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ABSTRACT
Kava (Piper methysticum Forst) and wild kava (Piper aduncum L.) were evaluated for their efficacy against root-knot
nematodes. Plant materials were tested as soil additive in pot trials at 2% and 4% concentrations for 0, 1 and 2 week
degradation periods. Effects on the root-knot nematode, M. incognita, and its host, tomato, were recorded. All the tested
materials reduced the number of galls compared to the control. Generally, maximum gall suppression was achieved at
higher concentration (4%) and with no degradation time. Gall suppression was directly related to concentrations of plant
materials, but not with the degradation time after soil incorporation. Kava powder, kava peelings and kava kosa caused
maximum gall suppression but were phytotoxic. Kava stem, kava leaf and wild kava leaf, on the other hand, resulted in
lower gall suppression but enhanced plant growth. These plant species are good candidates for further trials as soil

amendments.
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1 INTRODUCTION

Root-knot nematodes, Meloidogyne spp., are sedentary
endoparasites capable of infecting over 3000 plant species
(Shurtleff and Averre, 2000; Abad et al., 2003). Root-knot
nematodes are serious pests of agricultural crops.
Management of Meloidogyne spp. and other plant-parasitic
nematodes has been challenging worldwide, particularly
due to reduced availability or complete ban of effective
chemical nematicides such as methyl bromide (Braga et
al., 2001; Hooks et al., 2006). Major limitations to wide
use of synthetic nematicides, include their hazards to
environment, toxicity to important non-target organisms
including humans, high cost, and supply limitations in
developing countries (Parmar and Walia, 2001). This has
prompted the search for environmentally benign and safe
alternative control methods. As the search for alternative
strategies intensifies, the use of plant-based organic
amendments is rapidly gaining importance.

The use of organic amendments alone or as part of an
integrated pest management program is a promising
alternative for managing root-knot nematodes. Plant
materials used as organic amendments generally release
antagonistic or nematotoxic compounds such as phenols,
ammonia, nitrates and volatile fatty acids upon degradation
(Ritzinger and McSorley, 1998; Ritzinger et al., 1998).
Organic amendments also provide additional nutrients for
plants and improve soil properties (Maloy, 1993; Crow et
al., 1996; Braga et al., 2001). The efficacy of an organic
amendment against nematodes would depend on the
presence and concentration of nematotoxic compounds in
the amendment, their degradation properties, the amount of
amendment used and the effect of the amendment on crop
health. Relatively rapid biodegradation of most organic
amendments results in short-term effectiveness, therefore,
higher dosage or frequent application is required to
achieve similar levels of efficacy similar to those of
synthetic nematicides (Isman, 2001). The concentration of
the compounds and (or) the amendment, and the time
required for the degradation of the amendment are two
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important parameters related to the efficacy of plant
materials against nematodes.

Organic amendments obtained from various plant
families such as Asteraceae, Fabaceae, Meliaceae and
Euphorbiaceae have shown varying degree of success in
controlling plant parasitic nematodes (Ritzinger and
McSorley, 1998; McSorely et al., 1999; Pathak et al.,
2001; Morris and Walker, 2002; Wang et al., 2002; Zasada
et al., 2002; Dijan-Caporalino et al., 2005). Plants from
the family Piperacae have been traditionally known for
their medicinal and insecticidal use as well as for spices
(Arnason et al., 2005). In the Pacific region, including Fiji,
Piper methysticum Forst (Kava) from the family Piperacae
is widely grown and consumed as a traditional drink. Kava
has a wide range of properties including pharmacological,
antimicrobial, antifungal and medicinal applications
(Shulgin, 1973; Duve, 1976; Wu et al., 2002; Cote et al.,
2004). Kavalactones are the most important biologically
active chemical compounds found in kava (Coulter et al.,
2007). Khurma and Singh (2005) reported nematicidal
effects of kava powder on root-knot nematodes. In addition
to nematicidal activity, kava powder has been reported to
possess herbicidal activity against barnyard weed (Xuan et
al., 2003; Xuan et al., 2005).

