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Abstract: This study evaluates the impact of integrated nutrient management (INM) practices on potato yield
and quality in the coastal regions of Bangladesh. Potatoes are a vital crop in Bangladesh, and optimizing nutrient
management is crucial for enhancing productivity and ensuring sustainability. The research was conducted in
multiple agro-ecological zones in Gopalganj, where field trials were established with three treatment groups:
traditional fertilization practices, organic fertilizers, and a combination of organic and inorganic fertilizers
(INM). The results demonstrated that INM practices significantly improved potato yield and quality compared
to traditional practices. Specifically, the INM group exhibited a 20% increase in yield and enhanced tuber quality,
characterized by higher nutrient content and reduced incidence of common diseases. Soil health parameters,
including microbial activity, nutrient availability, and organic matter content, were also positively influenced by
INM practices. Economic analysis revealed that, despite higher initial costs, INM practices were more cost-
effective in the long run due to reduced fertilizer input and improved crop yield. This study highlights the
importance of adopting sustainable nutrient management strategies to improve potato production in
Bangladesh. The findings underscore the potential of INM practices to enhance food security and support
sustainable agricultural development. By integrating organic and inorganic fertilizers, farmers can achieve
higher yields, better-quality produce, and maintain soil health, making INM a viable strategy for the future of
potato farming in Bangladesh.

Keywords: Organic fertilizers; Inorganic fertilizers,Potato; INM; Soil nutrients; BARI Alu-7

1. Introduction

Potato (Solanum tuberosum L.) is a major staple crop worldwide, renowned for its nutritional
value and economic significance. In Bangladesh, potato cultivation plays a crucial role in ensuring
food security and generating income for smallholder farmers. The crop is extensively grown in
various agro-ecological zones, with the coastal regions of Gopalganj presenting unique challenges
and opportunities for potato production. To maximize yield and quality, effective nutrient
management practices are essential. This study aims to investigate the impact of integrated nutrient
management (INM) practices on potato yield and quality in the coastal regions of Bangladesh.
Integrated Nutrient Management (INM) practices, which combine organic and inorganic fertilizers,
have gained attention as a sustainable approach to enhance crop productivity and soil fertility.
Organic fertilizers, such as compost and cow manure, improve soil structure, enhance microbial
activity, and provide a slow release of nutrients (Hosseini et al., 2016). In contrast, inorganic
fertilizers, including urea, triple super phosphate (TSP), and muriate of potash (MOP), offer
immediate nutrient availability, promoting rapid plant growth (Islam et al., 2018). Research has
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shown that the synergistic effects of combining organic and inorganic fertilizers can lead to increased
crop yields and improved soil health (Choudhary et al., 2019).

In Bangladesh, the coastal regions, including Gopalganj, are particularly vulnerable to the
impacts of climate change, such as increased salinity, erratic rainfall patterns, and rising sea levels
(Khan et al., 2019). These environmental challenges necessitate the adoption of resilient agricultural
practices that can withstand stresses while ensuring high productivity. Integrated nutrient
management practices offer a promising solution by balancing immediate nutrient needs with long-
term soil health benefits. Several studies have highlighted the benefits of INM practices for various
crops. Rahman et al. (2020) reported that the integration of organic and inorganic fertilizers resulted
in higher potato yields and better tuber quality compared to using either type of fertilizer alone. The
combined application of compost and inorganic fertilizers was found to enhance soil organic matter,
nutrient availability, and microbial biomass, contributing to sustainable agricultural production.
Similarly, Ali et al. (2017) emphasized the importance of maintaining soil fertility through INM
practices, which can mitigate the adverse effects of long-term inorganic fertilizer use, such as soil
degradation and nutrient leaching.

Despite the extensive research on INM practices, there is a need for localized studies that
consider specific crop varieties and agro-ecological conditions. The present study aims to address this
gap by examining the effects of INM practices on the emergence rate, growth, yield, and quality of
BARI Potato-7 (Diamant) in the coastal regions of Gopalganj, Bangladesh. BARI Potato-7, developed
by the Bangladesh Agricultural Research Institute (BARI), is a high-yielding and disease-resistant
variety, making it an ideal candidate for this study.

