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Preface

Chromolaena is a serious weed of tropical pastures and a threat to national parks and
other biodiversity conservation aress.

It has quickly spread from its original home in the West Indies to large areas of the
wet tropics of Africaand Asia. It is now considered the major weed threat to Australia.

Chromolaena has many natural enemies and biological control has long been touted
as a control option. Through ACIAR-supported projects a leaf-feeding moth has been
released into oil palm and pastoral areas in Indonesia, where it has successfully estab-
lished in several areas. Another ACIAR project introduced a new control agent, the
stem-galling fly from South America, which had not been tried or host-tested anywhere
elsein the world. It was first released in Indonesia in 1995 and later in the Philippines.
These controls have significantly reduced weed populations in the two countries.

Current ACIAR projects aim to enhance the biological control of chromolaena in
Indonesia, Papua New Guinea and the Philippines and to introduce bio-control to
East Timor, where chromolaena has invaded pastures, crops, gardens and other areas,
causing significant livestock losses.

Successful biological control of chromolaena will remove the need for costly manual
remova that is currently necessary in most areas. In Australia, each new infestation
costs about $800,000 to eradicate.

ACIAR is pleased to be able to publish this series of papers, which were presented at
the 6t International Workshop on Biological Control and Management of Chromo-
laena. It is hoped this publication will facilitate the uptake of research and alow greater
collaboration between countries where chromolaena is a problem.

Peter Core
Director
Australian Centre for International Agricultural Research

5

Chromolaenain the Asia-Pacific region
Edited by M.D. Day and R.E. McFadyen
ACIAR Technical Reports No. 55
(printed version published in 2004)



Experience with chromolaena
In different countries

An infestation of chromolaena in the Erap Valley, Morobe Province of PNG. M. Day
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Chromolaenain East Timor: history, extent and control

Rachel Cruttwell M cFadyen?!

Abstract

Due to its relative isolation, East Timor was free of chromolaena until after the Indonesian
invasion in 1974. The weed is now widespread and has invaded most of the grasslands and
savannah woodlands, both natural and secondary. The presence of chromolaena is severely
impacting on native biodiversity and reducing pasture availability for livestock, including the
Timor ponies, the only transport for most hill villages. Biological control is the only feasible
management method, and there is a need for the immediate importation and release of agents

already tested and utilised by other countries.

History

CHROMOLAENA first arrived in southeast Asia about
1930 (McFadyen 1989), and its subsequent spread
through the region was largely the result of human
movement, especially the movement of vehicles and
machinery. Up until 1974, East Timor was a small
isolated Portuguese colony, with little trade and no
significant contacts with the Dutch East Indies or the
previously British countries Malaysia, India and
Singapore. East Timor was conquered by the
Japanese in 1942-43 after fierce fighting, but there
seems to have been no direct importation of chromo-
laena to any part of Timor, presumably because the
Japanese troops and their equipment came from
areas still free of the weed at that time.

A detailed survey of the vegetation of East Timor
undertaken in 1969 and 1970 (Metzner 1977) lists
several weed species but not chromolaena, and Dr
Metzner is sure that the weed was not present in East
Timor when he made his survey (J.K. Metzner pers
comm., Oct 2002). However, Stephen Simpson
(AusAid project, pers comm., 1988) reported that the
weed was already present and increasing in Flores,
where it was first seen in West Flores in 1970.
Chromolaena was first recorded in Timor in the
1980s, when it was reported along the north coast of

1Queendand Department of Natural Resources and Mines,
Alan Fletcher Research Station, present address: CRC for
Australian Weed Management, Block B, 80 Meiers Road,
Indooroopilly, Qld 4068, Australia.

Email: rachel. mcfadyen@nrm.gld.gov.au
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West Timor (Ing. Wayan Mudita, pers comm., 1995),
probably brought in from Flores through the internal
immigration (Immigrasi) program which started
about then. By 1988, there were several small infes-
tationsin West Timor and it wasincreasing rapidly in
the Besi Pae and Soe area east of Kupang (Alan
Smith, Simon Field, AusAid project, pers comm.,
1988). By 1995, it was common and widespread from
Kupang to Soe (Rachel McFadyen, unpublished
report to Weed Management Workshop, Kupang,
May 1995).

Indonesia invaded East Timor in 1974 and incor-
porated it as a province of Eastern Indonesia (NTT).
Subsequently, there was a great deal of movement of
people and machinery into East Timor from various
parts of Indonesia, including Java and Sumatra and
probably Flores, where the weed was increasingly
widespread. Troop movements in East Timor, plus
village resettlement schemes and the construction of
new roads and infrastructure, would have aided the
general spread of the weed. However, because for-
eign travel to East Timor was restricted until 1989,
there is no documented information on the first
occurrences or subsequent spread of chromolaena
until 1995, by which time there were already dense
infestations in some places (R. Desmier de Chenon,
pers comm., 1995). When Australian troops arrived
in East Timor after the referendum in September
1999, the hillsides were covered with dense infesta-
tions and the need to clean seed from vehicles and
machinery returning to Darwin was raised at the
Australian Weeds Conference that year (Barbara
Waterhouse, pers comm., 1999).
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Current situation

No detailed survey of the distribution of the weed
has been undertaken. On my visit in October 2002,
which is the end of the dry season, | found dense
thickets of chromolaena in all climatically suitable
areas visited;, west from Dili to Ermera, and south
from Manatuto to Laklubar and to Natar Bora on the
south coast. Along the north coast west and east of
Dili, conditions are too dry for the weed, but it was
present as little as 5 km inland where the rainfal is
dlightly higher. Chromolaena was aso absent in
dense rainforest and in the coffee plantations, asit is
not shade-tolerant. Above 900 m altitude, it became
increasingly scarce, being replaced by lantana,
melastoma and Tithonia diversifolia.

