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Abstract

TURHAN, A.and V. SENIZ, 2012. Salt tolerance during vegetative growth in cross of tomato and effect
of cytoplasm in response to salt tolerance. Bulg. J. Agric. Sci., 18: 207-218

The aim of the present study was the determination of salt tolerance differences among tomato crosses by us-
ing morphological, physiological parameters and the identification cytoplasm related to salt tolerance mechanisms
during the vegetative stages of tomato. In the study, salt tolerant (40395, 40443, 47839) and salt sensitive (62573,
70452) tomato genotypes were used as plant material. Reciprocal crosses were made between salt tolerant and salt
sensitive tomato genotypes. Cross combinations were exposed to 0 (control), 8 and 12 dS m™ NaCl for 40 days. At
the end of the experiment, the levels of leaf, stem and dry root weights and Ca*", K" and Na" concentrations were
determined. The relationships between the levels of salinity and root, stem, leaf accumulation; and between K,
Ca?, Na" and root, stem and dry leaf weights were investigated. Ca*/Na* and K'/Na* ratios were also calculated. A
tolerance index was calculated for every single genotype in root, stem and leaf dry weights and in the K/Na*" and
Ca?'/Na* parameters of these organs.

In this study, tolerance index were used as a select salt tolerant tomato crosses at different salt concentrations.
There was a large variation in root, stem and leaf dry weight and K*/Na*, Ca*/Na” TI among 12 cross combinations
under increasing salinity. The highest tolerance index values were generally obtained from the combination of
tolerant genotypes (40443, 47839 and 40395) and sensitive genotype 62573. Cytoplasm is another factor that plays
an important role in the salt tolerance. Generally, in reciprocal crosses were made between a salt tolerant and a salt
sensitive tomato genotypes; 40443, 47839, 40395 and 62573 cytoplasm positively affected tolerance index values
and means which they were less affected by salinity.
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Introduction reduces yield. As saline soils and saline waters are
common around the world, great effort has been

Salinity affects almost every aspect of the phys-  devoted to understanding physiological aspects of
iology and biochemistry of plants and significantly ~ tolerance to salinity in plants, as a basis for plant
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breeders to develop salinity-tolerant genotypes. In
spite of this great effort, only a small number of
cultivars, partially tolerant to salinity, have been
developed (Cuartero et al., 2006). Over the years,
plant breeders have developed very productive
cultivars of high quality, resistant to diseases and
adapted to the demands of the market and of in-
dustry (Grandillo et al., 1999). New cultivars bred
for salt tolerance has to not only be salt tolerant,
but also achieve the same attributes of productivity
and quality seen in modern cultivars (Cuartero et
al., 2006).

The cultivated tomato (Lycopersicon esculen-
tum Mill.) is in the family Solanaceae and is a
widely distributed annual vegetable crop. Tomato
is also valuable for breeding studies, because mak-
ing crosses between wild and cultivated tomato
plants is simple and its wild relatives provide a
rich germplasm pool. Currently, the tomato crop is
grown in a wide variety of climates ranging from
the tropics to within a few degrees of the Arctic
Circle (Foolad, 2004). Tomato production has
been limited by a high level of salinity in the soil
or irrigation water. Tomato is sensitive to moderate
levels of salinity like most crop plants. All stages
of plant development including seed germination,
vegetative growth and reproduction show sensi-
tivity to salt stress and economic yield is reduced
under salt stress (Jones et al., 1986; Maas, 1986;
Bolarin et al., 1993). Most research on tomato
salt tolerance during vegetative stage was focused
mainly on the physiological responses to salt stress
(Foolad, 2004). There is a positive correlation be-
tween tomato yield and plant size during vegeta-
tive growth under salt stress (Bolarin et al., 1993;
Pasternak et al., 1979), indicating the importance
of salt tolerance during the vegetative stage.

Salinity stress results in a clear stunting of
plants (Hernandez et al., 1995; Cherian et al., 1999;
Takemura et al., 2002). Salt stress also results in a
considerable decrease in the fresh and dry weights
of leaves, stems, and roots (Hernandez et al., 1995;

AliDinar et al., 1999; Chartzoulakis and Klapaki,
2000). Increasing salinity is accompanied by sig-
nificant reductions in shoot weight, plant height,
and number of leaves per plant, root length, and
root surface area per plant in tomato. High salin-
ity in the root zone severely impedes normal plant
growth and development, resulting in reduced crop
productivity or crop failure (Foolad, 2004). The
physical growth parameters such as shoot fresh
and dry weight, root fresh and dry weight are more
correlated with crop salt tolerance at early growth
stages and can be used as screening/selection cri-
teria (Ibrahim, 2003). Bolarin et al. (1991), Foolad
(1996) have indicated that shoot growth under sa-
linity relative to control is the best practical indica-
tor of salt tolerance in tomato.

