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Abstract

In this study, the effects of different salinity levels (0, “control”, 2, 4, 8, and 12 dS m-1) on seedling growth of Obez, RS 841 and 
Ferro F1 pumpkin varieties,  widely used around the world as rootstock, were investigated. Seedlings grown under saline conditions 
were investigated for plant main stem length, plant length, root length, shoot length, root fresh weight, root dry weight, shoot fresh 
weight, shoot dry weights and ion concentrations (Ca++, K+, Na+) in the leaves of pumpkin varieties. The results revealed that root 
length, shoot length, root fresh weight, root dry weight, shoot fresh weight and shoot dry weights tend to decrease when the electrical 
conductivity of the solution is increased. Results indicated that these varieties responded different to some investigated parameters under 
saline conditions.
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Introduction

Salinity stress is one of the most important abiotic 
stress factors that limits crop production in arid and semi-
arid regions. Salinity negatively affects plant growth when 
salts accumulate in the root zone. High levels of salinity 
affect seed germination and plant growth by water defi-
cit (osmotic stress), ion toxity and ion imbalance (ionic 
stress) or a combination of these factors (Läuchli and 
Grattan, 2007; McNeil et al., 1999; Reinhardt and Rost, 
1995). The osmotic effect initially reduces the ability of 
the plant to absorb water. Several minutes after the initial 
decrease in leaf growth, a gradual growth recovery takes 
place until a new steady state is reached, depending on the 
salt concentration outside the root (Munns, 2002). 

The ions effect is the result of salt accumulation in 
leaves, leading to salt toxicity in the plant, primarily in the 
older leaves (i.e. salt-specific effect). Salt toxicity may re-
sult with the death of leaves and therefore reduce the total 
photosynthetic leaf area. As a result, a reduction occure 
in the supply of photosynthate to the plant, affecting the 
overall carbon balance necessary to sustain the growth. 
Salt toxicity primarily occurs in the older leaves where Na 
and Cl build up in the transpiring leaves over a long pe-
riod of time. Leaf injury and death are probably due to the 
high salt load in the leaf that exceeds the capacity of salt 
compartmentation in the vacuoles, causing salt to build 
up in the cytoplasm to toxic levels (Munns et al., 2006; 
Munns and Termaat, 1986; Munns, 2002; Yeo and Flow-
ers, 1983). 

Salinity is an important constraint to crop production 
in the world. Because of salinity problems, researchers are 
trying to get the salt resistant vegetables to meet the need 
of mankind. One of the most effective way to overcome 
salinity problems is the introduction of salt tolerance to 
crops. Most of the literature indicates that vegetable crops 
are particularly susceptible to salinity during the seedling 
and early vegetative growth stages as compared to germi-
nation. Examples are reported in melon (Botia et al., 1998; 
Nerson and Paris, 1984), cowpea (Maas and Poss, 1989), 
lettuce (Coons et al., 1990), beans (Goertz and Coons, 
1991), zucchini squash (Graifenberg et al., 1996), pepper 
(Chartzoulakis and Klapaki, 2000), spinach (Wilson et 
al., 2000), tomato (Del Amor et al., 2001), cabbage ( Ja-
mil and Rha, 2004), and watermelon (Yetişir and Uygur, 
2009). The present study was therefore initiated to inves-
tigate the effects of different salt concentrations on plant 
growth of pumpkin rootstocks varieties.

Materials and methods

The experiments were carried out in a glasshouse, 
ventilated naturally with side and ridge openings, at Bati 
Akdeniz Agricultural Research Institute (BATEM), in 
Antalya, Turkey to evaluate the effects of different salin-
ity levels in irrigation water on growth characterisctics of 
three pumpkin rootstocks, Ferro, Obez, and RS 841. 

Seeds were sown in a mixture of peat and perlite in a 
1:1 ratio and germinated in greenhouse conditions. Seed-
lings at the 2-true-leaf stage were transplanted to 3 L pots 
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using Duncan’s multiple range test (p<0.05) (Gomez and 
Gomez, 1984).

