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In order to determine the predictive screening parameters that can be applied at early development
stages of tomato plants, 18 tomato cultivars were grown in nutrient solution with 12 dS m™ NaCl. The
research was conducted in a completely randomized design with tree replications. The relationships
among the salinity and root, stem, leaf accumulation, K*/Na* and Ca**/Na* ratios and root-stem-leaf dry
weights were investigated. At the end of treatment, regarding studied parameters morphologic and
physiologic changes were determined depending on increasing NaCl concentrations. With increasing
concentrations, it was determined that all growth parameters were decreased. However, this decrease
in salt tolerant cultivars was restricted as compared to salt sensitive cultivars. It was also determlned
that by increasing NaCl applications, the amount of Na* was increased and, the amount of Ca** and K*
ions were decreased in salt tolerant cultivars same with growth parameters. Thus, it was concluded
that, more K* or Ca** absorbing plant with high K*/Na* and Ca**/Na* ratlons were more salt tolerant. At
end of the study, it was determined that dry weights and K/Na*- Ca®/Na* ratios were very effective on
the salt tolerance. Considering the cultivars, H-2710 was characterized as more salt tolerant under

saline conditions.
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INTRODUCTION

High concentrations of salt in soils account for large
decreases in the yield of a wide variety of crops all over
the world (Tester and Davenport, 2003). The amount of
land affected by secondary salinity (salinity caused by
human activity) is steadily increasing. Recent estimates
prove that over 70 million ha of agricultural land is
affected: 20% of irrigated land, and about 2% of dry land
(FAO, 2005). Currently, a third of all irrigated lands in the
world are affected to a greater or lesser degree by
salinity, and the salinity problem continues to increase
(Munns, 2005). Tomato is one of the most important
horticultural crops in the world, and tomato plant growth
was shown to be moderately sensitive or moderately
tolerant to salinity depending on cultivar or growth stage
(Santa-Cruz et al., 2002; Fernandez-Garcia et al., 2004
and Estan et al., 2005).
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Salt stress affects many aspects of plant metabolism
and as a result, growth and yields are reduced. Excess
salt in the soil solution may adversely affect plant growth
either through osmotic inhibition of water uptake by roots
or specific ion effects. Salinity impacts plants in two main
ways: osmotic stress and ion toxicity (Munns, 2005).
Osmotic stress is caused by ions (mainly Na* and CI) in
the soil solution decreasing the availability of water to
roots. lon toxicity occurs when plant roots take up Na*
and/or CI' ions and these ions are accumulated to
detrimental levels in leaves. lon imbalances and nutrient
deficiency, particularly for K* nutrition, can also occur
(Tejera et al., 2006).

Salinity stress results in a clear stunting of plant growth,
which results in a considerable decrease in fresh and dry
weights of leaves, stems and roots. Increasing salinity is
also accompanied by significant reductions in shoot
weight, plant height and root length (Parida and Das,
2005; Hajer et al., 2006). Exposure of plants to salt stress
usually begins in the roots. This leads to changes in
growth, morphology and physiology of the root that will in



turn change water and ion uptake and the production of
signals that sends information to shoot. The whole plant
is then affected when roots are growing in a salty
medium. Tomato cultivars varied significantly in their
response to different salinity levels. Increasing NaCl
concentrations in nutrient solution adversely affect tomato
shoots and roots, plant height, K* concentration, and
K*/Na* ratio (Al-Karaki, 2000). Yield reductions induced
by salinity may be due to both the osmotic stress that
results from relatively high solute concentrations in the
root growing medium, and specific toxicity due to the
accumulation of high concentrations of Na and Cl in the
plant, which provokes a wide variety of physiological and
biochemical alterations that inhibit plant growth and
production (Maggio et al., 2004; Munns, 2005).