In the Eucalyptus alba-acacia grassland savannahs
which cover much of the non-arable lands of East
Timor, the grasses have now been largely replaced
by dense stands of chromolaena. Bushes are between
2 mand 3 m tal, except in gullies where they may
reach 5 m or more when they climb up trees. The
plants produce new growth immediately after the
first storms and maintain dense cover during the wet
season, so that no grass or other herbaceous plants
survive in their shade. Plants recover very rapidly
after fire, with new stems appearing within aweek of
the first storm rains.

The consequences of this replacement of natural
and secondary grasslands by dense chromolaena
stands are disastrous both for animal production and
for the natural ecosystem and biodiversity. Chromo-
laena burns readily in the dry season, and afirein the
dry stalksis hotter and goes much higher into the trees
than does a pure grass fire. As a result, although the
acacia, eucalypt and other trees survive thefires, their
seedlings do not, and recruitment ceases. The grass
and herb layer has been totally replaced, with the loss
of al the native species represented there, and the
consequent loss of insects, birds and other animals
that depend on these plants. Chromolaena produces a
dense crop of flowersin June and seed in July, but no
seeds are available to feed birds or animalsfor the rest
of theyear. In Timor, chromolaena has avery reduced
insect fauna compared with the native plants, which
limits the food supply for insectivorous birds and
animals. The leaves and stems are unpalatable or
poisonous to most herbivorous animals, therefore
native herbivores cannot survive on it.

For the same reason, the weed has a very serious
impact on animal production. East Timor does not
have a significant cattle herd at present, but cattle are
kept as an income source, being sold when money is
needed (da Cruz 2003). Goats are aso kept for meat
and to a lesser extent milk, and Timor ponies are an
important method of transport for produce and
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peoplein the hill villages. All these animals graze on
an open-range system on the grasslands that are held
in common, and there is little attempt to gather
forage or supplement the animas diet. Conse-
guently, as the grasslands are replaced by chromo-
laena, the animals starve and the pressure on the
arable and cultivated land is increased. Goats have
aso died from eating the flowers of chromolaena,
presumably because the nectar makes them sweet or
because no other fodder was available at the time.
The flowers contain high levels of pyrrolizidine aka
loids, which cause severe liver damage leading to
death (Biller et al. 1994).

Control

Hand clearing, first cutting the stems then digging
out the roots with a hoe, is used to clear arable land
for cultivation, but is only feasible for small areas. In
these, clearing chromolaena may be easier than
removing weedy grasses such as Imperata cylin-
drica, and for this reason chromolaena may be seen
as a desirable fallow plant, even though it does not
provide feed for livestock during the non-crop
period. In the current economic situation of East
Timor, chemical control is not economically fea
sible, and it is unlikely that it would ever be eco-
nomic in the extensive grasslands. Biological control
is therefore the only method available to manage the
weed in the grasslands and fallow lands.

The present Minister of Agriculture is very sup-
portive of biocontrol and is keen to start a program
as quickly as possible. International donor support is
being sought to import the gall fly Cecidochares
connexa from West Timor, where it is now wide-
spread in the western half. Suitable release sites have
been identified along the Cribas River south of
Manatuto. In accordance with the International Plant
Protection Convention protocols for biocontrol, if
host specificity has been established by testing
undertaken in other countries (McFadyen et al. 2003)
and there is no risk of the introduction of parasites or
diseases, a biocontrol agent can be imported and
released on the approval of the responsible govern-
ment authority, once they are satisfied that thisis in
the best interests of the country as a whole (FAO
1996). Thisisthe system used in Papua New Guinea,
Micronesia, Fiji, and other Pacific island countries,
all of which rely on host-testing carried out in other
countries. No problems have been experienced by
these countries, and East Timor is to be congratu-
lated on adopting this sensible attitude.

If all goes well, the first releases will be made in
2003 during the wet season, using galls directly
collected in West Timor and released into dense
chromolaena at nursery sites. Minimal resources and
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no infrastructure is required for this, as two or three
people should be able to collect sufficient galls from
West Timor sites in a day or so. Direct releases of
the galls have worked well in both Indonesia and
Papua New Guinea. Subsequent redistribution can
occur once a sufficient population is present in the
original nursery sites. It is anticipated that good con-
trol will be achieved in most of the island, more
rapidly in sites where the rainy season is longer and
more reliable, and more slowly where the dry season
is longer and the growing season shorter, with fewer
generations of the fly in each year. Control can be
expected to be slower above 700 m where lower
temperatures slow fly development.