Results and discussion

Shoot length: Shoot length of the three pumpkin root-
stocks ranged from 14.4 to 107.1 cm and the variety, con-
centration and interactions of variety-concentration was 
found to be significant at 0.1% confidence level (Tab. 1). 
While the lowest shoot lengths was recorded in Ferro x 16 
dS m-1 interaction (14.4 cm), the highest shoot length was 
obtained from Obez x control interactions (107.1 cm). 
For the three varieties studied, the shoot length was higher 
in the control group than in the other treatments. 

Root length: The impact of different salt consentra-
tions on root length of pumpkin rootstocks seedlings 
were investigated and found that the effect of variety on 
root length was not statistically significant. On the other 
hand concentration and interactions of concentration and 
variety were found to be statistically significant at 0.1% 
and 5% confidence levels, respectively (Tab. 2). While the 
longest root was obtained in control group (54.3 cm), the 
shortest root was recorded in 16 dS m-1 (30.1 cm). In other 
words, the root length decreased in accordance with in-
creasement on salt concentration. 

Root fresh weight: The effects of different salt concen-
trations on fresh root weight of pumpkin rootstocks were 
investigated and found that salt concentration and inter-
actions of variety-concentration were significant at 0.1% 
and 5% confidence levels, respectively. In the study, root 
fresh weights varied between 3.8 g (Ferro x 16 dS m-1 inter-
action) and 16.0 g (RS841 x control) (Tab. 3). 

filled with a mixture of peat and perlite in a 1:1 ratio and 
amended with 0.4 g N L–1, 0.175 g P L–1, 0.332 g K L–1, 
and 0.4 g Ca L–1. 

Seedlings were irrigated with tap water (EC: 0.54 dS 
m–1 and pH:6.5) for one week and then plants were sub-
jected to salt treatments. Plants were irrigated every 2 days 
with 5 different saline treatments which were consisted 
of tap water and NaCl. Salinity levels with different con-
centrations of 4, 8, 12, and 16 dS m-1, measured by electri-
cal conductivity, were prepared and used as salt source of 
NaCl while tap water was used as control treatment.

The experiment was formed according to split plot 
design with two factors (three different rootstock seeds, 
five different concentration levels) and ten replications. 
The main plots were rootstock varieties and the subplots 
were salinity levels. Plants were harvested and evaluated 
for their response to salinity at the end of four weeks 
which was the beginning of flowering stage in the control 
treatment. Roots and shoots of the plants were separated 
from the growth medium and plant main stem length was 
measured. After plant roots were cleaned- off growth me-
dium under running water, root and shoot fresh weight 
were measured. In order to determine the shoot and root 
dry weight, plant materials were dried for 48 h at 70°C. 
Na+, K+, and Ca2+ concentrations in the leaves were deter-
mined by ICP (Varian 720 ES) after nitric acid digestion 
(Zarcinas et al., 1987). Ca++/Na+ and K+/Na+ ratios, and 
percent reduction in dry weight, as compared to the con-
trol treatment, were also calculated. Variance analysis was 
applied for the obtained data using MSTAT-C program 
and the differences between the means were compared 

Tab. 1. The effects of different salt concentrations on shoot length of varieties (cm)

Varieties
Salt Concentrations (dS m-1)

Mean of varieties
Control 4 8 12 16

Ferro 97.1 b 56.4 d 31.7 f 24.4 fg 14.4 g 44.8 ABz

Obez 107.1 a 68.4 c 42.1 e 30.0 f 19.1 g 53.3 A
RS 841 70.7 c 42.1 e 31.4 f 23.5 fg 16.7 g 36.9 B
Mean of 

