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Abstract- Phytonematodes are a significant threat to citrus
cultivation in India, leading to substantial yield losses and
affecting the quality of fruits. Among the most damaging
species are Meloidogyne spp. (root-knot nematodes),
Radopholus similis, and Tylenchulus semipenetrans, which
attack the root system, impair nutrient and water uptake, and
promote secondary infections. Despite the severity of these
infestations, there is a lack of comprehensive, region-specific
data on nematode-induced yield losses, with some studies
estimating up to 40% reduction in yield in highly affected
orchards. Traditional chemical control methods, though
effective in the short term, pose environmental risks and
contribute to nematode resistance. Consequently, integrated
management strategies, including cultural practices,
biological control, resistant rootstocks, and organic
amendments, are gaining traction. However, challenges such
as the high cost of biological agents, insufficient awareness
among farmers, and a lack of early detection tools persist.
Future research should focus on breeding nematode-resistant
rootstocks, developing affordable diagnostic tools, and
promoting sustainable integrated nematode management
(INM) practices. Bridging these research gaps is essential for
improving the resilience of citrus farming in India and
reducing dependency on harmful chemical inputs.
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I. INTRODUCTION

Citrus fruits, including oranges, lemons, and limes,
are an essential part of India’s agricultural landscape. India is
one of the largest producers of citrus fruits in the world, with
Maharashtra, Andhra Pradesh, Tamil Nadu, and Uttar Pradesh
being major growing states. Oranges, especially varieties like
Nagpur and Kinnow, are economically significant,
contributing to both domestic consumption and export markets
(Krishnamurthy et al., 2020). In 2018, India produced
approximately 12.6 million metric tons of citrus fruits, making
it a vital sector in the agricultural economy (FAO, 2020). The
cultivation of citrus not only supports the livelihood of
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millions of farmers but also provides raw materials for the
food processing industry, essential oils, and beverages.

Phytonematodes, or plant-parasitic nematodes, are
microscopic roundworms that infect plant roots and cause
significant damage to crops worldwide. These nematodes feed
on the plant’s root system, disrupting nutrient and water
uptake and weakening the plant’s immune system. In citrus
cultivation, nematodes such as Meloidogyne spp. (root-knot
nematodes) and Radopholus similis are particularly
problematic, causing extensive root damage, stunted growth,
and reduced fruit yield (Singh et al., 2018). The nematode-
induced damage in citrus can exacerbate the vulnerability of
crops to other pests and diseases, leading to further yield loss.
The presence of phytonematodes is a critical issue for citrus
farmers, as they can reduce the productivity and quality of
citrus orchards, especially when infestations reach high levels.

Despite the widespread recognition of the negative
impact of phytonematodes on citrus crops, research on their
specific role in reducing citrus yield in India remains
fragmented. Given the economic significance of citrus
cultivation in India, understanding the scale of the damage
caused by nematodes is essential for developing effective
management strategies. This review aims to synthesize the
current knowledge on the losses caused by phytonematodes in
citrus farming in India and assess the available control
measures. By compiling data on nematode species, loss
estimates, and control practices, this review will highlight
gaps in the current understanding and suggest areas for future
research. Furthermore,  effective = management  of
phytonematodes can not only improve citrus yield but also
contribute to the overall sustainability of citrus farming in
India. The review thus provides valuable insights into
nematode biology, their impact, and the integrated strategies
that can be employed to mitigate their effect on citrus crops.

Il. PHYTONEMATODES AND THEIR IMPACT ON
CITRUS CROPS

Phytonematodes, or plant-parasitic nematodes, are a
major threat to citrus crops, particularly species like
Meloidogyne spp. (root-knot nematodes), Radopholus similis
(lesion nematodes), and Pratylenchus spp. These nematodes
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damage the root system by forming galls, creating lesions, and
interfering with water and nutrient uptake. The damage results
in symptoms such as yellowing leaves, stunted growth,
wilting, and reduced fruit size, leading to significant yield
loss. Nematode infestations can also make citrus trees more
susceptible to secondary infections and plant viruses. Effective
management is crucial to minimize losses and maintain citrus
productivity.

2.1 Types of Phytonematodes Affecting Citrus

Citrus crops are affected by various species of plant-
parasitic nematodes, which cause considerable damage to the
root systems and overall plant health. Among the most
damaging species are:

1. Meloidogyne  spp. (Root-Knot  Nematodes):
Meloidogyne species are among the most significant
nematodes affecting citrus plants worldwide. These
nematodes are known for their ability to form galls
on the roots of citrus trees. The root-knot nematode
(Meloidogyne incognita and Meloidogyne javanica)
specifically affects the root system, impeding water
and nutrient uptake, leading to stunted growth and
reduced yield (Nunes et al., 2017).

