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Salinity is an agricultural problem which decreases or restricts crop production worldwide. Saline water 
can be used in crop production if the yield reduction can be ameliorated. For this purpose, a 
greenhouse experiment was conducted in Rasht, North of Iran to assess the effects of water salinity 
levels at different growth stages of rice on yield and its components. Treatments included four levels of 
saline water (2, 4, 6 and 8 dS m

‒1
) and four growth stages (tillering, panicle initiation, panicle emergence 

and ripening) in a completely randomized block design. The results indicate that increased salinity 
significantly deceased grain yield, number of filled panicles, biomass and harvest index but effect of 
salinity on straw weight, 1000-grain weight, number of tillers and plant height was not significant. 
Increasing salinity decreased grain yield so that more increase in salinity showed more effect on yield 
decrease. The most grain yield, that is, 23.59 g/pot, was seen at control treatment irrigated by fresh 
water (at 1 dS m

−1
 salinity) and the least grain yield, that is, 12.59 g/pot, obtained at 8 dS m

−1
 salinity. 

Effect of different growth stages on all yield components except number of tillers was significant. 
Different growth stages showed different sensitivity to salinity. In fact, the primitive growth stages, that 
is, tillering and panicle initiation showed more sensitivity to salinity than final growth stages (panicle 
emergence and ripening). Therefore, irrigation with saline water at the early growth stages has more 
negative effect on yield and its components. 
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INTRODUCTION 
 
Salinity is an ever-present threat to crop yields, especially 
in countries where irrigation is an essential aid to 
agriculture (Flowers, 2004). In certain irrigation areas of 
northern Iran, inadequate rainfall and limited surface 
water supply have led to the use of saline groundwater 
for irrigation to sustain crop production and control the 
rising salinity in deep soils. Rice has been cultivated as a 
major crop for 11500 years, and it currently sustains 
nearly one-half of the world population. Rice is the 
principal source of food for more than one third of the 
world’s population (Wu et al., 2004; Joseph et al., 2010). 
Use of saline water for irrigation requires careful planning  

and scheduling. Considering the annual variation in 
precipitation and evaporation, if saline water is used for 
irrigation, a moderate accumulation of salt in shallow soil 
is unavoidable (Yang-Ren et al., 2007). Drought and 
salinity are major factors limiting rice production in rainfed 
ecosystems, and they are increasing in importance in 
irrigated environments as a result of water shortages and 
poor maintenance of infrastructure (Salekdeh et al., 
2002). Salt-affected soil is one of the most serious abiotic 
stress factors that reduce plant growth and development, 
therefore, leading to a decline in crop productivity, 
especially in glycophyte species (Hasegawa et al., 2000; 
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Qadir et al., 2008; Cha-um and Kirdmanee, 2010). Salini-
ty affects 19.5% of irrigated and 2.1% of dry land agricul-
ture across the globe (FAO, 2000). In saline soil, there 
are many environmental factors which interact with salt 
contamination, such as soil pH (acidic or alkaline), water 
deficit and nutrient deficiency (James et al., 2005; Moradi 
and Ismail, 2007; Amirjani, 2011). 

In the majority of plants, salt stress leads to changes in 
gene expression, leading to an increased synthesis of 
osmoprotectors and osmoregulators (Winicov, 1993; 
Teixeira and Pereira, 2007). Salinity imposes two cons-
traints on plants: the hyperosmotic effect (especially 
short-term stress) due to lower soil water potential, and 
the hyperionic effect (especially long-term stress) due to 
direct toxicity of ions over metabolism and nutrition of 
plants (Verma and Mishra, 2005; Duan et al., 2008). Salt 
stress results from a number of detrimental processes 
including a toxic action of Na

+
, the impairment of K

+
 

nutrition, a modification in the plant water status and 
secondary stresses such as oxidative stress linked to the 
production of reactive oxygen species (Zhu, 2002; 
Ndayiragije and Lutts, 2006). High concentrations of salts 
in soils impose both ionic and osmotic stresses on plants. 
The water deficit always has a negative effect, but many 
crop plants are primarily sensitive to Na

+
 excess due to 

its adverse effects on cytosolic enzyme activities, photo-
synthesis and metabolism (Niu et al., 1995; Quintero et 
al., 2008). High concentrations of Na

+
 disturb osmotic ba-

lance and results in “physiological drought”, prevention 
(Turkan and Demiral, 2009). 

Salt ion toxicity has numerous deleterious effects on 
plants such as denaturing cytosolic enzymes and 
facilitating the formation of reactive oxygen species that 
can damage membranes and proteins (Zhu, 2001; 
Munns, 2002; Maricle et al., 2007). The plant has to react 
physiologically at least to four major constraints for plant 
growth on saline substrates (Munns, 2002; Koyro, 2003; 
Rengasamy et al., 2003). Control mechanisms include: 
(a) growth rate and plant morphology, (b) resistance to 
water stress (reduction of the water potential), (c) 
regulation of CO2 and H2O-exchange by stomata and (d) 
avoidance of ion toxicity and nutrient imbalance (Koyro, 
2006). Crop salt tolerance depends on numerous factors 
including soil drainage and on the method, frequency, 
quality and quantity of irrigation, which may favor or 
remove localized salt accumulations (Eynard et al., 
2005). Reductions in growth rate occur because, in addi-
tion to toxicity by high salt concentration, the plants 
become unable to absorb enough water, because of the 
decrease in the osmotic component of soil water potential 
(Tester and Davenport, 2003). One of the key features of 
plant salt tolerance is the ability of plant cells to maintain 
optimal K

+
/Na

+
 ratio in the cytosol, when exposed to salt 

stress (Carden et al., 2003; Tester and Davenport, 2003; 
Haq et al., 2009). The earliest response of plant to 
salinity is a reduction in the rate of leaf surface expan-
sion, followed by  a cessation of  expansion as the  stress 

 
 
 
 
intensifies (Parida and Das, 2005). Rice has been 
classified as being salt-susceptible in both the vegetative 
and reproductive stages (Zeng et al., 2001; Moradi and 
Ismail, 2007), leading to a reduction in productivity of 
more than 50% when exposed to 6.65 dS m

‒1
 electrical 

conductivity (EC) of salinity (Zeng and Shannon, 2000; 
Siringam et al., 2011). 

