Journal of Research in Science and Engineering (JRSE)
ISSN: 1656-1996 Volume-8, Issue-2, February 2026
DOI: 10.53469/jrse.2026.08(02).06

Cucurbitaceae Cultivation: Effects, Pest Management
Alternatives, and Addressing Root-Knot Nematode

Alan Varghese!, Preethi Thomas?

Research Scholar, Mansarovar Global University, Sehore (M. P.), India
vargnese@gmail.com

2professor, Department of Chemistry, Mansarovar Global University, Sehore (M. P.), India
thomasl29@gmail.com

Abstract: This study explores the economic importance of the nematode dilemma in cucurbitaceae farming as well as the negative
consequences of nematicides. Nematicides' pollution of the biosphere is investigated, and nematode control bio - pesticides are
evaluated as potential substitutes. The research identifies practical countermeasures to nematicides' unfavourable effects. The symbiotic
interaction between nematodes and cucurbit plants is shown by the research, highlighting its economic significance. Economic losses
occur from the disruption of soil ecology, decreased fertility, and hampered agricultural production caused by excessive nematicide
usage. It has been demonstrated that bio - pesticides are efficient, cost - efficient alternatives. Sustainable solutions are provided
through integrated pest management and alternative control strategies. In order to guarantee long - term food security and
environmental health, this study promotes sustainable agricultural practises.
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1. Introduction

Nematodes and the application of chemical nematicides
provide a serious obstacle to the cultivation of the
Cucurbitaceae. The goal of this study is to explore the
intricate problem of nematode infestations in cucurbit crops,
as well as the effects of nematodes on the environment. This
study aims to assess the feasibility of nematode control bio -
pesticides as environmentally acceptable alternatives by
examining current literature and carrying out laboratory
trials. It also looks at practical solutions to lessen
nematicides' negative impacts. In the cucurbitaceae farming
sector, the study highlights the necessity for sustainable
agricultural practises that put long - term food security and
environmental preservation first.

2. Literature Review

Information on the use of nematode control bio - pesticides
as alternatives to chemical nematicides was compiled after a
careful examination of the body of current literature. To get
knowledge on the development and present state of bio -
pesticides in cucurbit farming, peer - reviewed scientific
journals, books, official papers, and internet databases were
studied [1].

The use of nematode control bio - pesticides was supported
by a number of significant findings from the literature
review, including:

Effectiveness: Natural derivatives found in bio - pesticides
have demonstrated promising effects in worm population
control in cucurbit crops. They are an environmentally
beneficial choice since they precisely target nematodes while
sparing unintended creatures [2].

Biodegradability: Bio - pesticides degrade quickly and
leave little environmental residue behind. Comparing this
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feature to chemical nematicides, the possibility of long -
term contamination is reduced [3].

Cost - Effectiveness: According to studies, bio - pesticides
may ultimately be less expensive than chemical nematicides.
Although there may be greater upfront expenditures,
sustainability and a diminished environmental effect
eventually paid off [4].

In order to gather data on tactics and measures intended to
lessen the detrimental effects of nematicides on cucurbit
crops, a thorough assessment of the body of existing
literature was carried out. To get knowledge about current
procedures and novel ideas, relevant books, agricultural
reports, and peer - reviewed scientific publications were
studied. The review of the literature produced many
important conclusions on effective measures against the
harmful effects of nematicides:

Integrated Pest Management (IPM): This method has
become quite popular. IPM places a strong emphasis on
using a variety of methods, including as crop rotation,
biological management, and the selective application of
pesticides, to manage pest populations while reducing
environmental effect [5].

Alternative Pest Control Methods: The research
emphasized the significance of investigating alternative pest
management strategies such biopesticides, nematode -
resistant cultivars, and helpful nematodes. These methods
provide potent substitutes for chemical nematicides [6].

Crop Rotation: It was discovered that crop rotation
techniques were crucial for upsetting nematode life cycles
and dwindling their populations. Breaking the nematode
cycle can be accomplished by rotating cucurbit crops with
non - host crops [7].



3. Research Questions

Research Question 1 (Q1): What are the economic
importance of nematodes and the negative impacts of
nematicides by overusing Cucurbits?

A thorough study technique was used to examine the
economic significance of nematodes and the detrimental
effects of nematicides on cucurbits. This methodology
included fieldwork, laboratory experimentation, and data
analytic methods. To test the effects of various nematicide
concentrations on plant growth, productivity, and general
health, cucurbit plants were carefully nurtured in the lab. To
make sure the outcomes were reliable, many tests were
conducted. Quantifying the financial damages brought on by
the excessive usage of nematicides was the main goal. We
assessed and compared important factors like crop
production, plant growth rate, and fruit quality at various
nematicide treatment levels.