The latter study suggested that tissue ion con-
tent and ion selectivity were good selection criteria
for breeding for salt tolerance in tomato (Ahsan et
al., 2000). Potassium selectivity over Na* was also
reported as a good indicator of salt tolerance in a
study of several genotypes of the cultivated and
wild species of tomato (Cuartero etal., 1992). Salin-
ity tolerance is genetically controlled and transmit-
table among genotypes. Whole plant performance
might be more useful selection criteria for salinity
tolerance than using a single trait high K*/Na“*ratio,
Low Na'. According to Foolad (1997) analysis of
the parental, filial and backcross populations of a
cross between a salt-sensitive tomato line (UCTYS)
and a salt-tolerant primitive cultivar (P1174263)
indicated that growth under salt stress was posi-
tively correlated with leaf Ca?" content and nega-
tively correlated with leaf Na* content (Foolad,,
1997). Generation means analysis of these popula-
tions indicated that under salt stress, accumulation
of both Na*and Ca*" in the leaf was genetically
controlled with additively being the major genetic
component. The relationship between salt toler-
ance and leaf ion composition in the cultivated and
three wild species of tomato prompted Saranga et
al. (1993) to conclude that dry matter production
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under salt stress was positively correlated with K*/
Na" ratio. The genetics of physiological characters
together with other tolerance components related
to metabolic defenses against salinity have to be
studied in order to advance the breeding of geno-
types tolerant to salinity (Cuartero et al., 2006).

Two major approaches have been proposed and
employed to minimize the deleterious effects of
high soil/water salinity in agriculture (Epstein et
al., 1980). First, a technological approach of im-
plementing large engineering schemes for recla-
mation, drainage and irrigation with high-quality
water. Although this approach has been effective
in some areas, the associated costs are high and
it often provides only a temporary solution to the
problem. The second approach, genetically modi-
fying domesticated crops by breeding and selec-
tion for improved salt tolerance. Breeding for salt-
tolerant genotypes that can grow more efficiently
than the conventional varieties under saline con-
ditions (Foolad, 2004). The purpose of this study
was the determination of salt tolerance differences
among tomato crosses by using morphological,
physiological parameters and the identification cy-
toplasm related to salt tolerance mechanisms dur-
ing the vegetative stages of tomato.

Materials and Methods

The investigations were conducted under green-
house conditions at the department of Horticulture
and Soil Sciences at Uludag University. Two ex-
periments (2005-2006) have been conducted with
tomato genotypes.

Genetic materials: As genetic material, five
tomato (Lycopersicon esculentum Mill.) genotypes
were used. Tomato genotypes collected from dif-
ferent parts of Turkey and maintained by Aegean
Agriculture Research Institute, [zmir.

Crosses: Reciprocal crosses were made be-
tween a salt tolerant (40395, 40443, 47839) and
a salt sensitive (62573, 70452) tomato genotypes,

Lycopersicon esculentum Mill. Plants from those
genotypes have been grown under greenhouse
conditions and kept until flowering and harvest-
ing under optimal nutritional conditions. Manual
crosses have been carried out using salt tolerant
as pollen donor and salt sensitive (62573, 70452)
tomato genotypes as pollen receptor. Pollen from
each genotype was collected by breaking and mix-
ing at least ten mature anther cones in a Petri dish.
The flower of the female partner was emasculat-
ed just before anthesis. Pollination was made by
rubbing the pollen obtained on the surface of the
stigma of the emasculated flower (Yordanov et al.,
1983; Shinohara, 1989).

Growth evaluation and salt stress treatment:
twelve crosses seed were initially germinated in
organically enriched peat with vermiculite cover
to facilitate aerations, in open plastic trays. The
average greenhouse temperatures were 17 and
25°C at night and day, respectively, but the atmo-
spheric humidity was maintained at 70%. 35 days
after germination, seedlings (3—4 true leaf) were
transplanted into a 14cm plastic pots filled with
peat: perlite (1:1 on volume basis) homogenous
mixture. The transplanted plants were transferred
to the greenhouse. The seedlings were grown in
peat/perlite approximately for 40 days. When the
plants had developed 3—4 true leaves (35 days after
transplanting), applications of Hoagland solution
containing 0 (control), 8 and 12 dS m™' NaCl were
started via drip irrigation. Plants were irrigated
with their respective solution 1-2 times per day.
It was attempted to keep the quantity of drainage
water at 30—40% of the amount of nutrient solution
applied. The electrical conductivity in the environ-
ment (pot, water, soil) was respectively 1.5 dS m™!
(control), 8+0.5 dS m™! and 12+0.6 dS m™!. The salt
level was gradually increased over 4 days to avoid
osmotic shock.

