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Extended Abstract

1. Introduction: There is significant concern regarding the occurrence of diseases caused by the
consumption of vegetables high in nitrate and nitrite, such as spinach. Nitrate accumulation is a common
problem in most leafy vegetables and it happens when the amount of nitrate (NO73) absorption exceeds
the amount consumed by the plant. Different nitrogen (N) levels significantly affect the activities and
expressions of N metabolism enzymes and concentration of mineral elements in crop plants. Molybdenum
(Mo) is an essential micronutrient for plants, playing a critical role in various physiological processes,
growth, and development. Although plants require molybdenum in very small amounts compared to
macronutrients, it is crucial for several key functions within plants. Molybdenum is an essential
component of enzymes involved in nitrogen metabolism and other biochemical processes. Molybdenum
deficiency affects the amount of nitrogen in plants, and its presence reduces nitrate accumulation in their
tissues. This element is an essential part of the nitrate reductase enzyme necessary to reduce nitrate
nitrogen to the amino form, resulting in more and effective utilization of nitrogen by plants. Nitrogenase
and nitrate reductase, two enzymes crucial to nitrogen-fixing and nitrogen reduction, need molybdenum
to carry out their respective activities. Molybdenum is required as a co-factor for nitrogenase enzymes in
symbiotic N fixation, where it catalyzes the redox process that transforms elemental N into ammonium
(NH4") ions. In this study, the effect of different molybdenum concentration on nitrate accumulation in
spinach plant under soilless conditions was investigated.

2. Materials and Methods: This study was conducted as a factorial experiment with two factors in a
completely randomized design with three replications. The first factor was the concentration of nitrogen
in the form of calcium nitrate salt [Ca (NOs3) 2.4H,O] at three levels including 0 (control), 10 and 20%.
and the second factor was molybdenum concentration in the form of sodium molybdate salt [Na;Mo4O]
at four levels including 0 (control), 0.5, 1.5 and 3 puM, all added to the Hoagland's standard solution.
Therefore, 12 treatments were applied, and three plants were considered for each replication, so that 108
plants were totally used. Depending on the plants growth rate, the nutrient solution was applied once a
day at the beginning of the experiment, but it was increased to 2 times a day at the end of the experiment,
when the plants biomass had been increased. The harvesting index in spinach were the size and the
number of leaves before flowering, which is recognized as the commercial harvesting stage. Finally, the
measured traits included certain biochemical properties, some mineral elements, and the amount of
nitrate as well as the activity of nitrate reductase enzyme in root and leaf.

3. Results and Discussion: Based on the obtained results, titratable acidity (TA), soluble solids contents
(TSS) and pH increased with increasing molybdenum up to the level of 3 uM, and the simultaneous
application of molybdenum and nitrate did not have a significant effect on the mentioned traits. The
interaction effect between nitrate and molybdenum on leaf and root nitrate levels, and leaf nitrate
reductase enzyme activity was significant at the probability level of 1%. The highest amount of nitrate in
leaf (3.2474 g kg! FW) and root (2.9191 g k''g FW) was observed in the combined treatment of 20%
nitrate and control molybdenum. On the other hand, the highest level of nitrate reductase enzyme activity
was observed when 3 and 1.5 uM molybdenum applied for each of three level nitrate. The highest amount
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of nitrogen (3.14%), phosphorus (0.064%), iron (0.004%) and potassium (0.78%) elements was obtained
from the combined treatment of 3 uM molybdenum and 20% nitrate. The amount of molybdenum element
in the control nitrate and 3 pM molybdenum treatment was at its highest level (0.549 mg kg' FW).

4. Conclusion: In general, the use of sodium molybdate can be recommended as the way to reduce the
accumulation of nitrate and, besides, molybdenum enrichment in spinach increases the nutritional value
of this plant. Based on the results, the use of molybdenum in nutrient solution had a reducing effect on
nitrate accumulation and an increasing effect on nitrate reductase enzyme activity inside the spinach plant.
Therefore, adding 3 uM sodium molybdate to the Hoagland nutrient solution in the hydroponic system,
can be recommended for growing spinach to achieve the minimum amount of nitrate accumulation.
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Figure 1- The effect of different levels of molybdenum on some biochemical characteristics of spinach leaf
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Table 2- The comparison of the average effect of molybdenum and nitrogen on the amount of nitrate and
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Treatment  Leaf nitrate (g Kg ' FW) Root nitrate (g Kg ' FW)  Nitrate reductase leaf (umol No2 g FW h)
MooNOo 1.04¢ 0.90° 602.95°
MooNO1o 2.77° 2.63° 615.77°
MooNO2g 3.24% 2.919* 602.95¢
Moo.sNOo 1.06# 9.21¢ 3077.39¢
MoosNO1o 2.224 2.08° 2570.96°¢
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Mo1.5NO2o 1.79¢ 1.654 3801.77%
Mo3sNQOo 1.09¢ 0.95¢ 3833.832
MosNO1o 1.60°f 1.464 3814.60°
Mo3NO20 1.56f 1.43¢4 3795.36*
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Moo = 0 umol sodium molybdate, Moo.s= 0.5 umol sodium molybdate, Mo1.s= 1.5 umol sodium molybdate and MO3 =3 pmol
sodium molybdate. NOo = 0 calcium nitrate, NO10 = 10% calcium nitrate and NOzo = 20% calcium nitrate
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The numbers with the same letters in each column are not statistically different at 5 % probability levels.
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Table 3- Comparison of the averages of the effect of different levels of molybdenum and nitrate on some
elements of spinach leaf

Slesd 03975 Shd o2l ) Ol g0
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Treatment Nitrogen (%) Phoiﬁ)/(l)l)orus Iron (%) Potassium (%) MOlybdelll)li;n) (mg Kg
MooNOo 2.08¢ 0.038¢ 0.001°¢ 0.51¢ 0.00013"
MooNO1o 2.09¢ 0.037¢ 0.001°¢ 0.51¢ 0.00017¢
MooNO20o 2.09¢ 0.037¢ 0.001°¢ 0.52¢ 0.00013*
Moo.sNOy 2.108 0.39% 0.002¢ 0.54¢ 0.037¢
Moo.sNO1o 2.13% 0.038¢ 0.002¢ 0.52¢ 0.035¢
Moo.sNO20 2.141% 0.039%¢ 0.002¢ 0.51¢ 0.035¢
Mo15NOo 2.20¢ 0.046° 0.002¢ 0.59¢ 0.275¢
Mo15sNO1o 2.544 0.049° 0.003¢ 0.65¢ 0.2434
Mo1.5NO2 2.85¢ 0.067* 0.003¢ 0.70° 0.2244
Mo3NOo 2.30° 0.062? 0.002¢ 0.63¢ 0.549°
Mo3NO1o 3.04° 0.063* 0.004° 0.72° 0.513%
Mo3NO2o 3.14* 0.064* 0.004* 0.78 0.503°
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Moo = 0 pmol sodium molybdate, Moo.s= 0.5 pumol sodium molybdate, Mo1.s= 1.5 pmol sodium molybdate and MO3 =3 pmol
sodium molybdate. NOo = 0 calcium nitrate, NO1o = 10% calcium nitrate and NO2o = 20% calcium nitrate. The numbers with

the same letters in each column are not statistically different at 5 % probability levels.
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