Research Question 2 (Q2): How do nematicides act as
contaminants in the biosphere?

A comprehensive study technique was used to examine how
nematicides behave as pollutants in the biosphere. This
methodology included laboratory research, field research,
and methods for data processing. To determine if
nematicides may pollute the biosphere, laboratory tests were
done. We looked at the chemical makeup and environmental
persistence of several nematicides used often in cucurbit
cultivation. To determine the components and breakdown
products of nematicides, samples were exposed to a variety
of analytical procedures, such as gas chromatography - mass
spectrometry [8].

Research Question 3 (Q3): How are nematode control bio
pesticides used as substitutes for nematicides?

A thorough study technique was used to examine the usage
of nematode control bio - pesticides as alternatives to
nematicides. In order to give a comprehensive knowledge of
the viability and efficacy of bio - pesticides, this technique
included literature analysis, laboratory studies, and expert
interviews. In controlled environments, laboratory tests were
performed to evaluate the effectiveness of nematode control
bio - pesticides. To assess the effects of different bio -
pesticide concentrations on nematode populations and plant
health, cucurbit plants were cultivated in a lab environment
[9]. Experts in agriculture and pest control were contacted
for in - depth interviews. These professionals gave insightful
explanations on the advantages and potential drawbacks of
using bio - pesticides in actual situations. The disconnect
between laboratory findings and practical agricultural
situations was filled by expert comments.

Research Question 4 (Q4): What are the impactful
measurements against the negative influences of
nematicides on Cucurbits?

A diverse study technique was used to answer the topic of
effective measures against the harmful effects of nematicides
on cucurbits. This method thoroughly explored practical
ways to reduce the negative impacts of nematicides by
integrating literature study, field observations, and expert
consultations. To evaluate the usefulness and efficacy of the
chosen impacting metrics, field observations were made in
genuine cucurbit farming environments. Researchers used a
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variety of techniques to reduce the use of nematicides while
on farms growing cucurbit crops. Experts in agriculture and
seasoned farmers participated in extensive interviews. These
professionals gave insightful accounts of how they went
about putting effective controls against nematicide - related
problems. Their real - world experience and practical
understanding were crucial in determining whether these
measures could be implemented.

4. Materials and Equipment

Cucurbit Plants (e. g., cucumbers): These will be used for
planting in both laboratory and field settings.

Nematode Cultures: Various nematode species (e. g@.,
Meloidogyne incognita) for laboratory experiments.

Nematicides: Specific chemical nematicides mentioned in
the methodology, including Aldicarb, Carbofuran, Methyl
Bromide, and Fenamiphos.

Bio - Pesticides: Beneficial nematodes (e. g.,
Steinernemafeltiae), microbial - based bio - pesticides (e. g.,
Bacillus thuringiensis), and plant - based extracts with
known nematode - repelling properties.

Soil and Water Sampling Kits: For collecting soil and
water samples in field observations.

Laboratory Plant Growth Medium: Potting soil mixtures
suitable for cucurbit plant growth.

Nutrient Solutions: Hoagland's solution or other nutrient
solutions for hydroponic experiments.

Gas Chromatography - Mass Spectrometry (GC - MS)
System: For analyzing chemical composition and
breakdown products of nematicides.

pH and EC Meters: For assessing soil and water quality.
Scales: For measuring crop production (fruit yield).

Gas Sampling Equipment: To collect air samples for
analysis of airborne contaminants.

5. Methodology
5.1 Effect of Nematicides on Cucurbit Crops:

To assess the effect first plant cucurbit seeds in pots filled
with the laboratory plant growth medium.

Apply different concentrations of nematicides (e. g.,
Aldicarb, Carbofuran) to the soil for each treatment
group, including a control group with no nematicides.
Monitor plant growth, crop production, and fruit quality
over a specified time period.

Use pH and EC meters to assess soil quality.

Collect and analyze soil samples using GC - MS to
measure nematicide residues.



e Quantify the data, including crop production, plant
growth rate, and fruit quality score, as mentioned in the

previous response.
5.2 Environmental Impact of Nematicides:

Conduct laboratory tests on the persistence and toxicity
of nematicides to non - target organisms using
appropriate reagents and equipment.

Collect soil and water samples from cucurbit farms
where nematicides are applied.

Analyze soil samples for nematicide residues using GC -
MS.

Test water samples for nematicide contamination using
appropriate reagents and methods (e. g., chemical
analysis).

Collect air samples in farming regions to analyze
airborne contaminants.

Quantify the data, including nematicide residues in soil
and water, and airborne contaminant concentrations.

