.85c 260c 0.40a 60c 0.22a 30c 1.38a 0.86a
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Figure 3. The effect of salinities (a) and nitrogen treatments levels on plant height [(b) C0, (c) C1, (d) C2]
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no significant differences between the fertilization 
treatments (Table 5). In C1 and C2 treatments, 
Na and Cl concentrations decreased by nitro-
gen fertilization compared to N0 (Table 5). This 
decrease might be related to antagonistic effect 
between chloride, nitrate, sodium and ammonium 
on uptake. Therefore, in saline conditions the 
effect of specific ion toxicity, essential nutrients 
deficiency and nutritional disorder are the main 
effective factors to reduce growth.

Fertilizer type

In the non-saline treatment (C0), the dry and 
fresh weights of urea treatments were significantly 
higher than ammonium nitrate, but the difference 
was not significant (Figure 1a and b). This can be 
related to the fact that some portions of nitrate 
leached out from the root zone because of high 
irrigation water application. On the other hand, 

most of the applied N in the soil was not in avail-
able form because of its low chemical mobility. 
The mineralization process should thus take place 
to transform the given N into the available forms. 
Consequently, it may be concluded that soil salinity 
reversely influences the mineralization process. 
It was anticipated that in saline conditions, am-
monium nitrate treatments provide better plant 
growth compared to urea treatments. Due to nitrate 
leaching from the experimental soils, this process 
was however minimized. In both C1 and C2 treat-
ments, possibly due to nitrate leaching as well as 
decrease of urea mineralization process, there was 
no difference between various N fertilizers types 
(Figure 1c and d).

The overall results obtained in this study indicate 
that salinity through increasing osmotic pressure, 
particularly at the soil surface, severely reduces 
the emergence rate and destroys the emerged 
seedlings at early growth stage. The irrigation 
water quality should be thus taken into account 

Table 5. The effect of salinity and nitrogen treatments levels on nutrient concentration (% dw)