Kava contains several known biologically active
compounds including desmethoxyyagonin, kavain, 7,8-
dihydrokavain, yagonin, methysticin, and
dihydromethysticin which have herbicidal and antifungal
activities (Xuan et al., 2006). Wild kava (Piper aduncum
L.) also belongs to the family Piperacae and is closely
related to kava. Wild kava is known to contain compounds
such as dillapiol and benzoic acid derivatives, many of
which exhibit antimicrobial, molluscicidal, fungicidal,
germination inhibition and insecticidal activity (Baldoqui
et al., 1999; Arnason et al., 2005; Navickiene et al., 20006).
There is no report on the nematicidal properties of wild
kava.

The objective of this study was to assess the efficacy
of kava and wild kava against root-knot nematodes, their
effect on host plant health, and to determine the effective
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concentrations and degradation times for nematicidal
activity.

2 MATERIALS AND METHODS
2.1 PLANT MATERIALS

Kava powder and kava peelings which are
commercially available in markets throughout Fiji were
purchased from the Nausori market, Fiji. The kava powder
was directly sieved while kava peelings were first blended
and then sieved (2mm pore size) to remove coarse
particles. Kava kosa, a waste material left after squeezing
and straining kava powder with water in cheesecloth while
preparing the kava beverage for consumption, was
collected from household kava consumers and air-dried to
remove moisture. The dried kava kosa was also sieved
through a 2mm sieve. Fresh kava stems and leaves (cv.
Kasa Loa) were obtained from the Koronivia agriculture
research station plant nursery located in Nanduruloulou,
Fiji. The fresh stems and leaves were cut into small pieces
and then macerated separately in a blender to form a
homogenous paste. Wild kava (Piper aduncum L.) leaves
were collected from the University of the South Pacific
botanical garden and prepared as for the leaf and stem
tissue described above.

2.2 NEMATODE INOCULUM

Bean (Phaseolus vulgaris) plants infected with
Meloidogyne incognita (Kofoid & White) Chitwood were
collected from a vegetable garden in Suva, Fiji. The egg
masses were separated from infected bean roots and placed
in distilled water to hatch in a BOD incubator set at a
temperature of 28 + 1° C.  Second stage juveniles (J2)
were used as inoculum for the experiment.

2.3 HOST PLANT

Tomato  plants  (Solanum  lycopersicum  cv.
Moneymaker) were used as the host plant for the
experiment. Seedlings were grown in autoclaved soil and
transplanted once they were four weeks old.

2.4 EXPERIMENTAL SETUP

Kava plant materials were weighed at 2% (8g) and
4% (16g) concentrations (v/v) and placed in separate
labeled plastic bags where they were thoroughly mixed
with 400g of autoclaved soil. The amended soil was then
transferred to plastic pots of diameter 3 inches and height 4
inches which were placed in a glasshouse for 0, 1, or 2
weeks prior to transplanting tomatoes to allow different
degradation times for the plant material. Cotton wool was
placed at the bottom of each pot to prevent the loss of
amended soil. Due to limited availability, kava leaf
material was tested only for the 2-week degradation
period. Control pots received no amendments. All pots
were placed in a random block design in the glasshouse
and each treatment had four replicates. Meloidogyne
incognita J2 were collected for 3-5 days and a suspension
in distilled water was prepared. Each plant was inoculated
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by pipetting 1 ml (100 J2) into each of two wells made
near the base of the plant in each pot. Inoculation was done
1 day after transplanting the seedlings. The plants were
kept in the glasshouse for five weeks after transplanting
and watered as required.

2.5 DATA ANALYSIS

The experiment was terminated at the end of fifth week
after transplanting. The plants were removed from the pots
and gently washed free of soil before being taken to the lab
for recording observations. Root galls and egg masses
were counted by examining the roots under stereoscopic
microscope. The percentage of the total root system galled
was determined (Sikora & Fernandez, 2005), and plant
height, weight, number of leaves, branches and
development of root system were recorded as quantitative
parameters indicating plant health. The data is summarized
in Table 1.

