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I true in the coastal strip where
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conductivity (EC) in the soil solution or
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: The effect of a saline nutritional regime on tomate (Eycopersicon esculentim Mill.) fruit yield and fruit
ty enhancemen for five cultivars (CLN 425, Pearson, Napoli, Hymar, and Sicrra) was studied. The saline nutrient
pents consisted of (i) a control, Hoagland's solution (EC=2.5 mScm''), (i} Hoagland's solution + 50 mM NaCl
746 mScr™), (iii) Hoagland's solution + 50 mM NaCl + 4 mM K50, + 2 mM H,PO, (EC =8.31 mScm™), (iv)
as in (i) but applied when plants were at 50% flowering, then the plants were irrigated with Hoagland's solution
the control, and (v) same as in (i1i) until the plants were at 50% flowering, thereafter NaCl concentration was reduced
25 mM (EC=5.87 mScm"). Plants were seven weeks old at the start of the saline trestments. Each plant was in PVC

gracal pots (15 cm diameter and 27 cm height) containing washed quartz sand. Fruits were harvested once weekly
of ten weeks at incipient red. The control gave a higher fruit yield than the saline treatments. However, the tomato fruits
the saline treatments had higher titratable acidity, higher total soluble solids. and higher total solids indicating bemer
ity of the fruits than those from the control.  Of the five cultivars studied, Hymar had the highest fruit yield followed
Pearson. H}rmlr's q'llalit}' was also highest, followed by CLN 425, Napoli was the most susceptible to salimity and

hydroponic medium increased the concentration of total
soluble solids (TSS) and therefore improved the flavour
of tomato fruit (Cornish and Nguyen, 1989). Under
saline conditions of soil solution, Cornish (1992) found
that the flavour of salad tomatoes and the value of
processing qualities are closely related to the
concentration of total soluble solids (TSS) in the fruit.
The desirable characteristics in salad and processed
tomatoes were obtained as a result of irrigating the
tomato plants with saline water in greenhouses (Ehret
and Ho, 1986; Adams, 1988; and Charbonaeau et al.
1988), on sand dunes (Mizrahi et al. 1988), and under
field conditions (Lapushaer et al. 1986; Pasternak et al.
1986; and Mitchell et al. 1991).

Tomato fruits should have adequate level of
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TABLE 1

Tomato fruit yield (kg/plant) for the five cultivars under five soline [reatments.

NUTRIENT SOLUTIONS WITH FULL-STRENGTH HOAGLAND FORMULATION

OVERALL
CULTIVAR Control MalCl NaCl + K + P .
An 50% Flowermg
Up 1o the end of the -
I I experiment NalCl was reduced
I Same as control 0 25 mM
1ITA e
C B BC C BC
CLN 425 1.2 a .46 a .57 a D.E2a 0.7T2a 0.72C
AB AR AR B AB
PEARSOM 2193 (.63c 1.10¢ 1.77 ab 1.32 e 142B
B AB C C C
NAPOLIL 2.07a 0.60b 044 hb 0.67 b .59 b 087C
A A A A A
HYMAR 275a 1.15b 1.31b 28la 1.59 b 192 A
C B c C C
SIERRA 1.16a 0.34b 0.45h {154 ab (.60 ab n.70C
OVERALL MEAN 1.86a (.64 o 0.77 ed 1.40 0 (.96 ¢

Means within columis and rows, having the same lener are not significantly different from each other at 3% level (LSD) (Capital letters for tL'IiLI.I“TBS &nd 50

letters for rows).

acidity since organic acids, especially citric acid, are
important constituents of tomato flavour. The acidity of
tomato products is influenced by organic acid and
potassium contents and needs to be higher than the
threshold value to prevent microbial spoilage after
processing (Powers, 1976). According to Stevens et
al. (1977). improved tomato flavour can be achieved via
increased TSS and acid content. Titratable acidity and
soluble solids content were responsible for most of
differences in overall flavour intensity among different
hybrids. In his study with tomatoes, Adams (1991)
found that the data supporis a specific role for K in
controlling fruit acidity; but he also demonsirated that
much of the increase in acidity of the fruit juices was
due to salinity rather than to K per se.

