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Introduction

High nitrate concentration in vegetables is a major threat to human health. Selenium is an essential element
for human health due to its effect on plant growth and development and its presence in antioxidant systems. The
consumption of vegetables has been emphasized by nutritionists and is increasing due to their high nutritional
value, as well as the provision of fiber and antioxidant compounds. For this reason, many vegetables, especially
fresh vegetables, are considered to be essential as daily food for human. To solve the problem of nitrate
accumulation in crops, it is recommended to provide solutions such as: selenium element feeding or using
ammonia-based fertilizers. Selenium is essential as a cofactor for the formation of essential enzymes glutathione
peroxidases, which are present in all living tissues. This enzyme reduces cellular peroxides and prevents harmful
oxidation in the cell. Reactive oxygen species such as hydroperoxides and hydrogen peroxide are also
deactivated by these enzymes. On the other hand, calcium nitrate is one of the important fertilizers in agriculture,
which helps to improve the growth and quality of products, especially vegetables, due to its nitrogen and calcium
content. The use of calcium nitrate can help reduce problems such as fruit rot and increase plant resistance to
diseases and various types of stresses.

Materials and Methods

This research was conducted at the Chaharmahal and Bakhtiari Agricultural and Natural Resources Research
Center, Shahrekord, in 2022-2023. The experiment was conducted in a completely randomized block design
with 7 treatments in three replications. The treatments included sodium selenite at three levels (5.0, 1.0, and 1.5
mM) and calcium nitrate at three levels (5, 10, and 20 mM) and the control treatment. Each experimental unit
contained 3 plants. After foliar spraying and applying treatments with sodium selenite and calcium nitrate, plant
samples were collected and transferred to the laboratory. After two months of spinach growth (early July),
various plant growth parameters were evaluated, including fresh and dry weight of roots and shoots, leaf area,
plant height, and number of leaves. Several biochemical traits were also measured, such as chlorophyll a,
chlorophyll b, total chlorophyll, carotenoids, antioxidant capacity, total phenolic content, total flavonoid content,
nitrate content, nitrate reductase activity, and selenium concentration in the leaves. Data were analyzed using
analysis of variance (ANOVA) in the Statistical Analysis System (SAS) version 9.4 (SAS Institute Inc., Cary,
NC, USA). Mean comparisons were performed using Duncan’s multiple range test at a significance level of p <
0.05.
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Results and Discussion

Based on the results, foliar application of sodium selenite and calcium nitrate had a significant effect on the
amount of chlorophylls a, b, total and carotenoids. The results showed an increase in the amount of chlorophyll
a, b and total and total carotenoid with increasing the amount of calcium nitrate. Also, the highest levels of
chlorophylls a, b and total and total carotenoids were obtained for the treatments of sodium selenium 1 and 1.5
mM. Moreover, the lowest amount of chlorophylls a, b and total and total carotenoids were obtained for the
control and 0.5 mM. The highest amount of total phenols, antioxidant activities were observed in the treatment
of 20 mM calcium nitrate and 1.5 mM sodium selenite. Also, the highest content of nitrate reductase enzyme
activity was obtained in the treatment of 20 mM calcium nitrate and 1.5 mM sodium selenite. The highest
amount of nitrate was obtained in the control treatment and the highest amount of selenium was obtained for the
treatment of 1.5 mM sodium selenite.