Once the gall fly is established, the importation of
other biocontrol agents aready tested in South
Africa should be considered, starting with the leaf
mining fly Calycomyza eupatorivora. Rearing and
releases of these insects may require greater expend-
iture, in particular the provision of facilities to rear
the insects.
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Biological control of chromolaena in Micronesia

R. Muniappan?, K. Englberger?, J. Bamba! and G.V.P. Reddy?!

Abstract

Chromolaena odorata established in the Mariana Islands in the early 1960s and had spread to
most of the Micronesian islands by the early 2000s. The natural enemy Pareuchaetes pseudo-
insulata has established in the Mariana Islands and Pohnpei while the gall fly Cecidochares
connexa has established in Palau and Guam. The gall fly is being released in Saipan and host
specificity tested in Pohnpei. The eriophyid mite Acalitus adoratus has fortuitously established in
the East Caroline and Mariana Islands. Attempts are being made to eradicate the chromolaena
infestation in the Mauro Island of the Marshall 1slands.

Introduction

THE island groups in Micronesia associated with the
United States of America are the Marianas, Caro-
lines and Marshall Islands located in the western
Pacific. The humid tropical climatic conditions of
these islands are very suitable for C. odorata. The
first herbarium specimen of C. odorata was collected
on Guam in 1963. In the early 1980s, it became a
problem in the Mariana Islands. During the 1980s,
chromolaena spread to Paau, Yap, Pohnpei and
Kosrae in the Carolines. It established in Weno
Island of Chuuk (East Carolines) in the late 1990s
and in Majuro Island of the Marshalls in 2001.

Biological control

Mariana Islands. The menace of chromolaena in
Rota was brought to the attention of (RM) in 1983
and a project proposal was submitted to the Tropical
and Subtropical Agricultural Research Program of
the USDA.. Upon approval of this project, Pareucha-
etes pseudoinsulata Rego Barros (Lepidoptera: Arc-
tildae) was introduced from India and Trinidad in
1985 and established on Guam (Seibert 1989). Sub-
sequently it was introduced and established on Rota

1Agricultural Experiment Station, University of Guam,
Mangilao, Guam 96923, USA.

2Plant Protection Micronesia, Secretariat of the Pacific
Community, P.O. Box 2299, Palikir, Pohnpei 96941,
Federated States of Micronesia.

Email: rmuni @uog9.uog. edu
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in 1985 and Tinian and Saipan in 1986. P. pseudoin-
sulata has effectively suppressed chromolaena
thicketsin all the four Mariana Islands.

In 1984, Apion brunneonigrum Beguin-Billecoq
(Coleoptera: Apionidae) was introduced to Guam but
it did not establish. The natural enemies Mescinia
parvula (Zeller) (Lepidoptera: Pyralidae) and Melan-
agromyza eupatoriella Spencer (Diptera: Agromyz-
idae) were imported to Guam from Trinidad but no
releases were made as M. parvula was difficult to
culture in the laboratory and the shipment of M.
eupatoriella was mostly parasitised. The eriophyid
mite Acalitus adoratus Keifer (Acari: Eriophyidae)
fortuitously established in the Marianas in the early
1990s. The introduction and establishment of Ceci-
dochares connexa Macquart (Diptera: Tephritidae)
in the Marianas has been reported elsewhere in this
publication.

East Caroline Idlands: the establishment of
chromolaena in Yap and Palau were noted in 1987
and 1988 respectively (Muniappan and Marutani
1988). In 1988 three shipments of P. pseudoinsulata
were sent to Yap from Guam. Even though releases
were made at 14 different sites, P. pseudoinsulata
was found established at only one site, Talaguw in a
10 m diameter area, in October 1988. It is not known
whether establishment has sustained or died out as
no follow-up studies have been made. Shipments of
P. pseudoinsulata were also sent to Palau from
Guam in March and April 1996 and October 1997.
They were field released in Koror but no field estab-
lishment was observed.
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The eriophyid mite A. adoratus fortuitoudly estab-
lished in Palau and Yap in 1988. A shipment of 26
females and 23 males of C. connexa was sent to
Palau from Guam in February 1999. Host specificity
tests were conducted on seven different species of
plants. The insect was approved for release and then
field released in October 1999 (Esguerra 2002). C.
connexa has established well throughout the islands
of Koror and Babelthuap in Palau.

West Caroline Islands: P. pseudoinsulata was
imported from Guam in 1988. It wasreared in the lab-
oratory and field released from February 1989 to May
1990. In October 1990, field establishment was
observed (Esguerra et a. 1991). From January to
November 1992, shipmentsof P. pseudoinsulata were
sent to Kosrae and field released at Tafunsak, Lelu
and Utwe. Defoliation in the release sites were
observed; however, it isnot known whether it has per-
manently established in Kosrae (Esguerraet al. 1998).

Shipments of P. pseudoinsulata have been sent to
Chuuk and field released since December 2002. A
shipment of C. connexa was sent from Guam to
Pohnpei and it is being reared in the quarantine
laboratory for host specificity testing. It is planned to
release C. connexa in the four FSM states (Chuuk,
Kosrae, Pohnpel and Y ap) in 2004.

Marshall Islands: Establishment of chromolaena
in Laura, Majuro was observed in October 2001
(Munigppan and Nandwani 2002) and later in
February 2003 near the International Airport
(Van der Velde, pers. comm.). In both areas chromo-
laena has been cut and sprayed with herbicides in an
attempt to eradicate it in the Marshall Islands.

Acknowledgment

Research on biological control of Chromolaena
odorata in Micronesia has been supported by several

projects funded by the Pacific Basin Administrative
Group of the Tropical and Subtropical Agricultural
Research program, CSREES, USDA.

