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ABSTRACT

Salinity stress causing water deficit, nutrient deficiency, and ion imbalance for
the crops has been reported to reduced crop growth, crop yield, and fruit
quality in tomatoes. The main objective of this research were to determine the
LC-50 of salinity, to evalute the response of six tomato genotypes to LC-50,
and to study the effect of genotype and salinity stress on crop growth, crop
yield, and fruit quality of tomatoes. The LC-50 of salinity was determinated
by growing tomato seedlings at different level of saline solutions (0, 400, 500,
6000, 7000, 9000, 10000, 11000, and 12000 ppm of NaCl) and used the LC-
50 of salinity to evaluate the salinity tolerance of six tomato genotypes. The
results showed that the LC-50 of saline solution was 9000 ppm NaCl and

genotype Empat G was found to be the most tolerant to salinity stress

INTRODUCTION

Tomatoes (Lycopersicon esculentum Mill.) has
widely been used as a vegetable, pharmacy, and
cosmetics (Wijayanti and Susila, 2013). The national
tomato production of Indonesian is considered very
low, about 877,801 metric ton in 2015 (BPS, 2016a).
The low production is attributed to the pests, low yielding
seeds, unfertile soil, and abiotic stress factors, such as
salinity (Las et al., 2006). Salinity was reported to
reduce tomato production up to 10-50% in East Nusa
Tenggara (Boboy, 2011). Salinity is believed to
become one of the most limiting factor in the future,
due to the change in percipitation pattern as a result
of global warming (Chinnusary et al., 2005).

Salinity is known as a condition in which the
concentration of salt, mainly but not limited to NaCl
and Na,SO,, in a soil solution has electric conductive
(EC) no less than 4 dS/m and exchangeable sodium
of 15 ESP or more (Djukri, 2009). Salinity stress
takes place due to the following factors: sea water
intrussion (Aswidinnoor et al., 2008), lack of
percipitation at the area of high evapotranspiration so
that no water is enough to dilute the accumulated salt
in the soil (Rusd, 2011), natural wheatering of host
rock, climatic factros, and fertilizers (Rengasamy,
2006). Salinity stess limits water supply to crops,
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reduces nutrient uptake, and causes ion toxicity to in
the plant cells (Sopandie, 2013). Taufiq and
Purwaningsih (2013) reported that salinity stress
reduced the number of pod in mungbean up to 37%.
In longbean, it reduced the yield up to 40%.

Attempt to solve salinity problems might be
done by mitigating the saline soil or by obtaining
suitable crop for the salin condition through crop
improvement (Sunarto, 2001), such as introduction,
hybridization, and selection (Darliah et al, 2010).
Selection is done by growing the crops at various
saline conditions by which tolerant crops might be
obtained. Arnanto et al. (2013) having grown 10
genotypes of F1 tomatoes in various saline solution
(0, 750, 1500, and 2250 mg/polybag) to find which
genotype was tolerant to saline solutions reported that
all the genotype tested showed no reduction in
growth and yield. Higher salt concentrations (2500,
5000, and 7500 ppm NaCl) have been employed by
Rahmawati et al. (2012). The results showed that
significant growth reduction was found at 7500 ppm.

At this current experiment, the authors were
selecting 6 tomato genotypes against salinity stress at
lethal concentration of 50 (LC-50), at which saline
concentration 50% of tomato crops were unable to
finish their life cycle. The objective of this
experiment were to determine the LC50 of salinity
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level for tomato seeedlings, to evaluate the effect of
genotype to the growth and yield of tomato crops, to
evaluate the effect of salinity to the growth and yield
of tomato crops, and to evaluate the interaction
effects of genotype and salinity level to the growth
and yield of tomato crops.

MATERIALS AND METHODS

The research was carried out in two experiments
at the greenhouse of the Department Agronomy, the
University of Bengkulu, 10 m above sea level, from
June 2017 to January 2017. The first experiment was
determining the LC50 of salinity level for tomato
seedlings. The second experiment was using the
LC50 to evaluate the salinity tolerance of 6 tomato
genotypes widely grown by Indonesian farmers.

