Biological
Control of

Asiaf

SO

i




Biological Control of Weeds:
Southeast Asian Prospects

D.F. Waterhouse

(ACIAR Consultant in Plant Protection)

ACIAR
(Australian Centre for International Agricultural Research)

Canberra
AUSTRALIA
1994



The Australian Centre for International Agricultural Research (ACIAR) was established in June 1982 by an
Act of the Australian Parliament. Its primary mandate is to help identify agricultural problems in developing
countries and to commission collaborative research between Australian and developing country researchers
in fields where Australia has special competence.

Where trade names are used this constitutes neither endorsement of nor discrimination against any product
by the Centre.

ACIAR MONOGRAPH SERIES

This peer-reviewed series contains the results of original research supported by ACIAR, or deemed relevant
to ACIAR’s research objectives. The series is distributed internationally, with an emphasis on the Third
World.

©  Australian Centre for International Agricultural Research
GPO Box 1571, Canberra, ACT 2601.

Waterhouse, D.F. 1994. Biological Control of Weeds: Southeast Asian Prospects
ACIAR Monograph No. 26, vi + 302pp., 27 figs., 28 maps

ISBN . 186320099 1

Typset in 11/13 Times using a Macintosh IIvx running Quark XPress by K & B Publications

Printed by Brown Prior Anderson Pty. Ltd.



H B

Contents

Foreword

Abstract

Estimation of biological control prospects

Introduction

Target weeds

1. Ageratum conyzoides
2. Amaranthus spinosus
3. Bidens pilosa
4.  Chromolaena odorata
5. Commelina benghalensis
6.  Echinochloa crus-galli
7.  Eichhornia crassipes
8.  Eleusine indica
9.  Euphorbia heterophylla
10.  Euphorbia hirta
11.  Fimbristylis miliacea
12. Marsilea minuta
13.  Melastoma malabathricum
14.  Mikania micrantha
15. Mimosa invisa
16. Mimosa pigra
17.  Mimosa pudica
18. Monochoria vaginalis
19. Nephrolepis biserrata
20. Panicum repens
21. Paspalum conjugatum
22. Passiflora foetida
23. Pennisetum polystachion
24. Pistia stratiotes
25. Portulaca oleracea
26. Rottboellia cochinchinensis
27. Sphenoclea zeylanica
References

Index of scientific names of insects

General index

S~ W=

18
26
34
54
60
68
84
96
102
108
112
118
124
136
146
158
164
168
172
178
184
190
196
208
220
228

233
277
291

iii



Foreword

From its very beginning in 1982 ACIAR has been a strong supporter of biological control
as a sustainable and environmentally friendly alternative to the steadily growing use of
pesticides. This alternative has achieved great success in regions of the world
(e.g. Australia, New Zealand, Oceania, California) where many of the major insect pests
and weeds have been introduced from outside the region. Although a smaller proportion
of the major weeds in Southeast Asia are introduced than in many other regions, a recent
survey commissioned by ACIAR (Waterhouse 1993a) identified 28 major weeds that
merited evaluation as possible targets for biological control. Even if only half of these
weeds proved to be attractive targets, this number would require several decades of
research, major resources in personnel and equipment and strong support within the
region.

The aim of the present volume is to summarise for the major exotic weeds of agri-
culture in Southeast Asia what is known about their natural enemies and the prospects for
classical biological control. The book is intended to serve two purposes. Firstly, to facili-
tate, for the countries of the region, the selection of promising, individual or collabora-
tive, priority weed targets. Secondly, to provide donor agencies with an overall perspec-
tive of the region’s major exotic weed problems and prospects for their amelioration; and
thus to aid in the selection of projects for support that are best suited to their terms of ref-
erence.

It is hoped that it may be possible in the near future to produce a companion volume
dealing with major arthropod pests exotic to Southeast Asia.

G.H.L. Rothschild
Director
Australian Centre for International
Agricultural Research, Canberra



1 Abstract

Biological control programs have already been mounted in some region of the world
against 6 of the 28 major weeds that are exotic to Southeast Asia. Substantial or partial
success has been achieved in one or more countries for all of these except Mikania
micrantha, which is still under investigation. A substantial amount of information on
their natural enemies in the region where the weeds evolved is available on all 6. This is
in stark contrast with the situation for most of the remaining 22 weed species. Indeed, for
more than half of these, so little relevant information is available that it is not possible to
evaluate the chances of mounting a successful program. For this group of weeds the first
step would be a survey in the centre of origin of the weed. It is probable that surveys
could be mounted simultaneously of several candidate weeds in the same region of the
world (e.g. Central America or Tropical Africa). The very minimum period for a prelimi-
nary survey would be several weeks in both spring and late summer. When the organisms
collected had been identified by taxonomists a decision would be facilitated on possible
follow-up surveys.

On the basis of available information there are good to excellent prospects for
reducing, in at least some parts of the region, the weediness of the following:

Chromolaena odorata
Eichhornia crassipes
Mimosa invisa
Mimosa pigra

Pistia stratiotes
Portulaca oleracea

There are also good reasons for believing that there will prove to be valuable natural
enemies for the following:

Ageratum conyzoides
Amaranthus spinosus
Bidens pilosa

Eleusine indica
Melastoma malabathricum
Mikania micrantha

There is insufficient information yet available on the remaining 15 weeds to attempt
to evaluate their prospects for classical biological control.



2

Weed

Ageratum conyzoides
Amaranthus spinosus
Bidens pilosa
Chromolaena odorata
Commelina benghalensis
Cynodon dactylon
Echinochloa crus-galli
Eichhornia crassipes
Eleusine indica
Euphorbia heterophylla
Euphorbia hirta
Fimbristylis miliacea
Marsilea minuta
Melastoma malabathricum
Mikania micrantha
Mimosa invisa

Mimosa pigra

Mimosa pudica
Monochoria vaginalis
Nephrolepis biserrata
Panicum repens
Paspalum conjugatum
Passiflora foetida
Pennisetum polystachion
Pistia stratiotes
Portulaca oleracea
Rottboellia cochinchinensis
Sphenoclea zeylanica

Rating

17
17
10
18
10
18
21
20
24
10
10
23
12
13
13
18
15
17
26
10
16
15
11
11
14
10
12
14

Family

Asteraceae
Amaranthaceae
Asteraceae
Asteraceae
Commelinaceae
Poaceae
Poaceae
Pontederiaceae
Poaceae
Euphorbiaceae
Euphorbiaceae
Cyperaceae
Marsileaceae
Melastomataceae
Asteraceae
Mimosaceae
Mimosaceae
Mimosaceae
Pontederiaceae
Nephrolepidaceae
Poaceae
Poaceae
Passifloraceae
Poaceae
Araceae
Portulacaceae
Poaceae
Sphenocleaceae

Estimation of biological control prospects

Any Attractiveness
biological  as a target in
control SE Asia
successes?
- ++
- ++
- ++
yes ++++
- unsuitable
yes +++++
- ++
- ++
- ++
yes ++++
yes ++++
yes ++++
- +++
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3 Introduction

Waterhouse (1993a) published information, collated from agricultural and weed experts
in the 10 countries of Southeast Asia, on the distribution and importance of their major
weeds in agriculture. Ratings were supplied on the basis of a very simple system:

+++ very widespread and very important

++ not widespread but of great importance where it occurs
+ important only locally
. present, but not an important pest

The advantages and limitations of this system are discussed by Waterhouse (1993a). Of
232 weeds nominated, 140 were rated as highly important, and a subset of 40 particularly
SO.

The focus of the present work is on the possibilities for classical biological control
of those of this subset of 40 that evolved outside Southeast Asia. The assumption is that
many of these have been introduced without some of the organisms that help to control
them where they evolved. The chances are very remote indeed, for weeds that evolved in
Southeast Asia, of introducing sufficiently host-specific organisms from outside the
region. Nevertheless, it is possible that useful organisms present in, say, Thailand or
Myanmar may not be present in all of the islands constituting the Philippines or
Indonesia (or vice versa) and this possibility should be borne in mind.