Experimental evidence clearly indicates salinity as an 
important stressor for rice. Salt stress causes the reduc-
tion of rice yield, and sometimes-severe salt stress may 
even threaten survival (Joseph et al., 2010). Yield is a 
very complex character which comprise of many com-
ponents and these yield components are related to final 
grain yield which are also severely affected by salinity 
(Shereen et al., 2005). Differences in yield response of 
rice to soil salinity can be related to climatic variations. In 
particular, a low relative humidity of the air during the 
growing season can enhance the yield losses per unit 
increase of salt concentration because the potential yield 
is higher in the dry season, as a consequence of longer 
and more intense solar radiation in the dry season than in 
the wet season (Asch et al., 2000; Eynard et al., 2005). 
Zeng and Shannon (2000) studied the effect of salinity on 
seedling growth and yield components of rice and stated 
that harvest indices were significantly reduced by salinity 
at 3.4 dS m

‒1
 or higher. For better understanding, it is 

necessary that the salinity stress is started and stopped, 
to enable the quantification of damage and the dif-
ferences in sensitivity over the cycle, by comparisons of 
salinity levels with the same duration of stress in different 
stages of rice growing (Zeng et al., 2001). 

Symptoms of salt injury in rice are stunted growth, 
rolling of leaves, white leaf tips, white blotches in the 
laminae, drying of older leaves and poor root growth. The 
percentage of dead leaves is a good measure of salt 
injury (RRTC, 2002; El-Mouhamady et al., 2010). The 
objective of this study was to evaluate the grain yield of 
rice and its components as affected by different salinity 
levels during different growth stages. 
 
 
MATERIALS AND METHODS 

 
The experiment was carried out during 2010 growing season in 
greenhouse conditions at the Rice Research Institute, Rasht, Iran 
on the rice (Oryza sativa L.) to evaluate the effects of water salinity 
in different growth stages of rice on yield components. The 
experimental site is located at latitude 37° 12' N and longitude 49° 
38' E and 32 m altitude. This experiment included three replications 
in the form of completely randomized block design and factorial that 
combinations of four levels of irrigation water salinity: 2, 4, 6 and 8 
dS m

‒1
, and four growth stages: tillering, panicle initiation, panicle 

emergence and ripening stage. The cultivar used in this experiment 
was Hashemi. Dates of rice cultivation stages in the project were: 
date of transplanting, May 23, date of impelling salinity in tillering 
stage, June 6, date of impelling salinity in panicle initiation, June 17, 
date of impelling salinity in panicle emergence, June 27, date of 
impelling salinity in ripening stage, July 23. To conduct the 
experiment, three transplants provided in normal condition were 
cultivated in pots with diameter and deepness of 25 cm. Seven
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Table 1. Analysis of variance for yield components as affected by salinity levels at different growth stages. 
 

Sources of variation 
 Grain yield Straw weight 1000-grain 

weight 
Number of 

tillers 
Number of filled 

panicles 
Plant 

height 
Biomass 

Harvest 
index df Mean square 

Replication 2 4.16
ns

 11.88
ns

 9.80
ns

 66.06
ns

 6.23
ns

 177.25
ns

 21.00
ns

 26.46
ns

 

Growth stages (GS) 3 476.68** 272.70* 97.22** 35.24
ns

 73.81** 917.39** 678.12** 1231.98** 

Salinity levels (SL) 3 93.71** 62.16
ns

 18.94
ns

 17.08
ns

 49.62** 172.17
ns

 289.09* 220.06* 

GS × SL 9 22.56
ns

 31.67
ns

 24.30
ns

 24.4
ns

 19.56
ns

 61.89
ns

 50.95
ns

 131.30
ns

 

Error 3 15.81
ns

 66.69
ns

 12.6
ns

 21.26
ns

 9.55
 ns

 58.96
ns

 75.26
ns

 72.87
ns

 

CV% - 24.86 27.08 15.72 19.26 18.80 5.90 18.80 25.11 
 

* and ** respectively indicate significance at 5 and 1% levels; ns: nonsignificant. 
 
 
 

days after cultivation; transplants were irrigated with usual 
water in all treatments. After that, performing treatments 
started by 5 cm height flooded irrigation. When each 
growth stage was finished, leaching was conducted with 
ordinary water and then irrigation with ordinary water was 
finished. Salinities for the considered treatments provided 
through mixing pure NaCl and CaSO4 in ratio of 2:1. Basic 
water was required to provide salinities. 100 L of ordinary 
water (EC≤1 dS m

‒1
) was mixed with 425 g NaCl and 215 

g CaSO4 to provide basic water. 2 dS m
‒1

 salinity was 
obtained through adding 10 L basic water in 90 L ordinary 
water. 4 dS m

‒1
 salinity provided with 35 L basic water and 

65 L ordinary water. For 6 dS m
‒1

 salinity, 60 L basic water 
and 40 L ordinary water were mixed. Finally, to provide 8 
dS m

‒1 
salinity, 86 L basic water was mixed with 22 L 

ordinary water. 
Fertilizing was conducted during 2 stages on the May 26 

and June 24, in all pots. Fertilizer was a mixture of 6 kg 
urea (with 46% N), 8 kg potassium sulfate (with 50% K2O) 
and 6 kg triple super phosphate (with 46% P2O5) which 
was added to treatments adequately. To prevent 
accumulation of salt, there was a leaching stage with 
ordinary water on the July 21. After ripeness, some 
agronomic characters such as grain yield, straw weight, 
1000-grain weight, number of tillers, number of filled 
panicles, plant height, biomass and harvest index were 
measured based on 14% humidity. Standard analysis of 
variance techniques were used to assess the significance 
of treatment means. Each variable was subjected to 
analysis of variance (ANOVA) using

 
the Statistical Analysis 

System (SAS)
 

for each soil (SAS, 2001). Treatment 
(fraction)  means  were  separated by

 
Duncun's  multiple 

 range test. 