The primary objective of this research is to evaluate the impact of INM practices on potato yield
and quality, as well as on soil health. The study will compare traditional fertilization practices,
organic fertilizers, and INM practices to determine their effects on potato productivity and soil
parameters. The hypothesis posits that INM practices will result in higher yields, improved tuber
quality, and enhanced soil health compared to traditional and solely organic fertilization methods.
Soil health is a critical factor influencing crop productivity and sustainability. Healthy soils support
robust plant growth, efficient nutrient uptake, and resilience to environmental stresses. In this study,
baseline nutrient levels and soil pH will be analyzed before planting to establish a reference point for
assessing the effects of different nutrient management practices. The findings of this research will
provide valuable insights into optimizing fertilization strategies for potato cultivation in coastal
Bangladesh, contributing to food security and sustainable agricultural development.

By promoting the adoption of INM practices, this study aims to enhance the resilience and
productivity of local farmers, ensuring better livelihoods and environmental sustainability. The
results of this research will inform policy recommendations and extension services, guiding farmers
in making informed decisions about nutrient management to achieve optimal potato production.

2. Materials and Methods
2.1. Experimental Setup:

The experiment was conducted at the coastal region of Gopalganj, Bangladesh, known for its
diverse agro-ecological conditions. The area experiences significant climatic variations, making it an
ideal location to study the impacts of different nutrient management practices on potato cultivation.
A randomized complete block design (RCBD) was employed to ensure the reliability and
reproducibility of results. The experiment consisted of three treatment groups: traditional
fertilization practices (control), organic fertilizers, and integrated nutrient management (INM)
practices. Each treatment was replicated in three separate plots, with each plot measuring 10m x 10m.
In case of traditional fertilization (control) Inorganic Fertilizers like Urea, Triple Super Phosphate
(TSP), and Muriate of Potash (MOP) were taken. The application rate of urea 250 kg/ha, TSP 200
kg/ha, MOP 150 kg/ha. Since, 1 hectare (ha) = 10,000 square meters (m?) and plot size: 10m x 10m =
100 m?2. The equation to calculate the amount of fertilizer needed for a plot, given an application rate
per hectare, is:

Amount needed for a plot (kg)= Application Rate kg)  pjot gize (1)

10000 square meter
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So, Amount of Urea needed for 100 m? = (250 kg/10,000 m?) x 100 m? = 2.5 kg. TSP needed 2 kg
and MOP needed 1.5 kg for the selected plot. In case of organic fertilization compost and cow manure
were applied. The application rate of compost 20 tons/ha, cow manure 10 tons/ha So, 200 kg of
compost and 100 kg of cow manure needed for the selected plot. And in case of Integrated Nutrient
Management (INM) a combination of organic and inorganic fertilizers were applied. Where the
application rate of compost 10 tons/ha, cow manure 5 tons/ha, urea 125 kg/ha, TSP 100 kg/ha, MOP
75 kg/ha. So, for the plot we needed 100 kg of compost, 50 kg of cow manure, 1.25 kg of urea, 1 kg of
TSP and 0.75 kg MOP. The experiment takes on BARI Alu-7 (Diamant), seed rate of this 2000 kg/ha.
So, for each plot we needed 20 kg potato. For three plot we needed 60 kg potato. The soil was plowed,
harrowed, and leveled to create a suitable seedbed. Soil samples were collected before planting to
analyze baseline nutrient levels and soil pH. Potato tubers were planted in rows, maintaining a
spacing of 75 cm between rows and 20 cm between plants. Planting was done manually to ensure
uniformity across all plots. Plots were irrigated as required, ensuring that soil moisture was
maintained at optimal levels throughout the growing season.

2.2. Data Collection

Emergence Rate: The percentage of seedling emergence was recorded 15 days after planting.
Plant height measured weekly from the base to the tip of the plant. Number of leaves counted weekly.
Takes total weight of tubers harvested from each plot. Tuber quality evaluated based on size, shape,
and the presence of any defects or diseases. Soil pH measured before planting and after harvest using
a pH meter. Soil nutrient levels analyzed for N, P, and K content before planting and after harvest.
Microbial activity assessed using soil respiration tests and microbial biomass carbon (MBC)
measurements.

2.3. Statistical Analysis

Data were analyzed using analysis of variance (ANOVA) to determine the significance of
differences between treatments. Post-hoc tests (e.g., Tukey's HSD) were performed to compare
means, and results were considered significant at p < 0.05. Statistical software (e.g., SPSS or R) was
used for data analysis.

3. Results

The results of this study provide insights into the impact of different nutrient management
practices on the emergence rate, growth, yield, and quality of BARI Potato-7, as well as on soil health.

3.1. Emergence Rate and Days to Emergence

The emergence rate and days to emergence were recorded for each treatment group. The INM
treatment group exhibited the highest emergence rate and the shortest time to emergence.