The data was statistically analyzed using SPSS
software version 13.0 to carry out univariate analysis of
variance, Pearson correlation, and to determine the mean
and standard error. Figures 2 and 3 represent the analyzed
data.

3 RESULTS

The root galling ranged from 0 to 35% of the root

system. The maximum root galling was found in the
unamended controls and the minimum with kava powder
and peelings (Table 1). For all the materials, the greatest
gall suppression was achieved where no degradation
period was given, but, with the exception of 4% wild kava
leaves, which improved the plant health and suppressed the
galls to some extent. Transplanting immediately after
incorporation of all other materials resulted in suppressed
plant growth.
Kava powder and kava peelings were the most effective in
suppressing the root galls at both concentrations and all
three degradation times. However, both kava powder and
kava peelings negatively affected the growth of plants, and
in some cases transplant mortality. The most severe effect
on plant health was observed at higher concentration and
lesser degradation time with 75% transplant mortality for
4% kava powder with 0 and 1 week degradation and 50%
mortality with 2 weeks degradation. Transplant mortality
was also recorded in case of 4% kava peelings with both 0
and 2 weeks degradation. There were no transplant deaths
at 2% concentration of kava powder and peelings but plant
growth was suppressed as compared to the control. The
healthy transplants used to replace the dead plants (not
included in statistical analysis), did not have any galls, and
still had poor plant growth.

The concentrations of kava powder and peelings did
not have a significant difference in effect (P> 0.05) on the
number of galls, probably because even 2 % dose achieved
nearly maximum possible gall suppression. All the other
amendments had a direct relationship between the
concentration and the number of galls present.
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Table 1 Effects of amendments on gall count and tomato plant parameters

Plant Kava Powder Kava Kava Kosa Kava Stem Kava Leaf Wild Kava Control

parameters Peelings Leaf

Average pL 404 1049 4% 1% 4% 2% 4% 20 4% 20 4%

Gall Count

0wl 1 Q¥** 2 Q** 2 3 1 3 3 32

1wk 2 E R | 4 7 15 28 29 i3 17 32

2wk 1 Q** 1 o** 7 2 14 13 14 & 17 23 36

Plant

Weight [g]

0wk 24 1.0 2.1 12 6.3 24 133 23 124 ild4 205

1wk 74 123 77 4 164 172 227 285 305 220 205

2wk Q7 51 112 2 12.1 49 212 236 227 192 13% 256 179

Plant height

[em] 0wk 173 142 163 129 260 135 345 174 338 398 344

1wk 270 32 246 277 400 376 416 415 407 399 344

2wk il3 2 346 197 3935 256 410 430 423 375 402 410 412

Numhber of

leavesO0wk 17 ] 19 14 35 18 45 23 42 61 52

1wk 38 41 33 38 35 33 66 70 87 67 52

2wk 36 32 47 27 32 34 63 71 63 62 62 6o 61

Branching

0wk 4 4 5 4 7 4 9 ) g 9 g

1wk 7 7 7 7 g 7 9 10 12 9 g

2wk 7 7 g 6 G 7 10 10 10 G 10 9

Root

system”

0wk 4 4 4 4 3 4 3 4 2 1 2

1wk 3 4 3 4 2 3 1 1 1 2 2

2wk 4 4 3 4 2 3 1 1 1 2 1 1 2
KEY

**#* indicates severe phytotoxic effects ie.

73% transplants died out before termination.

** mdicates phytotoxic effects i.e. 30% transplants died out before tenmination.

* represents root system development rated using scale of 1,2,3, 4

1="Well developed root system with extensive secondary root systam branching from the main root.
2=TFR.oot system well developed but has less extensive secondary root systam branching from the main root.
3=Poorly developed root system with very little secondary branching from the main root.

4="Very poorly developed root system with few short secondary root.

Note: The table contains additional plant parameters measured plus data for Kava leaf treatment which are not included in Figures 2 and

3.

There was significant (P<0.05) interaction between
concentration*degradation  time and amendment*
degradation time on the plant weight and number of galls
respectively hence the degradation time of all the
amendments has an effect on both the number of galls
present and the plant health as shown in Figures 2 and 3.

