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REVIEW NEMATODES IN TEA CULTIVATION:
PATHOGENESIS AND PLANT DEFENSE RESPONSES

Purpose. To identify the complex relationship between tea plants and important plant-parasitic nematodes,
focusing on the severe damage these pests inflict on roots, as well as the sophisticated defense strategies employed
by tea plants, particularly their synthesis of protective secondary metabolites to combat nematode attacks

Results. Plant-parasitic nematodes pose a serious economic danger to Camellia sinensis, the world's most
important tea crop, resulting in yield losses of 11-55% and up to $1 billion yearly. Stunting, wilting, and decreased
tea output are caused by around 80 nematode species that harm roots, including Pratylenchus, Radopholus,
Meloidogyne, and Hemicriconemoides. Due to their immobility, tea plants have developed complex defense mech-
anisms. These include the formation of nematicidal secondary metabolites (polyphenols, alkaloids, terpenoids),
systemic signaling pathways triggered by phytohormones (ethylene, jasmonate, and salicylic acid) that activate
defense genes, and physical barriers such as lignin and suberin in cell walls. Nematode control is also aided by
beneficial soil bacteria.

Conclusions. For sustainable management, it is essential to comprehend relationships. In order to secure
the economic future of the tea business, future research should take advantage of natural defences to improve
integrated pest control.

KEYWORDS: Camellia sinensis, plant-parasitic nematodes, plant defense, secondary metabolites, inte-
grated pest management
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Camellia sinensis (L.) O. Kuntze, com- [3] Over the following centuries, people from
monly known as a tea plant, is a perennial ever- different cultures introduced it to new parts of
green and a crucial long-term investment for ag- the world, and it is now grown in over 60 coun-
riculture in tropical and subtropical areas world- tries on five continents [4]. Tea is enjoyed by
wide [1, 2]. Tea first grew in southwestern China people across all social classes, geographies,
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and cultures. Its widespread appeal stems from
its unique flavor and significant health benefits,
which are attributed to compounds like tea pol-
yphenols, amino acids, and caffeine [5,6]. In-
sects and pests are significant factors impacting
tea production, leading to yield losses ranging
from 11% to 55%. These losses are estimated to
result in economic losses amounting to approx-
imately $500 million to $1 billion in the tea in-
dustry [7]. Among the many factors limiting tea
production, plant-parasitic nematodes pose a
significant economic threat [8]. The nematode
is a significant pathogen, primarily known for
devastating tea plantations throughout Asia [9].
The global tea industry faces threats from a di-
verse range of plant-parasitic nematodes; Si-
vapalan (1972) [10] recorded over 40 species
across 20 genera, while Chen and Chen (1989)
[11] reported an even higher number, identify-
ing 82 species linked to tea plants [12].

Plants, being immobile, have evolved de-
fense mechanisms to safeguard themselves
against herbivores and microbial infections
[13,14]. Due to their immobility, plants face a
range of challenges from both living and non-
living factors in their environment, including
threats from herbivores, pathogens, drought, sa-
linity, UV exposure, temperature extremes, and
nutrient deficiencies [15-17]. The perennial and
monoculture nature of tea cultivation contrib-
utes to substantial annual crop losses. However,
geographical variation in pest diversity is evi-
dent, influenced by factors such as climate
change, altitude, and plantation age [18].

Two types of pests, namely the piercing-
sucking pests and chewing pests, are associated
with tea [19].

Plants and insects have coexisted for
more than 350 million years, leading to the de-
velopment of unique survival tactics in both
groups as they evolved together [14, 20, 21].
Natural selection has enabled plants to survive
changing environments by producing diverse
secondary metabolites. These metabolites act as
a chemical defense mechanism, protecting the
plant from pathogen attack and invasion [22].
This adaptive response enables plants to defend
against a wide range of threats, from pathogens
and herbivores to environmental stresses like
drought, salinity, and extreme temperatures
[23, 24].

Classification of Tea pests. Tea pests
can be categorized into three groups based on
their location of infestation:
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1. Root pests such as nematodes, termites,
and cockchafer grubs.