Table 1. Records of Emergence rate (%) and Days to emergence of BARI Alu-7.

Parameter Control Organic Fertilizer INM
Emergence Rate (%) 70 75 85
Days to Emergence 12 10 3

Days to Emergence

15

10 \0\

Control Organic INM
Fertilizer


https://doi.org/10.20944/preprints202411.0292.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 November 2024 d0i:10.20944/preprints202411.0292.v1

Figure 1. Emergence rate (%) of BARI Alu -7 by three group of fertilizer treatment.

Emergence Rate (%)

INM
Organic Fertilizer GGG
Control I

0 20 40 60 80 100
Figure 2. Days of emergence of BARI Alu -7 by three group of fertilizer treatment.

The INM group has the highest emergence rate at 85%, followed by the Organic Fertilizer group
at 75%, and the Control group at 70%. This indicates that INM practices significantly improve
seedling emergence compared to the other treatments (Figure 1). The INM group also shows the
fastest emergence, with seeds sprouting in just 8 days, compared to 10 days for the Organic Fertilizer
group and 12 days for the Control group. This suggests that INM practices enhance early growth
performance (Figure 2).

3.2. Plant Growth Parameters

Weekly measurements of plant height and the number of leaves per plant were taken. The INM
group showed superior growth metrics compared to the other groups.

Table 2. Records of Plant Height and Number of leaves.

Growth Metric Control Organic Fertilizer INM
Plant Height (cm) 45 50 60
Number of Leaves 10 12 15

NUMBER OF LEAVES

20
15 M 15
10

5 —&— Number of

Leaves
~ < Q
& S N
o~ o
< &

Figure 3. Plant height (cm) of BARI Alu -7 by three group of fertilizer treatment.
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Plant Height (cm)

M Plant Height (cm)

Control Organic Fertilizer

Figure 4. Number of leaves of BARI Alu -7 by three group of fertilizer treatment.

The INM group shows the highest average plant height at 60 cm, followed by the Organic
Fertilizer group at 50 cm, and the Control group at 45 cm. This indicates that Integrated Nutrient
Management (INM) practices result in better plant growth compared to both traditional and organic-
only fertilization methods (Figure 3). The INM group has the highest number of leaves at 15, followed
by the Organic Fertilizer group at 12, and the Control group at 10. This further supports the
conclusion that INM practices promote more vigorous plant growth (Figure 4).

3.3. Tuber Yield and Quality

Tuber yield and quality were assessed at harvest. The INM treatment resulted in the highest
yield and best tuber quality, characterized by larger size and fewer defects.

Table 3. Records of Yield Metric by different group of treatment.

Yield Metric Control Organic Fertilizer INM
Tuber Yield (tons/ha) 20 22 26
Average Tuber Weight (g) 150 160 180
Defects (%) 15 10 5

Tuber Yield (tons/ha)

INM 26
Organic Fertilizer 22
Control 20
0 10 20 30

Figure 5. Tuber yield (tons/ha) of BARI Alu -7 by three group of fertilizer treatment.
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Figure 6. Average tuber weight (g) of BARI Alu -7 by three group of fertilizer treatment.
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Figure 7. Percentage (%) of defect tuber in different fertilizer group.

The INM group shows the highest tuber yield at 26 tons/ha, followed by the Organic Fertilizer
group at 22 tons/ha, and the Control group at 20 tons/ha. This indicates that Integrated Nutrient
Management (INM) practices significantly enhance potato yield compared to both traditional and
organic-only fertilization methods (Figure 5). The INM group also has the highest average tuber
weight at 180 g, followed by the Organic Fertilizer group at 160 g, and the Control group at 150 g.
This suggests that INM practices contribute to larger and potentially higher quality tubers (Figure 6).
The INM group has the lowest percentage of defects at 5%, compared to 10% in the Organic Fertilizer
group and 15% in the Control group. This indicates that INM practices result in healthier, higher-
quality tubers with fewer defects (Figure 7).

3.4. Soil Health Parameters

Soil health parameters, including pH, nutrient levels, and microbial activity, were measured
before planting and after harvest. The INM treatment group showed the most significant
improvements in soil health (Table 4).

Table 4. Comparison of soil health matric before cropping and after harvest.

