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Abstract
Root-knot nematodes(Meloidogyne spp.) are one of the 
main soilborne pathogens in Florida and cause consider-
able damage to many vegetables. Asian vegetables are 
important specialty crops in Florida, but no information is 
available on their host status to plant-parasitic nematodes, 
in particular to Meloidogyne spp. Therefore, we conducted 
a survey to learn which Asian vegetables are grown in 
Florida, the plant-parasitic nematodes associated with these 
crops, and the damage these nematodes could potentially 
cause to Asian vegetables.

Introduction
Because this publication is the first of its kind on plant-
parasitic nematodes in Asian vegetables, it will likely raise 
awareness among growers and researchers in Florida and 
the United States about plant-parasitic nematodes in Asian 
vegetables. It also provides recommendations for managing 
plant-parasitic nematodes, especially root-knot nematodes 
(Meloidogyne spp.), the most important nematode threat 
in Florida’s vegetable production. This publication also 
serves as a resource for identification and management of 
nematodes for UF/IFAS Extension agents, researchers, and 
academics working on Asian vegetables.

Plant-parasitic nematodes are microscopic roundworms 
that feed on living plant tissues. Most nematode species 
feed on the belowground parts of plants like roots and 

tubers, although some species feed on aboveground plant 
parts, which can be seen on several ornamental crops and 
strawberry in Florida. There are no typical aboveground 
symptoms of nematodes feeding on roots, and often their 
damage may be misidentified with other causes such as 
nutrient or water deficiency or diseases related to bacteria 
or fungi (stunting, wilting, and yellowing). Because the 
damage plant-parasitic nematodes cause is often not 
recognized or is mistaken for other problems, they are often 
called the unseen enemy. Plant-parasitic nematodes are a 
costly burden for agricultural production with an estimated 
$125 billion loss annually (Bernard et al. 2017). In Florida, 
year-round warm weather and high humidity create a 
perfect habitat for many plant-parasitic nematodes, and 
nematode damage can be very severe, especially in sandy 
soils.

Asian Vegetable Production In 
Florida
The demand for ethnic Asian vegetables in the United States 
is rapidly increasing, and Asian vegetables have become 
one of the most popular specialty crops (Kaiser and Ernst 
2018). The growing popularity of Asian restaurants and 
the demand of American consumers for Asian vegetables 
in their diet has created a rapid increase in the acreage of 
Asian vegetable production in the United States. In Florida, 
the year-round warm climate is very favorable for growing 
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many Asian vegetables. Florida producers currently grow 
more than 40 Asian vegetables, with a rapid expansion of 
ethnic Asian vegetable production in northeast and south 
Florida. Growing ethnic Asian vegetables can bring many 
benefits to Florida such as creating more job opportunities, 
diversifying crops for crop rotation, and improving human 
health (given that many Asian vegetables contain various 
medicinal compounds) (Liu 2016). Currently, Asian 
vegetables are grown on more than 4,000 ha in Florida for 
local consumption and, especially in the winter, for export 
to northern states (New York, New Jersey, Massachusetts, 
Connecticut, Illinois, etc.) (Gu et al. 2021). Limited 
guidance for management of weeds, insects and diseases 
affecting some Asian vegetables has been published in the 
Vegetable Production Handbook of Florida (Vegetable 
Production Handbook of Florida 2022), but no informa-
tion or recommendations are available for plant-parasitic 
nematode management on Asian vegetables.

Plant-Parasitic Nematodes in Asian 
Vegetables
Many of the Asian vegetable growers in Florida are of 
Vietnamese origin, and due to language and cultural 
barriers, they are often very isolated. Farm size can vary 
but farms are usually between 5 and 100 acres, with a few 
exceptions that are more than 1,000 acres. Most Asian 
vegetables on small and mid-size farms are grown in plastic 
tunnels on wooden frames that are closed during winter 
and are uncovered during the summer (Figure 1).

To better understand and educate Asian vegetable growers 
about nematodes, a survey was done of Asian vegetable 
farms owned and operated by Vietnamese growers in 
Wimauma, Hillsborough County, Florida. The objective 
was to learn more about the crops that are grown and if 
the nematodes are a problem. Most farmers were unaware 
of a nematode problem, and, in most cases, also unaware 
of the existence of nematodes, but results indicated that all 
10 surveyed farms showed visible nematode damage in the 
form of stunted and chlorotic plants (Figure 2) and galled 
roots caused by root-knot nematodes (Figure 3). Twenty 
different vegetables were sampled, mostly leafy, but also 
some fruiting and root or tuber vegetables (Table 1). Thai 
basil and water spinach were the most common vegetables 
and were found on all surveyed farms (Figure 4).