2. Radopholus similis (Lesion Nematode): The lesion
nematode, Radopholus similis, is another major pest
that infects citrus crops. It causes direct damage to
the roots by creating lesions, which serve as entry
points for pathogens. This leads to poor root
development, weakening the plant and making it
susceptible to secondary infections such as root rot
(Cui et al., 2020).

3. Pratylenchus spp. (Root-Lesion Nematodes): Species
of Pratylenchus are also known to infest citrus roots,
causing necrotic lesions and facilitating the entry of
other pathogens. These nematodes often lead to
reduced root vigor and overall tree health,
contributing to diminished fruit yield (Gupta et al.,
2019).

4. Xiphinema spp. (Dagger Nematodes): Although less
common, Xiphinema species, known as dagger
nematodes, are present in some citrus-growing
regions. They feed on plant roots and can also
transmit plant viruses, compounding the damage to
the crops (Jones et al., 2014).

2.2 Mechanisms of Damage

Phytonematodes inflict damage to citrus crops
primarily through their interaction with the root system. The
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damage mechanism can vary slightly depending on the
nematode species, but generally follows the same patterns:

Root Damage and Gall Formation: Root-knot
nematodes (Meloidogyne spp.) penetrate the root
cells, triggering the formation of galls, which are
swollen areas around the nematode feeding sites.
These galls interfere with the plant's ability to absorb
water and nutrients, weakening the plant's overall
health and causing stunted growth (Singh et al.,
2018).

Lesion Formation and Root Decay: Lesion
nematodes, such as Radopholus similis and
Pratylenchus spp., directly damage the roots by
creating lesions. These lesions make the roots more
susceptible to microbial pathogens, leading to root rot
and other secondary infections. As a result, the root
system becomes inefficient at water and nutrient
uptake, exacerbating the damage to the plant (Navas
et al., 2021).

Viral Transmission: Nematodes like Xiphinema spp.
can also serve as vectors for plant viruses, including
the Citrus Tristeza Virus (CTV), further complicating
the management of citrus crops (Nunes et al., 2017).
This dual threat of physical damage and virus
transmission can lead to significant yield losses.

2.3 Symptoms in Citrus Crops

The damage caused by phytonematodes manifests

through a range of visible symptoms in citrus crops:

Yellowing of Leaves: A common symptom of
nematode infestation is chlorosis or yellowing of the
leaves. This occurs because the damage to the roots
limits the plant's ability to uptake essential nutrients,
particularly nitrogen. As a result, the tree exhibits
poor foliage color (Singh et al., 2018).

Stunted Growth: Nematode-infested citrus trees often
show reduced growth due to the compromised root
system. This results in smaller trees with a reduced
canopy, making them more vulnerable to other
environmental stressors (Cui et al., 2020).

Wilting: The roots' inability to absorb sufficient water
due to nematode damage often leads to wilting,
especially during dry periods. Even though the soil
may be adequately watered, the plants are unable to
take up the necessary moisture, leading to drooping
foliage (Gupta et al., 2019).

Reduced Fruit Size and Yield: Nematode damage
directly impacts fruit production. The reduced root
function leads to poor nutrient uptake, resulting in

www.ijsart.com



I1JSART - Volume 11 Issue 3 - MARCH 2025

smaller fruits and fewer fruits per tree. This is a
critical issue for farmers, as it directly affects the
economic return from citrus orchards (Navas et al.,
2021).

e Overall Yield Loss: The cumulative effect of these
symptoms—yellowing, stunted growth, wilting, and
reduced fruit production—Ileads to significant overall
yield loss. In heavily infested orchards, nematodes
can reduce citrus yield by as much as 30% to 50%
(Jones et al., 2014).

I1l. LOSS ESTIMATES DUE TO PHYTONEMATODES
IN CITRUS CULTIVATION

Phytonematodes significantly affect citrus cultivation
in India, resulting in reduced yields, poor fruit quality, and
increased production costs. These microscopic parasites attack
citrus roots, disrupting water and nutrient absorption,
ultimately weakening tree health and productivity.