LCS50 Experiment

Tomato seedlings ( 5 each) were grown in the
polybag filled with 3 kg of sterile media, a mixed of
cow manure compost and top soil (1:9 by volume).
Media sterilization was done by spraying 4% of
formaline solution to the media follwed by tightly
covering the media by plastic sheet for 2 weeks. The
seedlings were fertilized with NPK (15-15-15) at
planting time. Salt solutions (0, 1000, 2000, 3000,
4000, 5000, 6000, 7000, 8000, 9000, 10000, 11000,
and 12000 ppm) were daily poured to the media until
it reach field capacity. The number of potato
seedlings were evaluated for their mortality.
Plynomial orthogonal analysis was used to determinet
the LC50 of salinity level. The concentration at which
50% of the seedlings dead was determinated as the
50% of salinity. The LC50 was used in the following
experiment to evaluate the performance of 5 tomato
genotype againts salinity stress.

Salinity Tolerant Experiment

The experiment was arranged in completely
randomized design (CRD) with 2 factors and 5
replications. The first factor tested was tomato
genotypes (G), consisting of 6 levels including
Kedurang, Empat G, Enam, Itora, Empat, and 22. The
second factor tested was salinity level (S), consisting
of two levels (0, and 9000 ppm).

Tomato seedlings having 5-6 leaf blades were
transplanted to a polybag filled with 10 kg of sterile
media, a mixed of cow manures and top soil (9:1, v/v).
At planting, 0,5 g of carbofuran 3G were put at each
polybag. Right after planting, the media were watered
with a mixed of pesticide solutions (2 g/l of streptomysin
sulphate 20% and 2 g/l of mankozeb 80%). Three
days after planting, the crops were fertilized with 100
kg/ha of Urea, 100 kg/ha of TSP, and 500 kg/ha of
KCl. The same rate of fertilizers were given at three
weeks after transplanting.

Crop protection was done by spraying Deltamethrine
(2.5 g/l), Mankozeb 80% (2 g/l), Streptomysin sulphate 20%
(2 g) every week. In addition, weed control was
manually carried out anytime any weed was spotted.

Salinity treatments were done daily by watering
the media with salt solutions (0, 9000 ppm) to reach
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the field capacity level. The treatments were started
when the crops were 2 weeks old after transplanting
and terminated when the crops reached senescene stage.

The variables measured included plant height
(measured weekly from week 1 to week 6 after
transplanting), number of leaf (measured weekly from
week 1 to week 6 after transplanting), flowering time,
number of flower buches, number of flower per buch,
number of flower per plant, number of fruit per
bunch, number of fruit per plant, harvesting time, fruit
diameter, fruit length, average of fruit weight, fruit
weight per plants. All data obtained were analized by
analysis of variance (ANOVA) followed by Duncan’s
Multiple Range Test at 5%.

RESULTS AND DISCUSSIONS

LD 50

The polynomial orthogonal analysis showed that
the saline concentration at which 50% tomato seedling
died was at 9000 ppm NaCl, as shown in Figure 1.
The results of analysis of variance showed that
genotypes significantly affected all variables
measured except for plant height.

Furthermore, salt solutions significantly affected
all variables measured except for flowering age and
number of flower per bunch. In addition, the
interaction between genotype and salinity was only
significantly affected number of flower and fiuit per plant,
average of fruit wieght, and fruit diameter (Table 1).

Effect of Genotypes

While Genotype did not significantly affected
plant height, it signifantly affected leaf number
(Table 2.) with the highest number of leaf was found
in Empat G (53,6 blades) and the smallest number
was found in Itera (17.3 blades). Plant height and
leaf number were two traits that reflected crop growth
(Onggo, 2009; Nazirwan et al., 2014) and might be used for
screening of tomato genotype for salinity tolerance.

