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Table 1. Physical an chemical properties of the studied soil.
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values Unit Property
8.03 - pH
<SS LL
0.433 ds m’! e

Electrical conductivity
S8 dals u""\’bg

30.3 cmol kg!
Cation exchange capacity
1.
0.46 S s
Organic carbon
peelS s
13.1 e
Calcium carbonate
0.14 % 0327
Nitrogen
47.0 o
Clay
S
273 -
Silt
257 o
Sand
1.80 s JB A
Available phosphorus
2.07 Cu
1.13 mg kg! Zn
7.20 Fe
3.03 Mn
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Table 2. Mean comparisons of Cu, Zn, Fe and phosphorus concentrations in leaf tissue and plant height.

S gl S Fe Zn Cu
Bush height Phosphorus
(cm) (mg kg!)
56.000° 0.142¢ 64.45° 10.77¢ 16.99¢ Control Jal
57.333% 0.156¢ 49.99° 12.23b 17.77% S(1g)
61.333% 0.175% 52.12% 12.68° 18.18% S(2g)
73.3332 0.186* 61.28° 15.00? 19.472 S(3g)
77.0002 0.167% 57.52% 14.85° 18.68 S(4g)

sl s 53 O Jlea] Cla.ﬂ):)\:duu el Kbled O gt a3 Sosline g >
Means in each column followed by different letters are significantly different at the 5% level of probability.
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Table 3. Correlation coefficients between nutrient concentrations and crop yield parameters along with soil acidity and electrical

conductivity.
e pH CU‘“J‘ O3 O3 b Mn Fe Zn Cu
S ©x
Sl Ul
1 -0.638 0.490  0.610 0.477 0.697 0.279  0.775 0.667 0.675 Electrical
conductivity
1 -0.419  -0.554" -0.642"" -0.805" -0.092 -0.488 -0.775"  -0.457 pH
*% *k * * 43,3" Cu;)\
1 0.222 0.3111 -0.314 0.686 0.799 0.570 0.520 :
Bush height
1 0.110 0.463 0.373 0.311 0.276 0.159 053
Weight
1 0799 0076 0575 08007  0.778" e
Nitrogen
1 -0.030  0.554" 0.675™ 0.615" ’
Phosphorus
1 0.603" 0.342 0.554 Mn
1 0.750™  0.862" Fe
1 0.799™ Zn
1 Cu

o/0) Jloiml o 3 s jms  Smpen **

* Correlation significant at the probability level of 0.05
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Fig. 1. pH (a) and electrical conductivity (b) values for control and treated soils at the end of growing season.
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Fig. 2. Concentrations of phosphorus (a) and nitrogen (b) in soil and plant tissue for control and treated samples.
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Fig. 3. Available concentrations of Cu (a), Zn (b), Fe (c) and Mn (d) in the soil and their concentrations in plant tissue for control and
treated samples.
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Abstract

A large part of the cultivated soils in western Iran is calcareous. This is effective in reducing the availability
of essential nutrients in the soil and their uptake by plants. This study's aim was to investigate the effect of
different levels of sulfur on chemical properties of a calcareous soil and tomato yield. The experiment was
carried out in a greenhouse using sulfur at five levels of 0, 1, 2, 3, and 4 g/kg soil with the bacterium
Thiobacillus thioparus with three replications (15 pots in total). Tomato seeds were sown two weeks after
adding sulfur to the potting soil. At the end of the 60-day growth period, leaf samples and tomato crops were
harvested to measure nutrient concentrations and determine the yield, respectively. The results showed that
the application of sulfur significantly affected soil pH (19.9 to 20.4%), electrical conductivity (18.7 to
21.5%), and the availability of P (16.2 to 21.2%), Cu (16.6 to 22.8%), Zn (16.8 to 21.9%) and Fe (18.2 to
22.5%) in the soil. The concentrations of these elements were also affected in the plant tissue due to soil
sulfur application in the range of 17.7 to 21.3% for P, 18.6 to 21.4% for Cu, 16.4 to 22.9% for Zn and 21.5 to
22.6% for Fe, respectively. Plant height was influenced similarly with an increase from 17.2 to 22.7%. In
general, the results of this study showed that applying sulfur up to three grams per kilogram of calcareous
soil could increase the uptake of nutrient elements by the plants through improving their availability which in
turn resulted in the growth and yield increase of tomato.