The origin of 12 of the subset of 40 major weeds is believed to be Southeast Asia, or
close by, and these have been excluded from consideration at this stage. The remaining
28 species, 27 of which are treated here, are either known to have evolved in the
Americas or Africa or are postulated to have evolved in both Asia and Africa. This latter
group is considered because the possibility exists that useful organisms at the African end
of the range may not yet have extended their distribution into all of Southeast Asia.

The 28th species, couch grass, Cynodon dactylon, has not been dealt with because,
in many situations, such as lawns and some pastures, it is regarded as a highly desirable
species. Biological control agents would not distinguish between these situations and the
many others where it is a serious weed, so other control measures must be employed in
the latter instances.

Of course, it is not to be expected that all of any one country’s top 20 or even top 10
exotic weeds will necessarily be included in this regional priority list. Indeed, at least
some of those omitted might well merit the production of additional dossiers if they are
of such importance locally that resources for a program would be likely to achieve a very
high priority for a particular country. ACIAR would be interested to hear of weeds that
might be considered in this category.

It is not so long ago that Wilson (1964) pointed out that no insects had yet been used
for the biological control of aquatic weeds and that it was not clear “whether in the aquat-
ic environment there exists a sufficient development of that monophagy in phytophagous
insects that has been the main foundation for the biological control of weeds on land”. He



Introduction 5

referred to the opinion of Brues (1946) that aquatic insects show little host specificity, but
warned that this view might be the result of lack of information and recommended an
extension of research in this general field. In the intervening 30 years, research on four
major water weeds of South American origin has yielded success and even spectacular
success with the following: Salvinia molesta, Eichhornia crassipes, Alternanthera
philoxeroides and Pistia stratiotes (Room 1993).

It is very probable that a parallel can be drawn between the situation with water
weeds in 1964 and the “conventional wisdom” of today that grassy weeds are unsuitable
targets for classical biological control because of the danger to many major world crops
that also belong to the family Poaceae e.g. rice, wheat, maize, sorghum, millet, sugar-
cane. However, it would be very strange indeed if host specialisation occurred widely in
insects attacking all other plant families, but not amongst those attacking the very large
number of grasses. In view of the fact that 10 of the 18 world’s worst weeds are grasses
(Holm et al. 1977) and eight of the 28 major exotic weeds in Southeast Asia are also
grasses (Waterhouse 1992, 1993a), it is evident that the time is long overdue for a
detailed study of the natural enemies of these grasses in the regions where they evolved.
This theme is mentioned further below, in particular in the discussion on Eleusine indica.

For any biological control organisms to be approved for introduction into Southeast
Asia against weedy grasses they would need to be sufficiently specific that they would
not cause economic damage to the crop grasses listed in table 3.1. This list refers to
Thailand, but is believed to be much the same as that for other Southeast Asian countries.
It does not, however, include pasture species. A number of useful grasses are also har-
vested from the wild and some may have to be considered also, although there are impor-
tant weeds (e.g. Imperata cylindrica) amongst them. There are, of course, many addition-
al crop grasses of importance outside the region, but of little or no importance in most or
all of Southeast Asia. They would certainly have to be taken into consideration in other
regions of the world.

The successful biological control of a weed presents a special problem, seldom
shared by the control of an insect pest, namely that some other plant, perhaps even a
weed that is more difficult to control by other means, will spread to occupy the space
vacated. Reduction to the greatest possible extent of the density of a weed is desirable in
situations such as pastures or national parks. In many other situations, however, all that
may be required is a significant reduction in seeding (for annuals) or in competitiveness
(for annuals and perennials) so that the weed no longer has an opportunity of becoming
dominant and thus, when necessary, is more readily controlled by cultural or other mea-
sures. Thus, even partial biological control (leading to the weed becoming less aggres-.
sive) provides desirable plant species with the opportunity to compete more successfully
for sunlight and nutrients and may be of significant value.

~ Another problem is that many weeds display a good deal of variability throughout
their distribution, resulting in part from polyploidy, hybridisation with closely related
species and other genetic modifications. The taxa thus produced may not be equally sus-
ceptible to natural enemies, so it is desirable, where possible, to match them -with taxa
encountered in the surveys in the area of origin of the weed. It may also be necessary to
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seek expert taxonomic advice at an early stage, perhaps involving electrophoretic, DNA
and other studies, particularly when commencing a project on a weed that has not yet
been the target of a biological control investigation.

The summary accounts presented are designed to enable a rapid review to be made
of (i) the main characteristics of the major weeds of agriculture that are believed to be
exotic to part or all of Southeast Asia, (ii) what is known of their natural enemies and
(iii) prospects for reducing their weediness by classical biological control.

The material on weed characteristics draws heavily on the publications by Barnes
and Chan (1990), Holm et al. (1977), Noda et al. (1985) and Soerjani et al. (1987).
Additional information is available from these sources, including detailed botanical
descriptions, vernacular names, biology, agricultural importance and herbicidal control.

I am particularly grateful to the University of Hawaii Press for permission to draw
on 21 of the illustrations in its publication ‘The World’s Worst Weeds’ by Holm et al.
(1977) to Ancom Berhad, Malaysia (Barnes and Chan 1990) and the Director of
BIOTROP Indonesia (Soerjani et al. 1987) to draw on 2 and 3 illustrations respectively
from their publications and to the Division of Entomology CSIRO for permission to use
illustration 4.16. The figures have been slightly amended by the omission of inserts that
are mainly of taxonomic interest. Acknowledgement appears on each of the illustrations
used.

In most instances four databases were searched for relevant information:

AGRICOLA (Bibliography of Agriculture) 1970+
BIOSIS (Biological Abstracts) 1989+

CAB (Commonwealth Agricultural Bureaux) 1984+
DIALOG (Biological Abstracts) 1959+

I many cases abstracting journals and other sources published prior to the above
cominencement dates were also searched. Useful information was also obtained by
serendipity from these and other references and from unpublished records. Nevertheless,
in many cases the search cannot be described as exhaustive. Even more relevant, howev-
er, than attempting an exhaustive search would be a fresh, detailed field survey targeted
on the known (or presumed) area of origin of the weed. In any event, in most instances a
preliminary investigation would be highly desirable in the area of origin of a weed before
deciding whether or not to embark upon a major project. Several such surveys might well
be carried out simultaneously where more than one weed occurs in the same general
region. Indeed, it is strongly recommended that a pre-project activity be funded to carry
out such surveys, with special reference to selected weeds of major importance in
Southeast Asia.

Surveys of this nature are particularly important, since the amount of useful, pub-
lished information on arthropods or other organisms attacking the target weeds is, in gen-
eral, inadequate to serve as a basis for a sound decision. Although acceptable host speci-
ficity is required for classical biological control, it is possible that some of the less specif-
ic fungi listed might be developed for use as bioherbicides.

In addition to surveys in the region of origin of the weed(s) it will also be necessary
to survey the weed(s) in the country or countries where biological control is to be
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attempted. This is to indicate whether any of the organisms that might be considered for
introduction are already present.

The species treated are drawn from tables 10 and 11 of ‘The Major Arthropod Pests
and Weeds of Agriculture in Southeast Asia: Distribution, Importance and Origin’
(Waterhouse 1993a). It is quite possible that additional weeds rating highly in these
tables will prove to be exotic to Southeast Asia (or significant parts of it) and, alternative-
ly, that some considered to be exotic will, on further evidence, be shown to have evolved
in the region.

The natural enemies most commonly involved in classical biological control of
weeds have been arthropods, although there is a growing interest in, and a few striking
successes with, fungi. Because there is a considerable lack of uniformity in the names of
many of the insects involved, a separate index is included listing the preferred scientific
names. These have been used in the text, replacing those used by the authors quoted. On
the other hand, with few exceptions the names used for fungi, bacteria, nematodes and
viruses are those of the authors quoted, although it is probable that some names have
been changed since they were used. Where the name of a weed or an insect given in a
publication is no longer preferred by taxonomists, the superseded name, x, is shown thus
(= x), but this usage is not intended to convey any other taxonomic message. Indeed, the
superseded name may still be valid, but simply not applicable to the particular species
referred to by the author.