Phosphorus has an important role in the quality
of tomato fruits because of its effect on pH. Titratable
acidity and pH are crucial to tomato quality because of
their effects on flavour and processing characteristics
(Stevens and Paulson, 1973). Awad et al. (1990)
reported that increasing P fertilization enhanced the
tolerance of tomato plants to high salinity. They found
that at 0.1, 1.0, and 10 mM P, the NaCl concentration
that reduced yields of fruit by 50% were 58, 72, and
130 mM, respectively. They also found that a high P
concentration decreased MNa and increased K
concentration in immature leaves

The objectives of this study were to evaluate the
effects of saline nutrient regime on performance of five
tomato cultivars in fruit yield by weight and by fruit
number and enhancement of tomato fruit quality in
terms of total soluble solids, titratable acidity and total
solids.
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Materials and Methods

Tomato seedlings were established in a standa
potting mix in the greenhouse. Five tomato culuva
CLN 425, Pearson, Napoli, Hymar and Sierra wel
used. At five weeks after emergence, the seedling
were (ransferred to PVC cylindrical pots (15 ©
diameter and 27 cm height) containing washed quart
sand. Nutrient solutions were pumped from holdin
tanks with a submersible pump into tubes that fed plar
in the PVC pots. This consisted of five separate units
In each unit, basal nutrient solution (Hoagland'
solution) and saline treatments were fed by an emitte
tube drip svstem from a 70-L polythene reservoir
Solutions in all tanks were purnpecl intermittently [l
min on:10 min off) for 30 minutes using electn
submersible pumps. Solution pH was adjusted wil
NaOH or H,S0, to 5.8 + 0.2 for all solutions.
treatments were applied daily. The system
controlled by a mechanical timing system. Initi
irrigation of all the plants was applied with a contr&
solution consisting of a half-strength Hoagland®
solution in water from the mains (EC=0.75 mScm) fof
a period of two weeks after transplanting. This stud
was conducted in a greenhouse at the Agricultur
Experiment Station of Sultan Qaboos University.
range in temperatures in the greenhouse was from 1
to 28°C with a mean daily sunlight of 11.5 hours.

The saline treatments were as follows: (i) contr
in which full-strength Hoagland's solution was mixe
with the mains (tap) water resulting in EC of 2.5mScs
(Treatment 1), (ii) same solution as in (i) + 50 mM
NaCl resulting in EC of 7.46 mScm ' (Treatment I-
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TABLE 2
ber af tomato fruits harvested per plant for the five cultivars under five saline treatments.

NUTRIENT SOLUTIONS WITH FULL-STRENGTH HOAGLAND FORMULATION

NaCl + K + P
Control MNaCl OVERALL
MEAN
Up to the end At 50% Flowering
of the
experiment
Same as MaCl was reduced
Contril o 25 mM
1 Im m IIA B
B B AB AB A
26.33a 19.33 a 20.67 a 27.67 a 236Ta 23.53 BC
B AB AB AB A
32.00a 28.67 a 29004 26.00 a 333 a 920B
A A A B A
T833a 4500 h .67 be 20,00 ¢ 13 4289 A
B B AB A A
25.67 a 2300 a 18672 41.00 a 1967 a 29.60 B
B B B B A
2433, 16.67 a 13.33a 15.00 a 18.67 a 18.67C
37.33a 27.13a 25.27a 27.75 a 26.40 a --s

mns and rows, having the same letter are not significantly different from each other at 3% level (LSD) (Capital letters for
etters for rows).

TABLE 3
Total soluble solids (TSS) percent for the five cultivars under the five saline treatmenis.

NUTRIENT SOLUTIONS WITH FULL-STRENGTH HOAGLAND

FOERMULATION
OVERALL
MaCl + K + P MEAN
Control MNaCl
Up to the Ar 50% Flowering
end of the
I:'II:":F'IITH:I"
Same as KNaCl was
I o m Control reduced o
1A 25 mM
1B
4.71 6.72 6.61 534 6,20 5928
464 7.50 6.18 4.19 6.32 5.77 BC
4.50 5.86 7.11 397 5.25 5. C
538 7.81 .52 6.34 B.13 T3 A
338 5.04 528 3.95 478 449D
452¢ £.59 ab .74 a 476¢c 6.14b -

ymn and row, having the same letter are not significantly different from each other at 5% level (LSD) (Capital letters for
11 letters for rows).
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TABLE 4

Titratable acidity percent for the five cultivars under the five saline treatments.

NUTRIENT SOLUTIONS WITH FULL-STRENGTH HOAGLAND

FORMULATION
MaCl « K + P D\’ERA]:.L

Control MaCl MEAN

CULTIVAR Up to the end of At 50% Flowering

the experiment
Same as MNaCl was reduced
I Il Control o 25 mM

1 A il
CLN 425 0.26 0.32 (.28 0.26 0.32 0.29 A
FEARSON D.12 0.22 0.21 0.11 (.19 017 ¢C
NAPOLI 0.1% 0.24 0.28 018 0.27 0.22B
HYMAR 0.16 0.27 (.29 024 0.25 0.24 B
SIERRA 0.07 0.22 0.25 .14 024 .18 C

OVERALL MEAN 0.16b 0.25a 026 a 0.19b 0.25a -

Means within column and row, having the same
columns and small letters for rows),

(iii) same solution as in (i) + 4 mM K,S0, + 2 mM
H,PO, resulting in EC of 8.31 mScm" until the end of
the experiment (Treatment III), (iv) same as in (iii) but
until plants were at 50% flowering, then the plants were
irrigated with just Hoagland's solution as in the control
(Treatment IITA), and (v) same as in (iii) until the plants
were at 50% flowering, thereafter NaCl concentrations
was reduced to 25 mM resulting in EC of 5.87 mScm™
(Treatment IIIB).