2. Stem pests like the red coffee borer and
stem borers.

3. Leaf pests including the tea mosquito
bug, thrips, jassids, aphids, flush-worms, looper
caterpillars, leaf rollers, and various mite spe-
cies [25].

This review explores the complex rela-
tionship between tea plants and important plant-
parasitic nematodes, focusing on the severe
damage these pests inflict on roots. It also in-
vestigates the sophisticated defense strategies
employed by tea plants, particularly their syn-
thesis of protective secondary metabolites to
combat nematode attacks

Root pests: Pests often affect three layers
of plants: the top, midsection, and roots. Pest
control often targets the top and intermediate
sections of plants, with less emphasis on their
roots [26]. Little is known about the interactions
of root pests with host plants compared to above-
ground insect herbivores [27]. A disturbed soil
microflora with limited species diversity and
population density of antagonists to fungal root
disease agents promotes the spread and inci-
dence of root disease and nematode infections
[28]. Deep ploughing and dredging, have been
effectively eliminate root pests [29].

Nematodes: Nematodes are the most
abundant animals on earth and the dominant
component of soil [30]. Nematodes are major
pests of tea soil in nurseries and new clearings,
invading tea seedlings up to 8-9 months old in
young plantations. More than 40 species of
plant parasitic nematodes from 20 genera have
been found in various tea-growing regions
across the world [31]. The activity, diversity,
and distribution of soil organisms, including
nematodes, are strongly influenced by soil prop-
erties. Key physical and chemical parameters
such as temperature, moisture, water-holding
capacity, pH, and electrical conductivity are vi-
tal for soil functioning. These factors directly
shape nematode community composition and
structure [32].

Nematodes have been shown to lower the
leaf area and stem girth of tea plants [33]. Infes-
tation spreads mostly through nursery plants on
tea farms [25].

Various types of plant parasitic nema-
todes have been found in tea soils worldwide.
Most of these nematodes have not been shown
pathogenic (Table. 1). The following species are



ISSN 1992-4224 Jlroauua ta noskius. IIpobaemu Heoekosorii. 2025. Bunyck 44

known or believed to be pathogenic to tea. Spe-
cies include Pratylenchus spp., Radopholus si-
milis, Meloidogyne spp., Hemicriconemoides sp,
Rotylenchulus reniformis, Heliotylenchus spp.,
Paratylenchus curvitatus, Hoplolaimus sp. etc.

Pratylenchus sp: Pratylenchus is a par-
asite of the tea plant in several tea-producing na-
tions like as, the Philippines, China, Bangla-
desh, Taiwan, India, Vietnam, the, and Aus-
tralia [34], Sri Lanka, Japan and United States
[35]. This nematode is a major parasite of tea in
Iran [35, 36, 37, 38], Japan [39] and Korea [40].
This worm is known as the 'upcountry species
of nematode' because of its prevalence in high-
elevation regions (2200-3000 m a.s.l.) [41].

Mode of damage: Plants respond with
apparent symptoms only when a significant por-
tion of their root system is damaged or stops
functioning. In extreme circumstances, die-
back and death can ensue [25]. The symptoms
of tea root-lesion disease caused by Pratylen-
chus spp. infection includes stunting, wilting,
yellowing, and a decrease in root length. Such
symptoms occur when the nematodes eradicate
the root system, resulting in root lesions [8].

Plant response: Tea roots have strong
cuticle and cell walls, which impede Pratylen-
chus penetration. Infection-trigger Cell walls to
reinforced with lignin and suberin, making the
plant difficult to penetrate [42]. Tea plants gen-
erate secondary metabolites called polyphenols,
which have nematicidal characteristics and im-
pede Pratylenchus development and reproduc-
tion [43]. Tea plants develop a systemic re-
sponse to Pratylenchus infection by activating
defense genes and producing signalling mole-
cules such as salicylic acid [44]. Phytohor-
mones like ethylene and jasmonate also resit the
Pratylenchus infection [45]. Tea plants interact
with helpful bacteria in the soil, helping to re-
duce Pratylenchus numbers [46].