I am most grateful for assistance from many colleagues during the preparation of
this book. It is not possible to name them all, but special thanks are due to Dr B.
Napompeth (Thailand), Dr R. Muniappan (Guam), C.J. Davis (Hawaii) and, in Australia,
Dr I.W. Forno, Dr K.L.S. Harley, M.H. Julien, Dr K.R. Norris, J. Prance, Dr D.P.A.
Sands, Dr A.J. Wapshere and A.D. Wright of CSIRO and Dr R.E. McFadyen
(Queensland Department of Lands). Many others who have contributed unpublished
information are acknowledged at appropriate places in the text.

Valuable advice on taxonomic problems has been received from a number of col-
leagues in the Division of Entomology, CSIRO, Canberra, including Dr M. Carver
(Hemiptera), Dr P. Cranston (Diptera), E.D. Edwards (Lepidoptera), Dr 1.D. Naumann,
Dr K.H.L. Key (Orthoptera), T. Weir (Coleoptera) and Dr E.C. Zimmerman
(Curculionidae).

Continuing warm support has been provided by Dr P. Ferrar, Research Program
Coordinator, Crop Sciences, ACIAR, Canberra.

It is a pleasure to acknowledge the expert assistance of Mrs A. Johnstone
(Ms A. Ankers) in converting my manuscripts into presentable form; and also of Mrs S.
Smith and C. Hunt for assistance with the illustrations.

It would not have been possible to continue with these biological control activities
in deep retirement without the support, forbearance and encouragement of my wife, to
whom particular thanks are due.
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Table 3.1 Grasses (other than pasture species) that are important in Thailand.

A. Crop Grasses Importance
Bambusa spp. +++
Coix lacryma-jobi +
Cymbopogon spp. ++
Hordeum spp. ++
Oryza sativa +++++
Saccharum officinarum +++
Setaria italica ++
Sorghum bicolor ++++
Triticum spp. ++
Zea mays ++++
Zizania latifolia +

B. Grasses harvested from the wild

Arundo donax
Dendrocalamus spp.
Gigantochloa spp.
Imperata cylindrica
Melocanna baccifera
Phragmites spp.
Phyllostachys spp.
Schizostachyum dumetorum

bamboo, construction, furniture,
paper

job’s tears, cereal
lemongrasses, flavourings
barleys

rice

sugar cane

foxtail millet

sorghum

wheats

maize

vegetable

giant reed, cane
weaving, vegetables
construction, furniture
paper, roof thatch
paper, furniture, food
reeds, thatch, mats
furniture, vegetable
rope



a Target weeds

RN NN NN RN = === == -
NOOAON 2S00 NAE DR

__
S A RN bl

Ageratum conyzoides
Amaranthus spinosus
Bidens pilosa
Chromolaena odorata
Commelina benghalensis
Echinochloa crus-galli
Eichhornia crassipes
Eleusine indica
Euphorbia heterophylla
Euphorbia hirta
Fimbristylis miliacea
Marsilea minuta
Melastoma malabathricum
Mikania micrantha
Mimosa invisa

Mimosa pigra

Mimosa pudica
Monochoria vaginalis
Nephrolepis biserrata
Panicum repens
Paspalum conjugatum
Passiflora foetida
Pennisetum polystachion
Pistia stratiotes
Portulaca oleracea
Rottboellia cochinchinensis
Sphenoclea zeylanica
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Ageratum conyzoides
(after Holm et al. 1977)
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Ageratum conyzoides

=
2.

20+
Philippines
++
Q
- 0° Singapore 0™
A - \
Papuats. s

New Guinea

%vlndonesia ¢ . $
+ el 4
oD =% 5"
Rl

e

— 20° 20°—

Map 4.1 Ageratum conyzoides

As a member of the Asteraceae, it would be expected that Ageratum conyzoides would
have many natural enemies attacking it in its area of origin in Tropical America.
However, no study has been made and virtually nothing is known of the situation there.
Elsewhere it is attacked by a range of insects, nematodes, fungi and viruses, but almost
all have a very wide host range and are not suitable as biological control agents.

Surveys in Tropical America would be necessary to provide data on which
prospects for its biological control could be evaluated.
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4.1 Ageratum conyzoides L.

Asteraceae

goatweed, ageratum; bandotan (Indonesia), rumput tahi ayam (Malaysia), bulak
manok, kolokong kabayo (Philippines), ya tabsua, ya sap raeng (Thailand),

coO cut heo, bo xit (Vietnam)

Rating
4+ Myan, Thai
17 ++ Msia, Sing, Phil
+ Laos, Camb, Viet, Brun, Indo

Origin
Tropical America.

Distribution

Pantropical; also in the subtropics and extending into temperate areas from latitude 30°N
to 30°S. Widespread in SE Asia. Present in Java prior to 1860.

Characteristics

Ageratum conyzoides is a self pollinated, C3, annual herb. It is erect, often branched,
sometimes decumbent and ranges up to 1.2 m at flowering. Its flowers are light blue,
white or violet and its leaves and stems are hairy.

Importance

A. conyzoides occurs in both light and heavy soils in moister areas in agricultural land,
waste land, roadsides, plantations, pastures and upland rice fields. It may produce
40 000 or more seeds per plant and these are mainly spread by wind and water. They
germinate readily and the life cycle can be completed in less than 2 months. A. cony-
zoides is one of about 300 species in the genus, all of which originated in the Americas.
Goatweed is important in 46 countries in 36 crops and is troublesome in plantations
after grasses have been suppressed (Holm et al. 1977). It is a rapidly colonising, vigor-
ously growing weed in a wide variety of arable crops in which thick carpets of A. cony-
zoides compete strongly for nutrients and moisture. When a stand is destroyed another
rapidly takes its place. It is suspected of poisoning cattle, but this is not confirmed from
Australia. It was rated 19th of the World’s Worst Weeds by Holm et al. (1977), as equal
15th in Southeast Asia (Waterhouse 1993a) and 15th in the Oceanic Pacific
(Watérhouse unpub.).

Its crushed leaves smell strongly of coumarin and are used as a styptic for wounds,
also for sores, skin diseases, eye inflammation and lung problems (Gonzalez et al. 1991).
It is sometimes used as cut flowers in the home.
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Natural enemies

Although A. conyzoides is listed by Holm et al. (1977) as a weed in some crops in
Central and South America, it is significant that nowhere in that region (unlike the rest of
the tropical world) is it regarded as a serious or a principal weed. From this it might be
inferred that natural enemies might be controlling its abundance. However, so little infor-
mation on natural enemies (Tables 4.1.1 to 4.1.3) was obtained from the databases
searched that it is not possible to substantiate this claim. Almost all of the records are
from outside its area of origin and one (the agromyzid fly, Melanagromyza metallica) is
known to have a narrow host range. However, M. metallica is already widespread. In
addition to India, it is known also from many places including Taiwan, Philippines,
Vietnam, Thailand, Indonesia, Melanesia, Papua New Guinea, Solomon Is, Micronesia,
Australia and Africa. It lays its eggs on the apical part of the stem. The larva bores into
the pith region, gradually extending towards the root and the final instar larva cuts an exit
hole at the base of the stem. Mines may extend into the roots and pupae are often present
at about ground level in the mines (Singh and Beri 1973).

If A. conyzoides is considered to be an important target it will be necessary to sur-
vey for organisms attacking it in Central America and northern South America.

Table 4.1.1 Natural enemies of Ageratum conyzoides: insects and mites.