RESULTS AND DISCUSSION 
 
Grain yield 
 
Data of variance analysis in Table 1 showed that 
effectiveness of different levels of salinity and also 
different stages of growth on grain yield was 
significant (P<0.01). Studies indicate that rice 
yields decrease with 12% for every unit (dS/m), 
increase in ECe (average root-zone EC of 
saturated soil extract) above 3.0 dS/m (Maas and 
Grattan, 1999; Grattan et al., 2002). Grattan et al. 
(2002) estimate a yield loss of 50% with an EC of 
around 7.4 dS m

‒1
. In some cases, however, the 

salinity of soil solution from 1.9 dS m
‒1

 is already 
sufficient to significantly reduce the seedlings 
biomass and an EC of 3.4 dS m

‒1
 compromises 

their survival (Zeng and Shannon, 2000; Fraga et 
al., 2010). Crop yield reductions in salt-affected 
soils result primarily from alteration of various 
metabolic processes in plants under salt stress 
(Eynard et al., 2005). With regard to the results of 
grain yield mean comparison (Table 2), control 
treatment irrigated by fresh water (at 1 dS m

−1
 

salinity) had the most yields, that is, 23.59 g/pot. 
Increase in salinity decreased grain yield so that 
more increase in salinity showed more effect on 
yield decrease. Regarding grain yield, 2, 4, 6 and 

8 dS m
−1

 salinities were placed after control 
treatment, respectively. The least grain yield, that 
is, 12.59 g/pot, belonged to treatment at 8 dS m

−1
 

salinity. Results of yield mean comparison in 
different growth stages (Table 2) showed that the 
primitive growth stages, that is, tillering and 
panicle initiation were the most sensitive stages 
against salinity but final stages were more 
resistant. 

Rice yields are often decreased with increasing 
salinity especially when experienced in the early 
development stages (Grattan et al., 2002; Menete 
et al., 2008). In germination level, rice is resistant 
against salinity but it is very sensitive at the 
beginning of seedling and reproductive growth 
and it is less sensitive in tillering and seed filling 
stages (Lafitte et al., 2004). The least grain yield 
(9.40 g/pot) was obtained in panicle initiation and 
after that tillering stage had grain yield of 11.81 
g/pot; both stages placed in the same statistical 
class. Final growth stages, that is, panicle emer-
gence and ripeness had the least sensitivity to 
salinity with grain yields of 21.77 and 20.98 g/pot 
respectively; therefore they were placed in the 
next statistical class. The use of non-saline water 
from the panicle initiation to the physiological ma-
turity reduces salinity damage on rice yield (Fraga 
et al., 2010). Rice appears even more sensitive in 
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Table 2. Mean comparison of salinity levels at different growth stages affected on yield components of rice. 
 

Parameter 
Grain yield 

(g/pot) 
Straw weight 

(g/pot) 
1000-grain weight 

(g) 
Number of 

tillers 
Number of filled 

panicles 
Plant height 

(cm) 
Biomass 
(g/pot) 

Harvest 
index 

Salinity level 
(dS/m) 

        

2 18.71
a
 32.18

a
 21.85

a
 25.67

a
 19.08

a
 132.50

a
 50.88

a
 37.27

a
 

4 17.79
a
 32.02

a
 22.87

a
 23.75

a
 16.88

ab
 133.92

a
 49.81

a
 36.24

a
 

6 14.87
ab

 27.77
a
 24.34

a
 23.00

a
 14.42

b
 129.17

a
 42.64

a
 34.66

a
 

8 12.59
b
 28.64

a
 21.55

a
 23.33

a
 15.37

b
 125.42

a
 41.23

a
 27.77

a
 

         

Growth stage         

Tillering 11.81
b
 24.28

b
 21.32

b
c 21.50

a
 14.96

b
c 122.67

b
 36.09

b
 31.13

b
 

Panicle initiation 9.40
b
 35.48

a
 19.35c 25.42

a
 13.88c 122.75

b
 44.88

ab
 21.01c 

Panicle 
emergence 

21.77
a
 28.80

ab
 24.33

ab
 24.75

a
 19.33

a
 136.83

a
 50.57

a
 43.68

a
 

Ripening 20.98
a
 32.04

ab
 25.62

a
 24.08

a
 17.58

ab
 138.75

a
 53.02

a
 40.12

ab
 

Control 23.59 27.80 23.55 21.67 20.67 132.67 50.39 45.13 
 

The same letters are not significantly different in each column (p<0.05) by Duncan's test. 
 