Each treatment was replicated three times. Five
plants from each tomato cultivar were used in each of
the five treatments. Thus, in each replication there
were 25 plants.

Fruits were harvested weekly for ten weeks at
incipient red. They were then counted and weighed.
Samples from each harvest were used 1o determine %
TSS, % titratable acidity, and % dry matter. The %
TSS was determined by a hand-held refractometer
(American Optical Corp.). Titratable acidity was
determined by crushing 5 g fruit sample, boiling in 200
ml distilled water for 15 minutes, then titrating 50 ml of
the aliqguot with 0.IN NaOH. The acidity was
computed as percent citric acid. The data collected in
this sudy was analyzed by Analysis of Variance
(ANOVA) procedure and the means were separated by
the least significant difference (LSD) test at the 0.05
level of confidence.

Results and Discussion

FRUIT YIELD: The tomato yield (kg/plant) showed that
the control overall mean had a 25% higher yield than
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Tetter are not sigmificantly different from each other at 5% level (LSD) (Capital letters for

that produced by treatment IIIA overall mean, 48%
higher than treatment 1IB, and 66% higher than
treatment I that had the lowest yield (Table 1). For
example, the control (I) produced 1.86 kg/plant while
treatment IIIA produced only 1.40 kg/plant, a 25%
difference. In spite of the 10% increase in salinity in
treatment 111 as compared to treatment Il there was no
decrease in vield in treatment 111 as compared to
treatment 1. This indicates that the extra K and P
included in treatment 11T had an enhancement effect of
maintaining the productivity at a higher salinity level.
Similar results were obtained by Awad et al. (1990) and
Adams (1991). At 50% flowering, treatment [TTA
overall mean was subjected to same conditions as the
control (treatment I) overall mean but its yield was
lower than that of treatment | overall mean because of
its reduction in its vegetative growth induced by the
saline treatment up to the 50% flowering stage.
However, with the exception of Napoli cultivar that had
statistical difference between treatments I and [IIA
means, the other cultivars showed no statistical
differences in their vields between the same two
treatment means (I and 11IA). Cultivar CLN 425 was
not affected by saline treatments since there were no
significant differences between the salt treatment means
and the control. Hymar had the highest yield at 1.92
kg/plant, which was about 26 % higher than Pearson at
1.42 kg/plant and about 55% higher than the fruit yield
of Sierra, Napoli and CLN425 at about 0.87 kg/plant.
Compared to the control means, the saline treatments
resulted in a 47% reduction in yield for Pearson, 76%
reduction for Mapoli, 38% reduction for Hymar, and a



d for Sierra. Therefore, Napoli
0st sensitive to saline treatments.
‘not show significant difference o

- cultivars, the fruit vield (number of
for Napoli seemed to be the most
able 2). This cultivar started with
s harvested per plant at 78 which
3% of the mean of the other four
gits/plant in the control (treatment ).
1l the number of fruits harvested per
from 78 to 48. This was a 39%
A it fell by 74% and that
lowest number of fruits compared
ivars with the exception of the yield
was not statistically different.
aber of tomato fruits for the other
affected by the saline treatments.
fe obtained by Cornish (1992).
gan size of fruits (by weight) for all the
duced by the saline treatments except
The approximate size of the tomato
ermined by using Tables 1 and 2.
erall cultivar means, Hymar had
1) with 29.60 fruits (Table 2)
In the largest average fruit size of 65 g
in with 49 g. then by Sierra with 38
with 31 g and lastly by Napoli with 20
The reduction of fruit size with
icated the osmotic effect of salinity
Water uptake. Pessarakli et al. (1989)
jere was a decrease in water uptake of

DS: The % TSS in the tomato frui
il (I) overall mean and IIIA treatment
e not significantly different and had
;among the treatments. The values for
 4.52 and 4.76 percent, respectively
ppests that the saline pretreatment
hat continued until 50% flowering in
on TSS since no fruit setting had vet
1g control conditions as in treatment
stage in treatment IIIA (from 50%
that at the start of fruit setting the
already adjusted to the new regime.
can be applied to treatments I and
also not significantly different from
% TSS. The pretreatment (NaCl +
ontinued in 1B until 50% flowering did
ge on the % TSS. Tt was the 25 mM
HIB exposed to the plants prior to
continuation to the end of the swudy
influence on % TSS since its value was
iy different from that of treatment II
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which also had NaCl. If treatment Il had only 25 mM
NaCl instead of 50 mM NaCl in the nutrient solution it
would still have given the same value of % TSS as it
had in this smdy (6.59% in treatment Il is not
significantly different from 6.14% in treatment I1IB).