Species Location Other hosts References
INSECTS
Orthoptera
ACRIDIDAE

Zonocerus Nigeria Chromolaena odorata, Toye 1974

variegatus Lantana camara
Hemiptera
APHIDIDAE

Aphis craccivora many Raychaudhuri 1983

Aphis gossypii many Raychaudhuri 1983

Aphis spiraecola Java many Patch 1939,
(= A. nigricauda) Raychaudhuri 1983

Aulacorthum many Raychaudhuri 1983
solani

Brachycaudus many Raychaudhuri 1983
helichrysi

Capitophorus Eupatorium, Mirabilis, Ghosh et al. 1971
hippophaes Polygonum

Hyperomyzus Patch 1939
carduellinus

Mpyzus ornatus many Raychaudhuri 1983

Mpyzus persicae many Raychaudhuri 1983

Neomasonaphis many Raychaudhuri 1983
(= Masonaphis)
anaphalidis

Uroleucon Patch 1939
(= Macrosiphum)
solidaginis

Vesiculaphis pieridis  India Lyonia ovalifolia, Patch 1939

Pieris ovalifolia

(continued on next page)
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Table 4.1.1 (continued)

Species Location Other hosts References
ALEYRODIDAE
Bemisia tabaci India, a very wide range Angetal. 1977,
Malaysia, Sastry 1984,
. Turkey Shreni et al. 1979
DIASPIDIDAE
Mycetaspis personata Brazil polyphagous d’Araujo e Silva et al. 1968a
LYGAEIDAE
Nysius inconspicuus India sesame and many Thangavelu 1978
others
Thysanoptera
PHLAEOTHRIPIDAE
Haplothrips gowdei Hawaii vector of pineapple Sakimura 1937
yellow spot virus
THRIPIDAE
Calipthrips ipomoeae Brazil polyphagous d’Araujo e Silva et al. 1968a
Microcephalothrips India polyphagous Gopinathan et al. 1981
abdominalis -
Thrips tabaci Hawaii vector of pineapple Sakimura 1937
yellow spot virus
Diptera
AGROMYZIDAE
Calycomyza sp. USA Spencer & Steyskal 1986
Melanagromyza India, etc no other host Singh & Beri 1973
metallica mentioned
CHLOROPIDAE
Olcella pleuralis Trinidad C. odorata, C. ivaefolia, McFadyen 1988a
C. iresinoides,
Fleischmannia
microstemon,
Wedelia
caracasana,
Wulffia baccata
TEPHRITIDAE
Xanthaciura insecta Florida, C. odorata, McFadyen 1988a,
Trinidad F. microstemon Needham 1946
W. caracasana
Lepidoptera
ARCTIIDAE
Pareuchaetes Nigeria, C. odorata Bennett & Cruttwell 1973,
pseudoinsulata Trinidad Olaoye 1974
(= Ammalo insulata)
GELECHIIDAE
Dichomeris sp. Trinidad C. odorata Bennett & Cruttwell 1973
NOCTUIDAE
Pseudoplusia includens  Brazil polyphagous d’Araujo e Silva et al. 1968a
(=Plusia 00)
Spodoptera frugiperda  Brazil polyphagous d’Araujo e Silva et al. 1968a

(continued on next page)
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Species Location Other hosts References
PYRALIDAE
Pionea upalusalis Trinidad, C. odorata, C. ivaefolia, McFadyen 1988a
Puerto Rico,  Austroeupatorium
Venezuela inulaefolium,
Fleischmannia
microstemon
MITES
Brevipalpus obovatus India cotton, Solanum nigrum, Sadana et al. 1983
Sonchus asper,
Phaseolus vulgaris,
Euphorbia hirta,
Xanthium sp.,
Cichorium intybus
Tetranychus urticae China a very wide range Dong et al. 1986

Table 4.1.2 Natural enemies of Ageratum conzoides: nematodes.

Species Location Other hosts References

Aphelenchoides fragariae Hawaii strawberry, Vanda Sher 1954
orchids, Impatiens,
Nephrolepis biserrata

Helicotylenchus multicinctus Brazil banana, Portulaca Zem & Lordello 1983

' oleracea and several

weeds

Meloidogyne sp. Cuba Eleusine indica, Acosta et al. 1986
Croton lobatus, Holm et al. 1977
Cynodon dactylon

Meloidogyne arenaria Philippines Valdez 1968

Meloidogyne arenaria Philippines Valdez 1968

thamesis
Meloidogyne incognita

Meloidogyne javanica

Pratylenchus pratensis
Rotylenchulus reniformis

Philippines

Philippines,
Nigeria

Hawaii
Hawaii, India

many vegetables
and weeds
many vegetables
and weeds

many weeds

Mamaril & Alberto 1989

Mamaril & Alberto 1989,
Salawu et al. 1991
Valdez 1968

Holm et al. 1977

Linford & Yap 1940,

Lal et al. 1978
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Table 4.1.3 Natural enemies of Ageratum conyzoides: fungi, bacteria and viruses.

Species Location Other hosts References
FUNGI
Cercospora agerati Stevens 1925
Colletotrichium sp. India Kulkarni & Sharma 1976
Cylindrocladium
quinqueseptatum India many commercial Sulochana et al. 1982
hosts
Mycovellosiella perfoliata India Srivastava 1981
Puccinia conoclinii Stevens 1925
Sclerotium rolfsii India many Desai et al. 1980
BACTERIA
Pseudomonas India potato, Ranunculus Sathiarajan &
solanacearum sceleratus Sasikumar 1977,
Sunaina et al. 1989
VIRUSES
Ageratum vein yellowing India, (transmitted by Angetal. 1977,
Malaysia Bemisia tabaci) Shreni et al. 1979
anemone mosaic Holm et al. 1977
Bidens mottle several, including Logan & Zettler 1984
Zinnia, petunia
& Verbena
hibiscus yellow vein India (transmitted by Jeyarajan et al. 1988
mosaic B. tabaci)
pineapple yellow spot Hawaii Sakimura 1937
potato virus Y India potato Joshi & Prakash 1977
tapioca mosaic India (transmitted by Jeyarajan et al. 1988
B. tabaci)
tobacco leaf curl India tomato Holm et al. 1977,
Reddy et al. 1981
tomato leaf curl Turkey, many weeds Sastry 1984,
India (transmitted by Jeyarajan et al. 1988
B. tabaci)
urd bean yellow mosaic India (transmitted by Jeyarajan et al. 1988
B. tabaci)
Zinnia yellow net India (transmitted by Srivastava et al. 1977

B. tabaci)
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Map 4.2 Amaranthus spinosus

Mass rearing and release, as required, of the weevil Hypolixus trunculatus is reported to
provide good control of Amaranthus spinosus in Thailand but, of course, this is augmen-
tative rather than classical biological control.

Three other insects (a weevil, a leaf mining fly and a caterpillar) are known which may
prove to be adequately specific for classical biological control.

However, almost nothing is known about the natural enemies of A. spinosus in tropical
America where it evolved and it would thus be necessary to carry out a survey there in
order to evaluate what potential biological control agents are available.
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4.2 Amaranthus spinosus L.

Amaranthaceae

spiny amaranth, spiny pigweed, needle burr; hin nu nive tsu bauk (Myanmar),
phak khom nam (Thailand), phti banla (Cambodia), bayam duri (Malaysia and
Indonesia), orai (Philippines), dén gai (Vietnam)

Rating .
+++ Myan, Thai, Phil
17 ++ Msia, Sing
+ Laos, Camb, Viet, Indo

Origin
Tropical America.

Distribution

A. spinosus is mainly tropical and subtropical in distribution, but also extends into the
temperate zone from latitude 30°N to 30°S.

Characteristics

A. spinosus is an erect, much branched, annual, growing to 1.2 m. Its stems are angled in
cross section, fleshy, often reddish and bear many spines. Its leaves are alternate, with a
pair of straight spines up to 1 cm long at the base. The inflorescence is long, slender and
terminal or arises from leaf axils. The flowers are small, greenish and unisex. It is propa-
gated by reddish brown seeds.

Importance

Spiny amaranth prospers in warm sunny situations, but not where it is cool or shady. It is
not reported as a problem in the Mediterranean or Middle East. It is a weed in 44 coun-
tries in 28 crops, mainly in the Caribbean, in the west and south of Africa, in India and in
Southeast Asia. Up to 235000 seeds per plant have been recorded. Seeds are spread by
wind and water. Some germinate soon, others over several months and still others remain
viable in the soil for many years. A. spinosus is abundant in cultivated and abandoned
fields, along roadsides and in waste places. It is a weed of varying degrees of aggressive-
ness in many crops, including upland rice, cotton, cowpeas, groundnuts, maize, mangos,
millet, pineapples, sugarcane and vegetables. The rigid needle-like spines break off in the
hands of workers in sugarcane, cotton and other crops.