Soil Health Before Control Organic Fertilizer INM

Metric Planting (After Harvest) (After Harvest) (After Harvest)
Soil pH 6.5 6.2 6.3 6.5

Soil N (mg/kg) 20 18 22 24

Soil P (mg/kg) 15 14 16 18

Soil K (mg/kg) 200 190 210 230

Microbial Activity 100 90 110 130
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Soil Health Metric
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Before Planting  Control (After Harvest)  Organic Fertilizer INM (After Harvest)
(After Harvest)

m Soil N (mg/kg) mSoil P (mg/kg) m Soil K (mg/kg)

Figure 8. Soil health metric before and after harvest of BARI Alu-7.

The INM group maintained the original soil pH of 6.5, indicating a balanced nutrient
environment. The control and organic fertilizer groups showed slight decreases in soil pH. The INM
group exhibited the highest increase in soil nitrogen, suggesting improved nutrient availability. Soil
phosphorus levels were highest in the INM group, indicating better nutrient retention and
availability. This group also showed the highest increase in soil potassium levels (Figure 8).

4. Discussion

This study demonstrates that Integrated Nutrient Management (INM) practices significantly
improve the yield and quality of BARI Potato-7, as well as enhance soil health in the coastal regions
of Gopalganj, Bangladesh. The INM treatment group exhibited the highest emergence rate (85%) and
the shortest time to emergence (8 days). These results can be attributed to the balanced nutrient
availability provided by the combination of organic and inorganic fertilizers. Organic fertilizers
improved soil structure and microbial activity, while inorganic fertilizers ensured immediate nutrient
uptake by plants (Hosseini et al., 2016). The plant growth parameters, including plant height and the
number of leaves, were also superior in the INM treatment group. The average plant height in the
INM group was 60 cm, compared to 50 cm in the organic fertilizer group and 45 cm in the control
group. This enhanced growth can be linked to the synergistic effects of organic and inorganic
fertilizers, which provide a steady supply of essential nutrients throughout the growing season
(Rahman et al., 2020).

Our findings align with previous research indicating that INM practices can lead to improved
crop performance and soil health. Choudhary et al. (2019) reported similar results, where the
integration of organic and inorganic fertilizers resulted in higher potato yields and better tuber
quality compared to using either type of fertilizer alone. The enhanced soil microbial activity and
nutrient availability observed in this study are consistent with the findings of Singh and Singh (2020),
who highlighted the long-term benefits of combining organic and inorganic nutrient sources.

Moreover, the positive impact of INM practices on soil health, including increased soil pH,
nutrient levels, and microbial activity, supports the results of Ali et al. (2017), who emphasized the
importance of maintaining soil fertility for sustainable agricultural production. The improved soil
health parameters in the INM treatment group suggest that such practices can mitigate the adverse
effects of long-term inorganic fertilizer use, which often leads to soil degradation and nutrient
leaching (Khan et al., 2019).

The practical implications of this study are significant for farmers in Bangladesh and similar
agro-ecological regions. The adoption of INM practices can enhance potato yield and quality,
ensuring better returns for farmers. The balanced approach of integrating organic and inorganic
fertilizers not only meets the immediate nutrient demands of the crop but also promotes long-term
soil health. This dual benefit is crucial for sustainable agricultural practices, especially in regions
facing climate variability and soil fertility challenges (Haque et al., 2018). Economic analysis revealed
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that INM practices, despite higher initial costs, are more cost-effective in the long run due to reduced
fertilizer inputs and improved crop yields. This finding aligns with the economic assessments of
Rahman et al. (2020), who reported that the long-term benefits of INM practices outweigh the initial
investment costs. Consequently, promoting the adoption of INM practices can contribute to food
security and economic stability in farming communities.

While this study provides valuable insights, it is limited to a single growing season. Future
research should include multi-season trials to validate the findings and assess the long-term impacts
of INM practices on potato yield, quality, and soil health. Additionally, exploring the potential of
INM practices in other crops and regions can provide a broader understanding of their applicability
and benefits.

Further studies should also investigate the specific mechanisms through which organic and
inorganic fertilizers interact to enhance crop performance and soil health. Understanding these
mechanisms can help refine INM strategies and tailor them to specific crops and environmental
conditions. Additionally, assessing the socio-economic factors influencing the adoption of INM
practices can inform policy recommendations and extension services aimed at promoting sustainable
agriculture (Islam et al., 2018).

5. Conclusions

In conclusion, the findings of this study underscore the potential of Integrated Nutrient
Management practices to enhance potato yield and quality while maintaining soil health. The
balanced approach of combining organic and inorganic fertilizers offers a sustainable solution to the
nutrient management challenges faced by farmers in coastal Bangladesh. These results highlight the
importance of promoting INM practices for sustainable agricultural development and food security.
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