 
 

the early developmental stages after germination. 
Rice is also sensitive at flowering, whereas at 
germination stage, it is considered exceptionally 
tolerant (Eynard et al., 2005). Survey in interaction 
of different levels of salinity and different growth 
stages (Figure 1) showed that the most grain yield 
(23.59 g/pot) belonged to control treatment and 
the least grain yield (3.84 g/pot) belonged to 
tillering stage at 8 dS m

−1
 salinity. Therefore, high 

salinity at the primitive growth stages had more 
effect on grain yield reduction, so that in 
comparison with control treatment, at 8 dS m

−1
 

salinity in tillering stage, we had 83.7% reduction 
in grain yield. The yield level of rainfed lowland 
rice is, on average, around 2.3 t ha

‒1
, much lower 

than that of the irrigated systems of about 4.9 t 
ha

‒1
, which is due largely to many abiotic stresses 

such as drought, submergence, salinity, etc (Ali et 
al., 2006). 

Higher salinity levels caused significant reduc- 

tion in growth parameters like leaf area, leaf 
length and root and shoot dry weight 
(Ashrafuzzaman et al., 2002; Joseph et al., 2010). 
 
 
Straw weight 
 
With regard to the conclusions of variance 
analysis (Table 1), effectiveness of different 
growth stage on weight of straw was significant 
but different levels of salinity were not significant 
(P<0.05). In most of the cereals, seed production 
is less influenced by salinity than straw pro-
duction. However, this is not true about rice, be-
cause this plant is sensitive against salinity in 
flowering and seeding stages. Reduction in shoot 
growth due to salinity is commonly expressed by a 
reduced leaf area and stunted shoots (Lauchli and 
Epstein, 1990). 

Conclusions of straw  weight mean  comparison 

with salinity treatments (Table 2) showed that 
straw weight of control treatment was 27.80 g/pot. 
Different levels of salinity did not show any 
effectiveness on decrease of straw weight in 
comparison with control treatment; even straw 
weight was more at 2 and 4 dS m

−1
 salinities. 

However, there was not any significant difference 
between different levels of salinity. The results are 
in contradiction with Momayezi et al. (2009) who 
reported that dry matter weight of rice increased 
when salinity stress was raised to 7.5 dS m

‒1
, but 

above 7.5 dS m
‒1

, there was a decrease in dry 
matter weight. Also, Karami et al. (2010) showed 
that by increasing of salinity levels, mean weight 
of shoot dry matter, grain yield of paddy and stu-
bble weight of rice decreased. A low level of Sali-
nity with electrical conductivity (EC) of 5 to 6 dS 
m

‒1
 can cause significant reduction in height, root 

growth and dry matter accumulation of susceptible 
rice lines (Ali et al., 2006). Different growth stages
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Figure 1. Effect of salinity levels at different growing stages on the grain yield. 
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Figure 2. Effect of salinity levels at different growing stages on the straw weight. 
 
 
 

showed different interactions against salinity. The least 
weight of straw (24.28 g/pot) was in tillering stage and 
most amount of it (35.48 g/pot) was in panicle initiation. 
Considering effect of salinity on straw weight, the most 
sensitive stage against salinity was tillering stage and 
after that were panicle emergence, ripeness and panicle 
initiation respectively. Therefore, considering effect of 
salinity on straw weight, reproductive stage of the plant, 
that is, panicle initiation is the most resistant stage 
against salinity but considering effect of salinity on grain 
yield, this stage is the most sensitive stage to salinity. 

There have been numerous studies characterizing crop 
response to salinity at various developmental growth 
stages. During germination and emergence, tolerance is 
based on percent survival, while during the later deve-

lopmental stages, tolerance is usually based on relative 
growth reductions (Lauchli and Grattan, 2007). Survey in 
reciprocal effect of different levels of salinity and growth 
stages (Figure 2) showed that the most straw weight 
(38.07 g/pot) was obtained in panicle initiation at 4 dS 
m

−1
 salinity and the least straw weight (23.00 g/pot) was 

obtained in tillering stage at 8 dS m
−1

 salinity. 
 
 
1000-grain weight 
 
Grain weight is an important yield component in cereal 
crops. Different growth stages showed different sensitivity 
to salinity (Table 1). Effect of different growth stages on 
1000-grain weight was significant (P<0.01) but effect of 
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Figure 3. Effect of salinity levels at different growing stages on the 1000-grain weight. 

 
 
 

different levels of salinity on 1000-grain weight was not 
significant (P<0.05). Similar results were reported by 
Mahmood et al. (2009) who studied the effect of salinity 
on rice and reported that grain weight of rice was least 
affected by salinity. Also, Karami et al. (2010) studied 
effect of salinity on rice and stated that by increasing of 
salinity levels, plant height, total number of tiller, number 
of fruitful tiller, number of full grain per cluster and kernel 
weight decreased. High influence of salinity on 1000-
grain weight has been reported by many researchers 
(Asch and Wopereis, 2001; Beatriz et al., 2001). Asch 
and Wopereis (2001) reported that salinity in reproductive 
stage decrease 1000-grain weight. Results of mean 
comparison of 1000-grain weight with salinity treatments 
(Table 2) showed that 1000-grain weight was 23.55 g in 
control treatment. Irrigation at 2, 4 and 8 dS m

−1
 salinity 

decreased 1000-grain weight in comparison with control 
treatment but there was no significant difference between 
different levels of salinity and all of them placed in the 
same statistical class. Salinity decreases yield through 
decreasing 1000-grain weight. Salinity effects on grain 
weight were actually brought about by reduced hull size, 
as evidenced by its dimensions, and therefore took place 
already before flowering (Fabre et al., 2005). Results of 
mean comparison of 1000-grain weight in different 
growthstages (Table 2) showed that most weight of 1000 
grains (25.62 g) was obtained in ripeness stage and it 
placed in class along with panicle emergence. 1000-grain 
weight was less in primitive growth stages, that is, tillering 
and panicle initiation than in final growth stages. 
Therefore, considering effect of salinity on 1000-grain 
weight, reproductive stages of the plant or primitive 
stages showed more sensitivity to salinity than final 
growth stages. After the salt-sensitive early-vegetative 
growth stage, the bulk of the research suggests that most 
crops become progressively more tolerant as the plants 

grow older (Lauchli and Epstein, 1990; Maas and 
Grattan, 1999; Lauchli and Grattan, 2007). 
Survey in reciprocal effect of different salinities and dif-
ferent growth stages (Figure 3) showed that most 1000-
grain weight (29.87 g) obtained in ripeness stage at6 dS 
m

−1
 and the least 1000-grain weight (17.86 g) obtained in 

panicle emergence at 6 dS m
−1

 salinity. 
 