Radopholus similis: The species was in-
itially identified as a tea pest in Java, Indonesia
[47]. R. similis was detected in three locations:
Bangka, Gambung in West Java, and on tea
plantations elsewhere in Java [48]. Steiner and
Buhrer (1933) found tea to be a suitable host for
this nematode. it is found in Africa, Asia, North,
and South America, Australia, and a few Euro-
pean countries [49]. The Radopholus similis
was reported from 50m to 1000m altitude [50].

Mode of damage: Tea plants infested
with R. similis exhibit symptoms similar to
those produced by Pratylenchus loosi, including

~ 251~

stunting with twiggy branches, defoliation,
early blooming, and fruiting. Infested plants
have scant and dry roots, as opposed to healthy
plants' white, succulent feeder roots. R. similis
causes lesions on tea roots, but they are much
less than those caused by P. loosi [51].

Plant response: Plants generate second-
ary metabolites, which help them defend against
worm infections. Secondary metabolites mostly
consist of alkaloids, terpenoids, and phenylpro-
panoids [52]. Due to nematode infection, plants
accumulate toxins, modify cell wall, and syn-
thesize phytoalexins [53].

Meloidogyne sp: Root-knot nematodes
(RKNs), Meloidogyne spp., are among the old-
est and most economically important plant-par-
asitic nematodes (PPNSs). They are serious pests
in agricultural production, causing annual
global losses of USD 157 billion. [54, 55] M.
javanica, M. incognita, and M. brevicaua are
common root-knot nematodes (RKN) found in
tea plants, particularly in India [33] and tea
growing regions of Africa [56].

Mode of damage: Meloidogyne enters
the root and reaches the growing vascular
strands at the elongation zone, resulting in many
mitotic cycles without cytokinesis, which leads
them to expand and become multinucleated (up
to >100 nuclei), leading to the creation of
"galls" or "root knots" [57]. Several physiolog-
ical and morphological changes occur during
the formation of root knots and turn them into
nematode-feeding sites, which give nutrients
for the worm's growth [58]. Seedling plants are
more vulnerable to root injury (Tabl.) than veg-
etatively produced clonal tea plants of the same
age, perhaps due to their smaller root mass [59].

Plant response: When RKNs infect a
host plant, the plant initiates a defense response,
both naturally and artificially, through the coor-
dinated expression of multiple plant signaling
pathways, including phytohormones such as
salicylic acid, ethylene, and jasmonic acid,
pathogenesis-related (PR) proteins, and various
plant transcription factors. The outcomes of
these highly coordinated signaling responses
eventually determine the susceptibility or re-
sistance of plants to RKNs [73]. Resistance to
the root-knot nematode can be attributed to the
hypersensitive response (HR) and higher phe-
nolic levels, which result in barrier deposition
(e.g., lignin) [74].

Hemicriconemoides sp: These nema-
todes, commonly known as 'sheathoid' nemato-
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Table
Tea root Nematodes: Host Spectrum, Species Diversity, and host Interactions
Sn Name Distribution No (.)f Host range Symptom Host defence
species
Worldwide 100 400 plant Root Polyphenols, salicylic
except. species | species development acid, Phytohormones
Antarctica [61] (ornamental, disruption, like ethylene and
1 | Pratylenchus sp. .
[60] vegetable, tree | poorly jasmonate
etc) [62] developed
foliage [60]
Worldwide | Around | 250 plant Stunting with | Alkaloids, terpenoids,
mostly 20 species [65] twiggy phenylpropanoids and
tropical and | Species | like banana, branches, phytoalexins
2 | Radopholus sp. subtropical [64] citrus, pepper, | defoliation,
areas [63] coffee, early blooming,
Cucumber and fruiting
[63], tea [66] | [51]
Worldwide Around | Broad host Gall or root- Salicylic acid,
[67] 100 range [69] knot, effect ethylene, jasmonic
. species root system, acid, Phenolic Com-
3 | Meloidogyne sp. [68] and significant | pound
yield losses
[67]
Worldwide 54 Higher plants, | Root rot, leaf | Alkaloids, terpenoids,
[70] Species | primarily necrosis, and phenylpropanoids
[71,72] | woody suppressed
4 | Hemicriconemoides perennials, root growth,
sp. and vines [70] | lesions, and
coarse roots
[70]