References

Esguerra, N.M. 1998. The Siam weed infestation in the
Federated States of Micronesia — Seven years of
attempting to control it. In: Proceedings of the Fourth
International  Workshop on Biological Control and
M anagement of Chromolaena odorata, Bangal ore. 80-81.

Esguerra, N.M. 2002. Introduction and establishment of the
tephritid gall fly Cecidochares connexa on Siam weed,
Chromolaena odorata, in the Republic of Paau. In:
Proceedings of the Fifth International Workshop on Bio-
logica Control and Management of Chromolaena
odorata, Durban, S.A., 2000. 148-151.

Esguerra, N.M., William, W.S. and Smith, JR. 1991.
Status of biological control of Siam weed, Chromolaena
odorata (L.) R.M. King and H. Robinson on Pohnpei,
Federated States of Micronesia Ecology and Manage-
ment of Chromolaena odorata. BIOTROP Special Pub-
lication, No. 44: 99-104.

Muniappan, R. and Marutani, M. 1988. Ecology and distri-
bution of Chromolaena odorata in Asia and the Pacific.
In: Proceedings of the First International Workshop on
Biological Control of Chromolaena odorata, Ag. Exp.
Sta., University of Guam, Mangilao, U.S.A., Bangkok,
Thailand. 21-24.

Muniappan, R. and Nandawani, D. 2002 Survey of
arthropod pests and invasive weeds in the Republic of
Marshall Islands. Marshall Islands Community College
Publication No. 1.

Seibert, T.F. 1989. Biologica control of the weed,
Chromolaena odorata (Asteraceae), by Pareuchaetes
pseudoinsulata (Lep.: Arctiidag) on Guam and the
Northern Mariana Islands. Entomophaga 34, 531-539.

Chromolaenain the Asia-Pacific region
Edited by M.D. Day and R.E. McFadyen
ACIAR Technical Reports No. 55
(printed version published in 2004)



Chromolaena and other weed problemsin the
Pacific Islands

Warea Orapal, Konrad Englberger?and Sada Nand Lal?!

Abstract

The spread of chromolaena (Chromolaena odorata) into the Pacific is of serious concern for
many small Pacific island countries and territories (PICTs). Many islands are aready faced with
dealing with other serious weed problems and threats. Chromolaena has spread as far as the
Federated States of Micronesia, Palau, Guam and Majuro in the Marshall Islands. In Melanesia,
chromolaena is increasingly becoming a problem in Papua New Guinea (PNG) where it occurs as
far east as Bougainville Island close to the international sea border with the Solomon Islands.
Chromolaena is absent but is a threat to PICTs east and south of PNG, including the Solomon
Islands, Vanuatu, New Caledonia and Fiji, and the Polynesian countries and territories. Efforts to
combat chromolaena are underway in Micronesia and PNG, with emphases placed on public
awareness to prevent its spread, eradication of small outbreaks on Majuro Island in the Marshall
Islands and management of large infestations using classical biological control. The leaf-feeding
arctiid moth Pareuchaetes pseudoinsulata and the stem-galling tephritid fly Cecidochares connexa
have been introduced and released in PNG, Palau and Guam. In the absence of chromolaena (at
least for the time being) in many of the remaining 16 PICTs, management of other invasive weeds
are the focus of national and regional weed control programmes, with focus on biological control
whereit is possible. Other weeds such as Cyperus rotundus, Merremia peltata, Mikania micrantha
and Panicum maximum are aready very serious weeds regionally. A whole range of others,
including Miconia calvescens, Coccinia grandis, and Piper aduncum, are increasingly becoming
more troublesome in agriculture as well asin natural areas.

=
The stem-galling fly Cecidochares connexa has been released on several Pacific Islands.

R. Desmier de Chenon

1Plant Protection Service, Secretariat of the Pacific Community, Private Mail Bag, Suva. Fiji. Email: pps@spc.int
2SPC Plant Protection Micronesia, P.O. Box 2299, Kolonia, Pohnpei 96941, Federated States of Micronesia.
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Biological control of Chromolaena odorata in
Papua New Guinea

Ingu Bofeng!, Graham Donnelly2, Warea Orapa® and Michael Day*

Abstract

The status of the biological control of Chromolaena odorata in Papua New Guinea s reviewed.
An ACIAR-funded project on the biological control of chromolaena began in 1997 in collaboration
with the Papua New Guinea National Agricultural Research Institute and Queensland Department
of Natural Resources and Mines. Two agents have so far been introduced and both have
established. The moth Pareuchaetes pseudoinsulata, which was introduced from Guam in 1999,
has established only in the Markham Valley, Morobe Province, despite being released in eight
provinces. The gall fly Cecidochares connexa was introduced from the Philippinesin 2001 and has
established in six of the ten provinces in which it has been released. At some sites where it
established, up to 20 galls per plant have been recorded and the insect spread up to 7 km from the
release site within 18 months. Rearing of P. pseudoinsulata is continuing with the view to
achieving establishment in other provinces of PNG, while the fly is currently being field collected
for re-distribution by provincial officers. Two other agents, the leaf-mining fly Calycomyza
eupatorivora and the stem-boring weevil Lixus aemulus, both of which were tested in
South Africa, will be imported into PNG in the future. The project concludes in 2005 and it is
hoped that these two new biocontrol agents can be released and will establish in all chromolaena-

infested provinces.

