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ABSTRACT 
Plant-parasitic nematodes are an economically important group of soil borne pathogens that 
may be controlled by cultural practices, chemical nematicides and the use of resistant 
cultivars. However, nematicides do not provide long-term suppression of nematodes, and 
environmental and human health concerns are resulting in increased restrictions on their use. 
Some safe procedures for nematode control have been developed based on biological control 
agents and organic amendments. One such alternative is to screen naturally occurring 
compounds in plants, which are known as plant secondary compounds. Among various 
classes of these plant secondary compounds, Terpenoids, have achieved the greatest 
structural and functional diversity in plants. Although these terpenoids lack any apparent role 
in the basic processes of growth and development in plants, many have ecological functions 
serving in the defense against herbivores and as allelopathetic agents. In the present review, 
a large number of terpenoids and their derivatives have been discussed for the nematicidal 
activity in various nematode systems. Gossypol, hemigossypol, methoxygossypol, 
methoxyhemigossypol and dimethoxygossypol have been found to be inhibitory to the larvae 
of root-knot nematode, <i>Meloidogyne incognita.</i> Similarly carvacrol, thymol, 
geraniol, camphor and linalool have been reviewed to be effective against <i>M. 
incognita</i> and <i>M. javanica</i> juveniles. 

Key Words : Monoterpenes, diterpenes, sesquiterpenes, plant extracts, 
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INTRODUCTION  
Terpenoids, sometimes referred to as 

isoprenoids, a subclass of the prenylipids 
(terpenes, phenylquinones, and sterols), 
represent the large and diverse class of 
naturally occurring organic chemicals, 
derived from five- carbon isoprene units 
assembled and modified in thousands of 
ways. Most of these have multicyclic 
structures that differ from one another not 
only in functional groups but also in their 
basic carbon skeleton. Terpenoids are 
classified according to the number of 5-
carbon units they contain- Hemiterpenes, 

Monoterpenes, Sesquiterpenes, Diterpenes, 
Sesterpenes, Triterpenes, Tetraterpenes and 
Polyterpenes.  

Plant terpenoids are used extensively for 
their aromatic qualities. They play a role in 
traditional herbal remedies and are under 
investigation for antibacterial, antineoplastic, 
and other pharmaceutical functions. The 
focus of this review is to study the effects of 
terpenoids on nematodes.  
Simple Terpenes 

Various terpenes have been tested (oleic 
acid, monoolein etc.) for their modifying 
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effects on the behavior of the pine wood 
nematode Bursaphelenchus xylophilus1. The 
results showed that among various terpenes - 
Abietic acid, phytol and nerol were attractive 
followed by -myrcene and geraniol, which 
were active at 10-4M. On the other hand, -
pinene, citronellol, isoborneol, p-cymene and 
d-camphoric acid exhibited repellent activity. 
Between stereoisomeric pairs, geraniol and 
isoborneol were respectively more active 
than nerol and borneol. Farnesol was lethal. 
-Pinene, limonene, -phellandrene, 3-
carene and camphene were weakly attractive. 
Several naturally occurring terpenoid 
lactones and their synthetic derivatives have 
also been tested for nematicidal activity in 
the laboratory against second stage infective 
juveniles of the root-knot nematode, 
Meloidogyne incognita (Kofoid and White) 
Chitwood2. It was found that the maximum 
nematicidal activity was associated with a -
methylene--lactone moiety, the most potent 
being the naturally occurring alantolactone. 
But modification of the -methylene--
lactone moiety in this compound lowers 
nematicidal activity. 

In year 1989 it was reported that 
terpenoid causes tracheid-cavitation in Pinus 
thunbergii infected by B. xylophilus3. 
Following invasion by the pine wood 
nematode, cavitation developed in the 
sapwood of pinus causing abnormal water 
conduction in the trunk. It was found that 
amount of mono- and sesquiterpenes 
increased significantly in the nematode-
inoculated sample: - pinene was increased 
upto 2 to 4 times, - pinene and several other 
monoterpenes were 2 to 3 times, and 
longiforene, a sesquiterpene was 3 times that 
of healthy tree.  
Monoterpenes 

In an experiment, the effect of 
phytotoxin from nematode-induced pine-wilt 
was observed on B. xylophilus and 