Salinity was shown to increase the uptake of Na or
decrease the uptake of Ca and K (Neel et al., 2002). In
general, Ca®* and K' concentrations decrease with
salinisation but not in all genotypes; in Edkawy, concen-
trations remain unchanged and in L. pennelli they
increase slightly (Bolarin et al., 1995). Maintenance or
increase of Ca®* concentration could induce maintenance
of K since the presence of Ca® seems to be necessary
for K-Na selectivity and for the maintenance of an
appropriate K* concentration in plant cells. Low values of
K*/Na* and Ca®*/Na* ratios in roots appear as better
indicators of salt stress than the Na concentration alone
(Rengel, 1992; Rubio et al., 2003). Ability of plant
genotypes to maintain higher levels of K" and Ca** and
low levels of Na* within tissue is one of the key mecha-
nisms contributing to expression of high salt tolerance. In
most cases, salt tolerant genotypes are capable of
maintaining higher K*/Na® ratios in tissues (Mansour,
2003; Zeng et al., 2003). Genotypes for high tolerance to
salt stress the K*/Na* and Ca**/Na" ratios and tissue Na*
concentrations are, therefore, wisely used parameters for
different crop species (Ashraf and Harris, 2004; Santa-
Cruz et al., 2002; Munns and James, 2003).

For the use of practical genetic variation in breeding
programs, large number of genotypes should be
considered in screening tolerance to NaCl. In this study,
18 tomato genotypes have been screened for NaCl
tolerance based on Ca®/Na’ and K'/Na’. The results
implicate that H-2710 was the most tolerant genotype
due to the high level of K*/Na* and Ca**/Na* concentra-
tions in root,-stem,-and leafs by-12 dS m™.

MATERIALS AND METHODS

As plant material, 18 tomato (Lycopersicon esculentum) cultivars,
as listed in Table 1, were used. The investigations were conducted
under greenhouse conditions at the Department of Horticulture and
Soil Sciences at Uludag University. Seeds were initially germinated
in organic enriched peat with a vermiculite cover to facilitate
aerations, in open plastic trays. The average glasshouse tempera-
tures were 15 and 25°C at night and day, respectively, whereas the
relative humidity was maintained at 70%. 35 days after emergence,
old seedlings (3-4 true leaves) were transplanted into a 14 cm
plastic pots filled with peat:perlite (1:1 on volume basis) homoge-
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nous mixture. The transplanted plants were transferred to the
glasshouse. Seedlings of the tomato were grown in peat/perlite
medium for 40 days. When the plants had developed 4-5 true
leaves, applications of Hoagland solution containing 0 (control) and
12 dS m " NaCl were started via drip irrigation. The composition of
the nutrient solution was as follows: in g 1000 I-1; 38.32 mono-
ammonium phosphate (MAP), 202.00 potassium nitrate (KNOs3),
393.24 calcium nitrate [Ca(NOs)2.4H20], 164.00 magnesium
sulphate (MgS0..7H20), 11.65 iron chelate (Fe-EDTA), 0.95 boric
acid (H3BOs), 0.11 zinc sulphate (ZnS04.7H20), 0.0095 ammonium
molybdate [(NH4)s Mo07024.4H20], 0.77 manganese sulphate
(MnS0O4.H20), and 0.04 copper sulphate (CuS04.5H;0). Plants
were irrigated with their respective solution 1-2 times per day. It was
attempted to keep the quantity of drainage water at 30% of the
amount of nutrient solution applied. The electrical conductivity in the
medium was 2.0 + 0.3 (control), 12 + 0.6 dS m™, respectively. The
salt level was gradually increased over 1 week to avoid osmotic
shock.

Plants were grown in a controlled greenhouse with day and night
average temperature of 28.7°C, average relative humidity of 70%,
and average photoperiod of 16 h. The experiment was set up using
a randomized block design and replicated 3 times. There was 1
plant in each pot (1 1), with 4 pots in each replicate. Experiments
were conducted for two consecutive spring seasons (2003 and
2004).

At the end of the experiments, plants were separated into leaf,
stem and root parts. The parts first washed with tap water to
remove growing media and nutrient solutions, and then dried at
70°C for 48 h. Finally dry weights were measured. Total Ca**, K*
and Na® concentrations were also measured on nitric-perchloric
acid digests of root, stem, and leaf tissue by Eppendorf Elex model
Fleymfotometry. Ca?/Na* and K*/Na* ratios were calculated for
plants growing under controlled and 12 dS m” NaCl applied
environments.

Data were analyzed using MSTAT-C (version 2.1, Michigan State
University, 1991) and Minitab 14.0 software. Analysis of variance
(ANOVA) was conducted and significance of differences among
treatment was tested using the least significant difference (LSD).
Differences were declared significant at P<0.05 probability levels by
the F test. The F-protected LSD calculated at 0.05 probability levels
according to Steel and Torrie (1980).