Introduction

CHROMOLAENA ODORATA (L.) King and Robinson
(Asteraceae), was first reported officialy in Papua
New Guinea (PNG) in 1970 on the Gazelle Peninsula
of New Britain Island (Henty and Pritchard 1973).
However, its presence in the areawas known as early
as the 1960s (Samson Laup pers comm.).
Chromolaena affects a number of different land uses,
namely: oil palm, cocoa and coconut plantations
affecting harvesting and production; pastures of cattle
grazing areas, subsistence food gardens; disturbed
forests, roadsides and fringes of settlements and

INational Agricultural Research Ingtitute, PO Box 1639,
Lae, Morobe Province 411, Papua New Guinea.

2Formerly of Alan Fletcher Research Station, Department
of Natural Resources, PO Box 36, Sherwood, Queensland
4075, Australia.

SPlant Protection Service, Secretariat of the Pacific Com-
munity, Fiji.

4Alan Fletcher Research Station, Department of Natural
Resources, PO Box 36, Sherwood, Queensland 4075,
Australia. Email: michael .day@nrm.gld.gov.au
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villages (McFadyen 2002; Orapa et a. 2002).
Chromolaena now occurs in mainly lowland areas in
12 provinces with varying levels of infestations and
hasthe potential to spread to other parts of the country.

Biological control of chromolaena in PNG began
in 1997, with the introduction of the moth Pareu-
chaetes pseudoinsulata Rego Barros (Arctiidae)
(McFadyen 2002). The moth had previously been
used successfully in Indonesia, the Philippines and
Guam. A second agent, the gall fly Cecidochares
connexa (Macquart) (Tephritidag) was introduced in
2001. The project, funded by the Australian Centre
for International Agricultural Research (ACIAR), is
implemented by the PNG Nationa Agricultural
Research Institute (NARI) and administered by the
Queensland Department of Natural Resources and
Mines (NRM) (McFadyen 2002).

The project is based at the NARI’s Research
Centre at Labu, west of Lae, proxima to major
chromolaena infestations of the Markham Valley. It
has several main objectives, namely: to locate all
chromolaenainfestations in PNG; to release, monitor
and re-distribute biocontrol agents to known infesta-
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tions throughout the country; and to train provincial
officers in the above aspects of the project. The
geography of PNG constrains the project substan-
tially. Developed areas of Morobe Province, Madang
Province and the Highland provinces are accessible
by vehicle from Lae. Other provinces are accessible
only by air, and flights to and from Lae are irregular.
Most of the project operations are conducted in
Morobe Province, but staff travel to other provinces
to make releases of agents and monitor as required.

Since the project commenced, the location and
range of known chromolaena infestations in PNG
has increased greatly (Orapa 1998; Orapa et al.
2002). Previously known infestations have spread
considerably and new infestations have been dis-
covered. This paper outlines the current activities:
documenting the distribution of the weed, the release
of both P. pseudoinsulata and C. connexa, and
extension and awareness.

Current distribution of chromolaena

Chromolaena is currently found in 12 provinces. In
the Morobe Province, the main infestations occur in
the Markham Valley, where chromolaenais invading
cattle grazing areas, reducing productivity. Infesta-
tions have aso been found scattered along the foot-
hills of the Sarawaget Range, adjacent to the
Markham Valley, and in several of its mgjor tributary
valleys. Chromolaena has spread from the upper
Markham Valley into the Ramu Valley of Madang
Province near Gusap, affecting pastures and sugar
plantations, and it has also been found on Siass
Island in the east of Moraobe Province.

Two isolated chromolaena infestations have been
found along the Highlands Highway at Kassam Pass,
near Watarais, at altitudes over 900 m in the Eastern
Highlands Province. This is the highest recorded
altitude of chromolaena in PNG. Chromolaena has
been recorded around Wutung, Bewani and Vanimo
in Sandaun Province, near the Indonesian border and
around Lorengau and Lombrum on the island
province of Manus to the north. In East New Britain
(ENB) Province, chromolaena occurs across the
Gazelle Peninsula, and in West New Britain (WNB)
Province it has been found around Kimbe, Hoskins
and Biala. Chromolaena occurs along most of the
east coast and some of the west coast of the mainland
of New Ireland Province, where the worst infesta-
tionsin PNG occur. The weed spread widely after El
Nifio-associated forest firesin 1997 and it is particu-
larly conspicuous near Namatanai. At Huris, south-
east of Namatanai, some areas of grasslands used as
cattle pastures have become severely infested.

Smaller infestations occur on Misima lsland in the
Milne Bay Province, between Popondettaand Kokoda
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in Oro Province, and at Arawa (Aropa Airport) on
Bougainville Island in the North Solomons Province.

Biological control

P. pseudoinsulata was successfully introduced from
Guam in March 1999 after an unsuccessful attempt in
December 1998. Mass rearing of P. pseudoinsulata
was carried out in an insectary at Labu, until the
colony died out in October 2001 and again from mid-
2002. Pairs of newly emerged moths are placed in
cages containing severa vigorously growing potted
chromolaena plants. Females are allowed to oviposit
on the plants and larvae emerge about eight days | ater.
Larvae feed on the leaves and new plants are added
to the cage when required. Pupation occurs on the sur-
face of the pot or on the floor of the cage. Pupae are
collected, sexed and placed in a emergence container.
Emerging adults are placed in a clean cage containing
fresh actively growing plants (Orapa et al. 2002).