Elements Salinity
Fertilizer levels and sources

F0 N0 U1 A1 U2 A2 U3 A3

N

C0 1.69e 1.71e 2.1d 2.19cd 2.62bcd 2.32abc 2.43ab 2.48a

C1 1.98d 2.06d 2.26c 2.28bc 2.36abc 2.39abc 2.48ab 2.5a

C2 2.09d 2.12d 2.48bc 2.47c 2.51bc 2.56abc 2.69ab 2.75a

K

C0 2.31a 2.24ab 2.2ab 2.18ab 2.15ab 2.14ab 2.10b 2.11b

C1 1.68c 1.71c 1.90b 1.95ab 2.01ab 2.06ab 2.07ab 2.09a

C2 1.67b 1.71b 1.88a 1.91a 1.93a 1.88a 1.91a 1.89a

Ca

C0 0.23c 0.25c 0.26c 0.28ab 0.35ab 0.34ab 0.37a 0.36a

C1 0.30a 0.32a 0.45a 0.35a 0.36a 0.37a 0.37a 0.36a

C2 0.36a 0.37a 0.40a 0.41a 0.42a 0.41a 0.43a 0.42a

Mg

C0 0.13b 0.13b 0.16ab 0.17a 0.18a 0.18a 0.18a 0.18a

C1 0.17b 0.18ab 0.20ab 0.19ab 0.19ab 0.20ab 0.19ab 0.21ab

C2 0.20a 0.20a 0.22a 0.22a 0.21a 0.22a 0.23a 0.22a

Cl

C0 0.51a 0.53a 0.59a 0.50a 0.62a 0.55a 0.64a 0.58a

C1 1.29ab 1.38a 1.21abc 1.16bcd 1.09cde 1.06cde 0.99de 0.93e

C2 1.45ab 1.52a 1.35bc 1.38bc 1.36bc 1.33bc 1.36bc 1.29c

Na

C0 0.17a 0.30a 0.18a 0.17a 0.21a 0.18a 0.26a 0.22a

C1 0.90ab 0.91a 0.79abc 0.76abc 0.73abc 0.71bc 0.69c 0.66c

C2 0.97ab 1.06a 0.83bc 0.84bc 0.83bc 0.78c 0.80bc 0.76c

Identical letters in each line show non-significant difference at 1% level as determined by the Duncan’s multiple 
range tests. F0 – no fertilizer treatment; N0 – control fertilizer treatment (just base fertilizer without N applica-
tion); A1, A2, A3, U1, U2, U3 are the first to third levels of ammonium nitrate and urea fertilizers, respectively
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Table 6. The effect of salinity and nitrogen treatments levels on nutrient uptake (mg/plant)

Elements Salinity
Fertilizer levels and sources

F0 N0 U1 A1 U2 A2 U3 A3

N

C0 360d 397d 597c 583c 730b 710b 893a 857a

C1 350d 413cd 487bc 477bc 590a 573a 547ab 530ab

C2 253c 297bc 407a 407a 377a 370ab 337ab 383a

K

C0 493g 520fg 623de 580ef 700bc 653cd 777a 730ab

C1 297d 343cd 407bc 407bc 500a 493a 457ab 443ab

C2 203c 237bc 307a 310a 287ab 273ab 237ab 263ab

Ca

C0 50d 58cd 73c 74c 113b 106b 135a 125ab

C1 54b 64ab 76ab 73ab 90a 89a 84ab 78ab

C2 43a 52a 66a 67a 64a 60a 57a 59a

Mg

C0 28d 30d 44c 45c 57ab 54bc 65a 61ab

C1 31c 36bc 44ab 40abc 48a 49a 42ab 44ab

C2 24b 29ab 36a 37a 32ab 32ab 31ab 31ab

Identical letters in each line show non-significant difference at 1% level as determined by the Duncan’s multiple 
range tests. F0 – no fertilizer treatment; N0 – control fertilizer treatment (just base fertilizer without N fertiliz-
ers); A1, A2, A3, U1, U2, U3 are the first to third levels of ammonium nitrate and urea fertilizers, respectively

at least before plant establishment in the soil. To 
achieve this, the salinity of soil surface should be 
controlled by using non- or low-saline irrigation 
water, as well as short irrigation intervals. In or-
der to maintain salinity at a desire value in saline 
soils, the applied water is high and it is recom-
mended to use split application of N fertilizers to 
minimize N leaching. It is also recommended to 
apply the first N fertilizer portion after emergence 
of seedlings. This practice will tend to minimize 
N leaching without influencing emergence rate 
resulting from high osmotic pressure. In this study, 
some interactive effects between soil salinities and 
various levels of N-fertilizers were observed. The 
sorghum response to nitrogen fertilizers was dif-
ferent in various salinity and fertilization levels. 
Nitrogen fertilization in saline water treatments 
increased sorghum salt tolerance by improving 
nutrients status. Results of this study indicate that 
soil salinity tend to reduce N, P, Ca and Mg uptake 
and increase Na and Cl concentrations in the 
plant tissues. Thus it decreases the dry weight of 
plant. In saline treatments, N fertilization how-
ever increased N, P and to some extent Ca and 
Mg uptakes and decreased Na and Cl concentra-
tions. Consequently, the sorghum salt tolerance 
was increased.

REFERENCES

Burger F., Čelková A. (2003): Salinity and sodicity haz-
ard in water flow processes in the soil. Plant Soil 
Environ., 49: 314–320.

Feigin A., Rylski I., Meiri A., Shalhevet J. (1987): Re-
sponse of melon and tomato plants to chloride-nitrate 
ratios in saline nutrient solution. J. Plant Nutr., 10: 
1787–1794.