Plants were grown in a controlled greenhouse
with day/night average temperature of 28.3°C,
average relative humidity of 70.4%, and average
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photoperiod of 16 h. The experiments were con-
ducted with 3 replicates. There was one plant in
each pot (1 1), with 4 pots in each replicate.

Growth measurement: at the end of the exper-
iments (forty days after transplanting), individual
plants from both salt stress and non-stress treat-
ments were harvested and plants were separated
into root, stem and leaf. Plant materials were oven-
dried at 70°C for two days and dry weights (DW)
were determined (g).

Tissue ion analysis: Ca**, K and Na* concen-
trations were also measured on nitric-perchloric
acid digests of root, stem and leaf tissue by Eppen-
dorf Elex model Fleymfotometry. A Ca’*/Na* and
K*/Na*ratio was calculated.

In this study, Tolerance Index (TI), developed
by LaRosa et al. (1989) is used to show general at-
titude of genotypes towards NaCl concentrations,
and, after eliminating differences, which may be a
result of genotypic features, only to compare their
performances against salt concentrations, which
are applied. Tolerance Index is calculated for ev-
ery genotype one by one in root (DWTI), stem
(DWTI) and leaf (DWTI) dry weights and in Ca?*/
Na" and K*/Na" parameters of these organs.

Tolerance Index (TI) = 100 + 3" [X (Tx /T,)100]

Where

n= number of applications

Tx= value of the parameter as determined on
stressed plants

T,= value of the parameter as determined on plants
without stress (control)

Statistical analysis: data were analyzed using
MSTAT-C (version 2.1, Michigan State University,
1991) and Minitab 14.0 software. Analysis of vari-
ance (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 calcu-
lated at 0.05 probability levels.

Results and Discussion

Growth response

In this study, the values of the dry weight of
the 12 tested tomato crosses were found to be
lowered with the rise of salinity level. Data pre-
sented in Table 1 shows that the dry weight obvi-
ously decreased in all cross combinations with
salinity on comparing with control. This simi-
lar to the result obtained by Hajer et al. (2006),
Maggio et al. (2006), Li and Stanghellini (2001),
Cuartero and Fernandez-Munoz (1999). Fur-
thermore, there is a positive correlation between
tomato yield and plant size during vegetative
growth under salt stress (Bolarin et al., 1993;
Pasternak et al., 1979), indicating the importance
of salt tolerance during the vegetative stage. The
physical growth parameters such as fresh and
dry shoot weight, fresh and dry root weight are
more correlated with crop salt tolerance at early
growth stages and can be used as screening/se-
lection criteria (Ibrahim, 2003). In experiment,
tolerance Index was calculated for every single
cross in root (DWTI), stem (DWTI) and leaf
(DWTI) dry weights parameters of these organs.
Analysis of variance revealed that significant
differences among the tested tomato crosses dis-
played a large variation in tolerance to treatments
based on the Tolerance Index (TI). There was a
large variation in root, stem and leaf dry weight
TI between 12 genotypes under increasing salin-
ity. The crosses [40443 x 62573] and [40395 x
62573] had the highest root, stem DWTI and leaf
DWTTI at all concentration levels, respectively. It
was determined that the crosses, the most tolerant
towards salt concentrations, thus had the high-
est TI. On contrary, the lowest root, leaf DWTI
and stem DWTI were found in [70452 x 40443]
and [62573 x 47839], respectively. The [70452 x
40443] and [62573 x 47839], however, were less
under saline condition compared with the other
ten crosses (Table 1, Figure 1A, 1B, 1C).
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Ion accumulation

Salt stress causes extensive physiological and
biochemical changes in plant. Between these
changes, distribution in different organs of the
plant’s intake of ions like K*, Ca™ and Na" is em-
phasized (Aziz et al., 1999). In general, Ca*™ and
K" concentrations decrease with salinisations
(Cruz, 1990). In conditions which salt concentra-
tion is high, the plant gets more Na* ion than it
needs (Levitt, 1980). Despite Na* ion has no ef-
fect on physiological incidents in the plant, K" and
Ca™ ions play key role. K" and Na* ion accumu-
lation in tomato and eggplant tissues is important
in salt tolerance and N* ion increases with salinity
increase, despite K* ion amount decreases (Cruz et