Over 200 000 larvae were released at 35 sites in
ENB, Madang, Manus, Milne Bay, Morobe, Oro,
Sandaun and WNB Provinces. However, establish-
ment has been achieved at only ten sites, al in the
Markham Valley, Morobe Province, which is consid-
erably drier than the other release areas. Larvae at
severa sites have caused severe but sporadic defolia
tion of stands of chromolaena. Further releases will
continue in other provinces in the future.

In January 2001, a colony of laboratory-reared
C. connexa was imported from the Philippine
Coconut Authority laboratories in Davao, Philip-
pines. The colony was cleared through one genera-
tion in the Bubia quarantine insectary before mass
rearing commenced at Labu. At Labu, potted chro-
molaena plants are exposed to gall flies in oviposi-
tion cages in the insectary. After three days, the
plants are removed from the cages and placed in the
open for larval development. Releases are made by
taking potted plants or stems with mature galls to
various chromolaena infestations and alowing adult
flies to emerge. Mass rearing and release techniques
are described in more detail by Orapa and Bofeng
(this proceedings).

Over 23 000 galls have been released at 46 sitesin
the provinces of ENB, East Sepik, Eastern High-
lands, Madang, Manus, Milne Bay, Morobe, New
Ireland, Oro, Sandaun and WNB. Field inspections
indicate that the gall fly has established at a total of
26 sites: ENB (3 sites), Madang (1), Morabe (15),
New Ireland (2), Sandaun (4) and WNB (1). Recent
inspections of sites near Erap in Morobe Province
and Namatanai in New Ireland have shown that the
fly has spread up to 7 km since being released in
2001. There has been no evidence of parasitism on
the larvae, but occasional chewing (probably by
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grasshoppers) of the tender developing galls
(including larvae) has been observed.

The project plans to introduce an additional two
agents, the leaf-mining fly Calycomyza eupatorivora
Spencer (Agromyzidae) and the stem-boring beetle
Lixus aemulus Petri (Curculionidag). Applications
for import permits for C. eupatorivora have been
made to the National Agricultura Quarantine
Inspection Authority (NAQIA) and the Department
of Environment and Conservation in PNG and per-
mits are expected to be issued in the near future.
Both insects have been tested in South Africa by the
Plant Protection Research Institute and are host
specific to chromolaena. The fly causes mines on the
leaves, initiating premature leaf drop, reducing plant
vigour and flowering. L. aemulus larvae tunnel
into the stems, causing the plants to become stunted
with reduced flowering and seed production.
(C. Zachariades, pers comm.).

Collaboration and extension

Apart from the strong collaborative links between
PNG and Australia, there is also substantial collabo-
ration with various organisations within PNG. Staff
of NARI and NAQIA and provincial Departments of
Primary Industries (DPI) have assisted project staff
visiting provincia infestations. Provincial staff are
being aerted to the problems of chromolaena and its
impact to the regions. They have been involved in
identifying new infestations and the release and
monitoring of biocontrol agents. The Oil Palm
Research Association (OPRA) based at Dami, West
New Britain Province and Popondetta, Oro Province
have agreed to mass-rear biocontrol agents for
release in their local areas. Cages have been pro-
vided to OPRA for this purpose. Ramu Sugar Ltd,
based at Gusap in Madang Province, has also been
involved in the field release and monitoring of the
gdl fly on chromolaena in the Ramu Valley. Infor-
mation |eaflets are currently being produced and will
be distributed to al potentially suitable regions
where chromolaena can grow, in order to increase
awareness on the impacts of the weed.

As part of the training component of the project, a
three-day workshop is planned in 2003 to train key
provincia staff in weed (particularly chromolaena)
awareness and in handling, releasing and monitoring
biocontrol agents.

Funding by ACIAR for the project ends in March
2005 and it is planned that four agents will have
been introduced and established in at least the major
infestations. Through the training and awareness pro-
gram, it is expected that provincia officers will be
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able to continue to collect and re-distribute agents to
infestations without agents after the project has
finished. With concerted effort, it is hoped that bio-
control of chromolaena in PNG can be achieved,
resulting in a significantly reduced impact of the
weed in agricultural areas and village gardens.
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Chromolaena — the weed

Chromol aena odorata infestation.
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Deter mining optimal growth conditions for the
South African biotype of Chromolaena odorata

M. Gareeb!?, N.W. Pammenter?, J.P. Bower3 and
C. Zachariades!

Abstract

The rapidly growing, perennia shrub, Chromolaena odorata (L.) King and Robinson
(Asteraceae) continues to invade the tropical and subtropical parts of southern Africa at an
alarming rate. Its distribution is apparently limited by itsintolerance to frost and, to alesser extent,
low rainfal. The South African chromolaena biocontrol program is based at Cedara, in the
KwaZulu-Natal midlands, a subtropical region above 1000 m altitude, lying outside the natural
range of C.odorata. During the past few years, there have been significant problems with
maintaining healthy potted chromolaena plants at the laboratory. This has had serious
consequences, especially for endophagous insect cultures which cannot be transferred between
plants.