The value of %TSS was highest in treatment III
overall mean which was not significantly different from
treatment Il overall mean which, in turm, was not
significantly different from treatment IIIB overall mean.
Treatments I and I1IA had the lowest value of % TSS.
Hymar cultivar had the highest overall mean followed
by CLN425 and Pearson then Napoli and lastly by
Sierra.

TITRATABLE ACIDITY: The same relationship that
existed between treatments | overall mean and 1A
overall mean and that between treatments Il and 1B
overall means for titratable acidity is reflected here as
it had in % TSS (Table 4). This strengthens the above
discussion that pretreatment before fruit setting had no
effect on titratable acidity as it had no effect on TSS. It
can also be inferred here that 25 mM NaCl in treatment
I1IB can replace the 50 mM NaCl in treatment 11 since
both the treatments had the same value of titratable
acidity overall mean. The values of titratable acidity for
cultivars ranging from high to low are CLN 425, Napoli
and Hymar, and lastly Pearson and Sierra.

FRUIT DRY MATTER OR TOTAL SOLIDS: The overall
treatment means show that all the saline treatment
means had statistically higher total solids (TS} than the
control (Table 5). Treatment [IIA had statistically the
same value as the control since during the fruit setting
the salinity stress had already been relieved and its
effect was identical to the control from 50% flowering.
The mean of the overall saline treatment means 11, T11
and IIIB had 29% higher TS than the mean of | and
A overall means. As for the overall cultivar means,
Hymar had the highest value followed by CLN 425,
Pearson, Napoli, and lastly by Sierra that had the lowest
TS. Mitchell et al, (1991) found that the increased dry
matter in saline reatments was due (o decreased water
import by the fruit resulting in size reduction.

Conclusions

The results of this study indicate that in spite of
the reduced tomato fruit vield (kg/plant) that was caused
by the saline nutrient treatments in all cultivars but one,
there had been a general improvement in the quality of
tomato fruit as indicated by its increase in TSS,
titratable acidity and dry matter (TS) contents for all the
five cultivars. The tomato fruit yvield (kg/plant) was
highest in the control and lowest in the NaCl (treatment
IT). The additional K and P in the treatments 111 had an
enhancement effect of at least maintaining the yield the
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TABLE 5

Tomato fruit dry matter or total solids (TS) percent for five cultivars under five saline treatments.

NUTRIENT SOLUTIONS WITH FULL-STRENGTH HOAGLAND

FORMULATION
MNaCl+ K+ P OVERALL
CULTIVAR Comtrol MNalCl MEAN
Up o the end At 50% Flowering
of the
experiment
Same as NaCl was reduced tw
I I m Control 25 mM
1A 1B
CLN 425 7.49 080 9.29 T.48 9.03 E62B
PEARSON 6.15 10,08 B.53 5494 923 7.99 BC
NAPOLI 593 B.60 8.78 543 7.21 7.19CD
HYMAR 6.99 11.20 11.42 B.50 11.08 984 A
SIERRA 4. 89 6.55 7.88 5.42 7.02 635D
OVERALL MEAN 6.29 b 925a 918 a 6.56b 8.72a --

Means within column and row, having the same letter are not significantly different from each other at 5% level (LSD) (Capital leners f

columns and small letters for rows).

same as in treatment 11 in spite of its higher salinity.
Hymar cultivar had the highest yield followed by
Pearson in the second place and in the third place were
Sierra, Napoli and CLN 425. With the exception of
Napoli, the saline treatments did not affect the number
of fruits per plant. However, the size of the fruits were
smaller with saline treatments due to the osmotic effects
of salinity in limiting water uptake. The highest saline
pretreatment until 50% flowering had some effect on
reducing tomato fruit yield but had no effect on the
quality of tomato fruir.

In many countries of the world with a developed
food industry, a high soluble solids content is of major
economic value not only to the tomato processing
industry, but also for the fresh vegetable market. With
proper management, a high soluble solids content is
now also achievable in saline conditions. Finally, with
the advent of industrialization taking place in Oman and
with, for example, the establishment of University food
science programs in the country, we can expect greater
emphasis on standardization of different agricultural
produce. including tomatoes. Close cooperation in
agricultural research, for instance, between the College
of Agriculture and the Ministry of Agriculture and
Fisheries Resources in Oman, will play a key role in
development of management practices that will allow
crops to be grown under tolerable saline conditions in
soil and water.
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