Table 1

al., 2002; Dasgan et al., 2002; Yasar, 2003). Also
in researches performed on the same subject it
is determined that, the tomato kinds which keep
Na“® accumulation limited and of which K*/Na*
and Ca"*/Na" ratios are high are salt tolerant and
this parameter is reliable in salt tolerance (Rengel,
1992; Munns and James, 2003; Juan et al., 2005;
Turhan et al., 2009). In addition that, Physiologi-
cal criteria which have been suggested or used as
potential indicators of salt tolerance and in tomato
include tissue water potential, tissue ion content,
K*/Na* ratio, (Foolad, 2004; Ahsan et al., 2000). In
this study, analysis of variance revealed that signif-
icant differences among the tomato crosses for tis-
sues (root, stem and leaf) K*/Na* and Ca*?/Na”. In

Dry weight (DW, g) of values and their Tolerance index (TI) in root, stem, leaf tissue of tomato crosses,

under different NaCl concentrations

Root DW Stem DW Leaf DW

Crosses Control SH?IS IIZHF}S TI Control 8 dIS IIZISS TI Control SH?IS 13115118 TI

d0303% [40sn 269e 183 13DS ) 6sqpe 466cd 290a 139325 1231719672 1380.09
40395x | 443 283 o0 120LT6) Go0q g05e 22240 123352 1275 TOL 587 124259
20843 x 4é-2g9 3600 L7+ MOT43| 5004 g75c asgbe 140365| 1273 752 616 131787
SEE X a10gh 3% 1874 P09 636c 399 261bc 2413360 679c G4l 123355
HEIx 1 q06n 30 L0 1316340 635c a74c 2620c BT q167e O 398 136047
AT9x |y ope 281 LS 16982\ seque 4q0q 20se 127432| 1260 705 604 127401
SR X am2b 3570 133 IB12T) 905, s61a 283ap 136024 1221 56, 633 1373.30
$2573x | 436 302 LTS 129631\ g5y 4ogc g77ap 130926 | 1192 726 594 134209
B3 X 1451ed 3.4 1882 PP 6s70e 43¢ 1716 11011786 8384 5374 137393
S X aorn 28 1p6q 121033) 632¢ 458cd 238cd 128345 1423 T30 678 124073
Joas2x| o4, 289 LT0 13319 | G 4aqa 281ab 120025| 14300 768 620 119997
Joasax| 421 280 ygg 1234) 500 55 01 USS31| 1271 TS 569 125978

Means followed by the same letter are statistically not significant (Duncan’s multiple range test, P=0.05)
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Fig. 1. Dry weights Tolerance index (TI)
response of the tomato crosses on control
and 8, 12 dS m! NaCl concentrations
(A) root dry weight tolerance index,

(B) stem dry weight tolerance index,
(C) leaf dry weight tolerance index.
Tomato cross combinations were as follows: 1 (40395
X 62573), 2 (40395 x 70452), 3 (40443 x 62573),
4 (40443 x 70452), 5 (47839 x 62573), 6 (47839 x
70452), 7 (62573 x 40395), 8 (62573 x 40443),

9 (62573 x 47839), 10 (70452 x 40395),

11 (70452 x 40443), 12 (70452 x 47839)

comparison with the control plants, tissues of salt-
treated plants accumulated more Na* but less K*
and Ca'?, resulting in lowered K*/Na" and Ca**/Na*
ratios. K*/Na* and Ca™/Na" ratios are determined
for the plant’s root, stem and leaf parts separately.
Tomato crosses with higher K*/Na" and Ca**/Na*
ratios tended to be rated in the higher TI showing
less damage and those with lower K*/Na"and Ca*/
Na* in less TI. K*/Na*TT and Ca*?/Na'TI were used
to characterize the overall tolerant of plant to salin-
ity. In root tissue, cross [40443 x 62573] showed
the highest root K*/Na*TI and Ca*?/Na'TI. In addi-
tion this result, cross [47839 x 62573], draw atten-
tion with root Ca*?/Na'TI that is higher than other
crosses. It is obvious that the [40443 x 62573] and
[47839 x 62573] crosses showed high degree of
response to salinity conditions much more than
the other ten crosses. On the contrary, the lowest
root K*/Na*TI and Ca™?/Na'TI values were deter-
mined in [70452 x 40443] and [70452 x 47839]
crosses, respectively (Table 2 and Figure 2A) and
this combinations of [70452 X 40443] and [70452
X 47839] showed low tolerance.