Genotype Kedurang showed the earliest time of
flowering (15.08 days) while genotype Empat the
latest one (30.75 days). Furthermore, Kedurang
produced 24.4° flower bunches whereas Empat only
produced 6.91 flower bunches. As they were grown at
the same environments, the differences in growth
habit was therefore assumed to be attibuted by their
genetics (Arnanto et al., 2013; Hidayat, 2003;
Sutapraja, 2008). Olaniyi et al. (2010) stated that the
genetic composition of tomato plants dictates when
and how the tomato plant produce flowers.
Furthermore, the number of flower bunch per plant
and the number of flower per bunch were expected to
affect the number of fruit per buch and the the
number of fruit per plant as these traits. It was true
this experiment in which the plant producing the
highest number of flower bunch and the number of
flower per bunch also produced the highest number of
fruits (Table 2). In addition, Kedurang was also the
earliest genotype to harvest while Itera was the latest,
along with genotype Empat, suggesting that the traits
were controlled by genetic factor (Sumarno, 1985). In
fact, the earliness in flowering and harvesting were
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Figure 1. Response of tomato seedlings to salinity stess
two traits that could be used as the indicator for
genetic superiority of a given tomato genotype
(Syukur et al., 2012).

The highest fruit weight was shown by found in
genotype Empat (22.02 g) while the lowest was found

Table 1. Result of variance analysis
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in genotype Enam (4.32 g). It was not surprising to
find this significant differences as genotype Empat,
along with Itera, was known as genotype having a
large fruits while the rest were known as small-fruit
genotypes, suggesting that fruit size was controlled
by genetic expression, rather than by environment
like fruit number (Sutapradja and Sumarmi, 1996).
Along with fruit number, fruit weight (size)
determined total fruit weight, as suggested by Syukur
et al. (2012).

Effect of Salinity

In general, salinity treatment (9000 ppm salt)
reduced crop growth, crop yield, and fruit quality by
50%, as compared to the control treatment (0 ppm
salt), with the exception for time of flowering, number of
flower and fruit per bunch, and the diameter and the
length of fruit (Table 3). These results confirming the
LC50 experiment at which about 50% of tomato
seedlings were dead when exposed to 9000 ppm of

Calculated F value

Variable measured KK (%)
Genotype NaCl Interaction
Plant height 0.44 ns 39.05 ** 1.75 ns 13.88
Number of leaf 7.27 ** 24,83 ** 1.00 ns 17.11
Flowering age 11.98 ** 33.32 ** 1.47 ns 19.40
Number of flower bunch 8.54 ** 2.38 ** 1.30 ns 20.45
Number of fruit per bunch 46.13 ** 7.29 * 1.11 ns 11.64
Number of flower per plant 21.69 ** 43.67 ** 2.66 * 12.35
Number of fruit per plant 37.61 ** 39.93 ** 2.94 * 15.57
Harvesting time 5.61 ** 5.82 % 2.20 ns 14.30
Average fruit weight 81.86 ** 90.04 ** 8.79 ** 8.90
Fruit diameter 69.24 ** 77.26 ** 3.96 ** 8.60
Fruit length 16.07 ** 19.97 ** 2.56 ns 10.11
Fruit weight per plant 4,71 ** 94,72 ** 2.41 ns 16.92

Note: *significantly different at 5%; **siqnificantly different at 1%; ns: non significantly different.

Table 2. The effects of genotypes on crop growth, crop yield, and fruit quality.

Tomato genotypes

Variable measured Kedurang Empat G Enam Itera Empat 22
Plant height (cm) 81.8 a 73.8 a 744 a 78.3 a 773 a 76.6 a
Leaf number (blades) 532 a 53.6 a 45.0 ab 17.3 a 30.03 be 32.5 abc
Age of flowering (day) 15.1 ¢ 16.0 ¢ 173 ¢ 252 b 30.8 a 238 b
# of flower bunch 244 a 248 a 28,2 a 64 b 69 b 22.0 a
# of flower per bunch 62 b 7.2 a 6.3 ab 6.7 ab 47 ¢ 6.9 ab
# of fruit per bunch 6.0 a 6.7 a 6.1 a 47 b 1.9 ¢ 64 a
# of flower per plant 99.9 a 122.7 a 113.1 a 378 b 230 b 107.7 a
# of fruit per plant 85.5 ab 108.0 a 93.3 ab 234 ¢ 12.7 ¢ 78.0 b
Harversting time (day) 393 ¢ 422 ¢ 43.8 be 49.2 a 473 ab 48.3 ab
Average of fruit weight (g) 6.5 ¢ 52 ¢ 43 ¢ 147 b 333 a 51 ¢
Fruit diameter (mm) 223 ¢ 20.9 cd 19.7 d 27.6 b 333 a 21.0 b
Fruit length (mm) 218 b 203 b 20.6 b 282 a 279 a 20.1 b
Fruit weight per plant (g) 471.1 a 4773 a 358.8 a 347.8 a 220.6 b 431.6 a

