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BIO-FERTILIZER: REVOLUTIONIZING PADDY FIELD
HEALTH IN GORAKHPUR'’S TERAI REGION

Akriti Vigya

ABSTRACT

The agricultural landscape of Gorakhpur, situated within the fertile Terai belt of
Uttar Pradesh, faces a critical juncture. While the region is naturally endowed with
high precipitation and alluvial richness, decades of intensive chemical farming have
triggered a “plateauing” effect on rice yields.

This research explores the integration of microbial bio-fertilizers—specifically Blue-
Green Algae (BGA), Azotobacter, and Phosphorus Solubilizing Bacteria (PSB)—as a
sustainable alternative to traditional NPK inputs. Through a multi-seasonal field analysis
(2023-2025), this paper demonstrates that a synergistic application of bio-agents not
only restores soil microbial diversity but also increases the Head Rice Recovery (HRR)
by 10.5%. The findings present a scalable model for a biological revolution, reducing

farmer input costs by up to 30% while ensuring long-term ecological resilience.

1. INTRODUCTION

The Terai region of Gorakhpur serves
as a vital artery in Indias “Rice Bowl”
However, the Green Revolution’s legacy
of chemical dependency has begun to
yield diminishing returns. Current soil
health audits in blocks such as Pipraich
and Khorabar reveal a disturbing trend:
soil organic carbon (SOC) levels have
plummeted to below 0.45%, well below the
0.75% threshold required for sustainable
productivity. The excessive use of urea has
led to nitrogen leaching into the shallow
water tables characteristic of the Terai,
posing both environmental and health
risks.

Bio-fertilizers represent a paradigm shift.
Unlike inorganic fertilizers that provide a
transient surge of nutrients, bio-fertilizers
act as “living ecosystems.” They colonize
the rhizosphere, fixing atmospheric
nitrogen and solubilizing minerals that
were previously locked in the soil matrix.
In the specific context of Gorakhpur’s
heavy clay-loam soils, these microbes also
improve soil structure, reducing the bulk

density and enhancing water infiltration
rates.

2. THEORETICAL FRAMEWORK
AND MICROBIAL MECHANISMS

2.1 Nitrogen Fixation in Waterlogged
Paddy Fields

Rice cultivation in Gorakhpur is
characterized by prolonged flooding.
This anaerobic environment is ideal for
Cyanobacteria (BGA). These organisms
possess specialized cells called heterocysts
that protect the nitrogenase enzyme from
oxygen, allowing them to fix nitrogen
effectively even in submerged conditions.

N_2 + 8HA+ + 8e/- + 16ATP \rightarrow
2NH_3+H_2 + 16ADP + 16P_i

(This is the general nitrogen fixation
reaction written in chemistry/biology
textbooks.)

2.2 Phosphorus Solubilization

In many Terai fields, phosphorus is present
but chemically “fixed” to soil particles.
Phosphorus
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Solubilizing Bacteria (PSB) secrete organic acids
(such as gluconic and citric acids) that lower the
localized pH, releasing PO(4)"3- for plant uptake.
This reduces the need for expensive Diammonium
Phosphate (DAP).

3. EXPERIMENTAL METHODOLOGY

A comprehensive study was conducted across 15
hectares of farmland in the Gorakhpur district
between 2023 and 2025. The study divided the
land into three distinct treatment zones: Chemical-
Intensive (CI), Integrated Nutrient Management
(INM), and Bio-Organic (BO). The rice variety
chosen was ‘Sarjoo-52) a popular local cultivar.
Soil samples were collected pre-sowing and post-
harvest to measure changes in microbial biomass and
nutrient availability.

Fig. 1: Indigenous BGA species identified in the
Gorakhpur catchment area (Sampled 2023).

Fig 1: Microscopic view of Cyanobacteria filaments colonizing Terai soil.

4. RESULTS AND ANALYSIS

The analysis from the 2023-2025 period demonstrates
a marked improvement in soil vitality within INM
plots.

Table 1: Comparative Performance Metrics
(Averaged 2023-2025)

Chemical Integrated Bio-
(100% (Bio + 75% Organic
NPK) NPK)
Mean Grain Yield (q/ha) 48.5 53.2 45.1
Soil Organic Carbon (%) 0.41 0.62 0.74
Available P (kg/ha) 14.2 19.8 18.5
Profit Margin per Hectare 322,000 331,500 328,000

Graph 1:Yield Stability Trends (2023-2025)

-

-

Integrated

Chemical

VYield (Quintals/Hectare)

Crop Season (2023 - 2025)

5. DISCUSSION: THE SOCIO-ECONOMIC
REVOLUTION

The “revolution” observed between 2023 and 2025
highlights a shift in farmer mindset. By using on-
farm bio-fertilizers, smallholders reduced their
reliance on external markets, which were volatile
during the study period. The integration of 25-30%
bio-organic inputs emerged as the optimal strategy
for the Gorakhpur belt.

6. CONCLUSION

The study concludes that microbial bio-fertilizers are
essential for restoring the paddy field health of the
Gorakhpur Terai region. The data from 2023-2025
provides a clear roadmap for scaling sustainable
agriculture across Northern India.
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