Several plant-parasitic nematodes were isolated and identi-
fied from the soil or roots collected from these surveyed 
farms, including root-knot, sting, stubby root, and lesion 
nematodes (Table 1). Root-knot nematodes were the most 
common and appeared to cause the most damage. Root 
gall size varied from small (Thai basil, ginger, jute) to large 
(sweet potato, water spinach, luffa, Vietnamese muskmelon, 
Vietnamese eggplant) (Figure 3). Thai basil, water spinach, 
pumpkin, Malabar spinach, Indian taro, sweet potato, jute, 
bitter gourd, luffa, and Vietnamese eggplant also showed 
visible aboveground symptoms, such as leaf yellowing 
and wilting. Four different root-knot nematode species 
(Meloidogyne spp.) were identified: Meloidogyne arenaria, 

Figure 1. The plastic tunnels that growers use for Asian vegetables in 
Florida.
Credits: Hung X. Bui, UF/IFAS

Figure 2. Typical aboveground symptoms of plants infected by plant-
parasitic nematodes such as yellowing (A) and stunting (B).
Credits: Hung X. Bui, UF/IFAS
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M. enterolobii, M. haplanaria, and M. incognita. Among 
these four species, M. enterolobii accounted for 74% of the 
samples identified, M. arenaria and M. incognita were each 
found in 10% of the samples, and M. haplanaria was found 
in 6% of the samples (Bui and Desaeger 2022). Meloidogyne 
spp. are the most well-known and damaging plant-parasitic 
nematodes globally and are extremely common in Florida’s 
warm climate and sandy soils. Meloidogyne spp. are sed-
entary endoparasitic nematodes, which means they enter 
plant roots completely (the entire nematode is inside the 
root) and complete most developmental stages inside the 
roots (Figure 5). The nematode develops within an eggshell 
from an embryo through the first and second juvenile 
stages within an eggshell. The infective second-stage 
juveniles (J2s) hatch and enter the root elongation zone 
and then moves upward to the root tips where they invade 
the vascular cylinder to form a feeding site of three to ten 
cells, called a giant cell. Simultaneously, the neighboring 
cells start to divide to form a typical gall or root-knot. Male 
and female J3s become round and sedentary inside the gall 
and continuously molt to J4s and then adults. Adultfemales 
commonly reproduce asexually through parthenogenesis. 
In some Meloidogyne spp., theyreproduce through sexual 
reproduction, in which adult males remodel back to a 
thread-like shape, while adult females keep their pear 
shape. Adult males fertilize females and leave the root 
afterward. The life cycle of Meloidogyne spp.can be com-
pleted in 3–4 weeks under ideal environmental conditions. 
A single female can lay 500 to 1000 eggs during its lifetime 
(Abad et al. 2008).

Root-knot nematodes are one of the main reasons for the 
use of soil fumigants in much of Florida’s high-value crop 
production systems (Noling 1996). Many reports have 
confirmed the host status of ornamental plants, turfgrass, 
tomato, and other vegetables to various Meloidogyne spp. 
in Florida (Brito et al. 2007; 2008; 2010; Baidoo et al. 2016; 
Joseph et al. 2016; Crow 2020). The high prevalence of M. 
enterolobii in our survey is of concern. Many of the sur-
veyed farms were established at least 10–30 years ago, and 
it is impossible to tell how long M. enterolobii has existed in 
these fields. Meloidogyne enterolobii may have been spread 
across these Asian vegetable farms because farmers were 
unaware that they were planting infested plant material. 
Asian farmers are frequently isolated by language barriers 
and may have little to no access to Extension guidelines and 
pest management information. None of the farmers that we 
visited had ever heard about plant-parasitic nematodes and 
the risk they could pose to the farmers’ crops. As a result, 
they were practicing no nematode management and had 
no information on losses that nematodes were causing on 

their farms. The diversity and continuous production of 
crops—sometimes more than 10 crops are grown on the 
same farm—further complicates management recommen-
dations for these farmers. Rotation and cover crop options 
are limited, especially considering that most crops are good 
hosts to root-knot nematodes and that fields are being 
planted almost year-round.