3.1 Extent of Damage

e Citrus yield losses due to nematodes, particularly
Meloidogyne spp. (root-knot nematodes) and
Radopholus similis (burrowing nematodes), are
estimated at 20% to 50% depending on severity and
management practices.

e In severely infested orchards, losses can reach up to
60% if left unmanaged (Singh et al., 2018).

e In addition to yield losses, nematode infestations
increase the cost of inputs such as nematicides, labor,
and soil amendments, raising the economic burden on
farmers.

e Infested trees often produce smaller, discolored, or
deformed fruits, reducing market value and export
potential (Jadhav et al., 2020).

3.1 Regional Variations in Loss

e Maharashtra: One of India's largest citrus-growing
states (Nagpur oranges) suffers yield losses ranging
from 25-40%, mainly due to Meloidogyne incognita
infestations.

e Andhra Pradesh: Regions like Chittoor report average
losses of 20-30%, with poor soil drainage and
climate exacerbating nematode spread (Reddy et al.,
2019).

e Tamil Nadu: Infestation by Pratylenchus spp. and
Radopholus spp. causes 15-25% yield reductions in
the state's citrus belt (Sharma et al., 2018).
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e Punjab and Uttar Pradesh: Though less studied,
emerging data suggest growing nematode pressure
with potential losses of 15-20%, particularly in
Kinnow and sweet lime orchards.

3.3 Comparative Loss Analysis

e Phytonematodes vs. Other Pests and Diseases:

o  Citrus Greening (HLB): Causes yield losses
up to 50%, comparable to severe nematode
infestations.

o Citrus Canker: Typically leads to 10-20%
loss, lower than nematodes but still
significant in humid regions.

o In long-term productivity decline and tree
lifespan reduction, phytonematodes often
cause more sustained losses than most foliar
diseases.

IV. FACTORS CONTRIBUTING TO NEMATODE
INFESTATION

Several agronomic, environmental, and biological
factors contribute to the proliferation and severity of
phytonematode infestations in citrus orchards. Understanding
these factors is essential for developing region-specific
management strategies and minimizing yield losses.

4.1 Soil Type and Texture

Sandy and light-textured soils are highly conducive
to nematode activity due to better aeration and easier
movement of nematodes through soil pores. Citrus grown in
such soils is particularly vulnerable to root-knot nematodes
(Meloidogyne spp.).

4.2 Irrigation and Drainage Practices

Excessive or poorly managed irrigation can create
moist soil conditions favorable for nematode multiplication.
On the other hand, poor drainage leads to waterlogged
conditions that weaken root systems, making them more
susceptible to nematode attack.

4.3 Crop Monoculture and Lack of Rotation

Continuous cultivation of citrus or related host plants
without crop rotation increases the buildup of nematode
populations in the soil. Monoculture practices provide a
continuous food source, allowing nematodes to reproduce
rapidly.
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4.4 Use of Infected Planting Material

The use of nematode-infested rootstocks or seedlings
during orchard establishment can introduce nematodes into
previously uninfested areas. This is a primary mode of long-
distance dissemination.

4.5 Poor Sanitation and Orchard Hygiene

Lack of proper orchard sanitation, such as leaving
infected roots or pruning residues in the field, allows
nematodes to survive and persist in the soil, facilitating further
infestations.

4.6 Climate and Temperature

Warm climates, such as those in many citrus-growing
regions of India, favor rapid nematode development and
reproduction. Higher soil temperatures accelerate the life
cycles of nematodes, allowing multiple generations within a
single growing season.

4.7 Organic Matter and Soil Nutrient Imbalance

Low organic matter and poor soil fertility weaken
plant defenses, making them more susceptible to nematode
attack. Additionally, imbalanced use of chemical fertilizers
may adversely affect beneficial soil microorganisms that
suppress nematodes..

V. CONTROL MEASURES FOR PHYTONEMATODES

Effective management of phytonematodes in citrus
orchards requires an integrated approach that combines
cultural, biological, chemical, and host resistance strategies.
Since nematodes are difficult to detect and control once
established, proactive and preventive measures are essential
for sustainable citrus production.

5.1 Cultural Control

e Crop Rotation: Rotating citrus with non-host or poor-
host crops like cereals (e.g., maize, sorghum) reduces
nematode population buildup.

e Soil Solarization: Covering moist soil with
transparent polyethylene sheets during peak summer
for 4-6 weeks can kill nematodes in the topsoil by
increasing soil temperature.

e Organic Amendments: Application of neem cake,
compost, and green manures improves soil health and
suppresses nematode activity.

