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Abstract. Tomato (Lycopersicon esculentum Mill, (Var, Marmande and Pearson) plants were grown
under greenhouse conditions, in a loamy sand calcareous soil (CaCOy;, 26.5%) to study the growth and
yield of tomatoes irrigated with SOi' waters (15, 30 and meq/l).

Results indicated that total fruit weight and average fruit weight were not affected by SOi‘ level.
Fresh weight (FW), dry weight (DW) and maximum length (ML) of root system as well as total soluble
solids (TSS) and acidity of fruit were significantly (P<0.05) increased by high SOi‘ level (45 meq/l).

The results also revealed that in Marmande cultivar, at the second stage (69 days) — the uptake of N,
P, K, SO,, Fe, Zn, Mn and Cu was significantly (P=<0.05) increased as SOi‘ level increased. Also, soil
SAR and pH were significantly increased.

The results suggest that under prevailing conditions of the experiment, irrigating tomatoes with SOﬁ‘
waters having concentration in the range of (15-45 meg/l) can be tolerated by tomato plant and it would
not restrict its growth and yield.

Introduction

Sulphur is often added in excess to plant needs in arid and semi-arid regions. This is
because irrigation is a common practice and in some of these areas the sulphate (SO4)2‘
is the predominant anion in the irrigation water. This is the case in some cultivated
areas of Saudi Arabia, particularly the central region (e.g. Aljelh, Tebrak).

The limited information concerning the effect of sulphate waters on plants and
soils show a great deal of contradictions in results [1-3]. In general, use of high SOi‘
waters may lead to gypsum precipitation. This is considered beneficial to soils
because of the limited solubility of gypsum (31.35 meq/l in pure CaSO, system at
25°C) which does not create saline conditions in the soil [4,5]. However, an adverse
effect may occur due to precipitation of Ca** with SOﬁ‘ leading to an increase in con-
centration of Na* which raises the soil solution sodium adsorption ratio (SAR) [6].
These changes, which may cause beneficial or harmful effects, are greatly influenced
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by soil properties and the applied ionic composition [7-9]. The use of high SOi‘ wat-
ers may also cause extensive accumulation of sulphur (S) in the soil. Therefore, some
S-toxicity problems may arise [1].

Because of the limited information and apparent contradictions in the literature
regarding the effect of sulphate waters on plants and soils and the presence of signif-
icant amounts of SOi‘ in the ground waters in some areas of Saudi Arabia, the pre-
sent study was undertaken to evaluate the effect of SOi‘ waters on the soils and
tomatoe growth and yield.

Material and Methods

A greenhouse experiment was carried out at the College of Agriculture, King
Saud University (with moderate temperatures ranging from 17-22°C min. and 24-28
°C max.). Seeds of two cultivars; Marmande and Pearson, were raised in seedling
flats under greenhouse conditions. When the seedlings reached the four true leaf
- stage, 48 seedlings of each cultivar were transplanted to plastic pots 30 cm in diame-
ter containing 16 kg of soil. The soil used was a loamy sand (Torrifluvent, calcareous
soils CaCO,, % 26.5) obtained from The Agricultural Research and Experimental
Station at Dirab, 25 km south west of Riyadh (24° 427, 46° 44 E, Alt 600 m). Some
of the physical and chemical properties of the soil are presented in Table 1.

Each pot received an equivalent of 220 kg N/ha as urea splitted into three doses
(110, 55 and 55 kg N/ha). Also equivalent of 180 kg P,O4/ha and 120 kg K,O/ha were
added to each pot in the form of KH,PO,. Micronutrients were added at rates of 10
ppm Fe as Fe EDDHA, 10 ppm Zn as Zn-EDTA and 5 ppm Mn as Mn-EDTA. Irri-
gation was carried out on weekly basis by top addition of water and it was planned
to give 0.3 leaching fraction at each irrigation. Irrigation water was prepared by dis-
solving mixture of Na, Ca and Mg salts in distilled water in such a way as to give wat-
ers of different SOi‘ concentrations (15, 30 and 45 meq/L) but with equal electrolyte
concentration (EC=5 mmohs/cm) and SAR=7 (Table 2). Pots were arranged in a
completely randomized design with four replicates. Plants were harvested 46, 69 and
104 days after planting, oven dried at 70°C for 48 h; and dry weight (DW) was
recorded. Plant materials analysis was carried out for N, P, K, SO,, Fe, Mn, Zn and
Cu according to the methods described by Chapman and Pratt [10] and Black [11].
Also, data were recorded for tomato yield, total acidity, ascorbic acid, total soluble
salt (TSS) and pH. At the end of the study, soil samples were taken from each pot and
soil pH, EC and SAR were determined using standard methods [10,11].
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Table 1. Characteristics of the soil under investigation
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Soil property