 
Biomass 
 
Effect of different growth stages and also different levels 
of salinity was significant on biomass in levels of 1 and 
5%, respectively (Table 1). With regard to the results of 
comparing biomass mean in salinity treatments (Table 2), 
it was showed that applying 4, 6 and 8 dS m

−1
 salinities 

decreased biomass in comparison with control treatment; 
in comparison with control treatment, reduction of bio-
mass in these treatments was 1.1, 15.4, 18.2%, respec-
tively. Most reduction in biomass showed at 4 to 6 dS m

−1
 

salinities so that biomass reduction at 6 dS m
−1

 salinity 
was 14.4% in comparison with salinity of 4 dS m

−1
. Yield 

components related to final grain yield were also severely 
affected by salinity (Zeng and Shannon, 2000). Different 
growth stages showed different sensi-tivity to salinity. The 
least and the most biomass were 36.09 and 53.02, which 
obtained in tillering and ripeness stages, respectively. In 
fact, the primitive growth stages showed more sensitivity 
to salinity than final growth stages. The most sensitive 
stage to salinity was tillering stage and after that were 
panicle initiation, panicle emergence and ripeness, res-
pectively. Reduction in seedling growth and loss of stand 
due to salinity have been implicated as causative factors 
for yield losses in Iran rice production. The vegetative 
shoot biomass of rice, on the other hand, is often affected 
much less than reproductive growth (except for young 
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Figure 4. Effect of salinity levels at different growing stages on the biomass. 
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Figure 5. Effect of salinity levels at different growing stages on the harvest index. 
 
 
 

seedlings) (Khatun and Flowers, 1995; Munns, 2002).  
In a survey about reciprocal effect of different levels of 

salinity and growth stages (Figure 4), it was showed that 
the most biomass (59.57 g/pot) was obtained in ripeness 
stage at 2 dS m

−1
 salinity and the least biomass (26.84 

g/pot) was obtained in tillering stage at 8 dS m
−1

 salinity. 
 
 

Harvest index 
 

With regard to the results of variance analysis (Table 1), 
effects of different levels of salinity and also growth 
stages on harvest index were significant at levels of 5 
and 1%. High influence of salinity on harvest index and 
rice sensitivity to salinity of irrigating water was reported 
by many researches. Zeng and Shannon (2000) stated 
that harvest index was significantly decreased when 
salinity was at 3.40 dS m

-1
 and higher. The most harvest 

index (45.13) was shown in control treatment. Increase in 
salinity decreased harvest index so that harvest index at 
treatments of 2, 4, 6 and 8 dS m

−1
 salinity decreased 

17.4, 19.7, 23.2 and 38.5%, respectively in comparison 
with control treatment. The most reduction in harvest 
index was shown at 8 dS m

−1
. Different growth stages of 

rice had different reaction to salinity (Table 2). Harvest 
index in primitive stages of rice growth was less than final 
stages. The least harvest index (21.01) obtained in 
regeneration stage (panicle initiation) and the most 
harvest index (43.68) obtained in panicle emergence. 
Rice is reported as being salt-sensitive and displays the 
negative effects of salinity in its seedlings and 
reproductive stages (Zeng and Shannon, 2000; Zeng et 
al., 2003a; Cha-um et al., 2007). 

In a survey on reciprocal effect of different levels of 
salinity and growth stages (Figure 5), it was shown that 
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Figure 6. Effect of salinity levels at different growing stages on the plant height. 
 
 
 

the most harvest index (48.20) was obtained in panicle 
emergence at 6 dS m

−1
 salinity and the least harvest 

index (14.46) was obtained in tillering stage at 8 dS m
−1

 
salinity. 
 
 

Plant height 
 

With regard to the results of variance analysis (Table 1), 
effectiveness of different levels of salinity on plant height 
was not significant (P<0.05), but effectiveness of different 
growth stage on it was significant (P<0.01). Typical 
agronomic selection parameters for salinity tolerance are 
yield, survival, plant height, leaf area, leaf injury, relative 
growth rate and relative growth reduction (He and 
Cramer, 1992; Noble and Rogers, 1992; Franco et al., 
1993; Munns, 1993; Ashraf and Harris, 2004). Plant 
height was 132.67 cm in control treatment. Applying 2 
and 4 dS m

−1
 salinities did not have any effect on plant 

height in comparison with control treatment, but 6 and 8 
dS m

−1
 salinities decreased plant height (Table 2). 

However, there were not any significant differences 
among different levels of salinity. The results are in 
contradiction with other researchers, so that Zeng and 
Shannon (2000) showed that all yield components 
investigated, except 1000-kernel weight, were 
significantly reduced at 6.1 dS m

‒1
 and higher compared 

with the controls. None of the components was 
significantly reduced at 1.9 dS m

‒1
. Mahmood et al. 

(2009) reported that increasing salinity reduced the 
height of plant. The average height of 103.6, 91.9 and 
82.7 cm was recorded from control, 5.2 and 10.5 dS m

‒1
, 

respectively. Effect of salinity on plant height was 
different in different rice growth stages; the highest plant 
appeared in ripeness stage and the shortest one 
appeared in tillering stage (Figure 6). 