Concentrations 91.6 A 55.6 B 35.1 C 26.0 CD 16.7 D

Significance: Variety (V): ***y; Concentrations (C): ***; V × C: ***
z: Means different according to Duncan test at 5% confidence level are shown using different letters;
y: ***, significant at 0.1% confidence level

Tab. 2. The effects of different salt concentrations on root length of varieties (cm)

Varieties
Salt Concentrations (dS m-1)

Mean of varieties
Control 4 8 12 16

Ferro 54.3 a 45.6 ac 45.0 ac 43.6 bc 30.1 e 43.7
Obez 50.5 ab 48.4 ac 41.2 bd 41.3 bd 33.0 de 42.9

RS 841 49.4 ac 41.1 bd 40.1 bd 39.5 ce 32.1 de 40.4
Mean of 

Concentrations 51.4 Az 45.3 AB 42.1 AB 41.5 B 31.7 C

Significance: Variety (V): N.S. y Concentrations (C): ***; V × C: *
z: Means different according to Duncan test at 5% confidence level are shown using different letters;
y: N.S., ***, and *, non  significant, significant at 0.1%, and 5%, confidence level
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Root dry weight: It was found that as the salt concen-
tration increased, the root dry weights differed depending 
on varieties (Tab. 4). The highest root dry weights were 
obtained in control group for all the varieties studied. A 
decreasing trend was observed in accordance with salt con-
centrations as the highest root dry weight was obtained 
from RS 841 x control interaction (0.73 g) and the lowest 
root dry weight was obtained Ferro x 16 dS m-1 interaction 
(0.12 g). 

Shoot fresh weight: Experiment results revealed that 
salt concentrations and interactions of variety-concentra-
tion were significant at 0.1% and 5% confidence levels, re-
spectively (Tab. 5). While the highest shoot fresh weight 
(95.8 g) was obtained from control treatment in ‘Obez’, 
the lowest shoot fresh weight (9.0 g) was obtained from 
16 dS m-1 in ‘Ferro’. As can be seen in Tab. 5 shoot fresh 
weight decreased as salt concentration increased in all the 
varieties.

Shoot dry weight: The shoot dry weight values changed 
by increasing salt concentration (Tab. 6). The highest 

shoot dry weight was obtained from control treatment. 
On the other hand a decrease was observed on shoot dry 
weight values in accordance with increasement on salt 
concentration. The highest and shoot dry weight (8.30 
g) was obtained from control treatment in ‘Ferro’ and the 
lowest shoot dry weight (1.45 g) was obtained from 16 dS 
m-1 in ‘Ferro’.

All results obtained indicated that different growing 
characteristics were significantly affected by salinity stress. 
The first plant part interacts with salt is the roots and it is 
almost inevitable that the crops are affected by salt con-
centration. Therefore the results obtained in present study 
are in agrement with previous studies reporting increase 
on salt concentration negatively affects root and shoot 
development (Ashraf and Tufail, 1995; Dash and Panda, 
2001; Delgado and Sanchez-Raya, 2007; Munns, 2002; 
Reinhardt and Rost, 1995). The reason that the root and 
shoot length are affected negatively by salt stress is due to 
toxic effect of salts as well as inhibition of cytokinesis and 
cell expansion. Additionally, the decrease in hormones 

Tab. 3. The effects of different salt concentrations on root fresh weight of varieties (g)

Varieties
Salt Concentrations (dS m-1)

Mean of varieties
Control 4 8 12 16

Ferro 12.5 b 6.1 df 6.0 df 5.6 df 3.8 f 6.8
Obez 12.0 b 10.6 bc 7.9 de 5.7 df 5.2 ef 8.3

RS 841 16.0 a 8.4 cd 8.0 ce 7.6 de 4.0 f 8.8
Mean of 

Concentrations 13.5 Az 8.4 AB 7.3 B 6.3 BC 4.4 C

Significance: Variety (V): N.S.y; Concentrations (C): ***; VxC: *
z: Means different according to Duncan test at 5% confidence level are shown using different letters; 
y: N.S., ***, and *, non  significant, significant at 0.1%, and 5%, confidence level 