des due to their smooth-annulated outer acces-
sory sheath, are reported worldwide. They are
associated with various higher plants, primarily
woody perennials, and vines [68]. Hemicricone-
moides spp. (Sheathoid nematodes) are sexually
dimorphic plant-parasitic nematodes found
mostly in warm areas [75] The genus Hemi-
criconemoides consists of 54 species [71, 72].
Hemicriconemoides is a significant nematode
pest of tea in Japan [39]. The nematode has been
detected in Taiwan [10] and Iran [76].

Mode of damage: Common symptoms
of infestation by these nematodes include root
rot, leaf necrosis, suppressed root growth, le-

sions, and coarse roots [65, 62]. This ectopa-
rasitic nematode feeds only on tea feeder roots.
Continuous feeding by this worm causes the
sloughing off of the root cortex, producing a
brownish discoloured stele [77]. Plants afflicted
with these parasites may exhibit symptoms such
as stunting, early wilting, leaf yellowing, root
deformity, necrosis of cortical root tissues, and
nutritional shortages [78].

Plant response: Plants produce second-
ary metabolites that help them defend against
helminth infections. Secondary metabolites
mainly consist of alkaloids, terpenoids, and
phenylpropanoids [43].

Conclusion

Globally, tea production and economic
value (Camellia sinensis) are damaged and tea
production reduced up to 11-55%, with some
estimates at $1 billion loss, due to yield loss and
production reductions as a result of plant-para-
sitic nematodes. Pathogenic nematodes, includ-
ing Pratylenchus, Radopholus, Meloidogyne,
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and Hemicriconemoides, have a lasting and
damaging effect, along with wilting and re-
duced tea production.

Due to these challenges, the tea plant, and
by extension the immobilized plant, has come
up with a few layers of the defense strategy. The
first part of the defense strategy is the
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production of polyphenols, alkaloids, and terpe-
noids, which are nematicidal, and the activation
of ‘systemic’ defense along the pathways of the
‘phytohormones’ ethylene, jasmonate, and sali-
cylic acid. and the lignin and suberin pathways.
Defense interactions at this level are further
supported by the physical structures and benefi-

To develop effective and sustainable
management approaches, plant-nematode inter-
actions must be understood. Future tea produc-
tion will be building this ‘plant intelligence’ and
boosting the ‘defenses.” Added these to the rest
of the Integrated Pest Management (IPM) tea
systems, the chance of reduced chemical de-

cial microbiomes in the soil. pendence and economic viability increases and

remains sustainable in production worldwide.
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HEMATO/H Y BUPOIIIYBAHHI YAIO:
MATOTEHE3 TA 3AXUCHI PEAKI[Ii POCJIUH (OTJISIN)

Meta. BuzHaunTH CKJIaIHHHN 3B'SI30K MK YaWHUMH POCTHHAMH Ta BOKINBUMHU POCIMHHUMHU Mapa3uTHY-
HUMU HEMAaTOaMH, 30CEePEPKYIOUNCHh Ha CEPHO3HIHN KO/, AKY IIi IIKITHUKH 3aBIal0Th KOPIHHIO, TAKOXK CKJIaHI
3aXHCHI CTpaTerii, 1[0 BUKOPHCTOBYIOTHCS YalfHUMH POCIMHAMH, 30KpeMa TXHil CHHTE3 3aXNCHUX BTOPUHHUX Me-
TabOoIIITIB 11 OOPOTHOM 3 aTAKAMH HEMATO/T.