The primitive growth stages (tillering and panicle  
initiation) showed more sensitivity to salinity in compa-
rison with the final stages. Therefore, the primitive growth 
stages and also high salinity in  theses stages  shortened 

the height of the plant. 
 
 

Number of filled panicles 
 

Effect of different levels of salinity and also growth stages 
on number of filled panicles was significant (P<0.01). 
Water and soil salinity decrease with number of panicles 
per square meter (Beatriz et al., 2001). With regard to the 
results of comparing means of number of filled panicles 
(Table 2), most number of filled panicles was 20.67 in 
control treatment. Increase in salinity decreased number 
of filled panicles so that 2, 4, 6 and 8 dS m

−1
 salinity is 

placed in the next ranks after control treatment, respec-
tively. Salinity decreases yield through decreasing num-
ber of filled panicles. Different growth stages showed dif-
ferent sensitivity to salinity. Numbers of filled panicles in 
the primitive growth stages (tillering and panicle initiation) 
were less than filled panicles number in final growth 
stages (panicle emergence and ripeness). The least 
number of filled panicles, that is, 13.88, obtained in pani-
cle initiation stage, so it is placed in the same statistical 
class with tillering stage. Therefore, regeneration stage, 
that is, panicle initiation, is the most sensitive stage to 
salinity and tillering, ripeness and panicle emergence 
placed respectively after that stage. 

In a survey of reciprocal effect of different salinity levels 
and growth stages (Figure 7), it was showed that the 
least number of filled panicles (9.67) obtained in til-lering 
stage at 8 dS m

−1
 salinity and the most number of filled 

panicles (21.67) obtained in panicle emergence at 8 dS 
m

−1
 salinity. 

 
 

Number of tillers 
 
Effectiveness of different levels of salinity and also 
growth stages was not significant on number of tillers 
(P<0.05). The number of tillers per plant is an important 
yield parameter under salinity because it determines the
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Figure 7. Effect of salinity levels at different growing stages on the number of filled panicles. 
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Figure 8. Effect of salinity levels at different growing stages on the number of tillers. 
 
 
 

grain bearing panicles. Tiller number per plant depended 
on plant density, which was determined at vegetative 
stages (Wu et al., 1998; Zeng and Shannon, 2000). Zeng 
et al. (2003b) reported that salinity decreases number of 
tillers while imposing before panicle emergence. There-
fore, salinity effectiveness on yield reduction is not due to 
reduction of tiller’s decrease; increase in number of tillers 
increases yield. Yield of rice, in common with many other 
small-grain cereals is highly dependent upon the number 
of fertile tillers per plant. Generally, productive tillers 
emerge and develop early in the life cycle of the crop 
(Zeng et al., 2003a). Results of comparison in tiller’s 
numbers’ mean in salinity treatments (Table 2) showed 
that the least number of tillers (21.5) was obtained at 2 
dS m

−1
 salinity. Different levels of salinity did not show 

any reduction on number of tillers so that all placed in the 
same statistical class. In addition, salinity has the same 

effect on number of tillers in different growth stages and 
all of them placed in the same statistical class. The 
results are in contradiction with other findings, so that 
Zeng and Shannon (2000) showed that tiller number per 
plant was significantly reduced at 4.5 dS m

‒1
 and higher. 

The ratio of spikelets per panicle/tillers per plant 
decreased with the increase of salinity. Haq et al. (2009) 
stated that salinity caused a significant reduction in 
number of tillers per plant compared to control treatment 
(non saline). El-Hendawy et al. (2005) stated that tiller 
number, leaf number and leaf area of wheat at vegetative 
stage decreased with increasing salinity. With regard to 
the interaction of different levels of salinity and growth 
stages (Figure 8), the most number of tillers (30) was 
obtained in panicle initiation at 2 dS m

−1
 salinity and the 

least number of tillers (20.67) was obtained in tillering 
stage at 4 and 6 dS m

−1
 salinities. 



 

3512        Afr. J. Biotechnol. 
 
 
 
REFERENCES 
 
Ali AJ, Xu JL, Ismail AM, Fu BY, Vijaykumar CHM (2006). Hidden 

diversity for abiotic and biotic stress tolerances in the primary gene 
pool of rice revealed by a large backcross breeding program. Field 
Crop Res. 97:66-76. 

Amirjani MR (2011). Effect of salinity stress on growth, sugar content, 
pigments and enzyme activity of rice. Int. J. Bot. 7 (1): 73-81. 

Asch F, Dingkuhn M, Dorffling K, Miezan K (2000). Leaf K/Na ratio 
predicts salinity induced yield loss in irrigate rice. Euphytica 113:109-
118. 

Asch F, Wopereis MCS (2001). Responses of field-grown irrigated rice 
cultivars to varying levels of floodwater salinity in a semi-arid 
environment. Field Crop Res. 70:127-137. 

Ashraf M, Harris PJC (2004). Potential biochemical indicators of salinity 
tolerance in plants. Plant Sci. 166:3-16. 

Ashrafuzzaman M, Khan MH, Shahidullah SM (2002). Vegetative 
growth of maize  (Zea mays) as affected by a range of salinity. Crop 
Sci. 24:286-291. 

Beatriz G, Piestun N, Bernstein N (2001). Salinity-induced inhibition of 
leaf elongation in maize is not mediated by changes in cell wall. Plant 
Physiol. 125:1419-1428. 

Carden DE, Walker DJ, Flowers TJ, Miller AJ (2003). Single-cell 
measurements of the contributions of cytosolic Na

+
 and K

+
 to salt 

tolerance. Plant Physiol. 131: 676-683. 
Cha-um S, Kirdmanee C (2010). Effect of glycinebetaine on proline, 

water use, and photosynthetic efficiencies, and growth of rice 
seedlings under salt stress. Turk. J. Agric. For. 34:517-527. 