Tab. 4. The effects of different salt concentrations on root dry weight of varieties (g)

Varieties
Salt Concentrations (dS m-1)

Mean of varieties
Control 4 8 12 16

Ferro 0.62 b 0.34 eg 0.28 gı 0.21 hj 0.12 j 0.31
Obez 0.53 bc 0.49 cd 0.34 fg 0.31 fh 0.21 hj 0.37

RS 841 0.73 a 0.45 ce 0.40 df 0.29 fı 0.17 ıj 0.41
Mean of 

Concentrations 0.62 Az 0.43 B 0.34 BC 0.27 CD 0.17 D

Significance: Variety (V): N.S.y; Concentrations (C): ***; V × C: *
z: Means different according to Duncan test at 5% confidence level are shown using different letters;
y: N.S., ***, and *, non  significant, significant at 0.1%, and 5%, confidence level

Tab. 5. The effects of different salt concentrations on shoot fresh weight of varieties (g)

Varieties
Salt Concentrations (dS m-1)

Mean of varieties
Control 4 8 12 16

Ferro 89.0 a 42.6 d 28.7 ef 29.0 ef 9.0 h 39.7
Obez 95.8 a 56.5 c 37.0 df 26.0 fg 16.4 gh 46.4

RS 841 74.2 b 37.8 de 35.5 df 26.0 fg 12.3 h 37.2
Mean of 

Concentrations 86.3 Az 45.6 B 33.7 C 27.0 C 12.6 D

Significance: Variety (V): N.S.y; Concentrations (C): ***; V × C: *
z: Means different according to Duncan test at 5% confidence level are shown using different letters;
y: N.S., ***, and *, non  significant, significant at 0.1%, and 5%, confidence level
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environment can also prevent water uptake by root and 
results with short root and shoot length (Al-Karaki, 2001; 
Bohnert et al., 1995; Werner and Finkelstein, 1995).

Salinity stress had remarkable effects on other plant 
growth parameters such as plant fresh and dry weight. 

that stimulate the growth and increase in hormones that 
hinder growth can cause shorter root and shoot lengths 
(Ashraf and O’leary, 1997; Foolad, 1996; Prakash and 
Prathapasenan, 1990; Taiz and Zeiger, 1998). The increase 
in osmotic pressure around the roots as a result of saline 

Tab. 6. The effects of different salt concentrations on shoot dry weight of varieties (g)

Varieties
Salt Concentrations (dS m-1)

Mean of varieties
Control 4 8 12 16

Ferro 8.30 a 3.73 de 2.62 eh 2.61 eh 1.45 ı 3.74
Obez 7.92 a 5.11 c 3.38 df 2.56 fh 1.94 gi 4.18

RS 841 6.82 b 3.93 d 3.59 df 2.97 dg 1.50 hı 3.76
Mean of 

Concentrations 7.68 A 4.26 B 3.20 C 2.71 C 1.63 D

Significance: Variety (V): N.S.y; Concentrations (C): ***; VxC: *
z: Means different according to Duncan test at 5% confidence level are shown using different letters;
y: N.S., ***, and *, non  significant, significant at 0.1%, and 5%, confidence level

Fig. 1. The effect of NaCl salinity on Na+ concentration in the leaves of pumpkin varieties 
(significant at 0.01 level)

Fig. 2. The effect of NaCl salinity on Ca++ concentration in the leaves of pumpkin varieties 
(significant at 0.01 level)
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response to salinity as reported earlier (Shachtman and 
Munns, 1992). Sodium accumulation was significantly af-
fected by the varieties and salinity level (Fig. 1). The lowest 
Na+ concentration was observed in the leaves of ‘Ferro’ va-
riety, while the highest Na+ concentration was in the leaves 
of ‘Obez’ control treatment plants. The highest increase in 
leaf Na+ concentration was observed in ‘RS841’, whereas 
there was a little increase in ‘Ferro’ variety. It is assumed 
that sodium concentration increased in response to salt 
treatment and these results are in aggrement with previous 
studies in eggplant (Chartzoulakis and Loupassaki, 1997), 
pepper (Chartzoulakis and Klapaki, 2000), tomato (Alian 
et al., 2000), and watermelon (Yetişir and Uygur, 2009).

