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ABSTRACT

Attempts to achieve biological control of major paddy and aquatic weeds in Thailand are
described. The target weed species subjected to natural, augmentative and classical biological
control were Alternanthera philoxeroides, Eichhornia crassipes, Ludwigia adscendens, Mimosa
pigra, Myriophyllum spicatum, Pistia stratiotes and Salvinia cucullata. The major biological con-
trol agents utilized were insects, both endemic and introduced. The degree of success ranged

from partial to substantial or highly successful.

INTRODUCTION

Paddy and aguatic ecosystems are rich in
vegetation of high diversity, ranging from single-
celled microflorato standing perennia shrubs and
trees. Therelative abundance of each speciesvaries
according to geographical area and location: for
example, thevegetation associated with uplandrice
differs significantly from that found with lowland
or deepwater rice. The weed species associated
with lowland and deepwater rice are essentially
aquatic, and can also be found in other water
resources.

At one extreme, according to Moody (1989),
more than 1,800 weed species have been identified
in association with ricein South and Southeast Asia
alone. At the other extreme, Suwatabandhu (1950)
listsonly 37 weed speciesinpaddy fieldsin Thailand.
I nbetween, Pancho and Soerjani (1978) enumerated
113 speciesof weedsin43familiesasaquaticweeds
in Southeast Asia. Of the 116 species of weeds
listed as major weeds in Thailand by Noda et al.
(1984), a few are considered to be serious. In
Indonesia, Soerjani, K ostermansand Tjitrosoepomo
(1987) recorded 266 species of weeds associated
with rice, belonging to 54 families. In Thailand, a
thorough investigation on the vegetation associated
with paddy and aguatic ecosystems has yet to be
carriedout. Asfar asbiological control isconcerned,

relatively few paddy and aquati c weedsof economic
importance have been sel ected asbeing amenableto
biological control methods, whether natural,
augmentative or classical.

Thispaper discussestheattemptsat biological
control of major paddy and aquatic weeds in
Thailand, carried out from the early 1970s up until
the present. Some of these attempts have aready
been reported in Julien (1982, 1987), Napompeth
(1982, 1983, 1989, 1990, 1992) and Napompeth et
al. (1977).

CONTROL OF AQUATIC WEEDS
IN THAILAND

Alternanthera philoxeroides — Alligator
Weed

Alligator weed is supposed to be an
introduced species, but thereisno record of itsdate
of introduction. Several insect species have been
found associated with the weed in Thailand, the
most common of which are Psara basalis, Hymenia
recurvalis and Nanophyes sp. However, none of
these insects showed any potential for further
utilization asbiological control agents. Asaresult,
the chrysomelid Agasicles hygrophila was
introduced from Australiain 1981. Field releases
made since then have resulted in the permanent
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establishment of thechrysomelid, giving substantial
control in the Central, Northern Highland and
Northeasternregionsof Thailand. Theinsectisnow
spreading into al areas where the alligator weed
occurs, and damage can often be observed,
particularly during the cooler months of the year
(November to January).

Eichhornia crassipes — Water Hyacinth

Of all the insects found associated with
waterhyacinth in Thailand, the waterhyacinth
grasshopper, Gesonula punctifrons, is the most
common. It can befound laying egg capsulesinthe
petioles of the plant. The newly hatched nymphs
and early instarsfeed gregariously ontheleaves, but
seem to cause no significant damage. In certain
areas, several hundred nymphs and adults can be
detected per square meter of plant. Other insect
species found in association with water-hyacinth
were grasshoppers (Atractomorpha crenulata and
Oxyaminima) andthecutworm Spodopteramauritia.
However, noneof theseinsectswereof any biological
control potential, and all of them are known crop
pests.

The pathogens recorded from waterhyacinth
in Thailand were Alternaria eichhorniae,
Myrotheciumroridumand Rhizoctonia solani. Only
A. eichhorniae was found to be specific to
waterhyacinth, and these pathogens are commonly
associated with plant senescence. A combined
attack by grasshoppers and pathogens could reduce
plant populations, but had no significant effect on
overall infestation.