RESULTS
Growth response

Analysis of variance revealed significant differences
among dry weights of different tomato cultivars. Dry
weight was strongly affected by salinity treatments.
Increased salt concentration significantly reduced dry
weights of root, stem and leaf in all tomato cultivars at 12
dSm™. Compared to the control treatment, the decrease
in dry weight (g) varied from 66 to 88% in root, 72 to 89%
in stem, and 61 to 92% in leaf. On average, root, stem
and leaf dry matter production of H-2710 was least
affected by NaCl treatment than others cultivars. The
decrease in dry matter production was 66, 72 and 61% in
root, stem and leaf, respectively. On the other hand,
Falcon, Alta and Primopack, SUN-6200 was most affec-
ted by 12 dS m™ NaCl. The reduction in root dry weight
was 88% in Falcon, reductions in stem dry weight were
89% in Alta and Primopack. As for the leaf dry weight,
reduction was 90 and 92% in Primopack and Sun-6200.
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Table 1. Root, stem, leaf dry weight in tomato cultivars under saline condition (average of 2003 and 2004 years).

Root dry weight (g) Stem dry weight (g) Leaf dry weight (g)
Cultivar Control NaCl Reduction Control NaCl Reduction Control NaCl Reduction

(12dSm™) (%) (12dSm™) (%) (12dSm™) (%)
Star 438c-f| 0.57eg 87 ab 259d-f| 0.49 af 81 cd 10.18b | 2.60 ab 74 ef
Falcon 482a-d| 0.58e-g 88 a 3.59¢ 0.54 a-e 85 a-c 799cd | 1.22c-e 84 bc
Shaste 543 a 1.03 be 77 cd 242e-h| 0.57 ad 76 de 8.11cd | 252ab 69 f
H-2274 4.67b-e| 0.81c-e 75d 2.02h 0.52 b-f 75e 7.30de | 1.89a-c 74 ef
Challenger 3.75fh | 0.65d-g 83 a-c 2.84de | 0.39eg 87 ab 6.58 e 0.86 c-e 87 ab
Menemen 2.63] 0.67 d-g 75d 2.32f-h 0.37 fg 84 a-c 8.26cd | 1.69b-e 79 c-e
Alta 4.62b-e| 0.68d-g 85 ab 4.04ab | 0.43c-g 89a 9.73b 1.66 b-e 83 b-d
Rio Grande 3.25h- | 0.87bd 81 ad 279de | 0.39e-g 85ac |744c-e| 1.50b-e 79 c-e
XPH 4.09e-g| 0.81c-e 80b-d ([3.93a-c| 0.48b-f 88 a-c 9.68b 1.53 b-e 84 bc
uG-812 3.111j 0449 86 ab 420 a 0.70 a 83 bc 10.58b | 1.82a-d 83 b-d
H-2710 491 a-c 1.70 a 66 e 212gh | 0.58 a-c 72 e 7.35de 283 a 619
Red Gold 4.39c-e 1.11b 80 b-d 2.78de | 0.43cg 85 a-c 9.74 b 1.95 a-c 80 cd
Design 497 a-c| 0.85b-d 83 a-c 426 a 0.54 a-e 87 ab 6.67 e 1.13 c-e 83 b-d
H-9885 5.12ab | 0.95b-c 81 a-d 3.69bc | 0.64ab 83 bc 7.68cd | 1.38c-e 82 b-d
AG-2219 4.21d-f| 0.80c-f 81 a-d 2.90d 0.41 d-g 86 a-c 11.64a| 257ab 78 de
SC2121 3.23 h-j 0.54 fg 83a-c |252d-g| 0.57ad 77 de 8.4c 1.59 b-e 81 cd
SUN 6200 3.08 ij 0.53¢g 83 a-c 2.72 d-f 0.30 g 88 ab 7.93 cd 0.66 e 92 a
Primopack 3.53¢g-1| 0.63d-g 82 a-d 3.71bc | 0.41dg 89 a 7.84cd | 0.78de 90 a
LSD (%5) 0.64 0.26 7.34 0.42 0.17 5.81 0.97 1.11 5.01

Values with the same letter are not significantly different.