High foliar concentration of Na+ is capable of reducing 
CO2 assimilation because of ionic toxicity (Cachorro et 
al., 1993). Reduction in shoot fresh and dry weights in 
response to salt stress has been reported for other crops, 
such as cucumber (Van de Sanden and Veen, 1992), straw-
berry (Awang et al., 1993), eggplant (Chartzoulaki and 
Loupassaki, 1997), broadbean (De Pascale and Barbieri, 
1997), pepper (Chartzoulakis and Klapaki 2000), melon 
(Sivritepe et al., 2005), tomato (Yurtseven et al., 2005), 
watermelon (Yu-feng, 2006), and okra (Ünlükara et al., 
2008).

The results of the present study showed that NaCl treat-
ments caused an increase in Na+ concentration. Increased 
Na+ concentration in leaves is one of the primary plant 

Tab. 7. The effects of different salt concentrations on Ca++/Na+ and K+/Na+ ratios in the leaves of varieties

Varieties
Ca++/Na+

Salt Concentrations (dS m-1)
Mean of varieties

Control 4 8 12 16
Ferro 18.5 a 7.8 c 7.0 cd 6.5 ce 6.4 ce 9.2 Az

Obez 7.8 c 5.8 de 6.5 ce 5.2 de 4.9 e 6.0 B
RS 841 10.7 b 7.8 c 7.0 cd 7.0 cd 5.0 e 7.5 B
Mean of 

Concentrations 12.3 Az 7.1 B 6.8 B 6.2 B 5.4 B

Varieties
K+/Na+

Salt Concentrations (dS m-1)
Mean of varieties

Control 4 8 12 16
Ferro 5.8 a 2.1 b 2.0 b 1.9 b 1.9 b 2.7
Obez 2.3 b 1.6 b 1.6 b 1.6 b 1.4 b 1.7

RS 841 2.6 b 2.0 b 1.8 b 1.6 b 1.4 b 1.7
Mean of 

Concentrations 3.2 Az 1.9 AB 1.8 AB 1.7 AB 1.6 B

Significance: Variety (V): ***; Concentrations (C): ***’; VxC: ***
Significance: Variety (V): N.S.y; Concentrations (C): ***; VxC: ***
z: Means different according to Duncan test at 5% confidence level are shown using different letters;
y: N.S. and ***, non significant and significant at 0.1%, confidence level

Fig. 3. The effect of NaCl salinity on K+ concentration in the leaves of pumpkin varieties 
(significant at 0.01 level)
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Plant Nutr 24:511-512.

Ashraf M, O’leary JW (1997). Response of a salt-tolerant and 
a salt-sensitive line of sunflower to varying sodium/calcium 
ratios in saline sand culture. J Plant Nutr 20:361-377.

Ashraf M, Orooj A (2006). Salt stress effects on growth, ion ac-
cumulation and seed oil concentration in an arid zone tra-
ditional medicinal plant ajwain (Trachyspermum ammi [L.] 
Sprague). J Arid Environ 64(2):209-20.

Ashraf M, Tufail M (1995). Variation in salinity tolerance 
in sunflower (Helianthus annuus L.). J Agron Crop Sci 
175:351-362.

Awang YB, Atherton JG, Taylor AJ (1993). Salinity effects of 
strawberry plants grown in rockwool I. Growth and leaf wa-
ter relations. J Hortic Sci 68:783-790.