It was in 1896 that waterhyacinth was
deliberately introduced fromIndonesiainto Thailand
asan ornamental plant. Over timeit hasbecome so
naturalized that it now harbors a large number of
insects and other microorganisms. Since these
insects are euryphagous, they cannot be utilized
augmentatively. In 1977, the first consignment of
the mottled waterhyacinth weevil, Neochetina
eichhorniae wasintroduced fromFlorida. Thefirst
consignment proliferated so well that asecond was
introduced in 1979. Altogether, 1,002 adults were
introduced. After necessary host specificity tests
and other quarantine clearance had been made, the
weevils were released in major water sources all
over Thailand. Thisextensivefieldreleaseprogram
has resulted in permanent establishment of the
weevilsall over the country. Theweevilshavealso
spread naturally to neighboring countries, especially
Malaysia.

In areas where the weevils are achieving

control of waterhyacinth, thisweed will eventually
be replaced by other aquatic plant species such as
Monochoriaspp. Itisnow fairly commontoobserve
feeding scars on the leaves of waterhyacinth plants
in all major bodies of water in Thailand.

The chevroned waterhyacinth weevil,
Neochetina bruchi, was introduced in 1990 from
Florida via Australia, in collaboration with the
Australian Centre for International Agricultural
Research (ACIAR). The weevil has now been
released and has become established in many
locations, together with N. eichhorniae. 1tisstill too
soon to evaluate its performance, either aloneorin
combination with E. eichhorniae.

Hydrilla verticellata — Hydrilla

A moth, Parapoynx sp., is very abundant in
many areas where hydrillaoccursin Thailand. The
larvae feed on the plant, and it might be possible to
utilizethem augmentatively, although they can also
be found feeding on another aquatic plant,
Potamogeton malainus. Parapoynx sp. is believed
to be doing an excellent job in controlling hydrilla
naturally, sothat hydrillaisnot aseriousproblemin
Thailand.

Ludwigia adscendens — Water Primrose

A chrysomelid, Altica foeveicollis, which is
an endemic species, is very effectivein the natural
control of L. adscendensand other Ludwigiaspp. in
Thailand. Thelarvae with their gregariousfeeding
habit can bring about rapid defoliation and
destruction of theweed. Inaddition, two sphingids,
Theretraoldenlandiaeand Theretrapinastrina, were
also observed feeding on the plant, but they did not
seem to cause any significant reduction of the plant
population.

A. foeveicollis has been mass-reared and
released in areas where it does not occur naturally
for the control of water primrose, and as a result
damage to the weed is now widespread all over
Thailand.

Mimosa pigra — Giant Sensitive Plant

Introduced deliberately into Thailand,
probably in the 1950s or 1960s, M. pigra is now
considered oneof the Thailand’ smost seriousweeds,
together with its close relative, Mimosa invisa, the
creeping sensitive plant. M. pigra can thrive in
standing water, and on fall ow paddy land, roadsides
and uplandsfrom sealevel upto 1,600 metersabove
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sealevel. It should be considered an “ amphibious’
weed, because it can adapt to either an aguatic or a
terrestrial ecosystem.

An attempt to achieve biological control of
thisweed wasinitiated with asurvey and evaluation
of native insect candidates, but no suitable insects
werefound. A cerambycid, Milothrisirrorata, was
introduced from Indonesiain 1981 for tria, but was
found to be unsuitable for any further manipulation
and this program was terminated.