Keywords: Thiobacillus, Soil properties, Nutrient elements, Greenhouse, Western Iran.

Background and Objective: Calcareous soils are dominant among the farmlands across western Iran,
influencing the essential nutrients' uptake by the cultivated plants. Soil sulfur application may alleviate the
problem to some extent (1, 2 and 3). This is not addressed precisely for tomato which is widely grown in
these soils. The purpose of this study was to evaluate the effect of application of different amounts of sulfur
on nutrient uptake and yield of tomato plant cultivated in a calcareous soil in western Iran.

Methods: A calcareous soil from a farmland in western Iran was sampled to plant tomato crops in the pots
under greenhouse conditions. To determine the pH and electrical conductivity of the soil, a saturated extract
with a ratio of 1:2 soil to distilled water was applied. Soil organic matter was determined by titration after
acid digestion. To measure calcium carbonate, acid neutralization method was used. Hydrometric method
was followed to assess soil texture and measure the percentages of clay, silt, and sand particles. Extraction
by diethylene triamine panta acetic acid (DTPA) was used to measure the concentrations of Cu, Zn, Fe
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and Mn in soil. Soil phosphorus and nitrogen were measured through Olsen and Kajeldal methods,
respectively. Pots made of polyvinyl chloride with a diameter of 14 and height of 11 cm were applied to
cultivate the plants for the treated and control samples. Sulfur was added to the top 5 cm of soil in the pots in
the rates of 0, 1, 2, 3, and 4 g/kg. At the end of the 60-days growth period, the tomato plants of each of the
treated and control pots and their roots were harvested. Tomatoes produced were weighed and the plant
heights were measured. Also, leaf samples of the grown plants were washed, then oven-dried at 65 °C until
they reached the constant weight. Dry ash method was used to measure the concentrations of Cu, Zn, Fe, and
Mn using atomic absorption spectroscopy. Plant phosphorus, and nitrogen contents were measured using
spectrophotometry and Kjeldahl methods, respectively. Finally, the soil of each pot was excavated,
thoroughly mixed, homogenized, and then analysed for the nutrients through the methods mentioned above.

Results: Results indicated that plant height, Zn, Cu, Fe and phosphorous concentrations were significantly
improved following the soil amendment using sulfur fertilizer. Tomato yields showed a negative and positive
correlation to pH (P < 0.05) and electrical conductivity (P < 0.05) of the soil, respectively. Also, a positive
and significant correlation was observed between plant height with Cu, Zn, Fe and Mn concentrations. The
pH of the soil in the treated pots compared to the control samples showed a downward trend with sulfur
increase. There were significant negative correlations between soil pH with Zn, phosphorus and nitrogen in
the plant tissue (P < 0.01) as well as with tomato yield (P < 0.05). Compared to the control, adding sulfur to
the soil increased the amount of nitrogen and phosphorus in both soil and plants. Relationships of
concentration of phosphorus to those of Cu and Fe (P < 0.05) and Zn (P < 0.01) were positively significant
in the plant's tissue. Also, relationships of nitrogen to Cu and Zn (P < 0.01) and Fe (P < 0.05) in the plant's
tissue were found to be positive and significant. However, it was confirmed that sulfur application more than
3 g/kg soil may reverse the improving effect of Cu, Zn, Fe and phosphorous uptake by the plants cultivated.

Conclusions: The use of sulfur for amendment of the calcareous soil reduced the pH and increased the
electrical conductivity of the soil and also showed significant positive effects on the concentration of
available Cu, Zn, Fe, and phosphorus in the soil. It also improved the concentrations of Cu, Zn, Fe, and
phosphorous in the plant tissues. In other words, applying a carefully optimized amount of sulfur fertilizer to
calcareous soils and inoculation by Thiobacillus thioparus may quantitatively improve traits of tomato crop.
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