H-2710 root, stem and leaf dry weights were 1.70, 0.58
and 2.83, respectively. Falcon root dry weight was 0.58,
Alta and Primopack stem dry weights were 0.43 and
0.41. Finally, Primopack and SUN-6200 leaf dry weights
were 0.78 and 0.66 (Table 1).

Physiological response

Root, stem and leaf K*/Na* and Ca®**/Na* ratios of 18
cultivars grown in Salt stress at 12 dS m™ against the
control treatment are given at Tables 2 and 3. The
cultivars showed large variation in tolerance to 12 dS m™
NaCl treatment based on root, stem, leaf, K/Na* and
Ca®*/Na* ratios and reductions (%) compared to the
control treatment. Among the 18 cultivars screened, H-
2710 was found to be the most salt tolerant cultivar
followed by H-2274 and Shaste. All these cultivars were
less affected by salt treatment. The cultivar XPH, UG-
812, H-9885, SUN 6200, Primopack were the most
sensitive cultivars to salinity, followed by Challenger,
Menemen, Alta, Red Gold, Rio Grande. The remaining
cultivars were placed in medium salt tolerant cultivars.
There was large variation in root K*/Na* and Ca**/Na*
ratios among 18 cultivars under 12 dS m' NaCl
treatment. Root KNa* and Ca®*/Na* ratios of the tolerant
cultivars was less affected by NaCl treatment than the
sensitive cultivars. For instance, tolerant H-2274, H-2710

and Shaste K*/Na*, Ca*/Na" ratios were reduced by 86-
91, 88-88 and 89-89%, respectively. Within sensitive
cultivars, the reduction in root K/Na was 97% in
Challenger. The measured reduction in root Ca*/Na*
ratios was 98% for both Menemen and Alta. The sensi-
tive and tolerant cultivars were similar in root Ca* and K*
concentrations at NaCl treatment as a consequence of
greater increase in Na® and decreases in K*-Ca®*
concentration by NaCl treatment. Sensitive cultivars
exhibited much smaller K*/Na* and Ca*/Na* ratios
compared to the tolerant cultivars. The most tolerant
cultivars H-2274, H-2710 and Shaste had K'/Na® -
Ca®'/Na* ratios 0.52 - 0.71, 0.80 - 0.88 and 0.64 - 0.71,
respectively. However, among sensitive cultivars Challen-
ger had a K*/Na* ratio of 0.25, Menemen and Alta had
Ca2'/Na" ratios of 0.29 and 0.24, respectively (Tables 2
and 3).

Decreases in stem K*/Na* and Ca*/Na* ratios caused
by salt stress were similar to the decreases in root K*/Na*
and Ca®/Na* ratios. One of the tolerant cultivars H-2710
stem K*/Na® and Ca®/Na’ ratios were reduced by 85
and 87%, respectively, while in sensitive cultivars the
reductions in stem K'/Na" (in XPH, UG-812) and
Ca®*/Na* (in Red Gold and H-9885) ratio were 97%. The
most tolerant cultivar H-2710 had K*/Na* - Ca**/Na* ratios
of 0.94 and 0.92, respectively. K‘/Na* and Ca**/Na" ratios
were significantly reduced in sensitive cultivars, and
cultivars XPH, UG-812, Red Gold, H-9885 had K*/Na*
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Table 2. Root, stem, leaf K*/Na* ratios of the cultivars grown saline condition (average of 2003 and 2004 years).
Root K*/Na* Stem K*/Na* Leaf K*/Na*
Cultivar NaCl Reduction NaCl Reduction NaCl Reduction
Control (12 dS m™) (%) Control (12 dS m™) (%) Control (12 ds m") (%)