Conclusion

In this study, the effect of foliar application of sodium selenium and calcium nitrate on nitrate accumulation
in spinach was investigated. In general, the results of this research showed that although selenium is not an
essential element for plants, it can be used in different concentrations, especially in a concentration of 1.5 mM
with the concentration of calcium nitrate by 20 mM to increase chlorophyll pigments in leaves. According to the
results, foliar application of sodium selenite had a reducing effect on nitrate accumulation and an increasing
effect on nitrate reductase enzyme activity and selenium accumulation inside the spinach plant. Therefore, foliar
application of 1.5 mM sodium selenite is recommended for the production of spinach with the maximum amount
of antioxidant compounds, selenium and the minimum amount of nitrate accumulation which can be effective in
increasing the growth of the plant, and as a result, increasing amount of photosynthesis and carbon fixation,
which ultimately leads to increasing the growth rate of spinach.
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Table 1— Physical and chemical properties of the soil at the experimental site
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Table 3— ANOVA for the effect of foliar application of sodium selenite and calcium nitrate on the content of
chlorophyll a, chlorophyll b, total chlorophyll, and total carotenoids of spinach plants

. g ©layo (aS0le
) JUVES 3 9193 " Mean of squares
13 R R R PR
s.ov “ a Jed IS b Juds s J5 Jebols J5 gy,
Chlorophylla  Chlorophyllb  Total chlorophyll Total carotenoids
Sk 3 0.010 0.012 0.009 0.022
Blocks
Sl s 2 0.79" 0.69" 1.87" 0.68"
Calcium nitrat
Sl s 6 0.93" 0.109* 0.213" 0.014*
Sodium selenite
abosl ollas
. 12 0.004 0.005 0.003 0.028
Experimental error
et ; 456 4.43 3.43 8.73
CV (%)
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** Significant at the 1% of probability level
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Figure 1— Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the chlorophyll a content of spinach

plants (DMRT, p< 0.01)
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Figure 2— Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the chlorophyll b content of spinach
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Figure 3— Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the chlorophyll b and total
chlorophyll contents of spinach plants (DMRT, p< 0.01)
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Figure 4—Effect of foliar application of sodium selenite (SC) and calcium nitrate(NC) on the total carotenoids content of
spinach plants (DMRT, p< 0.01)
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Table 4- ANOVA for the effect of foliar application of sodium selenite and calcium nitrate on the
content of total phenols, total flavonoids, and antioxidant activity of spinach plant

. syl Sl oo
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Sodium selenite
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Experimental error
et e ; 3.56 3.18 3.13

CV (%)
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Figure 5- Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the total phenol content of spinach
plants (DMRT, p< 0.01)
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Figure 6— Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the total flavonoid content of
spinach plants (DMRT, p< 0.01)
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Figure 7— Effect of foliar application of sodium selenite(SC) and calcium nitrate (NC) on the antioxidant activity of spinach
(DMRT, p=< 0.01)

sl 0L 58193, Ol o 31 Callad g2 ol el g Coibas s oSy Jplonn 51 il lg 42325 -0 Joa
Table 5- ANOVA for the effect of foliar application of sodium selenite and calcium nitrate on the
activity of nitrate reductase enzyme in spinach plant

©lape 5eSbe
Ol S 2alio &3l an o Mean of squares
S.0.v df 5US 93,y il i oo 31
Nitrate reductase enzyme
Sk 3 0.00040
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7 e 2 0.008
Calcium nitrate
Zo Hk
Sallo b 6 0.00055
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ridlefl sl 12 0.0000094
Experimental error
Ol ys
- 7.99
CV (%)
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** Significant at the 1% of probability level
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Figure 8- Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the nitrate reductase activity in

spinach (DMRT, p< 0.01)
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Table 6— Results of variance of the effect of foliar application of sodium selenite and calcium nitrate on the
nitrate and selenium content of spinach plants

Olaypo (ufileo
Ol s’ @b &ol3T a0 Mean of squares
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ok 3 15 0.015
Blocks
ol M..LS *k ok
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Calcium nitrate
Sk e 6 451.73™ 0.0049™
Sodium selenite
bl sl 12 4.64 0.002
Experimental error
Pl - 456 7.87
CV (%)
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** Significant at the 1% of probability level
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Figure 9— Effect of foliar application of sodium selenite (SC) and calcium nitrate(NC) on the nitrate concentration of spinach
(DMRT, p=< 0.01)
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Figure 10- Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the selenium concentration of
spinach (DMRT, p<0.01)
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