Ceratocytis ips4. It was suggested that the 
toxins derived from the natural resin 
component of the pine are oxygenated 
monoterpenes and which are produced by 
tree in an attempt to control infection by the 
nematode. The result showed that phytotoxin 
from B. xylophilus infected P. sylvestris 
significantly retarded the growth of C. ips. 
40-50% of the nematodes appeared dead 
after phytotoxin treatment. They lost motility 
and body flexure, the esophageal bulbs did 
not move, and the intestinal cells were highly 
vacuolated. Citronellol and geraniol, 
essential oils of Pelargonium graveolens has 
been tested with Serpentine, an indole 
alkaloid isolated from roots of Catharanthus 
roseus, for their efficacy as seed treatment 
agents against M. incognita on tomato by5. 
The results showed that seed treatment with 
serpentine and citronellol at 0.2 and 0.5% 
concentration was significantly effective in 
decreasing the number of galls in seedlings 
of tomato. Geraniol at 0.2 and 0.5% 
concentration was not effective in decreasing 
number of galls on the roots and increasing 
the growth of seedlings.  

Greenhouse experiments have also been 
conducted to evaluate the nematicidal 
activity of thymol, a phenolic monoterpene 
present in the essential oils of several plant 
families6. Increasing dosages of thymol when 
added to soil (225-250 ppm) declined the 
initial and final population densities of M. 
arenaria, Heterodera glycines, 
Paratrichodorus minor, and Dorylaimoid 
nematodes. Combinations of thymol with 
benzaldehyde (at 100 ppm) showed 
synergistic effects in suppressing initial and 
final soil population of M. arenaria and H. 
glycines. A selected group of plant-origin 
monoterpenoid compounds has also been 
tested for their nematicidal activities against 
the soil saprophytic nematode 
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Caenorhabditis elegans7. Among the tested 
compounds carvacrol and thymol were found 
to be most potent (100% mortality). (-) -
Perillaldehyde, eugenol, geraniol and 
menthol were of moderate nematicidal 
activity with mortality at 97%, 91%, 90% 
and 84% respectively against C. elegans. 
Diterpenes and Sesquiterpenes 

In vitro culture of plant parasitic 
nematodes on plant callus tissue is being 
used increasingly to study host-parasitic 
relationships. Several species of plant-
parasitic nematodes has been found to 
reproduce fast on plant seedlings callused by 
2,4-dichlorophenoxyacetic acid (2,4-D). 2-
chloroethyl -trimethylammonium chloride 
(CCC) decreases the susceptibility of plant 
tissue to injection by Aphelenchoids 
ritzemabosi8,9. But on the other hand 
gibberellic acid increase the number of 
nematodes in culture.  

In other study, 17-acetoxy-6-chloro-
pregna-1,4,6-triene-3, 20-dione steroid has 
been found to be the most inhibitory steroid. 
Progesterone have also shown to inhibit early 
reproduction of C. elegans and Panagrellus 
redivivus and a mixture of synthetic 
sesquiterpenoid derivatives has inhibited the 
growth of C. elegans at 63 to 250 g/ml10. 
The role of terpenoid aldehyde has been 
investigated in the resistance of cotton 
(Gossypium hirsutem) cultivars- resistant 
A623 and susceptible “Deltapine 16” to M. 
incognita11. Gossypol and Gossypol-related 
terpenoid aldehydes (TA) are toxic 
compounds that occur naturally in cotton and 
their synthesis can be induced by external 
stimuli, including pathogens. Three-day-old 
seedlings of cotton when inoculated with M. 
incognita showed more larvae in the 
susceptible Deltapine 16 roots than in the 
resistant A623. In non-inoculated seedlings, 

the concentration of individual and total TA 
was greater in Deltapine 16 than in A623 and 
in M. incognita-inoculated seedlings, 
individual and total TA (except DMG) were 
usually more abundant in Deltapine 16 than 
the A623. Upon infection by Fusarium 
oxysporum, F. vasinfectum (Atk) synd. and 
Hanson, the concentration of gossypol 
increased more consistently in the resistant 
than in the susceptible variety. The sites of 
histochemical localization of TA in root-knot 
nematode-infected susceptible and resistant 
cottons were also reported12. The results of 
the bioassay of these compounds on M. 
incognita showed that TA (Hemigossypol, 
methoxyhemigossypol, gossypol, 
methoxygossypol, dimethoxygossypol) 
extracted from cotton were inhibitory to the 
larvae of M. incognita. All second-stage 
larvae exposed to 1,000 ppm TA for 3h 
became rigid, made no movement, and 
appeared dead. Shorter exposure times or 
lower TA concentrations allowed some 
larvae to recover. Exposing larvae to 10 ppm 
of TA for 24h had little effect on them. Also, 
TA extracted from G. arboreum, a cotton 
that does not methylate TA, were slightly 
less inhibitory to the root-knot nematode 
than TA extracted from G. hirsutem which 
partially methylates TA.   