In collaboratioon with the Commonwealth
Scientific and Industrial Research Organization
(CSIRO) and the Department of Primary Industry
andFisheries(DPIF), Northern Territory, Australia,
and with support from the Australian Centre for
International Agricultural Research (ACIAR), a
number of biological control agents have been
introduced into Thailand since 1983. The insects
aredl from the native range of M. pigrain Central
and South America. These insects were: two seed
bruchids, Acanthoscelides puniceus and
Acanthoscelidesquadridentatus, in 1983; aterminal
shoot feeder, Chlamisus mimosa, in 1985; a
gracillariid, Neurostrotra gunniella, in 1988; a
sessiid, Carmenta mimosa, in 1989; and an apion,
Apion aculeatum, in 1989. All of these introduced
species have been tested and released with the
exceptionof N. gunniella, whichmight causedamage
to Neptunianatans, acommon vegetablein Thailand
and Southeast Asia. Theculturewasthusdestroyed.

Both seed bruchids, A. puniceus and A.
zuadridentatus, were found to be highly effective,
and as much as 50% seed destruction could be
observed in many locations, whilean average of 5—
15% seed destruction was very common. Interms
of plant infestation, a 100% infestation rate hasnow
been detected in all releaselocations. The bruchids
are now spreading to neighboring countries, and
have been recovered in Myanmar, Laos, Malaysia,
Singapore and Indonesia.

The remaining insects are not performing as
well as the bruchids. C. mimosa was recovered
once, and then disappeared fromitsreleasesites. C.
mimosa seems to have difficulty in become
established, and laboratory rearing of this species
has been very cumbersome. A. aculeatumisyet to
be recovered after field releases. Work on these
biological control agents is still in progress, and
additional agents, including rust fungi, are in the
process of being introduced.

Myriophyllum spicatum — Parrot Feather
Wedo not know exactly when the original M.
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spicatum was introduced into Thailand, but we
know it was introduced as an aquarium plant in the
early 1970s. It wasinitially found being used for
fish spawning in some locations, especialy those
associated with fisheries projects. Sincethenit has
escaped into the open water, and became a serious
probleminthelate 1970s. Itisnow disappearing as
aresult of destruction by Spodoptera mauritia.

Pistia stratiotes — Water Lettuce

Water lettuce is now cosmopolitan in its
distribution, although it is believed to be of Central
Americanorigin. Itisvery richinassociated insect
speciesin Thailand, at least one of which has been
utilized successfully inthe augmentative biol ogical
control of this weed. The more common insects
found on water lettuce in Thailand are: aphids; the
pygmy grasshopper, Criotettixsp.; thenoctuid moth,
Epipsammia pectinicornis; Nymphula turbata and
Parapoynxdiminutalis. Of theseinsects, thenoctuid
E. pectinicornis has been successfully used as a
biological control agent.

Thegrasshopper Criotettixsp. hasbeenfound
attacking water lettuce to such an extent that as
many as 100 grasshoppers per square meter isvery
common. Thegrasshopper wasal sofound attacking
the water fern Salvinia cucullata, but did not cause
any significant damage.

Since 1976, the potential of E. pectinicornis
has been investigated as a biological control agent
for water lettuce. Under laboratory conditions, the
insect at the rate of 300 mixed instar larvae per
sguare meter of weed can destroy the weed as
effectively and rapidly as any herbicide. E.
pectinicornisis relatively easy to mass rear in the
laboratory, which makes possible inoculative
releases, and at timesinundativeones. Theinsectis
now replacing herbicides in the control of water
lettuce in water reservoirs in Thailand, under the
supervisionof theRoyal I rrigation Department (RID)
andtheElectricity Generating Authority of Thailand
(EGAT). However, thereis some oppositionto this
program from herbicide advocates in these
government agencies.

P. diminutalis can be found attacking water
lettucein someisolated areas, but does not seem to
exert much natural control of theweed. N. turbata
is of a similar status, and is aso found attacking
azolla

In most parts of Thailand, the effect of E.
pectinicornisiscommonly observed asbrowning of
the weeds similar to the “hopper burn” caused to
rice plants by the brown planthopper.