PesyabTaTu. QiTonapasuTHYHI HEMATOIU CTAHOBJIATH Cepilo3Hy eKoHOMIuHY 3arpo3y a1 Camellia sinen-
SiS, HalBaXXJIMBIILIOI YalHOI KyJIBTYpH Y CBiTi, LII0 NPH3BOJUTH JO BTpAT Bpoxkato Ha 11-55% ta mo 1 minbsipna
JI0JIapiB MIOPIYHO. 3aTpUMKa POCTY, B'THEHHS Ta 3HWKEHHS BPOXKAIO Yaro CIpHYMHEH] 0sin3bKko 80 BujaMu HeMa-
TOJ, SIKi MOLIKOJDKYIOTh KOpiHHsI, BKiIovatoun Pratylen-chus, Radopholus, Meloidogyne ta Hemicriconemoides.
Uepes cBOIO HEPYXOMICTh YaifHi pOCIMHU PO3BUHYIIH CKJIAJHI 3aXMCHI MexaHi3MuU. J[0 HUX HaJeXaTh yTBOPSHHS
HEMaTOIMIHUX BTOPHHHUX META0OMITIB (MOJieHOMiB, anKaloiiB, TEPIEHOIIiB), CHCTEMHI CUTHAJIBHI IIJISXH,
110 3aITyCKaOThCS PITOrOpMOHAMH (E€THJICH, )KAaCMOHAT Ta CATIUIOBA KUCJIOTA), 110 aKTHUBYIOTh 3aXUCHI T'€HH, Ta
¢hiznuHi Oap'epwn, Taki AK JITHIH Ta CyOepHH y KITHHHUX CTiHKaX. KOHTPOIb HEMATOA TaKOXK 3MIHCHIOETHCS KO-
PUCHUMH IPYHTOBUMH OaKTepisIMH.
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BucHoBku. /{7151 cTanoro ympapiIiHHS BaKIMBO PO3YMITH B3aeMo3B's3kH. 11[00 3a0e3meunTi eKOHOMIYHE
Maii0yTHe "aitHoTO Oi3HecCy, MaifOyTHI JOCIiIKEHHS IMOBHHHI BUKOPHUCTOBYBATH TPUPOJIHI 3aXHUCHI MEXaHI3MH
JUTSI TIOKpAIIeHHsT KOMIUIEKCHOT 00pOTHOH 31 MIKiTHUKAMH.

KJIFOYOBI CJIOBA: Camellia sinensis, pociunni napasumuyni Hemamoou, 3axucm pociuH, MOPUHHL
Memabonimu, iHmezposana 6opomvoa 3i WKIOHUKAMU

Kongpnixm inmepecie

ABTOpU 3a5BIISIIOTH, 10 KOHQIIIKTY 1HTEpeciB o0 MyoJikanii iboro pykonucy Hemae. Kpim Toro, aBropu
MOBHICTIO IOTPUMYBAJIMCh ETHYHUX HOPM, BKITIOUAIOUH IU1ariaT, hanscudikaliito JaHUX Ta MoABIHHY IyOiKariro.

Buecok agmopis: Bci aBTOpH 3p00WIN PIBHUI BHECOK Y IO pOOOTY

Y npoMy IOCTiKCHHI IITYYHAN 1HTEIEKT BUKOPHCTOBYBABCS TIJIHKH JUIS TIOIITYKY Ta KOMITUIAII] aKTyab-
HOI HaYKOBOI JITEpaTypH 3a Ii€I0 TeMO. ABTOPH, HECYTh ITOBHY BiAIMOBINANBHICTh 32 IHTEICKTyaIbHUI 3MiCT
po60TH, 0COOMCTO BUKOHYBAJIM HABaXKIIMBIIII1 3aBAaHHs aHAI3y JaHuX, CHHTe3y iH(opMmaii Ta GpopmytoBaHHS
HayKOBHX BUCHOBKIB.

Otpumano: 07.09.2025 / Meperasinyro: 09.11.2025 / Ipuiiasaro: 14.11. 2025 / Ony6aikoBano: 30.12. 2025
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