Another plant tissue on which the effect of salt
stress were observed was the stem. Similar results
were obtained in stem K'/Na'TI and Ca™/Na'TI.
As shown in Table 3; all of salt treatment, stem’s
highest K*/Na'TI and Ca**/Na'TI values were pre-
sented by the [47839 x 62573] cross, the lowest in
[70452 x 47839] (K*/Na'TI) and [70452 x 40443]
(Ca™/Na"'TI) (Figure 2B). The relationship of TI
with the concentrations of NaCl can be used as an
indicator of salt tolerance. According to Turhan
and Seniz (2010), TI could be used as a simple and
effective method to select salt tomato cultivars.

Ahsan et al. (2000) suggested that ion content
could be used as a breeding tool for selecting salt-
tolerant genotypes. There for it is very important to
know the extent of variation in Na*, K* in leaves.
In addition that, Leaf K" concentration and K'/
Na" ratio have been the most studied parameters
related to salt tolerance in tomato (Cuartero et al.,
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1992; Cuartero and Fernandez-Munoz, 1999; Fool- A —A—K/Na
ad, 2004). In different tomato crosses studied in 701 Ca/Na

work, the highest leaf K*/Na'TI and Ca**/Na'TI
appeared in the [62573 x 40443] cross, whereas
the lowest were presented by [70452 x 47839] and
[40443 x 70452], respectively. [62573 x 40443]
tomato cross gave a good performance when it
was treated by NaCl concentration (Table 4 and
Figure 2C).

The effect of cytoplasm on salt-tolerance

In order to observe whether there is cytoplasmic
effect on salt tolerance or not, reciprocal crosses
were prepared with tolerant 40395, 40442, 47839
and sensitive 62573, 70452 tomato genotypes.
Cross combinations were applied with different
salt concentration (control, 8 and 12 dS m). Af-
ter the practice, the rate of K*/Na" and Ca**/Na",
dry weight was detected in root, stem and leaf tis-
sue of combinations and Tolerance index values of
these parameters were calculated. In this study, it
was detected that cytoplasm has different effects
on different index values. For example, it was de-
tected that cytoplasm does not have an important
effect on dry weight and root and leaf K*/Na"TI
- Ca"/Na'TI, stem Ca™/Na'TI parameters of tol-
erant 40395 and sensitive 62573, whereas it has
important effect on stem K'/Na'TI parameters.
In other words, it was detected that cytoplasm of
40395 genotype had positive effect on stem Ca*™%/
Na'TI (Table 5).

It was found that cytoplasm has no effect on
dry weight, root and stem K*/Na*TI parameters of
[40395 x 70452] and [70452 x 40395] cross com-
binations obtained from 40395 genotype and sen-
sitive 70452 reciprocal material. However, it was
detected that cytoplasm has quite important effect
on root, stem Ca*?/Na'TI, leaf K*/Na*TI and Ca*%/
Na'TI; and this positive effect is caused by 40395
genotype in leaf K*/Na'TI and Ca**/Na'TI, stem
Ca*™/Na'TI; and by 70452 genotype in root Ca™%/
Na'TI (Table 5).

Tolarence index (Tl
& & 8 4
i\

Tomato crosses

B —&—K/Na
900 1 Ca/Na

800

700

AR

300

Tolarence index (TI,
3

1 2 3 4 5 6 7 8 9 10 n 12

Tomato crosses

C —A—K/Na
1000 Ca/Na

900

800

700 | \

600 KKY
500
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Tolarence index (TI}

1 2 3 4 5 6 7 8 9 10 n 12

Tomato crosses

Fig. 2. K*/Na* and Ca?'/Na‘* ratios Tolerance
index (TT) response of the tomato crosses on
control and 8, 12 dS m' NaCl concentrations.
(A) root K*/Na* and Ca2*/Na* tolerance index,
(B) stem K*/Na* and Ca2*/Na* tolerance index,
(C) leaf K*/Na* and Ca2*/Na* tolerance index.
Tomato cross combinations were as follows: 1 (40395 x
62573), 2 (40395 x 70452), 3 (40443 x 62573,

4 (40443 x 70452), 5 (47839 x 62573), 6 (47839 x
70452), 7 (62573 x 40395), 8 (62573 x 40443),

9 (62573 x 47839), 10 (70452 x 40395),

11 (70452 x 40443), 12 (70452 x 47839)
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In another material, 40443 tolerant genotype
and 62573 sensitive genotype were reciprocal
crossed. It was detected that cytoplasm has impor-
tant effects on root and stem dry weight values and
root and leaf K*/Na* and Ca™?/Na*TI values. It was
detected that these positive effects were especially
caused from the cytoplasm of 40443 genotype in
root and stem dry weight and K*/Na* and Ca*™/
Na'TI; and from the cytoplasm of 62573 genotype
in leaf K'/Na*TI and Ca"*/Na*TI. Contrary to this,
it was detected that cytoplasm has no effect on leaf
dry weight and stem K*/Na" and Ca"/Na* toler-
ance index (Table 5).