Bohnert HJ, Nelson DE, Jensen RG (1995). Adaptations to en-
vironmental stresses. Plant Cell 7:1099-1111.

Botia P, Carvajal M, Cerda A, Martinez V (1998). Response of 
eight Cucumis melo cultivars to salinity during germination 
and early vegetative growth. Agronomie 18:503-513.

Cachorro P, Ortiz A, Cerda A (1993). Growth, water relations 
and solute compositions of Phaseolus vulgaris L. under saline 
conditions. Plant Sci 95:29-32.

Chartzoulakis K, Klapaki G (2000). Response of two green-
house pepper hybrids to NaCl salinity during different 
growth stages. Sci Hortic 86:247-260

Chartzoulakis K, Loupassaki MH (1997). Effects of NaCl salin-
ity on germination, growth, gas exchange, and yield of green-
house eggplant. Agric Water Manage 32:214-225.

Coons JM, Kuehl RO, Simons NR (1990). Tolerance of ten let-
tuce cultivars to high temperature combined with NaCl dur-
ing germination. J Amer Soc Hort Sci 115:1004-1007.

Dash M, Panda SK (2001). Salt stress induced changes in growth 
and enzyme activities in germinating Phaseolus mungo seeds. 
Biologia Plantarum 44(4):587-589.

De Pascale S, Barbieri G (1997). Effects of salinity and top re-
moval on growth and yield of broadbean as a green vegeta-
ble. Sci Hortic 71:147-165.

Del Amor FM, Martinez V, Cerda A (2001). Salt tolerance of 
tomato plants as affected by stage of plant development. 
HortScience 36:1260-1263.

Delgado IC, Sanchez-Raya AJ (2007). Effects of sodium chlo-
ride and mineral nutrients on initial stages of development 
of sunflower life. Soil Sci Plant 38:2013-2027.

Foolad MR (1996). Response to selection for salt tolerance dur-
ing germination in tomato seed derived from PI174263. J 
Amer Soc Hort Sci 121:1001-1006.

Garcia-Sanchez F, Jifon J, Carvajal M, Syvertsen JP (2002). Gas 
exchange, chlorophyll and nutrient contents in relation to 
Na+ and Cl accumulation in ‘Sunburst’ mandarin grafted 
on different rootstocks. Plant Sci 162:705-712.

Ca++ concentration significantly increased in all variet-
ies. The highest Ca++ amount was measured in ‘RS841’ va-
riety, while the lowest Ca++ amount in ‘Ferro’ variety (Fig. 
2). It is known that Ca++ is important during salt stress, for 
example on inpreserving membrane integrity (Ashraf and 
Orooj, 2006; Rengel, 1992) and on signalling in osmoreg-
ulation (Mansfield et al., 1990). It was reported that the 
decrease of calcium attraction under saline conditions was 
because of the increase in Na+/Ca++ ratio, which also lim-
ited the root growth (Garcia-Sanchez et al,. 2002; Orcutt 
et al., 2000). Ca++ accumulation in plant tissues suggested 
that the higher Ca++ concentration in the plants might 
be a factor involved in conferring salt tolerance. In addi-
tion, recent studies showed that increased Ca++ concentra-
tion in melon plants challenged with salinity stress could 
ameliorate the inhibitory effects of salinity stress on plant 
growth (Kaya et al., 2003; Navarro et al., 2002).