5.2 Biological Control
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e Nematophagous Fungi and Bacteria:

o Paecilomyces lilacinus, Trichoderma
harzianum, and Pochonia chlamydosporia
are effective against nematode eggs and
juveniles.

o Bacillus firmus and Pasteuria penetrans
reduce nematode multiplication in roots.

e Arbuscular Mycorrhizal Fungi (AMF): These
symbiotic fungi enhance root resistance and reduce
nematode colonization.

5.3 Chemical Control

e Nematicides: Use of systemic nematicides such as
carbofuran, phorate, and fenamiphos provides short-
term relief, especially in nurseries or highly infested
fields.

e Seedling Treatment: Dipping citrus seedlings in
nematicide solutions before transplanting helps
prevent introduction of nematodes into new fields.

5.4 Resistant and Tolerant Varieties

e Selection of nematode-resistant rootstocks (e.g.,
Poncirus trifoliata) can significantly  reduce
infestation and damage.

e Grafting scions on tolerant rootstocks has proven
effective in maintaining yield under nematode
pressure.

5.5 Nursery and Sanitation Practices

e  Use certified, nematode-free planting material.

e Regular removal and destruction of heavily infested
plants and roots.

e Avoid using infested soil or compost in nurseries.

5.6 Integrated Nematode Management (INM)

Combining multiple strategies—such as organic
amendments, biological agents, and resistant rootstocks—
offers the most sustainable and long-term control.

VI. CASE STUDIES AND FIELD TRIALS

Empirical studies and field trials across India have
provided valuable insights into the real-world effectiveness of
various control strategies against phytonematodes in citrus
cultivation. These case studies highlight region-specific
responses, Yyield outcomes, and sustainable management
practices.
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6.1 Maharashtra (Nagpur Mandarin) — Use of Neem Cake
and Bioagents

Objective: Evaluate the effect of neem cake and
Paecilomyces lilacinus on Meloidogyne incognita in Nagpur
mandarin.

e Treatment: Application of neem cake (1.5 tons/ha) +
P. lilacinus (20 g/plant).
e Results:
o Nematode population reduced by 45%.
o Galling index decreased significantly.
o Yield increased by 20% compared to
control.
o Fruit quality improved (higher TSS and
vitamin C content).
e Citation:; Jadhav et al. (2020), Indian Journal of Plant
Protection, 48(2), 127-133.

6.2 Andhra Pradesh — Integrated Use of Solarization and
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o T. viride showed sustained control with
yield benefits extending into the next
season.

o Combined application gave best results with
65% nematode reduction.

6.5 Gujarat — On-Farm Trial of INM Strategy
Objective: ~ Demonstrate nematode
management (INM) with farmers.
e  Approach: Farmer-participatory trial using neem cake
+ T. harzianum + marigold intercropping.
e Impact:
o Farmer-reported yield increase of 22—-28%.

o Reduced reliance on chemical nematicides.
o  Greater adoption observed post-trial.

integrated

Organic Amendments

Objective: Control of Radopholus similis using
solarization and organic inputs.
e Treatment: 45-day solarization with polyethylene +
compost + Trichoderma harzianum.

e Results:
o Over 60% reduction in nematode counts.
o Tree vigor and leaf chlorophyll content
improved.
o Cost-effective and environmentally safe.

6.3 Tamil Nadu — Resistant Rootstock Trials

Objective: Assess nematode resistance in citrus
grafted on Poncirus trifoliata and Carrizo citrange rootstocks.

e Method: Field trial in nematode-infested orchard.
e Findings:
o P. trifoliata rootstock showed lowest gall

index (1.3) and highest survival rate (92%).
Yield increased by 30-35% compared to
traditional rootstocks.

6.4 Punjab — Chemical vs Biological Control Trial

Objective: Compare fenamiphos (chemical) with
Trichoderma viride (biological).
e  Setup: Randomized block design over two years.

e Results:
(@]
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Fenamiphos gave quick results but declined
after 6 months.