Star 5.38 de 0.48 ¢ 90 ef 8.47 a 0.55d 94 b-d 6.56 a-c 0.85d 87b
Falcon 3.14 gh 0.25e 92 de 5.57 f-h 0.38 e-g 93 cd 5.47 g 0.38 f-i 93 a
Shaste 6.00 b-d 0.64b 89 fg 6.69 b-d 0.95a 86 f 6.25 a-e 1.19b 80 de
H-2274 3.64 f-h 0.52¢ 86 h 711b 0.84b 89e 7.01a 1.24 ab 82 cd
Challenger 7.24 a 0.25e 97 a 7.31b 0.33 f-h 96 ab 7.00 ab 0.50e 93 a
Menemen 3.40gh | 0.19e-h 95 a-c 7.21b 0.40 ef 95 a-c 5.84cf| 0.44eg 93 a
Alta 3.74f-h | 0.23e-g 94 b-d 6.05 d-f 0.28 h-j 95 a-c 5.39fg | 0.44e-g 92 a
Rio Grande | 4.70 ef 0.24 ef 95 a-c 6.80 bc 0.32 gh 96 ab 6.74ab | 0.32 hj 95 a
XPH 2.92h 0.16 g-i 94 b-d 5.72 e-g 0.22 ij 97 a 5.30 fg 0.26 95a
UG-812 412 fg 0.16 g-i 96 ab 5.66 fg 0.22 ij 97 a 4.88¢ 0.34 g-j 94 a
H-2710 6.79 ab 0.80 a 88 gh 6.33 c-e 0.94 a 85f 6.24 b-e 1.35a 78 e
Red Gold 5.90b-d| 0.22e-g 96 ab 5.01h 0.29 hi 95 a-c 4729 0.40 e-h 92 a
Design 5.66c-e| 0.22eg 96 ab 5.97 ef 0.45e 92d 6.43a-d| 0.40e-h 94 a
H-9885 2.99h 0.17 f-i 95 a-c 5.62 f-h 0.22 ij 96 ab 5.24 fg 0.27 ij 95a
AG-2219 5.78 b-e 0.40d 93 c-e 6.74 bc 0.33 f-h 96 ab 5.66 ef 0.48 ef 92 a
SC2121 6.59 a-c 0.33d 95 a-c 6.06 d-f 0.70c 89e 6.76 ab 0.99¢c 85 bc
SUN 6200 2.68h 0.11i 96 ab 5.86 e-g 0.21] 96 ab 5.70 d-f 0.28 ij 95 a
Primopack 2.99h 0.12 hi 96 ab 5.29 gh 0.21] 96 ab 5.141g 0.26j 95 a
LSD (%5) 1.13 0.07 2.31 0.64 0.08 2.33 0.77 0.12 3.13

Values with the same letter are not significantly different.

and Ca®*/Na‘ ratios of 0.22 - 0.23, 0.22 - 0.28, 0.29 -
0.23, 0.22 - 0.22, respectively (Tables 2 and 3).

In leaf, the K*/Na* and Ca®/Na’ ratios were signifi-
cantly influenced by salinity treatment. Increasing salinity
level decreased the ratios of K*/Na* and Ca®‘/Na*, and
there were considerable differences between salinity
treatment and treatment under no salinity. For example,
H-2710 leaf K*/Na* and Ca®"/Na* ratios were reduced by
78 and 84%, respectively. On the other hand, Rio
Grande, XPH, H-9885, Sun-6200, Primopack leaf K*/Na*
ratios reduced up to 95% under no salinity, and the
reduction was up to 96% in Primopack and Sun-6200
leaf Ca®*/Na* ratio (Tables 2 and 3).

Maximum K*/Na® and Ca®/Na* ratios were observed
with the tolerant cultivar H-2710 at 12 dS m™ NaCl
treatment (K*/Na* = 1.35, Ca®*/Na* = 1.19). Leaf K*/Na*
and Ca®*/Na* ratios at 12 dS m™ for sensitive cultivars
Rio Grande, XPH, H-9885, Sun-6200, and Primopack
were: 0.32, 0.26, 0.27, 0.28, 0.26 and 0.73, 0.32, 0.34,
0.42, 0.32, respectively.

DISCUSSION

In tomato plants subjected to salinity, Na* and Ca*?, K
accumulation in root, stem, leaf are determined by geno-
type. Plants growing under saline conditions accumulate
more Na, resulting in ionic imbalance (specific ion defi-
ciency symptoms in plants). Decreased K* and Ca®*