In order to maintain insect cultures, rooted saplings of C. odorata are regularly collected from
the field around Durban, where the plant is abundant, and potted into 18 cm or 26 cm pots at
Cedara. Initial growth is generally very good, but once the plants are larger, some begin yellowing,
wilting and dying back. This often occurs in epidemics, several times a year. Installation of a
heated tunnel and fertigation system has not significantly aleviated the problem. Therefore, it is
likely that the primary problem is a physiological and not a pathological one. In order to
investigate further, pot trials have been set up in Durban and Cedara to compare growth and
physiological characteristics. Included amongst these will be responses of photosynthetic rate to
light intensity and leaf and soil temperatures as these may influence carbohydrate production for
root regeneration. To complement these studies total non-structural carbohydrate of different plant
structures will be measured. Results from the study will assist in improving techniques used at the
Cedara laboratory for growing and maintaining healthy C. odorata plants.

MSc thesis at University of Natal-Durban, December 2005

1ARC-Plant Protection Research Ingtitute, Private Bag
X6006, Hilton, 3245, South Africa

Email: ntmg@natal 1.agric.za

2School of Life and Environmental Sciences, University of
Natal, Durban, 4041.

of Agricultura Sciences and Agribusiness,

University of Nata-Pietermaritzburg, Scottsville, 3209,
fax +27 33 260 5073.
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Allelochemicals from Chromolaena odorata (L.) King and

Robinson for increasing crop productivity

S.R. Ambikal and S. Poornimal

Abstract

Wild varieties of many present day crop plants are known to possess allelopathic chemicals that
make them resistant to pests and weeds. During the course of selection for high yielding varieties,
such genes are either rendered weak or eliminated, resulting in loss of allelopathic attributesin crop
plants. However, this quality still existsin most of the weeds, where such selection does not occur.

Chromolaena odorata is reported to be highly allelopathic compared with some of the other
weeds that are among the world’s worst. Allelochemicals are natural products and do not accumu-
late in soil as persistent pollutants. In its crude form at a particular concentration, C. odorata
allelochemicals increased the vegetative growth, metabolite content and yield in pulses, grain
crops and vegetables.

In this study, the crude alelochemicals were used as seed invigorants, liquid fertilisers and as
foliar spray. The treated plants were even resistant to pests and diseases. Details of the preparation
of alelochemicals, appropriate concentration, the crop growth pattern, yield assessment and bio-

chemical analyses are discussed.

Introduction

CHROMOLAENA ODORATA is a perennia weed of plan-
tations, agricultural fields, pasturelands, wastelands
and roadsides. The leaves, seeds and stem contain
growth inhibitors, which were found to be alelo-
pathic. Laboratory and field studies have very clearly
demonstrated that the leachates and the extracts of
the weed inhibited crop growth (Ambika and Jayach-
andra 1980).

It was also shown that the root exudates and the
rhizosphere soil of chromolaena had allelochemicals
that inhibited crop growth (Ambika and Jayachandra
1992). The aeria part of the weed released volatile
inhibitors that caused crop growth inhibition
(Ambika and Jayachandra 1992). The weed residues
that were allowed to decompose in the soil remained
atoxic medium for crop growth for up to six months.
After six months, crop growth was promoted by
the decomposing medium (Ambika and Jayachandra
1984).

1Department of Botany, Plant Physiology Laboratory,
Bangalore University, Bangalore-560056, India. Email:
pcsraaa@bgl.vsnl.net.in
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Studies established that phenolics, akaloids and
aminoacids were the main allelochemicals in this
species. In the soil medium, where the plant was
alowed to decompose, the concentration of allelo-
chemicals increased in the first 100 days and
declined thereafter. Further, the level of micro and
macro nutrients increased and reached its maximum
after 180 days (Ambika and Jayachandra 1984).

These studies clearly establish that the weed is
toxic and caused inhibition of crop growth. The main
growth effects induced by the allelochemicals were
reduction inlinear growth of root and shoot, reduction
in leaf number, leaf expansion, decrease in cell wall
elongation, cell elongation and reduction in cell divi-
sion. As a result, the plants remained stunted, small
and lessvigorous. This decreasein growth of the crop
also affected the yield of the crop (Ambika and
Jayachandra 1984 and 1992). Although these studies
revealed the interference of allelochemicals with cell
division and elongation, no conclusive evidence
could be documented to show the relative contribu-
tion of these processes to allelochemica-mediated
growth inhibition. However, in one of the field
studies, ragi plants grown using Chromolaena allelo-
chemicals as liquid fertiliser (prepared in a ratio of
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1:16), remained stunted and small. However, ragi
plantswereresistant to artificially created water stress
and, unlike the control plants, could recover fast. This
highlighted the possibility of using alelochemicals
from C. odorata at very low concentrations as liquid
fertiliser for increasing the crop growth and yield.

Material and methods

The crops — fingermillet, clusterbean, soybean,
palak and radish — were grown following the
normal package of practices in the quadrangle of
the Department of Botany, Bangalore University, in
completely Randomised Block Design. The leachate
was prepared by soaking one gram of air-dried
powdered leaves of chromolaenain 100 ml of glass-
distilled sterile water for 24 hours at the |aboratory
temperature of 22 + 1°C and normal pressure. The
solution was further filtered through glass wool and
stored under refrigeration. Crop plants were grown
until they flowered and fruited.

Harvested seeds were broadcast sown throughout
the plots. After emergence, plants were thinned to
maintain 25 plants in each of 10 rows. The crops
were tested in the following manner: ragi seeds were
soaked in leachate and distilled water separately for
three hours before sowing; soybean plants were given
five aeria sprays from the twentieth day on aternate
days with leachate and water; and clusterbean, palak
and radish plants were each fertilised with tap water
and crude allelochemicals from the twentieth day
onwards.