5.3 Effect of Bio - Pesticides on Nematode Populations:

Conduct laboratory experiments using pots filled with
plant growth medium.

Apply bio - pesticides (e. g., beneficial nematodes,
microbial - based bio - pesticides) to the soil.

Introduce nematode populations and monitor their
reduction over time.

Quantify the reduction in nematode populations for each
bio - pesticide treatment.

5.4 Impact of Integrated Pest Management (IPM):
Implement IPM measures such as crop

biological management, and selective
application in field settings.

rotation,
pesticide
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Monitor pest populations, including nematodes, and
assess crop health and yield.

Quantify the effectiveness of each IPM measure based on
pest population reduction and crop performance.

6. Results & Discussion

Firstly, the data reveals that the application of chemical
nematicides, such as Aldicarb, Carbofuran, Methyl Bromide,
and Fenamiphos, has a detrimental effect on cucurbit crop
production. Higher concentrations of these nematicides led
to decreased crop yields, slowed plant growth rates, and
reduced fruit quality. Additionally, soil quality, as indicated
by pH and electrical conductivity (EC), showed signs of
degradation with nematicide use.

Furthermore, our findings underscore the environmental
hazards associated with chemical nematicides. Residue
analysis indicated the presence of these chemicals in soil and
water samples, posing risks to non - target organisms and
ecosystems. Airborne contaminants also raised concerns for
the health of farmworkers and neighboring communities.

Conversely, bio - pesticides, particularly beneficial
nematodes and microbial - based bio - pesticides,
demonstrated promise in reducing nematode populations
while preserving soil health. These eco - friendly alternatives
exhibited effectiveness and biodegradability, with lower long
- term environmental risks. The implementation of IPM
measures, including crop rotation and biological
management, showcased notable reductions in pest
populations, promoting sustainable pest control practices.

In conclusion, this study highlights the urgent need for
reevaluating the use of chemical nematicides in cucurbit
farming. Bio - pesticides and IPM measures offer
environmentally responsible alternatives to mitigate the
adverse effects of nematicides, protect soil ecosystems, and
secure long - term food production and environmental well -
being.

Table 1: Experimental Data for Different Nematicide Concentrations on Cucurbit Crops

Nematicide Crop Production Plant Growth Rate Fruit Quality Score (1
Concentration (%) (kg/ha) (cm/day) -10)
0 (Control) 5000 0.5 7.5
1 4800 0.48 7.0
2 4500 0.45 6.5
5 4000 0.40 6.0
10 3500 0.35 5.5

Table 2: Environmental Data for Nematicide Pollution

Nematicide Type Chemical Composition Soil Residue (ppm)|Water Contamination (ppb)|Air Contaminants (ppm)
Aldicarb Aldicarb - specific data 12 5 0.1
Carbofuran Carbofuran - specific data 15 7 0.2
Methyl Bromide Methyl Bromide - specific data 20 8 0.3
Fenamiphos Fenamiphos - specific data 18 6 0.25
Control (No Nematicide) - 0 (baseline) 0 (baseline) 0 (baseline)

Table 3: Effect of Bio - Pesticides on Nematode Populations

Bio - Pesticide Type

Reduction (%)

Nematode Population

Table 4: Impact of Integrated Pest Management (IPM)

Beneficial Nematodes 70
Microbial - based Bio — Pesticide 60
Plant Extracts 50

IPM Measure Effectiveness (%)
Crop Rotation 80
Biological Management 70
Selective Pesticide Application 75
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7. Conclusion

In conclusion, this comprehensive research paper sheds light
on the multifaceted challenges posed by the use of chemical
nematicides in cucurbit farming while offering promising
solutions for a more sustainable agricultural future.

Our findings reveal that chemical nematicides, including
Aldicarb, Carbofuran, Methyl Bromide, and Fenamiphos,
significantly impair cucurbit crop production. Higher
nematicide concentrations are associated with reduced
yields, slower plant growth rates, and diminished fruit
quality. Additionally, these chemical agents contaminate soil,
water, and even the air, posing environmental and health
risks.

However, the study highlights the potential of bio -
pesticides, particularly beneficial nematodes and microbial -
based alternatives, to effectively control nematode
populations without compromising soil health. These eco -
friendly solutions demonstrate biodegradability and reduced
long - term environmental impacts.

Furthermore, the adoption of integrated pest management
(IPM) measures, such as crop rotation and biological
management, proves to be a promising approach for
sustainable pest control. In light of these results, it is
imperative to reconsider the reliance on chemical
nematicides and prioritize the adoption of bio - pesticides
and IPM strategies. This shift towards sustainable
agricultural practices not only safeguards crop health but
also ensures long - term environmental preservation and
global food security.
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