Cytoplasm does not important effect on root
and stems dry weight, K*/Na* (root, stem, leaf)

Table 2

and Ca**/Na* (leaf) tolerance index; on crosses ob-
tained from reciprocal material between 40443 and
70452 tolerant and sensitive genotypes. It can be
observed from Table 5 that these positive effects
are caused by 40443 cytoplasm in root, dry weight
and root K*/Na*; by 70452 genotype in stem; dry
weight and K*/Na*, leaf; K*/Na* and Ca*/Na* tol-
erance indexes.

With the reciprocal materials which are tolerant
47839 genotype and sensitive 62573 genotypes;
combinations of [47839 x 62573] and [62573 x
47839] crosses were obtained. In these combina-
tions, it was found that cytoplasm has important
effects on the parameters other than root and stem
dry weight and leaf K*/Na* parameters. 47839 tol-

Concentration of K*, Ca?, Na*, K*/Na*, Ca?>*/Na* and K*/Na*, Ca**/Na* Tolerance index (TI) in the root of
the tomato crosses under different NaCl concentrations

NaCl Concentration (dS m™) -

Crosses Control 8 12

s v KT Ca¥| ui mm v, KT Ca¥| o, . K/ C& | v .

K* Ca? Na Na*® Na' K* Ca"” Na Na®  Na K* Ca* Na Na* Na K*/Na Ca’*/Na
40395x 1o67 215 034 783 6301566 214 147 1815 MM 179 159 274 065 gs580.s| 33332 54383
62573 c c ij q-s be
40395X 137 257 053 792 48501555 196 179 142 109043 131 296 048 044q]49499d 54077 ¢
70452 e e k-m  j-l r-u
40443 x 435 536 154 180 051
e X 1249 3.06 057 490 3301168 196 109 3 LEO 1121 166 236 021 071mr| 675294 676.10a
40443 x 15 75 966 048 27 939 1124 180 200 %02 090 1441 j0s 256 O 041t | 42627F 46629 cf
70452 h d q-t I-o s-u
A7839x 1993 252 040 731 0251500 262 124 102 21204346 163 211 909 0781r|541.70b 678.68a
62573 d c j-1 gh p-r
47839x 1337 307 055 %03 5381135 160 166 OBl 0961190 076 253 0% 0308t | 44463 45285 fe
70452 g d Pq k-n s-u
62573 x 8.98 7.46 166 1.29 0.92 519.72
s005 < [3:58 297 040 B 70 Maes 208 1er 100 LY 1202 178 221 0% osiiq|s21e3e 1y
62573X 1337 336 039 830 8641551 211 197 112 LOT 05060 199 215 093 093 1407004 478.12¢f
40443 b a no j-m op k-o
02573X 1327 390 041 782 734|172 271 124 139 2190153 154 238 0% (6ans|49042d 585.77b
47839 c b Im g g-s
70452x 1 376 226 056 77 409 (258 184 199 129 0920440 161 263 95 061ns|50286d 612.72b
40395 e f mn k-o r-u
J0452x 1335 243 055 O15 4311180 156 266 ©69 0391101 149 307 1OV 2100pt|40442g 49693
40443 g e p-r n-s u de
70452 x 647 5.9 0.63 086 038
drgno ¥ 365 208 057 Of7 3P 1120 176 205 O G310 061 309 %% 0201 399455 425258

Means followed by the same letter are statistically not significant (Duncan’s multiple range test, P=0.05)
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erant genotype cytoplasm especially has especially
more positive effect on leaf dry weight, root and
stem K*/Na" and Ca*?/Na’, leaf Ca™/Na" tolerance
index when compared with 62573 sensitive geno-
type (Table 5).

Different salt concentrations were conducted on
[47839 x 70452] and [70452 x 47839] cross com-
binations obtained from reciprocal material be-
tween 47839 tolerant genotype and other sensitive
70452 genotype. It was detected that cytoplasm
has positive effects on stem dry weight, root and
leaf tissues K*/Na* and Ca*?/Na" tolerance indexes
and this effect was caused by 47839 genotype. On
the other hand, as it can be observed from Table
5; there is no effect of cytoplasm on root and leaf

Table 3

dry weight, stem K*/Na" and Ca**/Na* tolerance
indexes.

It was seen on the entire cross combinations
that while cytoplasm has important effect on an
index value, it does not have such important effect
on another index value in the same cross combi-
nation. Therefore using only one index value that
is tolerant towards salt would show the effect of
cytoplasm on salt tolerance better.