uptake apparently depresses growth at higher Na*
concentrations (Cuartero and Fernandez-Munoz, 1999;
Sairam et al., 2002). The K" deficiency of salinized plants
was inversely correlated to the increased accumulation of
Na*, indicating the existence of competition effects
between Na* and K* ions which most likely share the
same transport system at the root surface (Rus et al.,
2001). The reduced calcium uptake in response to salt
stress has been reported for tomato and other species
and it has been associated to a decreased transpiration
rate rather than competition effects with Na®. Within
certain limits, additional Ca®* may ameliorate plant res-
ponse to salinity (Maggio et al., 2006). When absorbed
and accumulated at large amount in plant, Na* becomes
highly toxic at different physiological levels. Physiological
impairments caused by Na™ toxicity include disruption of
K" and Ca®* nutrition, development of water stress and
induction of oxidative cell damage (Aktas et al., 2006).
The control of Na accumulations and high K*/Na* ratios
may enhance salt tolerance and the K'/Na" ratio has
been used as a nutritional indicator by a number of
authors to select salt tolerant in tomato crops (Asch et al.,
2000; Al-Karaki, 2000; Dasgan et al., 2002; Juan et al.,
2005). Santa-Cruz et al. (2002) have observed that the
K*/Na" ratio in leaves of tomato plants submitted to salt
stress is a better overall indicator of the ability of the plant
to select and use K" under Na* salinisation, the extent
that the maintenance of highest K*/Na* ratio is important
for tomato salt tolerance. In the present study, the result
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Table 3. Root, stem, leaf Ca*?/Na* ratios of the cultivars grown saline condition (average of 2003 and 2004 years).

Root K*/Na* Stem K*/Na* Leaf K*/Na*
Cultivar NaCl Reduction NaCl Reduction NaCl Reduction

Control (12 dS m™) (%) Control (12 dS m™) (%) Control (12 dS m™) (%)
Star 9.67 ab 0.39c 96 b 7.41 a-c 0.55cd 93 de 10.26 bc 1.26 a 88 fg
Falcon 6.11e 0.22 de 97 ab 6.95 c-e 0.28 f 96 ab 8.53 f 0.67 ¢ 93 b-d
Shaste 7.16d 0.71b 89d 7.31 a-d 0.80b 899 8.20 f-h 1.30 a 84 h
H-2274 7.33d 0.71b 91c 8.14 ab 0.74b 91 f 9.08 d-f 1.21a 8749
Challenger | 7.28d 0.25 de 97 ab 7.17 ad 0.31f 96 ab 7.58 g-i 0.61c 92 c-e
Menemen | 8.83 bc 0.29d 98 a 8.25a 0.73b 91 f 9.07 d-f 0.74 c 92 c-e
Alta 9.75ab | 0.24de 98 a 5.85 e-g 0.30f 95 be 8.60 ef 0.68c 92 c-e
Rio Grande | 7.03de | 0.22de 97 ab 6.89 c-e 0.54 cd 92 ef 10.52b 0.73 ¢ 93 b-d
XPH 6.44 de 0.17 e 97 ab 5.59 f-h 0.23 f 96 ab 5.45k 0.32d 94 a-c
UG-812 7.18d 0.23 de 9% b 5.52 f-h 0.28 f 95 bc 7.04 ij 0.36d 95 ab
H-2710 7.09 de 0.88a 88d 6.91 c-e 0.92a 87h 7.20 ij 1.19a 84 h
Red Gold 8.85bc | 0.26 de 97 ab 6.60 c-f 0.23 f 97 a 8.24 fg 0.65¢ 92 c-e
Design 10.07a| 0.25de 97 ab 6.28 d-g 0.43 e 93 de 11.52 a 0.98 b 91 de
H-9885 6.77de | 0.20de 97 ab 6.60 c-f 0.22 f 97 a 6.38 jk 0.34d 95 ab
AG-2219 7.01de| 0.23de 97 ab 7.09b-d [ 0.51de 93 de 10.01 b-d 0.66c 93 b-d
SC2121 8.49¢c 0.65b 92¢c 6.93 c-e 0.61c 92 ef 9.53 c-e 0.99b 90 ef
SUN 6200 [6.93de| 0.20de 97 ab 4.51h 0.27 f 94 cd 8.65 ef 0.42d 96 a
Primopack | 6.81de| 0.20de 97 ab 5.42 gh 0.22f 96 ab 7.26 h-j 0.32d 96 a
LSD (%5) 1.02 0.10 1.49 1.11 0.096 1.72 0.96 0.14 2.34

Values with the same letter are not significantly different.

for the K*/Na" ratio was similar to those indicated by other
authors. Highest root, stem, leaf K*/Na" ratio values were
found in the H-2710 genotype, which were less affected
by salinity.