Abscisic acid and ethylene, two another 
naturally occurring plant growth regulators, 
resulted in growth impairment of oat roots 
infected with H. avenae13. Plant hormone, 
cycocel, Gibberellic acid, showed 
satisfactory reduction in M. javanica and 
Tylenchulus semipenetrans. T. semipenetrans 
eggs were highly suppressed by aldicarb 
followed by aldicarb+Gibberellic acid14. 
Similarly neutral terpenoids, mainly 
sesquiterpenoid, against B. xylophilus was 
tested15. It was found that longifolene, 
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longipinene, cedrene, sandaracopimadiene 
and -terpineol contents increase and -
pinene, -pinene, -phellendrene, -selinene 
and sandaracopimarinal contents decreased 
in highly resistant pine tree. 
Triterpene and Steroids 

The steroidal saponins, asparanin I, A 
and B have been isolated from seed and 
asparanin Rb from follicle of Asparagus 
adescendens (Roxb)16. The triterpene 
saponin, sinuside and sonunin III were 
obtained from pod wall of Acacia concinna 
(Dc); albachinin II and albichinoside from 
heat wood of Albizza chinensis (Merr) and 
these compounds were then tested against M. 
incognita juveniles. Out of 8 saponins tested, 
only four compounds, namely asparanin I, 
asparanin B, albachinin II and sonunin III, 
were found to adversely affect larval 
mobility. During the routine screening of 
plants for nematicidal activity17 observed that 
alcohol extracts of the Funicles of A. 
auriculiformis were toxic to juveniles of M. 
incognita. The powdered Funicles of the 
plants, when shaken with water, produced a 
copious froth indicating the presence of 
saponins. They isolated the saponin and 
tested them on M. incognita together with 
crude alcohol extract of the Funicles.  

-sitosterol, stigmasterol, daucosterol, 
stigmasterol D-glycoside, allantoin were 
isolated18 and the percentage of mortality 
caused by the compounds varied from 2.1% 
to 74.4% in the case of M. incognita and 0% 
to 74.2% for H. glycines. Sterol deprivation, 
mainly cholesterol, decreased brood size and 
adult growth and 10µg/ml cholesterol 
allowed the delayed laying of a few eggs19. 
The action of polysteroid combinations of 
various structures (solasonine, solamargine, 
tomatoside, chaconine, ecdysone, furostanol 
glycoside) on a tomato-M. incognita 

system20. Solamargine, tomatoside, 
chaconine and furostanol glycosides 
stimulated plant growth and suppressed the 
development of M. incognita. 