Conclusions
In this study, the dry weight obviously de-

creased in all crosses with salinity on compar-
ing with control. The Na* concentration of the 12

Concentration of K*, Ca?**, Na*, K*/Na*, Ca?’/Na* and K*/Na*, Ca**/Na* Tolerance index (TI) in the stem of
the tomato crosses under different NaCl concentrations

NaCl Concentration (dS m™) -

Crosses Control 8 12

Tl T K7 [ Ca¥ | o loal ol K7 [ Ca% | or ool K7 [ Ca87 | K7 Ca/

K | Ca” | Na Na* Na* K* | Ca?| Na Na* Na* K* | Ca® | Na Na* Na* Na* Na*
40395 x 1.19 0.66 |623.96 588.61
303 % 310 248 051 607f 486g 204 181 171 NP 106c |19 120 182 1102 O . :
40395% 1337 244 046 735d 532f|131 083 131 1.01d %03 125 063 270 046 (234|43531 397.60
70452 de cd f e
40443X 1347 302 043 8.13¢c 7.06a |237 2.62 123 193b 2.13b |134 149 201 0067 074 1539.06 617.92
62573 be a-c d c
40443X 1397 247 056 676¢ 443h |1.74 087 130 134c %07 105 072 260 040 (25448036 446.09
70452 de cd e d
47839X 14 15 249 047 894b 537¢f|2.60 2.11 085 320a 259a |192 154 1.73 1.11a 039 [685.64 83572
62573 ab a a
47839 x 0.34 42193 45241
S 1450 2.61 052 870b 5.03g 157 095 116 135c 082d [1.01 088 298 3% 0204|*L ¥
62573x 1358 254 046 7.89¢c 00 |226 186 1.67 136¢c 1.12¢c|185 1.69 1.78 1.04a 095a |>30:78 61474
40395 de d ¢
62573X 1333 287 042 7.88c 6.80b [2.51 2.84 130 193b 2.19b |[1.57 139 231 %08 (o |330.29 614.04
40443 be d c
62573X 1407 253 042 9.82a 6.10c |2.85 244 096 298a 255a|198 150 251 979 geoc|>90-32 702.38
47839 ab ¢ b
70452 x 1.09 0.49 42923 371.09
ASZX (351 250 043 8.19¢ 581d[151 070 138 1P o0ste|122 061 248 QF 0254]% .
70452 x 0.60 0.41 537.10  448.01
A% 1480 271 0.64 746d 4210 [3.09 091 150 2056 %80 146 081 279 %41 0204 |2 8
70452 0.44 41551 441.70
PRSI 1436 275 054 805c 5.08g|1.39 110 139 100d 079d|113 073 256 4 0284|413 L

Means followed by the same letter are statistically not significant (Duncan’s multiple range test, P=0.05)
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Table 4

Concentration of K*, Ca?*, Na*, K'/Na*, Ca*/Na* and K*/Na*, Ca**/Na* Tolerance index (TI) in the leaf of
the tomato crosses under different NaCl concentrations

