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Article Info ABSTRACT

Article type: Background and Objectives: Spinach (Spinacia oleracea L.) is very
Full Length Research Paper  jmportant in the diet due to its high nutritional value, so it is consumed in
large quantities in most countries of the world. But this vegetable has a
high ability to accumulate nitrates, and if we don't pay attention to its

Avrticle history:

Received: 02.17.2025 nitrates, it can pose risk to human health. This has led to extensive research
Revised: 04.05.2025 on the possibility of reducing nitrate accumulation in this vegetable. Some
Accepted: 05.18.2025 of these researches are focused on the application of nutritional elements

and plant hormones. It has been reported that the application of selenium
and melatonin hormone is effective in reducing nitrate accumulation in

K ds: . . . . . .
chm(r)lrtr;ts various plants. This research aims to investigate the effect of selenium
Nitrate reduct’ase, nutrition and melatonin spraying, as well as the interaction between the
Sodium selenite, two, on the growth and nitrate accumulation in spinach.

Total biomass

Materials and Methods: This study was conducted as a factorial experiment
in a complete randomized design, including selenium as sodium selenite (0,
5, and 10 uM) and melatonin (0, 50, and 100 uM) in hydroponic cultivation
and in a substrate of coco peat and perlite. The melatonin treatment was
applied as a foliar spray at the three-leaf stage and after sunset, twice with a
one-week interval. Selenium treatment was given to the plants in
combination with the Hoagland nutrient solution. Growth indices,
chlorophyll, leaf antioxidant capacity, total flavonoid concentration, total
phenol concentration, vitamin C content, nitrate, and nitrate reductase
enzyme activity were measured after harvesting the plants.

Results: The results of this research showed that the use of selenium and
melatonin increased the growth traits such as total fresh weight biomass,
shoot fresh weight, leaf fresh weight, and total dry weight biomass
compared to the control. Application of selenium and melatonin increased
some biochemical traits such as total phenol and flavonoid, antioxidant
capacity and selenium of leaves. Data analysis showed that selenium and
melatonin are effective in reducing nitrate accumulation in leaves and
stems, and their effectiveness depends on their concentration. The findings
of this research showed that selenium and melatonin have a better effect in
reducing nitrate accumulation in leaves compared to stem. One reason for
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the effectiveness of melatonin in leaves compared to stems may be due to
the larger surface area of the leaves being exposed to the melatonin spray.
It seems that selenium has a negative effect on the plant at a concentration
of 10 mM, although it has reduced nitrate accumulation; however, it was
not as effective as at the level of 5 mM. The application of 50 mM
melatonin resulted in a decrease in nitrate levels, but the concentration of
100 mM melatonin was more effective than 50 mM. It is possible that
higher levels of melatonin are more effective in the expression of genes
related to nitrate and nitrite reductase enzymes and thereby reduce nitrate
levels. The highest amount of nitrate was found in the leaves and stems and
the lowest amount of nitrate reductase enzyme activity was found in the
leaves and stems of control plants, while the lowest amount of nitrate in
leaves and stems was obtained in the treatment combination of 5 uM
selenium and 100 uM melatonin, which decreased the amount of nitrate in
the leaf to 65% and in the stem to 52%, And nitrate reductase enzyme
activity showed a 32% increase in the leaf and a 65% increase in the stem
compared to the control.

Conclusion: Present research show that, the treatment combination of
5 uM selenium and 100 uM melatonin had the best effect in increasing
total biomass (wet and dry) and reducing nitrate accumulation in spinach.

Cite this article: Mogadas, Khwaja Wahedullah, Dashti, Farshad. 2026. Effect of selenium and
melatonin on growth and nitrate accumulation in spinach (Spinacea oleracea L.). Journal of
Plant Production Research, 32 (4), 147-163.
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Table 1. Effect of selenium and melatonin on growth parameters of spinach.

05 SISO e oy g0 50 0 S essies
oSS gl el o3l 055) S sl iy W gl (@ el
g oy (65 e Leaf Stem Root Shoot Total - )t . X
H real
Root dry Shot dry Total biomass fresh fresh fresh fresh biomass men

weight weight (DIW) weight weight  weight weight (FIW)

() ) () ) ) () @) )
0.252 0.33° 0.97% 10.81° 1.25% 1,782 12.06° 13.88° So
0.23° 0.36° 1.042 12.27° 1.37° 1.652 13.67° 15.282 Ss
0.23° 0.31° 0.89° 10.50° 0.98° 1.8° 11.47°¢ 13.30°¢ S0
0.22° 0.33° 0.88° 10.39 ¢ 1.17°2 1.67° 11.55°¢ 13.25°¢ Mo
0.252 0.34° 0.992 11.07° 1.17°2 1.67° 12.25° 13.91° Mo
0.24°2 0342 1.032 12.14° 1.27° 1.88°2 13.41° 15.31%2 Mo
0.21° 0.32° 0.85°¢ 9.41° 1.09%®  170%® 10.50 % 12.23¢ SoMo
0312 0.34° 1.15° 11.64° 1.42%  183%®  13.06% 14.90° SoMso
0.22° 0.34° 0.90°¢ 11.39° 1.25°2 1.83% 12.63°¢ 14.53° SoMuoo
0.21° 0.342 0.85° 11.89%® 1.24° 1.43° 13.16 ™ 14.56° SsMg
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0.28° 0.38° 1.37° 12.77° 1.45°2 2.102 14.23% 16.30° SsMioo
0.25°2 0.34% 0.94°¢ 9.86° 1.17%® 190 11.00¢ 12.96°¢ S10Mo
0.23°% 0.30° 0.93°¢ 9.40° 0.66° 176® 10.06° 11.83¢ S1Mso
0212 0.30° 0.89°¢ 1225%  111%®  173%®  1336% 15.10° S10M100
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Similar letters for treatment and treatment combination indicate the absence of significant difference at the 5%
probability level. Sy, Ss and Sy, are respectively selenium levels at 0, 5 and 10 mM and Mg, Msy and My, are