Similarly K+ concentration also increased in accor-
dance with salt level (Fig. 3). The effect of salinity on K+ 
accumulation in the varieties was statisticly significant. 
‘Ferro’ and ‘RS841’ had the highest K+ concentration un-
der 16 dS m-1 conditions, while ‘Ferro’ had the lowest K+ 

concentration under control conditions.
Concerning the Ca++/Na+ and K+/Na+ ratios in the 

leaves of varieties, the highest Ca++/Na+ ratio was observed 
in ‘Ferro’, while the lowest was in ‘Obez’ variety under con-
trol treatment (Tab. 7). The Ca++/Na+ ratio decreased by 
increasing the salinity level in all the varieties. Reductions 
in Ca++/Na+ ratios in plants due to salinity have also been 
reported in other studies (Ashraf and Orooj, 2006; Grew-
al, 2010; Safavi and Khajehpour, 2007; Yetisir and Uygur, 
2009). The varieties also differed in terms of the K+/Na+ 
ratio. In control plants, ‘Ferro’ had the highest K+/Na+ ra-
tio, while ‘Obez’ had the lowest K+/Na+ ratio. The K+/Na+ 
ratio decreased in all varieties based on salt concentration 
as the greatest reduction in K+/Na+ ratio was in ‘Ferro’ and 
the lowest reduction was in ‘RS841’ from the control and 
4 dS m–1 salt treatment. 

Conclusions

It is a well known fact that the use of grafted seedlings 
provides tolerance to abiotic stress. In the present study 
variations were recorded in terms of salinity tolerance 
among the rootstocks variety. The most affected pump-
kin rootstock variety was ‘Ferro’ as it had a higher ratio of 
Ca++/Na+ and K+/Na+ than ‘Obez’ and ‘RS841’. Obez pro-
duced the highest plant fresh weight, dry weight and plant 
length than the others. On the other hand, while ‘Ferro’ 
produced the highest root length, in terms of accumula-
tion of Ca++ and Na+ it had the lowest values. 

References

Alian AA, Altman A, Heuer B (2000). Genotypic differences 
in salinity and water stress tolerance of fresh market tomato 



Kurum R. et al. / Not Bot Horti Agrobo, 2013, 41(1):219-225

225
Reinhardt DH, Rost TL (1995). On the correlation of the pri-

mary root growth and treachery element size and distance 
from the tip in cotton seedlings grown under salinity. Envi-
ron Exp Bot 35:575-588.

Rengel Z (1992). Disturbance of cell Ca+ homeostasis as a pri-
mary trigger of Al toxicity syndrome. Plant Cell Environ 
15:931-938.

Safavi S, Khajehpour MR (2007). Effects of salinity on Na, K 
and Ca contents of borage (Borago Officinalis L.) and echi-
um (Echium amoenum Fisch. & Mey.). RPS 2:23-27.

Shachtman DP, Munns R (1992). Sodium accumulation in 
leaves of Triticum species that differ in salt tolerance. Aust J 
Plant Physiol 9:331-340.

Sivritepe HO, Sivritepe N, Eris A, Turhan E (2005). The effects 
of NaCl pre-treatments on salt tolerance of melons grown 
under long-term salinity. Sci Hortic 106(4):568-581.

Taiz L, Zeiger E (1998). Plant physiology. 2nd Edition. Sinauer 
Associates Ins. Publisher, Sunderland, Massachusetts, USA.

Ünlükara A, Kurunç A, Kesmez G, Yurtseven D (2008). Growth 
and evapotranspiration of Okra (Abelmoschus esculentus L.) 
as influenced by salinity of irrigation water. J Irrig Drain Eng 
134(2):160-166.

Van de Sanden PACM, Veen BW (1992). Effects of air humidity 
and nutrient solution concentration on growth, water po-
tential and stomatal conductance of cucumber seedlings. Sci 
Hortic 50(3):173-186.

Werner JE, Finkelstein RR (1995). Arabidopsis mutants with 
reduced response to NaCl and osmotic stress. Physiol Plant 
93(4):659-666.

Wilson C, Lesch SM, Grieve CM (2000). Growth stage modu-
lates salinity tolerance of new Zealand spinach (Tetragonia 
tetragonioides, Pall.) and red orach (Atriplex hortensis L.) 
Ann Bot 85:501-509.

Yeo AR, Flowers TJ (1983). Varietal difference in the toxic-
ity of sodium ions in rice leaves. Physiologia Plantarum 
159(2):189-195.