NaCl Concentration (dS m™) I
Crosses Control 12
N . .| K'Y/ | Ca¥ + 4 | K | Ca'¥ + + | K| Catl | apgas | Ca?tl
K* 1Ca?| Na" | o+ | Na | K| Ca [ Na' | o | g | K [ Ca¥ | Na' | o | g | K7Na" | Gy
40395 x 7.93 597 295 2.69 1.06 1.68 | 708.79 949.59
62573 | 430 324 054 de 329 300 112 7 b | 171 271 1.6l o a b ab
40395 x 6.62 558 219 1.20 0.63 1.02 | 629.32 641.94
70452 | 413 349 063 7, fa 403 222 185 T4 g 129 2.07 2.04 ¢ d o g
40443 x 6.84 546 212 195 0.79 0.82 |637.28 715.22
62573 | 477 382 070 N 327 3.00 155 2 4 1220 228 278 “il¢ o c od
40443 x 6.63 5091 1.74 1.17 0.60 0.48 |569.42 50591
7045|486 433 073 7 o |38 258 220 ¢ c 1.82 1.44 3.01 ¢ £ d h
47839 x 831 6.15 3.47 321 092 1.21 [717.75 903.47
62573 | 425 3.14 051 %y be |3-22 298 093 Q211 275 228 70 o b b
47839 x 7.78  6.75 225 175 0.68 0.94 |588.59 626.42
70452 | 460 3.99 059 4 a | 374 291 166 ~ e [ 152 209 222 "o de d fg
62573 x 7.63  5.63 291 230 1.00 1.59 | 712.33 915.80
40395 |473 349 062 £ 349 333 120 7 o | 174 277 175 Ty ab b b
62573 x 6.82 5.05 289 244 1.30 1.51 | 817.14 998.06
40443 | 445 330 066 . ho 376 3.8 130 7y o 235 275 182 4 b a a
62573 x 7.85 6.28 238 1.69 1.53  1.50 | 727.06 753.08
47839 | 426 3.41 054 4 be | 407 289 171 ¢ o 289 285 190 b b c
70452 x 7.66  6.13 225 137 0.53  0.97 | 568.43 619.01
40395 | 465 372 0.61 Ty od | 348 212 155 77 F| 125 229 236 U de d g
70452 x 5.87 1.97 1.29 0.60 0.82 | 645.24 685.08
40443 393 3.12 067 “¢0 4661|414 271 210 ¢ fo 1.74 241 292 ¢ o c a-f
70452 x 9.05 6.31 1.90 1.95 0.68 1.00 | 508.15 688.0
47839 |3-43 3.78 0.60 ) b | 349 357 183 "% q | 1.60 237 237 "o d e de
Means followed by the same letter are statistically not significant (Duncan’s multiple range test, P=0.05)
Table 5
Effect of genotypes cytoplasm in response to salt tolerance (DW, Dry Weight; T1, Tolerance Index)
c Root Stem Leaf Root Stem Leaf
rosses
DWTI DWTI | DWTI | K/NaTI | Ca/NaTl | K/NaTI | Ca/NaTI | K/NaTI | Ca/NaTl
1) 40395 X 62573 1323.15  1355.25 1380.09 535.52  543.88 623.96** 588.61  708.79  949.59
7) 62573 X 40395 1321.27  1369.24 137330 521.63  519.72  546.78  614.74  712.33  915.80
2) 40395 X 70452 1201.76  1233.52 124259 49499 540.77** 43551 397.60** 629.32*%* 641.94**
10) 70452 X 40395 121033 128345 1240.73 502.86  612.72  429.23  371.09 56843  619.01
3) 40443 X 62573 1407.43** 1403.65** 1317.87 675.29%* 676.10%** 539.06  617.92 637.28%* 715.22%*
8) 62573 X 40443 1296.31 1309.26  1342.09 487.09  478.12  550.29 614.04 817.14  998.06
4) 40443 X 70452 1370.98** 1243.48%* 1233.55 426.27** 466.29 480.56** 446.09 569.42** 505.91**
11) 70452 X 40443 1133.19 129025 1199.97 40442 49693  537.10 448.01 64524  685.08
5) 47839 X 62573 1316.34  1347.15%*% 1366.47 541.70** 678.68** 685.64** 835.72** 717.75 903.47**
9) 62573 X 47839 1308.87  1139.10 1373.53 49042  585.77 59032 70238  727.06  753.08
6) 47839 X 70452 1169.82  1274.32** 1274.01 444.63** 452.85** 42193  452.41 588.59** 626.42**
12) 70452 X 47839 123434 1185.31 1259.78 39945 42525 41551  441.70  508.15 688.0

Significant between groups - ** - at P<0.01
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tested tomato crosses was increased, whereas K*,
Ca™, Na" and K*/Na*, Ca™/Na* concentration de-
creased. Tolerance index values were calculated
according to these findings. In this study, tolerance
index used as a select tolerant salt tolerant tomato
crosses at different salt concentrations. There was
a large variation in root, stem and leaf dry weight
and K*/Na*, Ca*?/Na* TI among 12 cross combina-
tions under increasing salinity. The highest toler-
ance index values were generally obtained from
the combination of tolerant genotypes (40443,
47839 and 40395) and sensitive genotype 62573.
For example, highest root, stem and leaf K*/Na'TI,
Ca™/Na'TI values were extracted from the [40443
X 62573], [47839 x 62573] and [62573 x 40443]
crosses combination. Similar to results were ob-
tained from DWTIL.

Cytoplasm is another factor that plays an im-
portant role in the salt tolerance. It can be con-
cluded that crossing, in between tolerant and sen-
sitive tomato genotypes positively or negatively
affected genotype cytoplasm. These affect were
changed by the different tolerance index values
being used. Generally, in reciprocal crosses were
made between a salt tolerant and a salt sensitive to-
mato genotypes; 40443, 47839, 40395 and 62573
cytoplasm positively affected tolerance index val-
ues (root, stem, leaf; dry weight, K*/Na*, Ca**/Na*
concentration) and means which they were less af-
fected by salinity.
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