The degree of gall suppression by kava kosa for both
concentrations with no degradation period was similar to
that of kava powder and peelings. Kava kosa caused
relatively less gall suppression and adverse effect on the
tomato plants than kava powder or peelings at both
concentrations, and with either 1 or 2 weeks degradation
period prior to transplanting.

Transplanting immediately after incorporation of 2 %
or 4% kava stem was effective in suppressing galls but the
tomato plant growth was poor. Gall suppression decreased
with 1 and 2 week degradation periods, and plant growth
was enhanced. Kava stem was comparatively less effective
after 1 and 2 week degradation when compared to kava
powder, peelings and kosa.
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Kava leaf was used as an amendment only for 2 weeks
degradation period. The degree of gall suppression with
kava leaf was higher at 4% than at 2% dosage, but overall
kava leaves were less effective than kava kosa, peelings
and powder. Kava leaf at both concentrations improved
plant growth.

Wild kava leaf had some gall suppressive ability where
transplanting was done immediately after amendments
were applied. The effectiveness of wild kava leaf
decreased substantially with degradation time with very
little gall suppression achieved with either 1 or 2 weeks
degradation periods (Figure 2). At 4%, wild kava enhanced
plant growth considerably in all treatments.

4 DISCUSSION

The strongest effect against the nematodes was noted
for both kava powder and peelings. Their phytotoxicity to
tomato makes them relatively unattractive as organic
amendments for nematode suppression, but they could be
potential sources of nematicidal compounds. The
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breakdown products after a 2 week degradation period
have greater nematotoxicity than from 1 week degradation,
a trend that was also observed for the most other tested
amendments (Figure 2). In the pots where transplants were
killed, new transplants used to replace the dead plants for
observational purposes had no galls and showed poor
growth, indicating the persistence of toxic effects of the
amended soil. The phytotoxic and nematotoxic effects of
kava powder on tomato were also observed by Khurma
and Singh (2005). Lower phytotoxicity of kosa may have
been due to the removal of some of the active compounds
during the mixing, squeezing and straining of kava powder
with water while preparing kava beverage. The fact that
kava kosa, which is a waste material, was active enough to
suppress the RKN makes it a good candidate for further
trials.

Kava contains a number of bioactive compounds such
as kavalactones and phenols, with most of the bioactivity
attributed to kavalactones (Coulter et al., 2007).
Kavalactones such as desmethoxyyagonin, kavain, 7,8-
dihydrokavain, yagonin, methysticin, and
dihydromethysticin have been shown to possess herbicidal
and antifungal activities (Xuan et al., 2006). Kava powder,
upon degradation, also releases a range of phenolic
compounds that were considered responsible for inhibiting
barnyard weed germination and growth for 25 days after
application (Xuan et al., 2003; Xuan et al., 2005). Phenolic
compounds released from a range of other organic
amendments are also known to have nematicidal properties
(Dijan-Cporalino et al., 2006; Ritzinger et al., 1998;
Ritzinger and McSorley, 1998). The phenolic compounds,
therefore, may have caused nematotoxicity after 2 weeks
degradation as well as contributed to some phytotoxicity in
the current investigation

Kava stem contains compounds similar to those in kava
powder but in lower concentrations (Coulter et al., 2007).
Both kava stem and kava leaf are able to suppress galling
as well as to enhance plant growth, so both have the
potential to be used as green manure. Unfortunately, their
cost and limited availability does not favor their use as
routine organic amendments. Interestingly, wild kava leaf
improved plant growth substantially even though it had
low gall suppression. Wild kava leaf is readily available at
relatively low cost, so could be a cost effective amendment
in combination with other control methods. Wild kava
leaves are known to contain phenolic compounds such as
phenylpropanoids, benzoic acid derivatives, chromenes
and flavonoids (Baldoqui et al., 1999; Navickiene et al.,
2006) which may be nematotoxic but the compounds in
wild kava leaves responsible for improved plant health are
yet to be determined.

