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Abstract

Introduction: Leafy vegetables are widely consumed in many countries due to their high
nutritional value. However, leafy vegetables are the primary source of nitrate accumulation, and
therefore, daily consumption of nitrate-containing vegetables can cause many problems for
human health. Spinach (Spinacia oleraceae L.) is one of the leafy vegetables that accumulate
nitrate. Many nutrients are involved in reducing nitrate accumulation and metabolic and
physiological processes in plants. Among the elements, selenium, which is known as a
beneficial element, at low concentrations, it can have beneficial effects on plant metabolism as
well as reducing nitrate accumulation.

Material and methods: This study was conducted to investigate the effect of selenium and
selenium green nanoparticles on nitrate accumulation in spinach in a randomized complete
block design with seven treatments and seven replications. Treatments included sodium selenite
(Na,SeOs) at concentrations of 1, 2, and 4 mg 1™ and green nanoparticles of sodium selenite (Se
NPs) at concentrations of 1, 2, and 4 mg I"""and control (without the use of selenium), which
used as foliar sprays.

Results and discussion: The results showed that most of the nutrient treatments, especially the
concentration of 4 mg I sodium selenite and 1 mg 1™ Se NPs, significantly increased the fresh
and dry weight of the plant, chlorophyll a, chlorophyll b, total chlorophyll, and the activity of
nitrate reductase and decreased the concentration of nitrate. In most of the nutrient treatments,
the levels of phosphorus, potassium, and selenium were higher than the control. In contrast, the
i:ontlrol plants showed significantly more Zn than the plants treated with different selenium
evels.

Conclusions: As demonstrated by the results of current research, foliar application of Se,
especially Se NPs, have a high potential for obtaining better quantity and reducing the nitrate
accumulation in spinach.

Keywords: Foliar application, Green nanoparticles, Nitrate, Selenium, Spinach.
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Figure 1. SEM analysis of green synthesized Se nanoparticles
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Table 1. Effect of foliar spray of sodium selenite and green Se NPs on growth parameters of spinach bush

Treatments (mg/L) Fresh weight (g per pot) Dry weight (g) Leaf number Plant height (cm)
Control 9.07b 126¢ 9.14 102.42

Sodium selenite (1) 11.64 ab 2.15ab 9.14 112.14

Sodium selenite (2) 11.91ab 2.48 ab 8.85 116.71

Sodium selenite (4) 1455a 28la 9.14 120.42

Se NPs (1) 14.27 a 2.69a 8.71 119.14

Se NPs (2) 11.67 ab 222 ab 8.85 115.71

Se NPs (4) 10.47b 1.88Db 9.00 111.42

Significance * *x ns ns

3 e bl e sl /00 Sl e s (Sl laals om0 gl bl s Dt 8 3 S pte g ol sla Sl

.Cf.—u‘é)\sb;'ur.l&) VR RTYANA dw}]da“)éé)\sdu;v@v?j “ ns
Mean values followed by the similar letters within a column are not significantly different from each other at P <0.05
(Duncan’s multiple range test). *, ** and ns are significant at P < 0.05, P <0.01 and not significant, respectively.
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Table 2. Effect of foliar spray of sodium selenite and green Se NPs on chlorophyll contents of spinach plants

Chlorophyll ( mg/g FW)

Treatments (mg/L)
a b Total

Control 1.464 c 0.318 ¢ 1.782 ¢
Sodium selenite (1) 1.582 ¢ 0.492b 2.074c
Sodium selenite (2) 2.098 a 0.556 b 2.655b
Sodium selenite (4) 2.349 a 0.846 a 3.196 a
Se NPs (1) 2.311a 0.770a 3.081a
Se NPs (2) 2.004 ab 0.587 b 2.592 b
Se NPs (4) 1.657 bc 0.471bc 2.128¢
Significance s *x kel
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Mean values followed by the similar letters within a column are not significantly different from each other at P <0.05
(Duncan’s multiple range test). ** is significant P < 0.0.
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Figure 4. Effect of different nutrient treatments on nitrate concentration of spinach plants. T1 (control), T2 (1 mg/L

sodium selenite), T3 (2 mg/L sodium selenite), T4 (4 mg/L sodium selenite), TS5 (1 mg/L Se NPs), T6 (2 mg/L Se NPs)

and T7 (4 mg/L Se NPs). Different letters at the top of columns indicate significant differences (P < 0.05) among
treatments. Vertical bars indicate standard deviation.
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Figure 5. Effect of different nutrient treatments on P contents of spinach plants. T1 (control), T2 (1 mg/L sodium
selenite), T3 (2 mg/L sodium selenite), T4 (4 mg/L sodium selenite), TS (1 mg/L Se NPs), T6 (2 mg/L Se NPs) and T7 (4
mg/L Se NPs). Different letters at the top of columns indicate significant differences (P < 0.05) among treatments.
Vertical bars indicate standard deviation.
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Figure 6. Effect of different nutrient treatments on K contents of spinach plants. T1 (control), T2 (1 mg/L sodium
selenite), T3 (2 mg/L sodium selenite), T4 (4 mg/L sodium selenite), T5 (1 mg/L Se NPs), T6 (2 mg/L Se NPs) and T7 (4
mg/L Se NPs). Different letters at the top of columns indicate significant differences (P < 0.05) among treatments.
Vertical bars indicate standard deviation.
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Figure 7. Effect of different nutrient treatments on Zn contents of spinach plants. T1 (control), T2 (1 mg/L sodium
selenite), T3 (2 mg/L sodium selenite), T4 (4 mg/L sodium selenite), TS (1 mg/L Se NPs), T6 (2 mg/L Se NPs) and T7 (4
mg/L Se NPs). Different letters at the top of columns indicate significant differences (P < 0.05) among treatments.
Vertical bars indicate standard deviation.
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Figure 8. Effect of different nutrient treatments on Se contents of spinach plants. T1 (control), T2 (1 mg/L sodium
selenite), T3 (2 mg/L sodium selenite), T4 (4 mg/L sodium selenite), T5 (1 mg/L Se NPs), T6 (2 mg/L Se NPs) and T7 (4

mg/L Se NPs). Different letters at the top of columns indicate significant differences (P < 0.05) among treatments.
Vertical bars indicate standard deviation.
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