Yetisir H, Uygur V (2009). Plant growth and mineral element 
content of different gourd species and watermelon under sa-
linity stress. Turk J Agric For 33:65-77.

Yu-feng W (2006). Effect of NaCl stress on seed germination of 
watermelon. J of Anhui Agric Sci 34(24)181:6497-6499.

Yurtseven E, Kesmez GD, Ünlükara A (2005). The effects of 
water salinity and potassium levels on yield, fruit quality 
and water consumption of a native central Anatolian toma-
to species (Lycopersicon esculentum). Agric Water Manage 
78:128-135.

Zarcinas BA, Cartwright B, Spouncer LR (1987). Nitric acid 
digestion and multi-element analysis of plant material by 
inductively coupled plasma spectrometry. Commun Soil Sci 
Plant Anal 18:131-146.

Goertz SH, Coons JM (1991). Tolerance of teary and navy 
beans to NaCl during germination and emergence. Hort-
Science 26:246-249.

Gomez KA, Gomez AA (1984). Statistical procedures for agri-
cultural research. 2nd Edition, John Wiley, Sons, New York.

Graifenberg A, Botrini L, Giustianiani L, Lipucci di Paola M 
(1996). Yield, growth and element content of zucchini 
squash grown under saline sodic conditions. J Hort Sci 
71:305-311.

Grewal HS (2010). Water uptake, water use efficiency, plant 
growth and ionic balance of wheat, barley, canola and chick-
pea plants on a sodic vertosol with variable subsoil NaCl sa-
linity. Agric Water Manage 97(1):148-156.

Jamil M, Rha ES (2004). The effect of salinity (NaCl) on the 
germination and seedling of sugar beet (Beta vulgaris L.) and 
cabbage (Brassica oleracea L.). Korean J Plant Res 7(3):226-
232.

Kaya MD, Ipek A, Ozturk A (2003). Effects of different soil sa-
linity levels on germination and seedling growth of safflower 
(Carthamus tinctorius L.). Turk J Agric For 27:221-227.

Läuchli A, Grattan SR (2007). Plant growth and development 
under salinity stress advances, 1-32 p. In: Jenks MA et al. 
(Eds.). Molecular Breeding Toward Drought and Salt Toler-
ant Crops.

Maas EV, Poss JA (1989). Salt sensitivity of cowpea at various 
growth stages. Irrig Sci 10:313-320.

Mansfield TA, Hetherington AM, Atkinson CJ (1990). Some 
aspects of stomatal physiology. Ann Rev Plant Physiol Plant 
Molec Biol 41:55-75.

McNeil SD, Nuccie ML, Hanson AD (1999). Betaines and re-
lated osmoprotectants. Targets for metabolic engineering of 
stress resistance. Plant Physiol 120:945-949.

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

Munns R, James RA, Läuchli A (2006). Approaches to increas-
ing the salt tolerance of wheat and other cereals. J Exp Bot 
57(5):1025-1043.

Munns R, Termaat A (1986). Whole plant responses to salinity. 
Aust J Plant Physiol 13(1):143-160.

Navarro JM, Garrido C, Carvajal M, Martinez V (2002). Yield 
and fruit quality of pepper plants under sulfate and chloride 
salinity. J Hort Sci Biotech 77:52-57.

Nerson H, Paris HS (1984). Effects of salinity on germination, 
seedling growth, and yield of melons. Irrig Sci 5:265-273.

Orcutt D, Nilsen M, Taad E (2000). The physiology of plants 
under stress, soil and biotic factors, John Wiley&Sons.

Prakash L, Prathapasenan G (1990). Interactive effect of NaCI 
salinity and gibberellic acid on shoot growth, content of ab-
scisic acid and gibberellins-like substances and yield of rice 
(Oryza sativa L. var. G.R.3). Proc Indian Acad Sci 100:173-
181.


	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	References