A. spinosus may contain high nitrate levels and has been implicated in livestock poi-
soning. It is avoided by most animals because of its spines. Leaves are sometimes used
by humans as a green vegetable. Other Amaranthus species are valuable as a grain crop
in some South American countries and the family Amaranthaceae contains a number of
widely grown ornamental garden species (Purseglove 1968).



4.2 Amaranthus spinosus 21

Natural enemies

A. spinosus is attacked by a number of natural enemies (Tables 4.2.1 and 4.2.2), but most
of the reports come from outside its native range and are of non-specific organisms. The
agromyzid fly Haplopeodes minutus, known in USA from species of Amaranthus and
Chenopodium (Spencer and Steyskal 1986) and both the beetle Cassida nigriventris and
the moth Coleophora versurella, known in Pakistan from these same plant genera (Khan
et al. 1978), may prove to be sufficiently specific to be candidate biological control
agents. ’

The weevil Hypolixus trunculatus, whose larvae tunnel in the stems and form galls,
is known from Pakistan, India and Thailand and attacks Amaranthus spinosus, A. viridis
and Digera arvensis. Although it has a relatively long life cycle and low reproductive
capacity, mass rearing and augmentative releases have resulted in a satisfactory level of
control and replaced the use of herbicides in Thailand (Julien 1992, Napompeth 1982,
1989, 1992a). Females deposit eggs singly in cavities scooped out of the shoots. Larvae
tunnel down inside the stem to its base, where a gall develops. Breeding continues
throughout the year but is at its height in late summer. At this time the life cycle is 44 to
50 days. Pupation occurs within the gall. Larvae and pupae are parasitised by larvae of
the pteromalid wasp Oxysychus sp. (Agarwal 1985).

Evans (1987) records five fungi from A. spinosus but, except for one which is
unsuitable because it has a wide host range, too little is known about their host specificity
to assess the prospects for their use in classical biological control.

Comment

Almost nothing is known about the natural enemies of A. spinosus in tropical America
where it evolved. A survey in this region would be necessary to document the organisms
attacking it. There are good general grounds for believing that there are some natural
enemies that are specific to the family Amaranthaceae. In most countries, members of
this family have little value as crop plants, so the chances are that some safe natural ene-
mies will be found that are of value as classical biological control agents.

Table 4.2.1 Natural enemies of Amaranthus spinosus: insects and mites.

Species Location Other hosts References
INSECTS
Hemiptera
APHIDIDAE
Myzus persicae Malawi, highly polyphagous Chapola 1980, Napompeth
Thailand 1982
COREIDAE
Cletus fuscescens Nigeria Amaranthus dubius, Ukwela & Ewete 1989
A. cruentus,
A. hypochondriachus
LYGAEIDAE
Germalus unipunctatus ~ Vanuatu Cock 1984b
Nysius sp. Vanuatu Cock 1984b

(continued on next page)
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Table 4.2.1 continued

Species Location Other hosts References
MIRIDAE
Horcias nobilellus Brazil " polyphagous d’Araujo e Silva et al. 1968a
PIESMATIDAE
Piesma cinereum Brazil polyphagous d’ Araujo e Silva et al. 1968a
Thysanoptera
PHLAEOTHRIPIDAE
Haplothrips India Amaranthus viridis, Dhiman 1986
longisetosus A. oleosa, Chenopodium
anthelminthicum
Coleoptera
CHRYSOMELIDAE
Cassida exilis Pakistan Amaranthus viridis, Baloch et al. 1976
Chenopodium album
Cassida nigriventris Pakistan Amaranthus viridis, Baloch et al. 1976
Chenopodium album, Khan et al. 1978
Spinacia oleracea
CURCULIONIDAE
Ceutorhynchus India red gram, Amaranthus Puttaswamy &
asperulus viridis, A. tricolor, Channabasavannal981,
Basella alba Puttaswamy et al. 1981
Hypolixus Pakistan, Amaranthus viridis, Agarwal 1985,
trunculatus India, Chromolaena odorata Baloch et al. 1976, 1977,
Thailand Digera arvensis Ghani 1965, Julien 1992
Napompeth 1982, 1990b,
1992a
MELYRIDAE
Astylus lineatus Brazil citrus d’Araujo e Silva et al. 1968a
Diptera
AGROMYZIDAE
Haplopeodes USA Amaranthus, Spencer & Steyskal 1986
minutus Chenopodium
Lepidoptera
COLEOPHORIDAE
Coleophora Pakistan Chenopodium botrys Khan et al. 1978
versurella
CURCULIONIDAE
Hypolixus ritsemae Vanuatu Cock 1984b
LYCAENIDAE
Zizeeria knysna Pakistan Baloch et al. 1976
Zizeeria krupta Pakistan Baloch et al. 1977, Ghani
1965
NOCTUIDAE
Neogalea
" (= Spodoptera) sunia  Nicaragua polyphagous Savoie 1988
Spodoptera eridania Nicaragua polyphagous Savoie 1988
Spodoptera exigua Nicaragua polyphagous Savoie 1988
Spodoptera litura Philippines  highly polyphagous Moody et al. 1987

(continued on next page)
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Species Location Other hosts References
PYRALIDAE
Loxostege sp. Argentina seed heads of C.J. Deloach
Amaranthus sp. pers. comm. 1980
(the genus Loxostege
contains pests)
Spoladea (=Hymenia) India, polyphagous Baloch et al. 1976
recurvalis Pakistan Chaudhury & Kapil 1977,
Vanuatu Lock 1984b, Ghani 1965
SCYTHRIDIDAE
Eretmocera Pakistan Amaranthus viridis, Baloch et al. 1977
impactella Chenopodium album
TORTRICIDAE
Archips sp. Pakistan Ghani 1965
YPONOMEUTIDAE
Plutella xylostella Pakistan Ghani 1965
MITE
TETRANYCHIDAE
Tetranychus India Amaranthus tricolor, Puttaswen.y &
novocaledonicus A. viridis Channabasavanna 1981

Table 4.2.2 Natural enemies of Amaranthus spinosus: nematodes, fungi, viruses.

Species Location Other hosts References
NEMATODES
Cactodera amaranthi Cuba spinach, other species Stoyanov 1972
of Amaranthus
Meloidogyne incognita Philippines Valdez 1968
Pratylenchus zeae rice, many weeds Fortuner 1976
Pseudocephalobus indicus India only recorded on Joshi 1972
A. spinosus
Rotylenchulus reniformis India, USA many weed hosts Inserra et al. 1989,
Lal et al. 1978
FUNGI
Albugo bliti Dominica, many Amaranthaceae Baloch et al. 1977,

Alternaria compacta
Aposphaeria amaranthi

Bipolaris indica (as
Drechslera indica)

Jamaica, India,
Pakistan, Sudan

India
USA

potential bioherbicide
for A. albus; effect on
A. spinosus not known
many, including
Helianthus, Pennisetum,
Portulaca

Evans 1987

Kar & Ashok-Das 1988
Mintz & Weidemann 1992

Evans 1987,
Kenfield et al.
1989

(continued on next page)
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Table 4.2.2 continued

Species

Location Other hosts

References

Cercospora brachiata
(= C. amaranthi)

Fusarium oxysporum f.sp.

elaeidis

Phoma tropica
Puccinia sp.

VIRUSES
cucumber mosaic

Digera mosaic
groundnut rosette
tobacco bunchy top
tobacco mosaic

India, Nigeria, = many Amaranthaceae
Uganda, Trinidad,

USA, Japan,

China, USSR

Nigeria oil palm, Chromolaena
odorata, Imperata
cylindrica, Mariscus
alternifolius

India

Hong Kong

India cucumber, Solanum,
nigrum, Tagetes
erecta, etc

India several weeds

Malawi (Myzus persicae

Philippines is a vector)

Evans 1987

Oritsejafor 1986

Evans 1987
Evans 1987

Suteri et al. 1980

Singh et al. 1975

Adams 1967

Chapola 1980

Eugenio & del Rosario 1962
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Bidens pilosa
(after Holm et al. 1977)
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Map 4.3 Bidens pilosa

Bidens pilosa is native to tropical America. Preliminary studies, based mainly on
Trinidad, indicate that it is attacked by a number of natural enemies, mainly insects, and
that several of these may be sufficiently host specific to be considered as biological con-
trol agents. Further host specificity studies are required and additional, wider-ranging
searches, particularly in South America.
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4.3 Bidens pilosa L.