All the variables (organic amendment, concentration
and degradation time) tested had an effect on both the
number of galls and plant health (Figures 2 & 3). The
number of galls was positively correlated to plant health
parameters based on Pearson correlation test (p<0.05).
This is puzzling since normally the gall numbers are
negatively correlated to plant health (Manzanilla-Lopez et
al., 2004) but due to sufficiently low galling severity
(about 35%) the effect of amendment on the plant health
masked the effect of the nematode.

An ideal organic amendment should be able to suppress
nematodes, allow a crop to be planted after a reasonable
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degradation period after incorporation, and remain
effective over time. Kava powder, peelings and kosa need
to be tested at degradation periods longer than two weeks
to determine the period that nematotoxicity persists with
minimum or no phytotoxicity. Using these materials in
combination with growth enhancing amendments or other
products to determine whether their phytotoxicity can be
buffered is another option. For instance, wild kava leaf that
is able to improve plant growth but has lower gall
suppression could be tested in combination with a more
nematotoxic material such as kava kosa at different
concentrations and degradation times. The ready
availability and cost effectiveness of kava kosa and wild
kava leaf is an important factor and an advantage over the
other materials that paves the way for further studies.
Further trials are being undertaken to support these
findings and to have more conclusive observations.

5 ACKNOWLEDGEMENTS

The help provided by Professor Linton Winder (FST, USP)
with the statistical analysis is gratefully acknowledged.
The authors would also like to thank Mr. Moti Lal
(Koronivia research station) for providing kava stem and
leaf materials.

6 REFERENCES

Abad, P., Favery, B., Rosso, M.N. and Castagnone-Sereno,
P. 2003. Root-knot parasitism and host response:
molecular basis of sophisticated interaction. Molecular
Plant Pathology 4: 217-224.

Arnason, J.T., Durst, T. and Philogene, B.J.R. 2005.
Phytochemical discovery of new botanical insecticides.
In: Biopesticides of plant origin. C. R-. Roger, B. JR.
Philogene and C. Vincent (Eds), Intercept publishers, 37-
46.

Baldoqui, D.C., Kato, M.J., Cavalheiro, A.J., Bolzani,
V.S., Young, M.C.M. and Furlan, M. 1999. A chromene
and prenylated benzoic acid from Piper aduncum.
Phytochemistry. 51: 899-902.

Braga, R., Labrada, R., Fornasari, L. and Fratini, N. 2001.
Manual for training of extension workers and farmers
alternatives to Methyl bromide for soil fumigation. Food
and agriculture organization and United Nations
Environment Programme, 53pp.

Coulter, D., Tamayo, C. and Sotheeswaran, S. 2007.
Assessment of the risk of hepatotoxicity with kava
products. World Health Organization.

Cote, S.C., Kor, C., Cohen, J. and Auclair, K. 2004.
Composition and biological activity of traditional and
commercial kava extracts. International Biochemical and
Biophysical research communications 322: 147-152.

Crow, W.T., Guertal, E.A. and Rodriguez-Kabana, K.
1996. Responses of Meloidogyne arenaria and M.
incognita to green manures and supplemental urea in
glasshouse culture. Journal of Nematology. 28(4S): 648-
654.

Dijan- Caporalino, C., Bourdy, G. and Cayrol, J.C. 2005
Nematicidal and nematode resistant plants. In:
Biopesticides of plant origin. C. R-. Roger, B. JR.
Philogene and C. Vincent (Eds.), Intercept publishers,
173-219.



Duve, R.N. 1976. Highlights of the chemistry and
pharmacology of Yagona Piper methysticum. Fiji
Agriculture Journal. 38: 81-84.

Hooks, K.R., Wang, K.H. and Fallon, D. 2006. An ally in
the war against nematode pests: using sunn hemp as
cover crop to suppress root-knot nematode. Plant
Disease. 32: 1-3.

Isman, M.B. 2001. Biopesticides based on phytochemicals.
In: Phytochemical Biopesticides. O. Koul and G. S.
Dhaliwal. (Eds.) Harwood Academic Publishers. Pp1-10

Khurma, U.R. and Singh, R. 2005. Effect of kava as soil
additive on root-knot nematode population. Abstracts of
the XXVII annual meeting of ONTA 17-21 October
2005, Vina del mar, Chile. Nematropica. 35(2): 80.