Dirab soil

Greatsoil group
pH, (H,0) 1:1
EC,dS/m
CaCO,, %
Organic matter, %
NH,*, ppm
NO,-
K* NH,OAC (ppm)
Sodium bicarbonate soluble-P ppm
DTPA extractable Fe ppm
DTPA extractable Mn ppm
DTPA extractable Zn ppm
DTPA extractable Cu ppm
Sand%
Silt%
Clay%

Soil texture

Torrifluvent
7.50
1.30

26.50
0.10
17.90
21.20
188.00
3.40
1.36
0.76
0.50
0.41
80.00
9.00
11.00

Loamy sand

Table 2. Compeosition of the irrigation waters

SOZ’ conc. Conc. of the used salts

meq/l meg/l

15 15.0Na, SO,
7.25NaCl
13.87CaCl,. 2H,0
13.87 MgCl,

30 22.26Na, SO,
7.74Mg$S0,. TH,0
6.13MgCl,
13.87CaCl,. 2H,0

45 22.26Na, SO,
13.87MgSO,. TH,0
8.87CaS0O,.2H,0
5.00Cacl,.2H,0
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Results and Discussion

Total yield and yield components of tomato fruits as affected by SOj‘level are
shown in Table 3. Total fruit weight and average fruit weight were not affected by
SOi‘ treatments, whereas the number of fruits/plant was significantly reduced by
increasing SOi‘ concentration from 15 to 45 meg/l. In a similar study, Cedra et al. [1]
determined the effect of SOi‘ on tomato plants (Lycopersicon esculentum Mill. var.
6C-204) using wider range ofSOi‘ concentrations (0-105 meq/l). They found out that
fruit yields were negatively affected by both S-deficiency and high SOi‘ levels (45,75
and 105 meq/l). Reduction in yield was attributed, under S-deficiency conditions, to
the abortion of flower buds and in high SOﬁ' concentration treatments to high osmo-
tic concentration or enhanced excess uptake of certain ions, which could contribute
to reduced Ca™* transport to fruits. Noticeable yield reduction was observed only at
S-deficiency and/or high SOi‘ (45-105 meg/l). Also, Haward and Long [12] pointed
out that reduction in tomato fruit weight was not large at Na salt concentration of 40
meq/l (75% as SOi‘) but was decreased sharply at Na concentration of 80 meq/1 (60
megq/l SO7"). Therefore, the SO;" concentrations in the range used in this study (15-
45 meq/l) did not result in harmful effect on tomato plants. Also, the results are in
agreement with the previous studies and confirm the conclusion that tomato plants
were able to grow under wide range of SOi‘ without considerable yield reduction.

Table3.  Total yield and yield components of tomato fruits as affected by sulfate level in the irrigation

water
sor Total yield No. of Avg. fruit wt.
meg/l g/plant fruit/plant g
15 115.0 a 6.9 a 19.7 a
30 129.1 a 54 ab 257 a
45 9.3 a 44 b 23.7 a

Means in each column followed by the same letter are not significantly different at P<0.05.

Table 4 shows the fresh weight (FW), dry weight (DW) and maximum length
(ML) of root system as affected by SO7” levels. High SO level (45 meg/l) resulted
in an increase in FW, DW and Ml of roots. This result is in line with the same obser-
vation reported by Cedra et al. [1]. They mentioned that, the top growth was more
negatively affected by excess SOi‘ than root growth.
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Table 4. Fresh weight, dry weight, and maximum length of root system as affected by SOi’ levels in the
irrigation water

SOi" . W *DW *xxML
meq/l (g) (g (cm)

15 39 b 1.36 b 29.71 ab
30 400 b 1.3 b 2634 b
45 7.11 a 231 a 40.11 a

Means in each column followed by the same letter are not significantly different at P<<0.05.
* FW : Fresh weight

** DW : Dry weight

“**ML : Maximum length of root system.