Region Strategy Used Nematode | Yield
g gy Reduction ([Improvement
+ P.
Maharashtra Neem cake + P 45% 20%
lilacinus
Solarization +
Andhra Compost + T./[60% -
Pradesh .
harzianum
. Resistant 70%  (gall
Tamil Nad . 30-35%
' ! rootstocks index|) °
Chemical  vs
. Biological 65% Sustained
Punjab . .
(Fenamiphos vs||(combined) ||results
T.Vv.)
INM with
Gujarat intercropping +||50%+ 22-28%
bioagents

VII. CHALLENGES

1. Lack of Early Detection Tools
o Phytonematode infestations often go unnoticed
until severe damage occurs, as symptoms are
non-specific and resemble nutrient deficiencies
or drought stress.
o Reliable and rapid diagnostic tools for early
detection are lacking at the field level.
2. Limited Awareness Among Farmers
o Many citrus growers in India are unaware of
nematodes as a major pest due to their
microscopic nature.
o This leads to misdiagnosis and improper pest
management practices, resulting in recurring
infestations.
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3. Overreliance on Chemical Nematicides

o Continuous use of chemical nematicides like
carbofuran and fenamiphos leads to soil toxicity,
resistance development, and environmental
hazards.

o Regulatory restrictions on many nematicides
further limit their availability.

4. High Cost and Limited Availability of Bioagents

o Commercial formulations of biocontrol agents
(e.g., P. lilacinus, T. harzianum) are not widely
available or affordable for small farmers.

o Lack of cold chain infrastructure also hampers
distribution and shelf-life of bioinputs.

5. Poor Implementation of Integrated
Management (INM)

o Though INM has shown promise, adoption is
low due to lack of training, coordinated
extension services, and field demonstrations.

6. Regional and Crop-Specific Variability

o Nematode populations vary across regions and
citrus varieties, making it difficult to apply a
uniform control strategy.

o Localized studies and adaptive management are
still inadequate.

Nematode

VIII. FUTURE DIRECTIONS

1. Development of Rapid and Accurate Diagnostic
Tools
o Invest in field-level diagnostic kits (e.g., LAMP
assays, portable PCR devices) for early
nematode detection.
o Encourage nematode mapping using geospatial
tools and Al.
2. Breeding and Deployment of Resistant Rootstocks
o Focus on molecular breeding and marker-
assisted selection to develop rootstocks resistant
to  Meloidogyne spp. and  Tylenchulus
semipenetrans.
o Promote regional trials to assess rootstock
compatibility and performance.
3. Strengthening Biological Control Strategies
o Scale up research and production of native
strains of nematophagous fungi and bacteria.
o Promote combinations of bioagents and soil
health-enhancing amendments through INM.
4. Training and Capacity Building for Farmers
o Establish nematode management modules in
horticultural extension programs.
o Use ICT tools (e.g., mobile apps, videos) to
disseminate best practices.
5. Policy Support and Research Funding
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o Provide subsidies for certified bio-nematicides
and resistant rootstock propagation.
o Encourage public-private  partnerships  for
research and farmer outreach.
6. Climate-Resilient Management Approaches
o Study nematode behavior under changing
climate conditions (temperature, rainfall shifts).
o Develop adaptive strategies for citrus belts
affected by global warming.
7. Holistic Soil Health Management
o Promote regenerative agriculture and organic
practices to enhance soil microbiota that
naturally suppress nematodes.
o Encourage cover  cropping and
diversification.

crop

IX. GAPS IN RESEARCH (IN SHORT)

1. Limited region-specific studies on nematode species
diversity and population dynamics in different citrus-
growing zones of India.

2. Inadequate data on economic loss estimates specifically
attributed to phytonematodes in citrus compared to other
pests.

3. Scarcity of resistant rootstock breeding programs
targeting multiple nematode species.

4. Lack of long-term field trials on integrated nematode
management (INM) approaches.

5. Underexplored potential of native biocontrol agents and
their synergistic use with organic amendments.

6. Insufficient development of rapid, affordable diagnostic
tools for early detection at the farm level.

X. CONCLUSION

Phytonematodes, particularly Tylenchulus
semipenetrans, pose a serious threat to citrus production in
India, causing substantial yield losses and long-term decline in
orchard health. The review of literature indicates that yield
reductions can reach up to 30%, especially in unmanaged
orchards. While chemical nematicides offer immediate
control, their long-term sustainability is questionable due to
environmental and health concerns. On the other hand,
biological control agents and integrated pest management
(IPM) strategies offer promising, eco-friendly alternatives for
managing nematode populations. Adoption of IPM practices—
combining cultural, biological, and chemical methods—along
with regular monitoring and region-specific research on
resistant rootstocks, is essential for sustainable citrus
production. Continued efforts in farmer education, policy
support, and research innovations will be key to mitigating the
impact of phytonematodes and securing citrus yields in India.
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