Manzanilla-lopez, R.H., Evans, K. and Bridge, J. 2004.
Plant diseases caused by nematodes. In: Nematology
advances and perspectives Vol. 2. Nematode
Management and Utilization. Z. X. Chen., S. Y. Chen,
and D.W. Dickson, (Eds), Tsinghua University Press
China. Pp637- 703.

Maloy, O.C. 1993. Plant disease control, principles and
practices. John Wiley & sons Inc, 346pp.

McSorley, R., Ozores-hampton, M., Stansly, P.A. and
Conner, J.M. 1999. Nematode management, soil fertility
and yield in organic vegetable production. Nematropica
29: 205-213.

Morris, J.B. and Walker, J.T. 2002. Non-traditional
legumes as potential soil amendments for nematode
control. Journal of Nematology 34: 358-361.

Navickiene, H.M.D., Marques, M.O.M., Young, M.C.M.
and Kato, M.J. 2006. Composition and antifungal
activity of essential oils from Piper aduncum, Piper
aboreum and Piper tuberculatum. Quim Nova 29: 467-
470.

Parmar, B.S. and Walia, S. 2001. Prospects and problems
In: Phytochemical biopesticides. O. Koul, and G. S.
Dhaliwal, (Eds), Harwood Academic Publishers. 133-
210

Pathak, V.N., Khatri, N.K. and Pathak, M. 2001.
Fundamentals of Plant Pathology. Agrobios India,
356pp.

The South Pacific Journal of Natural Science, Volume 26, 2008

38

Ritzinger, C.H.S.P. and McSorley, R. 1998. Effect of fresh
and dry organic amendments on Meloidogyne arenaria
in green house experiments. Nematropica 28: 173-185.

Ritzinger, C.H.S.P., McSorley, R. and Gallaher, R.N.
1998. Effect of Meloidogyne arenaria and mulch type on
okra in microplot experiments. Journal of Nematology
30: 616-623.

Shulgin, A.T. 1973. The narcotic pepper: The Chemistry
and Pharmacology of Piper methysticum and related
species. Bulletin on Narcotics 25: 59-74.

Shurtleff, M.C. and Averre, C.W.III. 2000. Diagnosing
plant diseases caused by nematodes. The American
phytopatological society. 187pp.

Sikora, R.A. and Fernandez, E. 2005. Nematode parasites
of vegetables. In: Plant Parasitic Nematodes in
Subtropical and Tropical Agriculture. M. Luc, R.A.
Sikora, and J. Bridge. (Eds) 2nd edition, CABI
publishing, Pp 319-392.

Wang, K.H., Sipes, B.S. and Schmitt, D.P. 2002.
Crotalaria as a cover crop for nematode management:
review. Nematropica 32: 35-57.

Wu, D., Nair, M.G. and Dewitt, D.L. 2002. Novel
compounds from Piper methysticum Forst kava kava
roots and their effect on cyclooxygenase enzyme.
Journal of Agriculture and Food Chemistry 50: 701-705.

Xuan, T.D., Elzaawely, A.A., Fukuta, M. and Tawata, S.
2006. Herbicidal and fungicidal activities of lactones in
kava Piper methysticum. Journal of Agriculture and
Food Chemistry 54: 720-725.

Xuan, T.D., Yuichi, O., Junko, C., Eiji, T., Hiroyuki, T.,
Mitsuhiro, M., Khanh, T.D. and Hong, N.H. 2003. Kava
root Piper methysticum L. as a potential natural herbicide
and fungicide. Crop Protection 22: 873-881.

Xuan, T.D., Tawata, S., Khanh, T.D. and Chung, .M.
2005. Decomposition of allelopathic plants in soil.
Journal of Agronomy and Crop Science 191: 162-171.

Zasada, 1. A., Ferris, H. and Zheng, L. 2002. Plant sources
of Chinese herbal remedies: laboratory efficacy,
suppression of Meloidogyne javanica in soil, and
phytotoxicity assays. Journal of Nematology 34: 124-
129.