Plant extracts containing terpenoids 

Plant extracts containing volatile 
compounds, especially essential oils, have 
been found to possess antimicrobial, 
insecticidal and nematicidal activity21-24. 
Seven essential oils have been obtained by 
steam distillation from Mentha piperita 
(peppermint), O. sanctum (Sacred basil), 
Cymbopogon nardus var. conifertiflorus C. 
jawarancusa (jamrosa-RRL-82), C. 
winterianus (citronella), C. flexuosus (lemon 
grass) and O. basilicum (Indian basil)25. 
These were tested against second stage 
juveniles of M. incognita, H. zeae, H. avenae 
and H. cajani. All the oils caused significant 
mortality at 500 ppm. However, at lowest 
concentration (100 ppm), only two oils viz. 
sacred basil and Indian basil were effective. 
The next in order of effectiveness at lowest 
concentration were palmarosa and citronella 
followed by lemon grass and jamrosa. M. 
piperita was least effective at lowest 
concentration while at high concentration it 
was comparable to most of the other oils. 
The results also indicated that methyl 
chavicol and linalool, individually, had no 
appreciable nematicidal activity even at 
highest concentration. However, combination 
of these two caused drastic decrease in 
nematode mobility. In contrast, both the 
portions of sacred basil, eugenol and non-
eugenol, were effective individually at 500 
ppm but had less effect at lowest 
concentration. Nematicidal activity of 
linalool extracted from palmarosa oil against 
M. incognita was observed26.  
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Nematicidal activity of essential oils 
extracted from 27 spices and aromatic plants 
have been evaluated in vitro and in pot 
experiments27. 12 of the 27 essential oils 
immobilized more than 80% of juveniles of 
M. javanica. Essential Carum carvi, 
Foeniculum vulgare, Mentha rotundifolia 
and M. spicata oils showed the highest 
nematicidal activity among the in vitro tested 
oils. Carvacrol, t-anethole, thymol and (+) 
carvone immobilized the juveniles and 
inhibited hatching. Similarly nematicidal 
activity of methanolic extracts has been 
evaluated from 20 Jordanian plant species 
against two species of root-knot nematodes 
in vitro28. Nematicidal tests of some volatile 
oils from Hypericum androsaemum, 
Origanum syriacum, Artemisia herba alba 
that are active ingredients revealed that 
geraniol, thymol and camphor were the most 
effective against M. javanica J2s, with 91, 60 
and 56% mortality respectively. Cineol, 
menthol and pinene were not effective 
against this nematode. Against M. incognita 
J2s, the most effective oil components were 
Carvacrol, thymol and geraniol with 
mortalities of 100, 90 and 74% respectively. 
Cineol was the least effective against M. 
incognita.   

Effect of essential oils from Asteraceae 
plants has also been worked out against root-
knot nematodes and was found that essential 
oils serve as a nematicide29. Mortality, 
hatchability/reproduction of M. artiellia was 
reduced after this treatment. In another study, 
nematicidal activity of essential oil/pure 
components and plant extracts of aromatic 
plants against M. incognita was 
investigated30. The pure components 
carvacrol, thymol and linalool were the most 
toxic against M. incognita J2s followed by 
terpineol and menthone. Hatching was 

completely inhibited at low concentration of 
carvacrol, thymol and linalool. Menthone 
and (IS)-(-)--pinene reduced hatching. 
Similarly, ethanolic extracts from 30 more 
plant species were tested30 for their 
nematicidal activity against B. xylophilus 
(Steiner and buhrer) Nickle and P. redivivus 
(L.) Goodey. The leaf extract of Magnolia 
grandiflora (L.) exhibited the strongest 
nematicidal activity against both nematodes 
causing 73 and 100% mortality respectively. 
A new nematicidal sesquiterpene: - 4,5-
epoxy-1(10E, 11(13)-germacradien-12,6-
olide was obtained from leaves of M. 
grandiflora. This sesquiterpene caused 
significant mortality to P. redivivus and B. 
xylophilus. The mortality of P. redivivus was 
significantly higher than that of B. xylophilus 
at the same concentration. 

CONCLUSION 
The production of secondary chemicals 

in plants, not directly related to basic 
metabolic activities, provide an effective 
defense against many herbivores. 
Terpenoids, which is one of the naturally 
occurring group of plant secondary 
compounds has been found to effect the 
growth and development of plant-parasitic 
nematodes. Gibberellic acid and absicisic 
acid are the two naturally occurring plant 
growth regulators, which are considered to 
be terpenoids. Gibberellic acid and absicisic 
acid have been found to increase the number 
of Aphelenchoid ritzemabosi in culture and 
Heterodera avenae respectively. 

After this thorough review on effect of 
terpenoids on nematodes it was found that 
Gossypol (terpenoid aldehyde), 
Hemigossypol, methoxygossypol, 
methoxyhemigossypol, and 
dimethoxygossypol were toxic against M. 
incognita. Abietic acid, phytol and nerol 
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acted as attractant followed by -myrcene 
and geraniol. Whereas -pinene, citronellol, 
isoborneol, p-cymene and d-camphoric acid 
exhibited repellent activity. Farnesol was 
lethal. Carvacrol, thymol, geraniol, camphor, 
linalool were most effective against M. 
incognita and M. javanica J2s followed by 
terpineol and menthone, eugenol. t-anethole 
and carvone immobilized the juveniles and 
inhibited hatching of M. javanica.  

Steroidal saponins, asparanin I, B, 
albachinin II and sonunin III were found to 
adversely affect the larval mobility of M. 
incognita. And aciciaside A and B saponin 
were also effective against M. incognita. 
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