respectively melatonin levels at 0, 50 and 100 mM
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Table 2. Effect of selenium and melatonin on growth parameters of spinach.

wlo ks sl Jb R e S sl S St 03 Sle Ko 0 s
Diameter of stem  Length of stem  Leaf azrea Leaf number  Dry weight of leaf ~ Stem dry weight Treatment

(mm) (cm) (cm?) (n) (9) (9)

4.92° 11.94° 32.81° 9.20° 0.60° 0.07% So
4.80° 12.55° 37.70° 9.90° 0.65° 0.09° Ss
4.22° 10.27° 28.05° 9.31° 0.56° 0.06° S1o
4.87% 12.74° 31.06° 9.47° 0.60° 0.078° Mo
3.94° 10.55° 33.05° 9.37° 0.62° 0.076° Mso
5.13° 11.47° 34.44° 9.55° 0.60° 0.077° Mg
5.10% 12.36° 32.7° 8.80° 0.60° 0.066 * SoMo
3.33° 12.20° 34.40® 9.60° 0.60° 0.090° SoMso
6.332 11.26® 27.33¢ 9.20° 0.60° 0.073%® SoMigo
451 13.20° 36.00° 9.93° 0.60° 0.090° SsMo
4.66® 12.30° 39.10° 10.10° 0.70° 0.096 * SsMiso
5.23% 12.16° 38.00® 9.66° 0.66° 0.086° SsMago
5.00 % 12.66° 2450° 9.70° 0.60° 0.080 * S10Mo
3.83° 7.16° 21.66" 8.43° 0.56° 0.043° S10Mso
3.83° 11.00® 38.00® 9.80° 0.53° 0.073%® S10Mioo
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Similar letters for treatment and treatment combination indicate the absence of significant difference at the 5%
probability level. Sy, Ss and Sy, are respectively selenium levels at 0, 5 and 10 mM and Mg, Msy, and My, are

respectively melatonin levels at 0, 50 and 100 mM
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Table 3. Effect of selenium and melatonin on total chlorophyll, total phenol, total flavonoid, antioxidant
capacity, vitamin C and leaf selenium of spinach.
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Leaf selenium Vitamin C Antioxidant capacity Total Total Total chlorophyll o
(mg g Fw) (mg g Fw) (% DPPH free- flavonoid phenol (mg g™ FVF\J,)y Treatment
99 99 radical) (mgg™Fw) (mggFw) 99
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Similar letters for treatment and treatment combination indicate the absence of significant difference at the 5%
probability level. Sy, Ss and Sy, are respectively selenium levels at 0, 5 and 10 mM and Mg, Ms, and Mg, are

respectively melatonin levels at 0, 50 and 100 mM
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Table 4. Effect of selenium and melatonin on leaf nitrate, stem nitrate, leaf and stem nitrate reductase activity

in spinach.
Sle o S0 Dl gl el e S p 3 353, S Bl el Syl

Nitrate reductase enzyme o Nitrate reductase enzyme activity - e

R Stem nitrate . Leaf nitrate
activity in stem (mg k 1 Fw) in leaves (mg ki 1 Fw) Treatment
(umol NOzg™ FwW hh) gkg (umol NO,g™ Fw hh) gkg

2032.0° 3194.2° 1219.39° 2690.91°2 So
2907.6 2054.7 ¢ 1533.14 2 1342.73°¢ Ss
274052 2678.4° 1162.94° 1696.78° S1o
2456.6 " 2820.6° 1219.37° 2325.14 2 Mo
2283.4° 2694.0 1254.32° 1905.44° Mso
2940.0 2 2412.7° 1441.79 1499.83 ¢ Moo
23035 °¢ 3716.3° 1264.07 3341.2° SoMo
1519.0 ¢ 3106.7° 1130.00 * 2750.3° SoMso
2273.4°¢ 2759.7 1264.10 @ 1981.3°¢ SoMio
24444 2225.1¢ 1414.93 ™ 1643.6 SsMo
24745 2168.8 ¢ 1519.73%® 1223.9° SsMso
3803.9° 1770.2°¢ 1664.77 1160.6 ¢ SsMiao
2622.0" 25205 979.10° 1990.6 S1Mo
2856.7° 2806.6 ™ 1113.23°¢ 1742.1°¢ S10Mso
2742.7% 2708/1 1396.50 1357.6¢ S10Mi0o

s 4 S\ 580 S
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Similar letters for treatment and treatment combination indicate the absence of significant difference at the 5%
probability level. Sy, Ss and Syq are respectively selenium levels at 0, 5 and 10 mM and Mg, Msy and My, are

respectively melatonin levels at 0, 50 and 100 mM
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