Note: the number at the same line followed by the same letter were non-significantly different at 5% of DMRT.
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salt solutions. Reducing crop growth and crops yield
when the crops exposed to salinity stress, has
previously been reported for soybean (Sunarto, 2001),
peanut by Taufik et al. (2015), and tomatoes (Boboy,
2011; Rahmawati et al., 2012; Arnanto et al., 2015;
Whulandari, 2016). Reducing crop growth was likely
caused by the increase in Na' in the cell which in turn
disturbed the ion balance between Na" and K" as well
as between Na“ and Ca”". As salinility level in the soil
solution increases, Na" uptake by root also increases.
However, it significantly reduces the uptake of K"
and Ca®" (Summart, 2010). While K" has significant
role in the opening and closing of leaf stomates, Ca*"
take direct part in the cell wall formation (Salisbury and
Ross, 1998). Therefore, when exposed to salin
environment, crops will undergo osmotical stress,
leading to the delay in leaf emergence, reduce in leaf
area, and promoting leaf senescence, as a result of the
accumulation of toxic ions (Rajendra et al., 2009).
Furthermore, increasing salt level in the soil solution
reduces the water potential of soil solution, which
lead to the increase in energy spent by the crops to
access water and nutrition as well as to maintain the
cell turgor. As a consequence, water and nutrition
uptake will reduce significantly when crops do not
have enough energy sources, resulting in the
reduction in crop growth and crop yield (Sopandie,
2013). These findings confirmed what Darwish et al.
(2009) has reported.

Salinity treatment did not sginificantly affect the
age of flowering time and the number of flower per
bunch even though it significantly reduced the
number of flower bunch, the number of fruit per
bunch, and the number of fruit per plant. Duman
(2012) stated that it might be caused by the limited P
uptake, as a result of the increase in osmotic potential
of the soil solutions, which led to the to flowering
inhibition and fruit initiation (Harjadi and Yahya, 1988).
Similar results have been reported by Taufiq and
Purwaningsih (2013) for mungbean, in which they
found that salinity treatments reduced the number of
pod per plant and the weight of 100 grains.

Salinity treatments also significantly reduced
fruit quality, such as fruit weight, fruit diameter, and
fruit length although it promoted harvesting time.
These findings were confirming the results of previous
experiment reported by Boboy (2012) and Rahmati et al
(2012), finding that salinity stress reduced the
number of fruit, the weight of fruit, the diameter of
fruit, and length of fruit.

Interaction between Genotype and Salinity

The interaction between genotype and salinity
significantly number of flower, number of fruit,
average of fruit weight, and fruit diameter. Itera and
Empat showed no differences in the number of flower
per plant when grown at 0 ppm and 9000 ppm NaCl.
On the other hand, Empat G showed nearly 40% of
reduction in flower number at 9000 ppm NaCl even
though the figure was still the highest among the
treatments (67.7 flowers). It was contradict to the
previous results reported by Rahmawati (2011)
finding that at 7500 ppm NaCl did not reduce the
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number of flowers per plant. The differences in
flower number may be caused by the differences in
genotypes or by environemental factors, such as
nutrition deficiency especially P which delay flower
initiation (Wijaya, 2008).

Table 3. The effects of salinity on crop growth,
crop yield, and fruit quality.

Variables measured (I)\IaCl (p p9r82)0
Plant height (cm) 88.1a 65.9b
# of leaf (blades) 50.2a 27.0b
Age of flowering (day) 21.1a 21.5a
# of flower bunch 26.3a 11.3b
# of flower per bunch 6.5a 6.1a
# of fruit per bunch 5.6a 5.0b
# of flower per plant 113.6a 54.4b
# of fruit per plant 87.6a 46.0b
Harvesting time (day) 46.6a 43.4b
Average of fruit weight (g) 12.7a 6.7b
Fruit diameter (mm) 26.4a 21.9b
Fruit length (mm) 25.1a 21.1b
Total fruit weight (g) 580.2a  189.2b

Note: the number at the same column followed by the same
letter were non-significantly different at 5% of DMRT.