Asteraceae
cobbler’s pegs, Spanish needle; djaringan ketul (Indonesia), pisau pisau
(Philippines) yah koen jam khao (Thailand)

Rating
++ Thai, Indo, Phil
10 + Myan, Laos, Camb, Viet
. Msia
Origin

Tropical America

Distribution

Pantropical. Known from Java before 1835, but apparently not present in Kalimantan or
the Moluccas (Soerjani et al. 1987).

Characteristics

Bidens pilosa is an erect, slender, branching, annual herb growing up to 1.5 m. Its stems
are four-angled in cross section and its leaves opposite and sparsely hairy. The abundant
yellow flowers are borne in heads on long stalks and produce black, barbed seeds charac-
teristically radiating in all directions from a common base. The recurved, 2-toothed barbs
enable the seeds to stick readily to hair and clothing and they are also distributed by wind
and water. Cobbler’s pegs prefers moister soils and flowers ail year round.

Importance

A very common weed of 31 crops in more than 40 countries, B. pilosa occurs in gardens,
cultivated land, open waste places and along roadsides. It is an important weed of pas-
tures, maize, sorghum, vegetables, cotton, tea, coffee, cassava, coconut, oil palm, citrus,
papaya, rice, rubber and tobacco. Single plants produce up to 6000 seeds, many of which
germinate readily, permitting three or four generations a year in some regions.

Some seeds remain viable in the soil for at least 5 years. When herbicides have
eradicated perennial grasses this weed often becomes dominant.

In South Africa the early spring growth is sometimes eaten by humans, but has low
nutritive value. It has a pungent essential oil that may taint milk.

Natural enemies

These are also dealt with in ‘Biological Control: Pacific Prospects’ (Waterhouse and
Norris 1987) which did not assess B. pilosa a particularly promising target for biological
control. However, more information has since become available (Table 4.3.1 and 4.3.2),
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particularly concerning leaf miners and seed head feeders of the fly family Agromyzidae.
This suggests that there may be good prospects for some of these natural enemies.

Few details are available of the natural enemies of B. pilosa in Brazil. The pupal
stage of the chrysomelid beetle Phaedon pertinax (= P. consimilis) lasts 6 to 8 days and
the pentatomid bug Stiretrus erythrocephalus passes through 4 instars in 30 days
(Ribeiro 1953). Thrips killed 22.25% of B. pilosa plants (particularly seedlings) and
Diptera infested 97.8% of flower heads. Parasitisation of these Diptera by wasps and
flies, varied from 40.96% to 58.91% according to the size of the population (Esposito et
al. 1985).

About half of the 2500 species of the family Agromyzidae have known hosts and
almost all of this group are restricted in their feeding to a single family or genus. Only 16
of the species (0.6% of the total) are truly polyphagous, feeding on a number of unrelated
families (Spencer 1990). Agromyzid flies are, therefore, worth serious consideration as
classical biological control agents. In this context, plants of the genus Bidens appear to be
particularly attractive to agromyzid flies for they support 19 species (Table 4.3.3).

In the tribe Coreopsideae (of the family Asteraceae) only two (Bidens and
Coreopsis) of its 26 genera support Agromyzidae (Table 4.3.4). Coreopsis is native in
North America, but no agromyzids are known on it there, although three polyphagous
species are known to attack it in Europe, India or Australia (Spencer 1990).

Eleven of the above 19 species are known from Bidens pilosa (Table 4.3.1). Of
these, three are restricted to the genus Bidens (perhaps even to B. pilosa), two are
polyphagous, and the remaining six have one or more additional hosts in other genera of
the Asteraceae. Ten of the eleven species are restricted to the Americas and further host
specificity tests may well indicate that many are valuable biological control agents. Four
of the ten form blotch mines (Amauromyza maculosa, Calycomyza allecta, C. platyptera
and Liriomyza archboldi), one makes long, linear irregular mines (Liriomyza venegasiae),
and three feed in the seed heads (Liriomyza insignis, Melanagromyza bidentis and M.
floris) (Spencer 1990, Spencer and Steyskal 1986).

The flower heads of B. pilosa are also attacked by three species of Tephritidae in
Central America and by one of these in India. Adult weevils of the genera Baris,
Centrinaspis and Promecops feed in the flowers of B. pilosa and other Asteraceae, but
are thought not to breed there. Several other insects (at least three other beetles and a
pierid butterfly) have also been recorded from B. pilosa and sometimes from other
Asteraceae as well.

Table 4.3.4 shows the position of the genus Bidens as a member of the tribe
Coreopsidae, within the family Asteraceae. There may well be natural enemies that
attack it, but not any species of agricultural or special environmental significance.

Attempts at biological control

There have been none.
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Table 4.3.1 Natural enemies of Bidens pilosa: insects.

Species Location Other hosts References
Hemiptera
ALEYRODIDAE
Dialeurodes vulgaris India coffee, Erythrina Venkataramaiah 1974
lithosperma
APHIDIDAE
Aphis coreopsidis . Brazil soybean Almeida 1979, d’ Araujo
e Silva et al. 1968a
Aphis illinoisensis Brazil d’Araujo e Silva et al. 1968a
Uroleucon Brazil, USA tobacco, lettuce Christie et al. 1974,
(= Dactynotus) sp. d’Araujo e Silva et al. 1968a
MIRIDAE
Garcanus gracilentus Brazil sweet potato, d’Araujo e Silva et al. 1968a
polyphagous
Horcias nobilellus Brazil polyphagous d’Araujo e Silva et al. 1968a
Amaranthus spinosus
PENTATOMIDAE
Stiretrus erythrocephalus  Brazil Ribeiro 1953
Thyanta perditor Brazil soybean Grazia et al. 1982
Coleoptera
APIONIDAE
Apion luteirostre South America Mikania micrantha Cock 1980
CHRYSOMELIDAE

Chalcophana viridipennis
Chlamisus insularis

Phaedon pertinax
(= P. consimilis)
Physimerus pygmaeus

CURCULIONIDAE
Baris sp.

Centrinaspis sp.
Promecops sp.

Rhodobaenus
cariniventris

Rhodobaenus
tredecimpunctatus

Diptera:
AGROMYZIDAE

Amauromyza maculosa

Brazil
Trinidad

Brazil,

(not in Trinidad)

South America
Trinidad
Trinidad
Trinidad

Trinidad

Trinidad

Trinidad (also
N&S America,
Hawaii)

Chromolaena odorata,
C. ivaefolia
Mikania micrantha

Mikania micrantha

(feed in B. pilosa
flowers)

(feed in B. pilosa
flowers)

(feed in B. pilosa
flowers)

adults feed on stems,
and petioles of B. pilosa,
Chromolaena odorata,
C. ivaefolia,
Austroeupatorium
inulaefolium

feed in B. pilosa stems:
and in several other
Asteraceae

polyphagous, but favours
Asteraceae

d’Araujo e Silva et al. 1968a
McFadyen 1988a

Cock 1980, d’Araujo e Silva
et al. 1968a, Ribeiro 1953
Cock 1980

Cruttwell 1971a

Cruttwell 1971a

Cruttwell 1971a

McFadyen 1988a

McFadyen 1988a

Cruttwell 1971a,
Spencer 1990, Spencer &
Steyskal 1986

(continued on next page)
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Species Location Other hosts References

Calycomyza allecta Trinidad (also  Helianthus, Rudbeckia Cruttwell 1971b, Frick
Brazil, and garden Asteraceae 1956, Spencer 1990,
Guadeloupe, Spencer & Steyskal 1986
Venezuela)

Calycomyza USA (Florida,  Asteraceae, including Spencer 1990

platyptera California) Aster, Helianthus, Spencer & Steyskal 1986
Zinnia

Liriomyza archboldi Florida restricted to Bidens Spencer 1990,
(Bahamas, Spencer & Steyskal 1986
Costa Rica)