Figure 3. Galled roots caused by root-knot nematodes: clockwise from 
top left, Thai basil, ginger, sweet potatoes, Malabar spinach, water 
spinach, and luffa.
Credits: Hung X. Bui and Mengyi Gu, UF/IFAS

Figure 4. Two most commonly grown vegetables in Asian vegetable 
farms: top, Thai basil and bottom, water spinach.
Credits: Hung X. Bui, UF/IFAS
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Nematode Management
Chemical Control
Few chemicals are labeled for Asian vegetable crops, and 
most growers do not have a pesticide license due to the 
language barrier. Hence, chemical control products for 
nematode management are not recommended to these 
Asian vegetable growers. While some biological nemati-
cides can be used for nematode management, their efficacy 
has not been demonstrated for Asian vegetables.

Non-Chemical Control
Sanitation should always be the first recourse against nema-
todes. Growers should select sites with no or low nematode 
populations, avoid the introduction of nematodes into 
the field, and scrupulously clean farm equipment used in 
different fields, both before and after using the equipment.

A common way that nematodes are introduced into fields 
is through infected plant material (transplants or tubers). 
It is generally difficult to recognize whether plant material 
is infected with nematodes. In the case of root-knot nema-
todes, the presence of galls or knots on roots of transplants 
or tubers is a telltale sign, but nematode galls can easily be 
overlooked when they are small or when roots are covered 
with soil. For most other nematodes, no real diagnostic 
root symptoms can be observed on planting material, and 
proper diagnosis will need to be done at a nematology lab.

Frequent applications of organic amendments (animal and 
green manures, compost, etc.) will increase soil organic 
matter and microbial activity while stimulating natural 

enemies that may reduce the damage caused by plant-
parasitic nematodes.

Crop rotation with plants that are poor hosts for nematodes 
could be another option for Asian vegetable growers, but 
not enough is known now on the nematode host status of 
Asian vegetables to make good recommendations. Planting 
cover crops in between vegetable crops is a widely adopted 
nematode-management strategy. For managing root-knot 
nematodes, sunn hemp and sorghum-sudangrass are 
recommended as cover crops since they are known to be 
poor hosts (Bui and Desaeger 2021).
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Table 1. Plant-parasitic nematodes associated with Asian vegetables grown in Central Florida according to our survey.
Vegetable 

type
Common 

name
Scientific name Root-knot 

nematode
Sting 

nematode
Root 

lesion 
nematode

Stubby 
root 

nematode

Dagger 
nematode

Awl 
nematode

Spiral 
nematode

Fruit Bitter gourd Momordica 
charantia

- + - - - - -

Luffa Luffa cylindrica + + + - - +

Okra Abelmoschus 
esculentus

+ - - - - - -

Vietnamese 
eggplant

Solanum 
macrocarpon

+ - - - - - -

Vietnamese 
muskmelon 
(Indian 
cobra 
melon)

Cucumis melo + - - - - - -

Leafy Amaranth Amaranthus sp. + - - + - - -

Malabar 
spinach

Basella alba + - - - - - -

Parsley Petroselinum 
crispum

- - - - - - -

Perilla  Perrila frutescens 
var. crispa

+ - + + - - +

Savory Satureja sp. - - - - - - -

Sweet 
potato

Ipomoea batatas + - - - - - +

Thai basil Ocimum basilicum + + + - - +

Tong ho Glebionis coronaria - - - + - - -

Tossa jute Corchorus olitorius + - + - - - +

Vietnamese 
coriander

Persicaria odorata + - + + - - -

Pumpkin Cucurbita L. + - - - - - -

Water 
spinach

Ipomoea aquatica + + + + +

Leafy/Tuber Cassava Manihot esculenta + - + - - - -

Rhizome Galangal Alpinia galanga/
Alpinia officinarum

- + - + - - +

Rhizome Ginger Zingiber officinale + - - - - - -

Stem Indian taro Colocasia gigantea + - - - - - +

+: nematode was detected in the soil or root 
-: no nematode was detected in the soil or root 
Root-knot nematode, Meloidogyne spp. 
Sting nematode, Belonolaimus spp. 
Root lesion nematode, Pratylenchus spp. 
Stubby root nematode, Trichodorids 
Dagger nematode, Xiphinema spp. 
Awl nematode, Dolichodorus spp. 
Spiral nematode, Helicotylenchus spp.