Salvinia cucullata — Water Fern

The water fern, S cucullata, has been
monitored closely since the mid 1970swhen it was
not yet considered serious. This monitoring has
been carried out together with monitoring for
possible invasion by another water fern, Salvinia
molesta. Salvinia molesta is not yet found in
Thailand, although it hashad adevastating effect in
Malaysia, Indonesiaand the Philippines, aswell as
in Sri Lanka and southern India. Now that water
lettuce is being cleared from the surface of
waterways, populationsof S cucullataareincreasing
and becoming a serious problem.

Only twoinsect specieshavebeeninvestigated
aspossiblecontrol agentsagainst S cucullata. These
are the pygmy grasshopper, Criotettix sp., which
also attacks water lettuce (Takara 1981), and the
curculionid, Bagoussp. nr. nodieri (Nasaree 1986).
Althoughthere hasbeen apreliminary eval uation of
B. sp. nr. nodieri, further work is necessary before
we can utilize this curculionid for augmentative
biological control of S cucullata.

In1987, acurculionid, Cyrtobagoussalvigiae,
wasintroduced from Australiafor trial asacontrol
agent of S cucullata. Although C. salviniae is
highly effective against S molesta, it ishighly host
specific and failed to survive on S cucullata.

A plan is now in the pipeline to devote more
effort to utilizing B. sp. nr. nodieri as abiological
control agent of S cucullatain Thailand.

DISCUSSION

It should be noted that within the concept of
pest management, not all non-crop plant speciesare
weeds. In certain habitats, such as a paddy or
aquatic ecosystem, key weed species should be
identified and management strategies devised. In
many situations, anintegrated management approach
might be necessary, but is not aways the only
possible strategy. For many paddy and aquatic
weeds, biological control, whether natural,
augmentative or classical, can play an important
role, as exemplified in various biological control
programs against paddy and aquatic weeds in
Thailand.

It should also be noted that not al weed
species are amenableto biological control. Evenif
acertainweed speciesisamenabl ein somesituations,
this degree of control may not be achieved in all
ecosystems or geographical areas, even if these are
adjacent to areaswhere control hasbeen successful.

Likewise, not al attempts in biological control of
weedsend in success. Failuresarenot unusual, and
can be expected. The outcome of successful
programs of biological control of weeds is that
control ispermanent, and invisiblein that the weed
simply disappears, so that all previous attempts are
overlooked and are not appreciated.

Almost all biological control agents being
used in Thailand can be used elsewhere, provided
that they do not provoke the conflict of interest
which is rather typical of biological control. The
noctuid moth, E. pectinicornis,introducedto Florida
from Thailand, has recently been released. The
mottled waterhyacinth weevil, N. eichhorniae, has
been introduced from Thailand to Myanmar, Sri
Lankaand Vietnam. It has also found its way into
Malaysian waterways. The seed bruchids, A.
puniceus and A. quadridentatus, are now found in
countries bordering Thailand, and have also been
introduced into Vietnam.

CONCLUSION

Concernover environmental quality intropical
agroecosystemsmeansthat theconventional solution
of weed problems by the use of herbicideshasto be
reconsidered and amended. The mere safe and
effective use of chemical herbicides may not be
adequate to cope with pressing weed problems.
Outstanding among the forgotten alternatives are
biological control and related activities such asthe
development of mycoherbicides. Also important
among the biological control agents are the
arthropods such as insects and mites which have
been successfully used in many parts of the world,
giving permanent weed suppression. There is no
singleherbicide, nomatter how effectiveitisclaimed
to be, which can yet show any comparable success
inthe solution of weed problems, not to mentionthe
factthat herbicidesarenot environmentally friendly
and may not becompatiblewith ahealthy ecosystem.
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DISCUSSION

Dr. Mochina asked whether any good biocontrol agent was available to use against sedges. Dr.
Napompeth replied that sedges seemed less amenable to control by insects than Graminae and broadl eaf
weeds. One exception is the sedge Cyperus rotundus, which is infected sometimes by a tuber moth borer
(Becchia sp.). However, this breaks the tuber up into pieces and tends to promote the faster growth of the

sedge.
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