In our expenments with tomato cultivars, plant growth
under 12 dS m™ sallne conditions accumulated more of
Na*, decreased Ca** uptake, reducing Ca**/Na" ratios in
root, shoot and leaf. Conversely, some cultivars were
more reluctant to lesser Ca®*/Na* ratios thus, were less
affected by hlgh salt concentrations. For instance, for H-
2710 highest Ca**/Na* ratios were measured at 12 dS m’

H-2710 could maintain growth at high salt concen-
trat|ons thus, it is clear that H-2710 is the most salt
tolerant cultivar. Studies indicate that an increase in
concentrations of Ca®* and K* in plant under salt stress
could improve the harmful effects of salinity on growth
and yield (Grattan and Grieve, 1999; Slvrltepe et al.,
2003; Kaya et al.; 2003). Reduction of K™ and Ca* ions in
plant tissues at high level of NaCl treatments is also a
very known fact for other plant varieties; tomato, melon
and eggplant (Savvas and Lenz, 2000), spinach (Wilson
et al., 2000), pepper (Aktas et al.,, 2006), squash plant
(Yildirim et al., 2006). Ca’* ions controls salt tolerance in
different ways: First of all, they maintain Na accumulation
in tissues (Rengel, 1992), and prevents Na ions entering
into the cell (Maathius et al., 1996). Preservation of or
increase in Ca concentration could induce maintenance
of K*, because the presence of Ca® seems to be

necessary for K-Na selectivity and for the maintenance of
an appropriate amount of K* concentration in plant cells.
Rengel (1992), Neel et al. (2002) and Rubio et al. (2003)
also state low values of Na'/K* and Na‘/Ca®* ratios in
roots being a better indicators of salt stress than the Na
concentration alone Plant ability to maintain higher levels
of K* and Ca® and low levels of Na* is one of the
keystones to express high salt tolerance. Overall, salt-
tolerant cultivars are capable of maintaining higher
K*/Na* ratios in tissues (Mansour 2003; Zeng et al;
2003), and the K*/Na* and Ca®*/Na’ ratios and tissue Na
concentration are, therefore, wisely used parameters to
determine high salt tolerance of different crops (Ashraf
and Harris, 2004; Santa-Cruz et al., 2002; Dasgan et al.,
2002; Munns and James, 2003).

The result of the study demonstrates that the K*/Na*
and Ca®*/Na’ ratios are better overall indicators of plant's
ability to reS|st NaCl stress. Besides, selection and use of
K" and Ca®* under Na' salinisation, as well as the
maintenance of high K*/Na* and Ca®/Na* ratios is also
essential for salt tolerance. In this study, highest ratio
values were found in the H-2710 cultivar, which was less
affected by salinity.

The result indicated that the root, stem and leaf dry
weights are decreased in saline conditions. Similar out-
comes were obtained earlier by several researchers as
well (Maggio et al., 2006; Mohammad et al., 1998;
Tipirdamaz and Karakullukgu, 1993, Hajer et al., 2006).



Al-Rwahy (1989) the reduction of the dry weights due to
increased salinity may be a result of a combination of
osmotic and specific ion effects of Cl and Na. Excessive
accumulation of Na ions in root, stem and leaf, leads to
plant depression by preventing K* and Ca®* accumulation,
which also triggers the reduction in dry weights at high
NaCl concentrations (Caines and Shannon, 1999). On
the other hand, some researchers have reported no such
relation between dry weights and Na* concentrations (Al-
Karaki, 2000; Dasgan et al., 2002).

In spite of the negative effect of salt on root, stem and
leaf dry weights in tomato, some varieties appear to be
less affected by salinity treatment. This argument is also
similar to the results obtained by Cruz and Cuartero
(1990). Dry weight differences under salt treatment is a
widely used evaluation criteria; as with Agong et al.
(1997), morphological characterization is used in studying
salt tolerance is in many crops.

Finally, in this study salinity stress results in a clear
stunting of plant growth, which results in a considerable
decrease in dry weights (root, stem and leaf). Increasing
salinity is companied also by significant reductions in
root, stem and leaf Ca/Na and K/Na ratios.
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