At theend of the vegetative phase, 20 plants of each
crop were harvested, when linear growth and fresh
and dry matter accumulation were recorded. As each

350
300

250 =

% of control

crop isnormally grown for aspecific purpose, the data
collected from each reflected the crop’s use. For
palak, which is grown mainly for the edible leaves,
the yield of leaves was recorded. The yield of leaves
and roots were recorded in radish, while the number
of pods/grain produced in cluster bean, soybean and
ragi were recorded. Data were statistically analysed
for significance following Sokal and Rohlf (1973).

Results

Plant height and root depth in cluster bean increased
by 50% and 67% respectively. The fresh and dry
weight of these increased from 130%—-138% and the
yield increased by 25% (Figure 1).

Shoot and root linear growth of soybean increased
by 15% and 40% respectively, while fresh weight
increased by 79% and 68%, and dry weight increased
by 110% and 72% respectively. The increase in pod
yield was 162% by dry weight (Figure 2).

The root length of radish decreased by 24% but
the fresh and dry weight increased by 42% and 15%
respectively. The length of the leaf, and the fresh and
dry weight of the leaf increased by 86%, 200% and
113% respectively (Figure 3).

The root length of palak decreased by 11% but the
number of leaves and the fresh and dry weight of
leaves increased by 74%, 182% and 220% respec-
tively (Figure 4).

Ragi plants were dlightly stunted. The plant height
decreased by 6% while the root length decreased by
11%. The numbers of leaves and the fresh and dry
weight in shoot and root increased by 24% to 78%
(Figure 5). The yidd increased by 144% and the
1000 grain weight was 17% more than the control
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2. Root length (cm)

3. Shoot fresh weight (g)
4. Shoot dry weight (g)
5. Root fresh weight (g)
6. Root dry weight (g)
7. Pod fresh weight (g)
8. Pod dry weight (g)

« Significant at 0.05 level
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Figure 1. Effect of alelochemicals from C. odorata on the growth of cluster bean.
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(Figure 6). Amino acids, proteins, carbohydrates and
sugars were all found to be greater in the treated
palak plants when compared with the control plants
on aweight basis (Figure 7).

Discussion

Allelochemicals are secondary metabolites produced
by many higher plants. A wide array of these com-
pounds is released into the environment in appreci-
able quantities via volatilisation and exudation as
leachates through the rain-wash of leaves and during

350 my Shoot height (cm)
Root length (cm)
Shoot fresh weight (g)

300 Root fresh weight (g)

Shoot dry weight (g)
Root dry weight (g)
Pod fresh weight (g)
Pod dry weight (g)

250

©NOOAWNE

% of control
] ]

their decomposition. These are known to play a
major role in the inhibition of growth of several
crops (Liu and Lovette 1993). Allelopathic inter-
actions between plants have been implicated in the
patterning of vegetation and weed growth in agricul-
tural systems (Aldrich 1987; Rice 1987). These are
revealed to interact with plant growth regulators,
either synergistically or additively while exerting
their action (Tomaszewski and Thimann 1966; Tayal
and Sharma 1985; Kathiresan et a. 1990).

The results of this study demonstrate that the
alelochemicals from C. odorata can be successfully
exploited for enhancing crop productivity. These

200 « Significant at 0.05 level
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Figure 2. Effect of allelochemicals from C. odorata on the growth of soybean.

350 = 1. Root length (cm)
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300 = 3. Root dry weight (g)

4. Leaf length (cm)
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« Significant at 0.05 level
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Figure 3. Effect of alelochemicals from C. odorata on the growth of radish.

Chromolaenain the Asia-Pacific region
Edited by M.D. Day and R.E. McFadyen
ACIAR Technical Reports No. 55
(printed version published in 2004)



allelochemicals also rendered the plants resistant to
pathogens and water stress. However, in the present
study, in the 1:50 dilution, the hormonal level would
be too low to cause any growth difference and it may
be the very low concentrations of the inhibitors
(alelochemicals) that brought about the increase in
growth and productivity. This effect of allelopathy is
a biotechnologica aspect where one can use alelo-
chemicals as growth regulators. A number of sesquit-
erpene lactones (secondary metabolites) are known to
possess this property (Fischer et a. 1989; Chen and
Leather 1990). Their activity is comparable to known
plant growth regulators which are otherwise expen-
sive (Bétish et a.1996).

350 =
300 =
250 9

200 M

% of control

In addition, the treated plants were found to be
resistant to pathogen attack and water stress and
remained healthy compared with the control plants.
Allelochemicals controlling plant diseases in crude
and purified form have been reported by using neem
(Ghewande 1989), eucalyptus (Singh and Dwivedi
1990), tobacco (Menetrez et al. 1990), ginger (Endo
et a. 1990), tagetes (Kishore and Dwivedi 1991) and
Salvinia species (Qureshi et al. 1989).

Therefore, allelochemicals may provide a cheap
source of growth regulators. They can be successfully
exploited for enhancing crop productivity, providing
excellent aternatives for integrated crop protection
programs thus restricting the use of synthetic and
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Figure 4. Effect of alelochemicals from C. odorata on the growth of palak.
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Figure 5. Effect of alelochemicals from C. odorata on the growth of ragi.
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