Liriomyza insignis Costa Rica restricted to Bidens

Liriomyza trifolii
Liriomyza venegasiae

Liriomyza sp.
Melanagromyza bidentis

Melanagromyza floris

Melanagromyza splendida
Phytomyza atricornis

CECIDOMYIIDAE
Asphondylia bidens
DROSOPHILIDAE
Cladochaeta nebulosa
TEPHRITIDAE
Dioxyna sororcula
(= D. picciola)

Xanthaciura insecta

Lepidoptera

ARCTIIDAE
Hypercompe
(=Ecpantheria)
hambletoni
NOCTUIDAE
Cropia (=Dyops) minthe
Mocis latipes

Thysanoplusia

(= Diachrysia) orichalcea

P‘IERIDAE
Perrhybris phaloe
(= Ascia buniae phaloe)

cosmopolitan

Southern
California
Argentina
Florida,
Caribbean
Costa Rica,
Mexico,
Trinidad
(also Florida,
Neotropics)
USA, Hawaii

Australia

Florida
Florida
Florida,
Trinidad,
widespread

Florida,
Trinidad

Brazil

Brazil
Brazil

Kenya

Trinidad

polyphagous, including
Chrysanthemum
Venegasia carpesioides

restricted to Bidens
Verbesina sp.

Calendula sp

Asteraceae including
Helianthus, Lactuca
polyphagous, including
Cineraria

attacks several
Asteraceae in India

Ageratum conyzoides,
Chromolaena odorata
Fleischmannia
caracasana

Panicum maximum,
Paspalum notatum,
Hyparrhenia rufa
coffee and other crops

Spencer 1990
Spencer 1990,
Spencer & Steyskal 1986
Spencer 1990
Spencer 1990
Cruttwell 1971a, Spencer

1990, Spencer &
Steyskal 1986

Spencer 1990,

Spencer & Steyskal 1986
Kleinschmidt 1970
Steyskal 1972

Steyskal 1972

Cruttwell 1971a, 1972a,b,
Steyskal 1972

McFadyen 1988a,
Steyskal 1972

d’Araujo e Silva et al. 1968a

d’Araujo e Silva et al. 1968a

Lourencao et al. 1982

Bardner & Mathenge 1974

Cruttwell 1971a
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Table 4.3.2 Natural enemies of Bidens pilosa: nematodes, fungi, mycoplasmas,

viruses.
Species Location References
NEMATODES
Meloidogyne sp. Hawaii Linford et al. 1949
Meloidogyne hapla India Singh et al. 1979
Pratylenchus minutus Hawaii Linford et al. 1949
Rotylenchulus reniformis USA Inserra et al. 1989, McSorley
et al. 1981
FUNGI
Cercospora bidentis Mauritius Rochecouste & Vaughan 1959
Cercospora megalopotamica Hawaii Stevens 1925
Entyloma guaraniticum Mauritius Rochecouste & Vaughan 1959

Uromyces bidenticola

Hawaii, Mauritius

Anon 1960, Rochecouste &
Vaughan 1959

MYCOPLASMAS
aster yellows Hawaii Holm et al. 1977
Bidens witches broom Brazil Vega et al. 1981
VIRUSES
Bidens mosaic Brazil Kuhn et al. 1982
groundnut rosette Hawaii Adams 1967
Sonchus yellow net Florida Christie et al. 1974
soybean mosaic Brazil Almeida 1979
tomato spotted wilt Hawaii Sakimura 1937
PARASITIC PLANT
Cassytha filiformis Hawaii Raabe 1965
Table 4.3.3 Species in Agromyzid genera attacking Bidens.
Genus Specific to Bidens Specific to Coreopsideae Polyphagous
Melanagromyza 7
Amauromyza 1
Liriomyza 3 3 1
Calycomyza 3
Chromatomyia 1
Total 3 14 2
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Table 4.3.4 Relationship of four major Southeast Asian weeds and some economically
important genera within the family Asteraceae.

Family Asteraceae: 21 000 species (Mabberley 1987)

Tribe Some economically Weed species
important genera

Arctoteae

Carlineae

Echinopsideae

Cardueae Carthamnus, Cynara

Mutisieae

Lactuceae Cichorium, Lactuca

Vernonieae

Inuleae

Astereae Aster

Eupatorieae Ageratum conyzoides,
Chromolaena odorata,
Mikania micrantha

Calenduleae

Senecioneae Cineraria

Anthemideae Chrysanthemum

Heleniae Dahlia

Madieae

Heliantheae Cosmos, Helianthus, Zinnia

Tageteae

Coreopsideae Coreopsis Bidens pilosa

The family Asteraceae, by far the largest in the dicotyledons, has been subdivided into
18 tribes, some 1300 genera and about 21 000 species (Mabberley 1987). It contains sur-
prisingly few economically important crop plants, of which lettuce (Lactuca sativa),
sunflower (Helianthus annuus) and globe artichoke (Cynara scolymus) are the major
species. However, there are a number of commercially important garden plants, espe-
cially in the genus Chrysanthemum.
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(after Holm et al. 1977)
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Map 4.4 Chromolaena odorata

Chromolaena odorata is not a problem weed in the tropical Americas where it evolved. It
is attacked there by more than 200 insects, at least a quarter of which are probably suffi-
ciently host specific to be considered as classical biological control agents. The aggres-
siveness of C. odorata in countries to which it has spread is probably due to the absence
of most of these natural enemies.
The arctiid moth Pareuchaetes pseudoinsulata has been established in India,

Sri Lanka, Philippines, Sabah (Malaysia), the Mariana Is (Guam, Rota, Saipan, Tinian,
Aguijan) and Federated States of Micronesia (Yap, Pohnpei, Kosrae), but only in the two
latter island groups has it had spectacular success in controlling the weed. The mite
Acalitus adoratus has spread naturally to Southeast Asia and Micronesia but, as yet, is
having minor impact.

It is probable that a group of natural enemies will be necessary to bring about effec-
tive biological control of C. odorata in Southeast Asia, but there are a number of species
that are well worthy of attention and longer term prospects for control appear promising.
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4.4 Chromolaena odorata (L.) R.M. King and H. Robinson

(Formerly Eupatorium odoratum)

Asteraceae

Siam weed, devil weed; bizat, tawbizat (Myanmar), tontrem khet (Cambodia),
French weed (Laos), pokok tjerman (Malaysia), kirinyu, kumpai jepang, rumput
gol kar (Indonesia), hagonoy (Philippines) saab sua, yah sua mop (Thailand), co
hoi (Vietnam)

Rating

+++ Msia, Phil
18 ++ Myan, Thai, Laos, Camb, Viet, Indo
Origin

Central America and tropical South America (from Florida to northern Argentina).

Distribution

C. odorata is a weed throughout Southeast Asia, Irian Jaya, Papua New Guinea, New
Britain, Mariana and Caroline Is, southern China, Taiwan, Sri Lanka, Bangladesh, India,
West, Central and South Africa.

Characteristics

C. odorata is an upright or scrambling, thicket-forming, perennial shrub, growing from
1.5 to 3 m high. Its roots are fibrous with a few well formed anchor roots and many later-
als, the stems round, yellowish, hairy or almost smooth and profusely branched. Its
leaves are opposite, with toothed margins and are conspicuously three veined. The flow-
ers are at the tips of all stems, in clusters of 20 to 60, white or pale lilac. The achenes
consist of 5 mm-long seeds with hooks on their angles, together with a pappus of 5 mm-
long white bristles. The leaves have a pungent odour when damaged. Seed production is
prolific (as many as 2 million per plant) and seeds provide the main mode of reproduc-
tion. The achenes float long distances in the air and the seed hooks cling to hair and
clothing. Germination occurs as soon as there is adequate moisture, although some 66%
of seeds are not viable. Buried seeds lose up to 50% of their viability after 2 years (Yadav
and Tripathi 1982).