Cha-um S, Vejchasarn P, Kirdmanee C (2007). An effective defensive 
response in Thai aromatic rice varieties  (Oryza sativa L. spp. indica) 
to salinity. J. Crop Sci. Biotech. 10:257-264. 

Duan J, Li J, Guo S, Kang Y (2008). Exogenous spermidine affects 
polyamine metabolism in salinity-stressed Cucumis sativus roots and 
enhances short-term salinity tolerance. J. Plant Physiol. 165:1620-
1635. 

El-Hendawy SE, Hu Y, Yakout GM, Awad AM, Hafiz SE, Schmidhalter 
U (2005). Evaluating salt tolerance of wheat genotypes using multiple 
parameters. Europ. J. Agron. 22:243-253. 

El-Mouhamady AA, El-Demardash IS, Aboud KA (2010). Biochemical 
and molecular genetic studies on rice tolerance to salinity. J. Am. Sci. 
6 (11): 521-535. 

Eynard A, Lal R, Wiebe K (2005). Crop response in salt-affected soils. 
J. Sustain. Agric. 27 (1):5-50. 

Fabre D, Siband P, Dingkuhn M (2005). Characterizing stress effects on 
rice grain development and filling using grain weight and size 
distribution. Field Crop Res. 92:11-16. 

FAO (2000). Global network on integrated soil management for 
sustainable use of salt-affected soils.   Retrieved 31 May, 2011, from 
http.//www.fao.org/ag/AGL/agll/spush/intro.html. 

Flowers TJ (2004). Improving crop salt tolerance. J. Exp. Bot. 
55(396):307-319. 

Fraga TI, Carmona FC, Anghinoni I, Junior SAG, Marcolin E (2010). 
Flooded rice yield as affected by levels of water salinity in different 
stages of its cycle. R. Bras. Ci. Solo. 34: 175-182. 

Franco JA, Esteban C, Rodriguez C (1993). Effects of salinity on 
various growth stages of muskmelon cv. Revigal. J. Hort. Sci. 68:899-
904. 

Grattan SR, Zeng L, Shannon MC, Roberts SR (2002). Rice is more 
sensitive to salinity than previously thought. Calif. Agr. 56:189-195. 

Haq T, Akhtar J, Nawaz S, Ahmad R (2009). Morpho-physiological 
response of rice  (Oryza sativa L.) varieties to salinity stress. Pak. J. 
Bot. 41 (6):2943-2956. 

Hasegawa PM, Bressan RA, Zhu JK, Bohnert HJ (2000). Plant cellular 
and molecular responses to high salinity. Ann. Rev. Plant Physiol. 
Mol. Biol. 51:463-499. 

He T, Cramer GR (1992). Growth and mineral nutrition of six rapid-
cycling Brassica species in response to seawater salinity. Plant Soil 
139:285-294. 

James JJ, Tiller RL, Richards JH (2005). Multiple resources limit plant 
growth and function in a saline-alkaline desert community. J. Ecol. 
93:113-126. 

Joseph  B,  Jini  D,  Sujatha  S  (2010).  Biological  and  physiological 

 
 
 
 

perspectives of specificity in abiotic salt stress response from various 
rice plants. Asian J. Agric. Sci. 2(3):99-105. 

Karami A, Homaee M, Basirat S (2010). Quantitative and qualitative 
responses of rice genotypes  (Oryza Sativa) to salinity levels of 
drained water. Paper presented at the 19th World Congress of Soil 
Science.  

Khatun S, Flowers TJ (1995). Effects of salinity on seed set in rice. 
Plant Cell Environ. 18:61-67. 

Koyro HW (2003). Study of potential cash crop halophytes in a quick 
check system task. Veg. Sci. 38:5-17. 

Koyro HW (2006). Effect of salinity on growth, photosynthesis, water 
relations and solute composition of the potential cash crop halophyte 
Plantago coronopus  (L.). Environ. Exp. Bot. 56: 136-146. 

Lafitte H, Ismail RA, Bennett J (2004). Abiotic stress tolerance in rice for 
asia progress and the future. Metro Manila,Philippines. International 
Rice Research Institute, DAPO 7777. 

Lauchli A, Epstein E (1990). Plant responses to saline and sodic 
conditions. In: Tanji KK  (ed) Agricultural Salinity Assessment and 
Management. ASCE Manuals and Reports No. 71, ASCE, New York, 
USA. pp. 1130-1137. 

Lauchli A, Grattan SR (2007). Plant growth and development under 
salinity stress. In: Jenks MA, Hasegawa PM, Jain  SM (eds) 
Advances in Molecular Breeding Toward Drought and Salt Tolerant 
Crops, Springer, Dordrecht, The Netherlands. pp. 1-32. 

Maas EV, Grattan SR (1999). Crop yields as affected by salinity. In: 
Skaggs RW, van Schilfgaarde J  (eds) Agricultural Drainage, Agron 
Monogr 38, ASA, CSSA, SSA, Madison, WI. pp. 55-108. 

Mahmood M, Latif T, Khan MA (2009). Effect of salinity on growth, yield 
and yield components in basmati rice germplasm. Pak. J. Bot. 
41(6):3033-3045. 

Maricle BR, Cobos DR, Campbell CS (2007). Biophysical and 
morphological leaf adaptations to drought and salinity in salt marsh 
grasses. Environ. Exp. Bot. 60:458-467. 

Menete MZL, van Es HM, Brito RML, DeGloria SD, Famba S (2008). 
Evaluation of system of rice intensification  (SRI) component 
practices and their synergies on salt-affected soils. Field Crop Res. 
109:34-44. 