Nutrients uptake

Data presented in Table 5 show that in Marmande cultivar at the second stage,
the uptake of all nutrients (N, P, K, SO, Fe, Zn, Mn, Cu) was significantly (P<0 05)
increased by increasing SOi‘ concentration. However, with Pearson cultivar, this
response was inconsistent. The nutrients uptake were not significantly different at
the first and third stages for both cultivars (data not shown). The pronounced effect
of SOi‘ treatment at the second stage may be attributed to the fact that plant at this
stage were at their highest physiological activity, flowering and fruit set were prog-
ressing. Therefore, plants uptake of nutrients were reflecting the effect of SOi‘ level.

Table 5. Effect of SOi’ level in the irrigation water on macro and micro nutrient uptake by two tomato

cultivars
Cultivar Treatment N P K SO, Fe Zn Mn Cu
SO meq/l mg/pot =

Marmande: 15 75.0 10.3 91.0 21.6 1.2 0.29 0.29 0.04
30 165.6 17.6 2259 49.3 2.2 0.58 0.59 0.08

¥ 45 266.0 23.2 373.6 62.1 2.4 0.92 0.71 0.13
Pearson: 15 183.4 26.1 278.4 53.3 2.2 0.71 0.76 0.12
30 124.4 12.1 185.1 42.0 2.6 0.49 0.53 0.07

45 209.8 18.6 323.9 55.6 1.9 0.70 0.73 0.12

LSD(0.05) 17.4 325 48.9 6.9 1.0 0.18 0.15 0.12
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Soil EC, SAR and pH

Table 6 shows the final EC, SAR and pH of soils. Data show that the increase
in SOi‘ level resulted in a significant (P<0.05) increase in soil SAR and pH. Also,
higher accumulation of salts occurred by increasing SO%’ level from (15-30 meq/1) but
further increase in SO%‘ resulted in a drop in soil EC (Table 6). Apparently, this can
be partially attributed to precipitation of gypsum at higher SO%‘ level. Papadopoulos
[2] reported that salt accumulation was substantially less with only SO‘%' in irrigation
water than with 1:1 mixture of NaCl+ CaCl, having comparable EC. Also, it seems

that s6il SAR was not high enough to affect the yield of tomato plants (8.45 - 12.73)
(Table 6).

Table 6. Effect of SOf‘ level on soil SAR, pH and EC at the end of the experiment.

SO7 level SAR pH EC
megq/1 dS/m
15 8.45 ¢ 7.52 ¢ 6.33 b
30 11.26 b 7.66 b 8.87 a
45 12.73 a 7.86 a 7.97 a

Means in each column followed by the same letter are not significantly different at P<0.05.

Total soluble solids (TSS) and the fruit acidity (Table 7) significantly increased
at high SOi‘ level (45 meq/l). Such increase in acidity by sulfate may be attributed to
the acidity effects of SO stored in leaves and fruits as mentioned by Thomas [13]
and Zidan et al. [14].

Table 7. Acidity, vitamin C, TSS and pH of tomato juice as affected by SOf‘ levels

SO:" level Acidity % *V.C.% **TSS% pH
meq/l dS/m

15 092 b 20.62 ab 896 b 373 a
30 0.83 b 17.47 b 943 b 377 a
45 1.34 a 21.80 a 11.37 a 380 a

Means in each column followed by the same letter are not significantly different at P<<0.05.
* V.C.: Vitamin C
**TSS : Total soluble solids
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In conclusion, it is suggested that water having SO§‘ concentration in the range
of (15-45 meq/1) can be easily tolerated by tomato plants. Considering that SOf‘con-
centration in the irrigation waters in the Kingdom of Saudi Arabia rarely exceed
these values. It is expected that it would not restrict tomato plant yield and could be
used safely.
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