Importance

C. odorata is not a serious weed in the Americas and no specific control methods are
necessary (McFadyen 1991a). This is in stark contrast to its serious weed status in the
countries to which it has spread and has been attributed to the many natural enemies that
attack it in the Americas (McFadyen 1989, 1991c¢). It was introduced to Calcutta in the
1840s, had spread into Sri Lanka, Southeast Asia and Nigeria by the 1940s and into Irian
Jaya, New Britain and Micronesia by the 1980s. It is forecast to spread widely and
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aggressively in equatorial Africa, northern and eastern Australia and the Pacific
(McFadyen 1988b, 1989).

C. odorata grows in many soil types, but prefers well drained conditions and an
annual rainfall above 1000 mm. Although it is not a problem in continuously cultivated
land, it is most common and causes most losses in plantation crops, including coconut,
rubber, oil palm, tea, coffee, cocoa, teak and cashew. It also thrives in areas newly
cleared for planting, in abandoned or neglected fields, wastelands and along roadsides. It
is sometimes a weed in pastures. Its rapid growth enables it to smother most competitors
and it inhibits many with its allelopathic properties. It dies back after flowering in areas
with a pronounced dry season and then becomes a fire hazard. After burning or cutting,
the plants shoot freely from the crown. They are capable of forming dense tangled bushes
two to three metres high, occasionally reaching six metres as climbers on other plants.
The stems branch freely, with 20 or more laterals developing from axillary buds and
often bent over under their own weight. Impenetrable stands of the weed cut off access to
pastures and provide hiding places for rats, pigs and other undesirable animals. C.
odorata is intolerant of shade, so that it dies out when the canopy closes in plantations
(Ambika and Jayachandra 1990, McFadyen 1988b, 1991a). The shoots and young leaves
contain nitrate at levels 5 to 6 times those toxic to stock and also pyrrolizidine alkaloids
and cattle deaths occur following grazing. Hand weeding of Chromolaena is reported to
cause skin allergy and scratches to result in infections (Ambika and Jayachandra 1990).

It is interesting that the spread of C. odorata in West Africa has led to a
polyphagous grasshopper Zonocerus variegatus becoming a pest. Although they are
unable to mature on the weed as the only diet, hoppers are strongly attracted to the plant
and especially to its flowers; and thickets are preferred night roosting sites. Boppré
(1991) hypothesises that the pyrrolizidine alkaloids accumulated from feeding on C.
odorata protect the grasshoppers and their eggs from predators and parasitoids, leading
to increased fitness and population density. However, this only occurs during the dry sea-
son, but not in the wet season when C. odorata does not bloom.

Claims have been made (e.g. Field 1991, Herren-Gemmill 1991) that, under some
circumstances, C. odorata may be beneficial to resource-poor farmers. One potential
advantage, is its ability to outcompete another serious weed, alang-alang (Imperata cylin-
drica). However, McFadyen (1992) pointed out that a suitable perennial legume would
be even more beneficial than C. odorata, and she also refuted a number of other claims.
In Sri Lanka the indigenous legume Tephrosia purpurea has been successfully used to
suppress weeds including C. odorata under coconut (Salgado 1972). Whatever potential
benefits there may be in the presence of C. odorata there is an enormous body of fact to
demonstrate that C. odorata has serious adverse effects on agricultural productivity in
countries to which it has been introduced.

Natural enemies

A good deal is known about the insects attacking Chromolaena odorata, mainly as a
result of studies aimed at biological control which started in the late sixties at the
Commonwealth Institute of Biological Control Station in Trinidad. A number of scientists
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were involved, but principally R.E. McFadyen (née Cruttwell) (Bennett and Cruttwell
1973, Bennett and Rao 1968, Bennett and Yaseen 1975, Cock 1984a, Cock and Holloway
1982, Cruttwell 1973a,b, 1974, 1977a,b, Cruttwell and Bennett 1969, McFadyen
1988a,b, 1991a,b, Yaseen and Bennett 1977).

An extensive bibliography dealing with all aspects of C. odorata, including its nat-
ural enemies and biological control, was compiled by Muniappan et al. (1988a), later
supplemented in Chromolaena odorata Newsletters 3 (1990) and 6 (1992). The proceed-
ings of three International Workshops on Biological Control of Chromolaena odorata,
held in 1988, 1991 and 1993 also contain a wealth of up-to-date information.

In the Americas C. odorata is attacked by at least 207 insect and 2 mite species
(McFadyen 1988a). Of these, about half are probably polyphagous, a quarter are restrict-
ed to the Asteraceae and a quarter specific to Chromolaena. All stages of growth of the
above ground parts of the plants are attacked, but the roots have not been examined
(McFadyen 1991a) and not all regions where C. odorata occurs naturally were visited.
For other regions of the world McFadyen (1988a) quotes records of 42 insect and 9 mite
species, the vast majority of which are, or are likely to prove, polyphagous. Since then a
few additional species have been recorded, all but one of which (an eriophyid mite, see
India below) are likely to be polyphagous.

In Trinidad, the cumulative effect of the natural enemies is great, between 25 and
50% of all growing tips being destroyed. Seed germination is as low as 17% and many
flowerheads fail to produce seed. Seedlings often succumb to the attack of stem and tip
feeding insects and competitiveness and growth of established plants is greatly reduced
by insect attack. At different sites and in different seasons damage is caused by different
insects and, in general, is heaviest in shaded sites. Some of the insects are heavily
attacked by parasitoids and if introduced without these to another country might prove to
be even more effective.

In addition to an arctiid moth (Pareuchaetes pseudoinsulata) and a weevil (Apion
brunneonigrum), which have already had considerable attention paid to them (see next
section), McFadyen (1991c) has nominated an additional 11 insects for priority evalua-
tion (Table 4.4.1). Furthermore, others (Cruttwell 1974, Cock 1984a, Cock and Holloway
1982, McFadyen 1988c, Muniappan and Viraktamath 1986) have suggested an additional
22 species (Table 4.4.2) which were evidently considered less important by McFadyen
(1991c). It is clear therefore that, if required, there are many promising candidates for
detailed consideration. The additional species of Pareuchaetes suggested by Cock and
Holloway (1982) have not been investigated in detail, but all are believed to breed on C.
odorata or related species and several may be better adapted climatically and biologically
than P. pseudoinsulata to conditions in many overseas countries.

Although no special search has been carried out except in Trinidad and Tobago a
number of fungal pathogens occurring on C. odorata are shown in table 4.4.3. Half of the
records come from outside its area of origin and must, therefore, be suspected of having a
wider than desirable host range. Possibly Cionothrix praelonga is of greatest interest,
since preliminary tests indicate that it may be host specific (Ooi et al. 1991). It is autoe-
cious (i.e. it does not have an alternate host), occurs in the Caribbean and Venezuela and
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Table 4.4.1 Potential biological control agents for C. odorata: insects (after
McFadyen 1991¢).

Species Part Damage Problem Country found
attacked
Coleoptera

CHRYSOMELIDAE
Aulacochlamys sp. stem moderate Trinidad
Chlamisus insularis stem minor all Americas
Pentispa explanata leaf miner moderate prefers shade Trinidad

CURCULIONIDAE
Rhodobaenus stem great Trinidad

cariniventris

Diptera
AGROMYZIDAE
Melanagromyza shoot borer great cage mating West Indies, S. America

eupatoriella
CECIDOMYIIDAE

Clinodiplosis sp. shoot galls great rearing Trinidad
Perasphondylia bud galls great cage rearing all Americas
reticulata

TEPHRITIDAE

Procecidochares sp. stem galls moderate parasites Americas

Lepidoptera

BUCCULATRICIDAE

Bucculatrix sp. leaf miner minor Mexico
NYMPHALIDAE

Actinote anteas leaf great cage mating Trinidad, Costa Rica
PYRALIDAE

Mescinia parvula shoot borer great cage mating all Americas

causes conspicuous leaf lesions. Pseudocercospora eupatorii-formosani is reported to be
common and damaging on C. odorata in Brunei, but is widespread already in South and
Southeast Asia (Chacko 1988, Evans 1987, Peregrine and Ahmad 1982).

Attempts at biological control

Four insects have been released for biological control, the weevil Apion brunneoni-
grum, the fly Melanagromyza eupatoriella and two moths Mescinia parvula and
Pareuchaetes pseudoinsulata (Tabl