Grattan S.R., Grieve C.M. (1999): Mineral nutrient acqui-
sition and response by plants grown in saline environ-
ments. In: Pessarakli M. (ed.): Handbook of Plant and 
Crop Stress. Marcel Dekker, New York: 203–229.

Greenway H., Munns R. (1980): Mechanism of salt tol-
erance in nonhalophytes. Annu. Rev. Plant Physiol., 
31: 149–190.

Gronwald J.W., Suhayda C.G., Tal M., Shannon M.C. 
(1990): Reduction in plasma membrane ATPase ac-
tivity of tomato roots by salt stress. Plant Sci., 66: 
145–153.

Homaee M., Feddes R.A., Dirksen C. (2002): A macro-
scopic water extraction model for nonuniform tran-
sient salinity and water stress. Soil Sci. Soc. Am. J., 
66: 1764–1772.

Hu Y., Oertli J.J., Schmidhalter U. (1997): Interactive 
effects of salinity and macronutrient level on wheat. 
I. Growth. J. Plant Nutr., 20: 1155–1167.



546 PLANT SOIL ENVIRON., 54, 2008 (12): 537–546

Hu Y., Schimdhalter U. (1997): Interactive effects of 
salinity and macronutrient level on wheat. II. Com-
position. J. Plant Nutr., 20: 1169–1182.

Lynch J., Lauchli A. (1984): Potassium transport in salt-
stressed barley roots. Planta, 161: 295–301.

Maas E.V., Grattan S.R. (1999): Crop yields as affect-
ed by salinity. In: Pessarakli M. (ed.): Handbook of 
Plant and Crop Stress. Marcel Dekker, New York: 
55–108.

Martinez V., Cerda A. (1989): Influence of N source on 
rate of Cl, N, Na and K uptake by cucumber seed-
ling grown in saline condition. J. Plant Nutr., 12: 
971–983.

Munns R., Termaat A. (1986): Whole-plant responses 
to salinity. Aust. J. Plant Physiol., 13: 143–160.

Okusanya O.T., Ungar I.A. (1984): The growth and 
mineral composition of three species of Spergularia 
as affected by salinity and nutrients at high salinity. 
Am. J. Bot., 71: 439–447.

Orak A., Ateş E. (2005): Resistance to salinity stress 
and available water levels at the seedling stage of the 
common vetch (Vicia sativa L.). Plant Soil Environ., 
51: 51–56.

Özer H., Polat T., Öztürk E. (2004): Response of irri-
gated sunflower (Helianthus annuus L.) hybrids to 
nitrogen fertilization: growth, yield and yield com-
ponents. Plant Soil Environ., 50: 205–211.

Rathert G. (1983): Effects of high salinity stress on 
mineral and carbohydrate metabolism of two cotton 
varieties. Plant Soil, 73: 247–256.

Soliman M.S., Shalabi H.G., Campbell W.F. (1994): 
Interaction of salinity, nitrogen and phosphorous fer-
tilization on wheat. J. Plant Nutr., 17: 1163–1173.

Supanjani, Lee K.D. (2006): Hot pepper response to 
interactive effects of salinity and boron. Plant Soil 
Environ., 52: 227–233.

Svoboda P., Haberle J. (2006): The effect of nitrogen 
fertilization on root distribution of winter wheat. 
Plant Soil Environ., 52: 308–313.

Tshivhandekano T.R., Lewis O.A.M. (1993): Differences 
in response between nitrate and ammonium-fed maize 
to salinity stress and its amelioration by potassium. 
S. Afr. J. Bot., 59: 597–601.

Wang D., Shannon M.C. (1999): Emergence seedling 
growth of soybean cultivars and maturity groups 
under salinity. Plant Soil, 214: 117–124.

Received on September 27, 2008

Corresponding author:

Mehdi Homaee, Assoc. Prof., Tarbiat Modares University, Soil Science Department, Tehran 14155-336, Iran
phone: + 982 144 196 522, e-mail: mhomaee@modares.ac.ir


