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Investigating the Effects of Periphyton Biofilm on the
Denitrification Process in Paddy Soil
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Abstract

Nitrogen is one of the most important nutritional elements required by rice plants, and its adequate
supply will increase the final yield of the product. In recent years, the loss of chemical fertilizers in
agriculture, including nitrogen fertilizers in rice fields, has reached its maximum. The periphyton
biofilm formed on the surface of waterlogged paddy fields is known as the third phase between water
and soil, primarily responsible for the cycle of nutrients in paddy fields. A research study was designed
and conducted with 18 treatments in a completely randomized design to investigate the effects of natural
and enriched periphyton with low-power and high-power denitrifiers as biological inhibitors, with or
without rice husk biochar and grape seed powder as organic inhibitors, in controlling the process of
nitrate regeneration in paddy fields. The research was carried out in the form of greenhouse cultivation
of rice plants for 30 days. The results showed that the application of grape seed powder increased the
total nitrogen and ammonium in the soil, as well as the total nitrogen, height and dry weight in the plant.
The results related to the application of biochar indicated that this material was more successful than
grape seed powder in increasing phosphorus and potassium in the soil and the accumulation of these
two elements in plant tissue. On the other hand, the use of rice husk biochar decreased the ammonium
amount and increased the nitrate amount in the soil, having a greater effect than grape seed powder in
reducing nitrate reduction. According to the obtained results, the use of periphyton along with organic
inhibitors in paddy fields can be used as a new solution to inhibit the nitrate reduction process and
provide nutrients.
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Table 1. Experimental treatment used for greenhouse cultivation

Name of the treatment

Treatment code

Control Blank
Bacteria with the highest nitrate reduction capacity PDF

Bacteria with the lowest nitrate reduction capacity WDF
Periphyton P

Periphyton along with bacteria with the highest nitrate reduction capacity P+PDF
Periphyton along with bacteria with the lowest nitrate-reducing ability P+WDF
Grape seed powder PRO

Bacteria with the highest nitrate reduction capacity combined with grape seed powder PDF+ PRO
Bacteria with the lowest nitrate reduction capacity with grape seed powder WDF+PRO
Periphyton with grape seed powder P+PRO
Periphyton with bacteria with the highest nitrate reduction capacity and grape seed powder P+PDF+PRO
Periphyton with bacteria with the lowest nitrate reduction capacity and grape seed powder P+WDF+PRO
Rice husk biochar BIO

Bacteria with the highest nitrate reduction capacity combined with rice husk biochar PDF+BIO
Bacteria with the lowest nitrate reduction capacity combined with rice husk biochar WDF+BIO
Periphyton with rice husk biochar P+BIO
Periphyton with bacteria with the highest nitrate reduction capacity along with rice husk biochar P+PDF+BIO
Periphyton with bacteria with the lowest nitrate reduction capacity and rice husk biochar P+WDF+BIO
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Table 2- Physical and chemical characteristics of paddy soil used in the experiment

pH EC NHs*  NOs P K oM TN Soil Texture
- (ds m™) (mg kg™) % _
6.75 0.14 76.7 4.58 8.0 94.16 207 021 Silty Clay
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Figure 1. Comparison of average dissimilatory nitrate-reducing bacteria (denitrifiers) with the lowest and
highest nitrite production capacity
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Figure 2. Effects of different treatments on soil pH changes after 30 days
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Figure 3. Effects of different treatments on soil EC changes after 30 days
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Figure 4. The effects of different treatments on the change process of total soil nitrogen after 30 days
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Figure 9. The effects of different treatments on the changes in nitrate-reductase activity of the soil after 30 days
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Figure 11. The effects of different treatments on the changes in total phosphorus of rice seedlings after 30 days
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Figure 12. The effects of different treatments on the potassium changes of the whole rice seedling after 30 days
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Figure 13. The effects of different treatments on the trend of length changes of rice seedlings after 30 days
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Figure 14. The effects of different treatments on changes in dry weight of rice seedlings after 30 days
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