Without salinity treatment (0 ppm NaCl),
genotype Itera and Empat showed very small number
of fruit per plant, which were less than 30 fruits while
the rest of the genotypes produced 114 to 128 fruits
(Tablel). Farthermore, at 9000 ppm NaCl, Itera and
Empat showed the least reduction in fruit number
(<28%). However, both genotypes produced the least
number of fruit at 9000 ppm NaCl. On the other
hand, even though Empat G lost nearly 30% of the
fruits at 9000 ppm, it produced the highest number of
fruit (88 fruits). These findings suggested that both
genotype and salinity did not worked indpendently in
affecting fruit numberm, as suggested by Suryadi et
al. (2004) and Wiguna and Sumpena (2012).

Genotype Empat G and Empat were the only
genotypes that did not show reduction in fruit
diameter whether they were exposed to salinity stress
(9000 ppm NaCl) or not (0 ppm NaCl). The rest of
the genotypes, on the other hand, showed significant
reduction in fruit diameter with the lowest reduction
found in genotype Empat G (Table 4). At 9000 ppm
NaCl, the highest fiuit diameter was found in genotype
Empat (30,57 mm) while the lowest diameter was
found in genotype 22 (18.97 mm). These findings
confirmed the previous results reported by Chookhampaen
et al. (2008) and Rahmawati (2016) in which fruit
dimater and fruit weight significantly reduced as the
salinity livel increased.

Genotype Empat showed the highest fruit weight
when grown either without (0 ppm NaCl) or with
(9000 ppm NacCl) salinity stress although there was a
significant reduction (about 48%) in fruit diamater
(from 28.9 mm to 15,2 mm). It might be because this
genotype was one of the genotype producing large fruit. In
fact, the fruit diameter of genotype Empat at 9000
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Table 4. Effect of genotype and NaCl interaction
on the number of flower per plant

NaCl (ppm)

Genotype 0 9000

Kedurang 134.02 a 65.83 ab
A) (B)

Empat G 151.01 a 9333 a
(A) (B)

Enam 158.52 a 67.66 ab
(A) (B)

Itera 47.66 b 28.02 ¢
(A) (A)

Empat 26.33b 19.83 c
A) A)

22 164.33 a 51.12bc
A) (B)

ppm NaCl was higher than those of almost all
genotypes tested (Table 5). The lowest reduction in
fruit diameter was found in genotype Empat G (18%).

Widarmi (2011) stated that when the effect of
interaction between genotype and environment is
significant, an ideal genotype to be grown at that
situation is the one having the highest yield. In our
case, genotype Empat G was the genotype having the
highest yield at 9000 ppm NaCl (Table 6). It is
therefore the authors recommended that genotype
Empat G be grown at salin soil because was able to
maintin the high yield when exposed to high salinity
stress (9000 ppm NacCl).

Table 5. Effect of genotype and NaCl interaction
on the number of fruits per plant

NaCl (ppm)
Genotype 0 9000
Kedurang 1175a 53.5b
(A) (B)
Empat G 126.2 a 88.2a
(A) (B)
Enam 124.7 a 61.8b
(A) (B)
Itera 2720 19.8 ¢
(A) (A)
Empat 143b 11.2¢
(A) (A)
22 1142 a 41.8 be
A) B)
CONCLUSSIONS

Salt concentration that caused 50% of tomato
seedlings died (LC-50) was 9000 ppm NaCl. It
significantly reduced crop growth, crop yield, and
fruit quality of 6 potato genotypes. The tomato genotype
showing the best growth and yield was Empat G.
When exposed to LC-50 salinity levels, genotype
Empat G showed the best growth and yield. It was
therefore recommended that 9000 ppm salinity level
(LC-50) be used for screening tomato genotypes for
salinity tolerance.
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