Momayezi MR, Zaharah AR, Hanafi MM, Mohd Razi I (2009). 
Agronomic characteristics and proline accumulation of Iranian rice 
genotypes at early seedling stage under sodium salts stress. Malays. 
J. Soil Sci. 13:59-75. 

Moradi F, Ismail AM (2007). Responses of photosynthesis, chlorophyll 
fluorescence and ROS-scavenging systems to salt stress during 
seedling and reproductive stages in rice. Ann. Bot. 99:1161-1173. 

Munns R (1993). Physiological processes limiting plant-growth in saline 
soils - some dogmas and hypotheses. Plant Cell Environ. 16:15-24. 

Munns R (2002). Comparative physiology of salt and water stress. Plant 
Cell Environ. 25:239-250. 

Ndayiragije A, Lutts S (2006). Do exogenous polyamines have an 
impact on the response of a salt-sensitive rice cultivar to NaCl? J. 
Plant Physiol. 163:506-516. 

Niu X, Bressan RA, Hasegawa PM, Pardo JM (1995). Ion homeostasis 
in NaCl stress environments. Plant Physiol. 109: 735-742. 

Noble CL, Rogers ME (1992). Arguments for the use of physiological 
criteria for improving the salt tolerance in crops. Plant Soil 146:99-
107. 

Parida AK, Das AB (2005). Salt tolerance and salinity effects on plants. 
A review. Ecotoxicol. Environ. Safe. 60: 324-349. 

Qadir M, Tubeileh A, Akhtar J, Larbi A, Minhas PS, Khan MA (2008). 
Productivity enhancement of salt-affected environments through crop 
diversification. Land Degrad. Dev. 19:429-453. 

Quintero JM, Fournier JM, Benlloch M, Rodriguez-Navarro A (2008). 
Na

+
 accumulation in root symplast of sunflower plants exposed to 

moderate salinity is transpiration-dependent. J. Plant Physiol. 
165:1248-1254. 

Rengasamy P, Chittleborough D, Helyar K (2003). Root-zone salinity 
and plant-based solutions for dryland salinity. Plant Soil 257:249-260. 

RRTC (2002). Rice research and Training Center. Sakha, Kafrelsheikh, 
Egypt. 

Salekdeh GH, Siopongco J, Wade LJ, Ghareryazie B, Bennett J (2002). 
A proteomic approach to analyzing drought and salt-responsiveness 
in rice. Field Crop Res. 76: 199-219. 



 

 
 
 
 
SAS (2001). SAS user's guide of release version 8.2. Cary, NC. SAS 

Inst. 
Shereen A, Mumtaz S, Raza S, Khan MA, Solangi S (2005). Salinity 

effects on seedling growth and yield components of different inbred 
rice line. Pak. J. Bot. 37(1):131-139. 

Siringam K, Juntawong N, Cha-um S, Kirdmanee C (2011). Salt stress 
induced ion accumulation, ion homeostasis, membrane injury and 
sugar contents in salt-sensitive rice  (Oryza sativa L. spp. indica) 
roots under isoosmotic conditions. Afr. J. Biotech. 10 (8):1340-1346. 

Teixeira J, Pereira S (2007). High salinity and drought act on an organ-
dependent manner on potato glutamine synthetase expression and 
accumulation. Environ. Exp. Bot. 60:121-126. 

Tester M, Davenport R (2003). Na
+
 tolerance and Na

+
 transport in 

higher plants. Ann. Bot. 91:503-527. 
Turkan I, Demiral T (2009). Recent developments in understanding 

salinity tolerance. Environ. Exp. Bot. 67:2-9. 
Verma S, Mishra SN (2005). Putrescine alleviation of growth in salt 

stressed Brassica juncea by inducing antioxidative defense system. 
J. Plant Physiol. 162:669-677. 

Winicov I (1993). Enhanced gene expression in salt tolerance of alfalfa 
cell lines and regenerated plants. In: Verma  DPS (ed) Enhanced 
gene expression in salt tolerance of alfalfa cell lines and regenerated 
plants. CRC Press, New York. pp. 301-310. 

Wu CJ, Cheng ZQ, Huang XQ, Yin SH, Cao KM, Sun CR (2004). 
Genetic diversity among and within populations of Oryza granulate 
from Yunnan of China revealed by RAPD and ISSR markers. 
implications for conservation of the endangered species. Plant Sci. 
167:35-42. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Aref         3513 
 
 
 
Wu G, Wilson LT, McClung AM (1998). Contribution of rice tillers to dry 

matter accumulation and yield. Agron. J. 90:317-323. 
Yang-Ren W, Shao-Zhong K, Fu-Sheng L, Lu Z, Jian-Hua Z (2007). 

Saline water irrigation scheduling through a crop-water-salinity 
production function and a soil-water-salinity dynamic model. 
Pedosphere 17 (3):303-317. 

Zeng L, Lesch SM, Grieve CM (2003a). Rice growth and yield respond 
to changes in water depth and salinity stress. Agr. Water Manage. 
9:67-75. 

Zeng L, Poss JA, Wilson C, Draz AE, Gregorio GB, Grieve CM (2003b). 
Evaluation of salt tolerance in rice genotypes by physiological 
characters. Euphytica 129:281-292. 

Zeng L, Shannon MC (2000). Salinity effects on seedling growth and 
yield components of rice. Crop Sci. 40:996-1003. 

Zeng L, Shannon MC, Lesch SM (2001). Timing of salinity stress effects 
rice growth and yield components. Agric. Water Manage. 48:191-206. 

Zhu JK (2001). Plant salt tolerance. Trends Plant Sci. 6: 66-71. 
Zhu JK (2002). Salt and drought stress signal transduction in plants. 

Annu. Rev. Plant Biol. 53:247-273. 
 
 
 


