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Background and Objectives: Rice, a key staple crop for over half the global population, is
mainly grown in Asia and heavily depends on synthetic nitrogen fertilizers, which harm the
environment and raise costs. Improving nitrogen use efficiency (NUE) in rice is essential, as
current NUE is 28-35%, below the global average. Strategies to enhance NUE include
balanced fertilization, slow-release fertilizers, nitrification inhibitors, precision nitrogen
management, and breeding for efficient varieties. However, these approaches face challenges
like high costs, labor intensity, and technological inaccessibility for small farmers. Biological
nitrogen fixation (BNF) offers a promising alternative, using nitrogen-fixing bacteria to
enhance NUE and yield while reducing chemical inputs. Studies show rice roots host
beneficial bacteria like Azospirillum and Burkholderia, which support BNF. Yet, their
effectiveness can be limited by soil and environmental factors. Periphytic biofilms, formed
at the soil-water interface in rice paddies, are emerging as a valuable component in nitrogen
cycling. Rich in microorganisms such as cyanobacteria and protozoa, these biofilms stabilize
nitrogen in the ecosystem, reduce nitrogen losses, and act as natural biofertilizers. They
support nitrogen fixation and nutrient uptake, boosting rice growth.Despite their benefits,
periphytic biofilms are understudied. Recent research focuses on isolating nitrogen-fixing
bacteria from these biofilms to assess their impact on nitrogen levels and rice growth. This
study highlights the potential of diazotrophic biofilm enrichment as a sustainable solution to
reduce fertilizer dependency, improve crop productivity, and promote environmental

sustainability in rice farming.

Materials and Methods: This study focused on evaluating soil, water, and periphytic biofilms
in paddy fields in Guildeh, Iran, to investigate the impact of nitrogen-fixing microorganisms
on rice plant nutrition. Soil, water, and periphyton samples were collected and analyzed for
chemical properties using standard methods. Soil parameters such as pH, texture, nitrogen,
phosphorus, and potassium content were measured. Microbial populations, including fungi
and bacteria, were counted using plate count methods. To isolate nitrogen-fixing microbes
(diazotrophs), periphyton samples were cultured on selective media. Bacterial and
cyanobacterial isolates capable of growing on nitrogen-free media were identified through
morphological and genetic analysis using 16S rRNA gene sequencing. Delftia lacustris
(bacterial) and Nostoc sp. (cyanobacterial) were selected for further testing based on their
nitrogen-fixing abilities. A greenhouse experiment was conducted in a completely
randomized design with three replicates to assess the effects of these isolates, alone and in
combination, on rice plant growth. Treatments included natural periphyton, periphyton
enriched with isolates, and controls with and without nitrogen fertilizer. Rice seeds were
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planted in pots with paddy soil, and periphyton treatments were applied. Growth conditions
were controlled, and plants were monitored for 40 days. At the end of the experiment, soil
and plant samples were analyzed for nutrient content. Plant height, dry weight, nitrogen (by
Kjeldahl method), phosphorus (by spectrophotometry), and potassium (by flame photometry)
concentrations were measured. The study aimed to compare the effectiveness of microbial
inoculants with chemical fertilizers in enhancing rice plant nutrition, supporting the use of
diazotrophic organisms as sustainable alternatives in agriculture.

Results: The study demonstrated that applying periphytic biofilms, enriched with beneficial
microorganisms, significantly improved soil fertility by enhancing the availability of
nitrogen, phosphorus, and potassium in paddy fields. The enriched periphyton treatment
(P+B+C) increased total soil nitrogen by 37.8% and ammonium by 42.1% compared to the
unfertilized control. This improvement is largely due to biological nitrogen fixation carried
out by microorganisms such as Nostoc species and Delftia lacustris, which convert
atmospheric nitrogen into forms accessible to plants. Ammonium content also rose across
all periphyton treatments after the growth period, indicating the active role of these
microbial communities in nitrogen cycling. Soil phosphorus levels increased significantly
with periphyton treatments (35%). The biofilms enhanced phosphorus availability by
harboring phosphate-solubilizing microorganisms that release enzymes such as
phosphatases. These enzymes break down organic phosphorus into forms that plants can
absorb. Additionally, the periphyton helped regulate phosphorus availability over time,
ensuring a steady supply during different growth stages of rice plants. Potassium availability
also improved due to the presence of potassium-solubilizing microorganisms within the
periphyton (15.36%). These microbes released substances that aided in converting fixed
potassium into soluble forms, which plants can uptake. Periphyton also served as a reservoir,
storing potassium early in the plant’s development and releasing it when needed later in the
growth cycle. Rice plants treated with periphyton showed clear improvements in growth,
including greater height, biomass, and higher nutrient content. These benefits were linked
to the activity of plant growth-promoting microbes that produce hormones, facilitate
nutrient absorption, and protect against stress. Notably, Delftia lacustris and Nostoc species
were crucial contributors to these effects. Overall, periphyton-based treatments offer a
sustainable and effective alternative to chemical fertilizers, enhancing nutrient cycling and
supporting healthier, more productive rice cultivation systems.

Conclusion: The results show that applying periphyton can significantly improve soil fertility
and enhance the nutritional status of rice plants. Periphyton, rich in plant growth-promoting
rhizobacteria (PGPR), plays a key role in supporting rice growth. Treatments involving
periphyton produced better outcomes than other treatments, especially when enriched with
Delftia lacustris and Nostoc species, which greatly increased nitrogen availability compared
to natural periphyton and controls. While nitrogen improvement was the main focus,
phosphorus and potassium levels in the soil also showed notable increases. These nutrient
enhancements supported greater rice plant height and dry weight, highlighting the value of
periphyton enrichment in improving soil quality and plant development. The study
emphasizes the potential of using microbial communities like periphytic biofilms to promote
sustainability in rice production systems. Future research should explore the long-term
effects of periphyton application across different environmental conditions to optimize its
use in sustainable agriculture worldwide. Understanding the role of these biofilms in
nitrogen cycling can inform biofertilization strategies aimed at reducing synthetic fertilizer
use and increasing agricultural productivity. Overall, the findings suggest that periphytic
biofilms act as important reservoirs for nitrogen-fixing microbes, playing a vital role in
nutrient cycling in both aquatic and terrestrial ecosystems.
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Table 1 — Soil characteristics of the paddy field
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Table 2 — Water characteristics of the paddy field
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Table 3 — Periphyton characteristics of the paddy field
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Figure 3 - Total soil ammonium content in different treatments after the 40-day rice cultivation period in
the greenhouse. Refer to caption of Fig. 2 for description of treatments.
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Figure 4 - Available soil phosphorus content in different treatments after the 40-day rice cultivation
period in the greenhouse. Refer to caption of Fig. 2 for description of treatments.
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Figure 5 - Available soil potassium content in different treatments after the 40-day rice cultivation period
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Figure 7 - Total plant phosphorus content in different treatments after the 40-day rice cultivation period
in the greenhouse. Refer to caption of Fig. 2 for description of treatments.
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Figure 8 - Total plant potassium content in different treatments after the 40-day rice cultivation period in
the greenhouse. Refer to caption of Fig. 2 for description of treatments.
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Figure 9 - Plant height in different treatments after the 40-day rice cultivation period in the greenhouse.
Refer to caption of Fig. 2 for description of treatments.
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Figure 10 - Plant dry weight in different treatments after the 40-day rice cultivation period in the
greenhouse. Refer to caption of Fig. 2 for description of treatments.
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