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DISCUSSION OF THE BIOLOGICAL CONTROL OF CROWSFOOT
GRASS, (ELEUSINE INDICA), IN INDIA, AFRICA AND AUSTRALIA

A.J. Wapshere
CSIRO Division of Entomology PO Box 1700 Canberra, ACT 2601, Australia

Summary.  The grass weed, Eleusine indica, had been selected as a candidate for both
bioherbicidal and classical biological control. Knowledge of the pests and diseases of the
closely related crop, Eleusine coracana, in India and Africa has been used to evaluate these
possibilities. In India and Africa, because of the importance of E. coracana, only bioherbicidal
control using local agents would be possible. In Australia, where the crop species is not
grown, both methods could be used. However, most insect pests and fungal diseases of E.
coracana have too broad a host range amongst grasses to be introduced to control E. indica.
Several of the main disease fungi on Eleusine spp. which already occur in Australia could be
used bioherbicidally. Only a few of the insect pests of E. coracana occur in Australia but
probably only the cecidomyid gall flies could be considered for introduction to control E.
indica.

INTRODUCTION

A recent appraisal of more than 250 grass weeds in Australia revealed that crowsfoot grass,
Eleusine indica (L.) Gaertn. could be a suitable candidate for biological control (34). This
possibility is considered in more detail with reference to potential agents, both in Australia and
elsewhere, on the weed and on the closely related crop, finger millet or ragi, Eleusine coracana
(L.) Gaertn. in India and Africa.

THE WEED AND ITS BIOLOGICAL CONTROL

E. indica is an annual weed in at least 60 tropical countries within at least 46 crops. It is
regarded as a major weed in 30 of those countries and 27 of those crops (13). In Australia, it is
particularly important in cleargrown tropical crops such as pineapples but is widespread as a
crop of cultivations in tropical and subtropical regions (15,31). In the less tropical regions of
Australia it invades pastures, lawn and gardens (2). The seed heads contain high levels of
cyanogenetic glycosides and the grass has been implicated in a few cases of stock poisoning
(8). No Eleusine spp. are native to Australia (6,36). Finger millet, E. coracana, an annual
staple cereal in India and Africa (20,21), is not grown in Australia. E. indica is only distantly
related to the principal crop and pasture grasses grown in Australia. However, it is tribally
related to the native pasture grasses Eragrostis spp. and Dactyloctenium radulans (R.Br.)
Beauv. and to 5 other native grass genera (7,35).

Biological control agents could be used in two main ways to control this weed. As E. indica is
exotic to Australia, agents from its home range, in this case Asia (13), can be introduced and
inoculatively released to control the weed without further human intervention. This is the
classical approach and agent specificity would be particularly important for a grass weed
because of the large number of important cereal crops and pasture grasses and also the many
native grasses in Australia. On the other hand, if the agents were already present on this weed
in Australia they could be developed as bioherbicides, particularly as E. indica is an important
weed in crops. In this inundative, bioherbicidal approach specificity is not as important as in
the classical approach. Despite the importance of E. indica as a weed in the tropics, there has
been no consideration of biological control until very recently, when Figliola et al (9)
investigated two fungi as potential bioherbicides in South Carolina, USA outside the Asian
home range of this grass. The main source of knowledge concerning potential agents for E.
indica comes from studies, principally in India and Africa, of the pest and diseases of E.
coracana (20,21).
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POTENTIAL AGENTS; THE FUNGI
Bipolaris setariae (Saw.).

The E. indica strain of this leaf spot fungus with a broad host range amongst grasses was
highly pathogenic to seedlings of all ages of the grass under glass house conditions and was
cultured on artificial media. Limited host range testing against 4 non-grass crops and two grass
crops, Zea mays L. and Sorghum bicolor (L.), Moench indicated restriction of the fungus to
grasses, and even then only limited lesions were produced on the two test grasses, whereas all
6 populations of E. indica tested were severely infected. Figliola et al (9) concluded that the E.
indica strain of B. setariae had suitable characteristics for development as a bioherbicide.
However, it is not recorded on E. indica in Australia.

Pyricularia grisea (Cke.) Sacc.

This fungus causes a blast disease of finger millet in India and Africa (18,21,22) and also
infests E. indica and other grasses. The disease affects all stages of the crop grass destroying
leaves, blocking the main stalk at the neck, causing the ears to hang down or fall away and
preventing grain formation in the remaining seed heads. It is readily cultured on artificial media
(11,22,28).

An E. indica strain of P. grisea was particularly pathogenic to seedling plants and only Z. mays
was infested by limited lesions when the same 6 crop plants as above were tested. However,
all 6 populations of E. indica were severely infested. Figliola er al (9) concluded that this
fungus also had suitable characteristics to be used as a bioherbicide. P. grisea is recorded in
Australia on E. indica and several other introduced grasses (Queensland Department of Primary
Industries, unpubl..).

Cochliobolus nodulosus Luttrell.

As its imperfect stage, Helminthosporium nodulosum Berk. & Curt., this systemic fungus
causes seedling and leaf blight, sooty head and foot rot of finger millet. All parts of the plant
and all growth stages can be infested (18,21,22). It can be readily cultured on artificial media.
It also infests E. indica and other grasses causing the same range of damaging symptoms. H.
nodulosum produces a toxin in culture which causes typical leaf spot symptoms when sprayed
on E. coracana (32,33). This fungus is recorded, as Bipolaris nodulosa (Berk. & Curt.), on E.
indica in Australia (Qld D.P.IL, unpubl.).

Pellicularia rolfsii (Sacc.) West.

The imperfect stage of this fungus, Sclerotium rolfsii (Sacc.) Curzi, causes wilt disease of
finger millet in India (17,18,22). It has a very broad host range infesting a wide variety of
grasses, including E. indica in Australia (Qld D.P.I. pers. comm.), and many dicotyledonous
crop plants.

Scleropthora macrospora (Sacc.) Thirum., Shaw & Naras.

This systemic downy mildew causes crazy top disease of finger millet replacing the seed heads
with a mass of shortened stems, leaves and ears. It is an obligate parasite and has not been
artificially reared. Its host range includes many other grasses including E. indica. However
physiologic specialisation to its host is well developed (24,25). The fungus is recorded
(sometimes as Sclerospora macrospora Sacc.) from many grasses in Australia but not from E.
indica (29) which may indicate that the Eleusine form does not occur here.

Melanopsichium eleusinis (Kulk.) Mundk. & Thirum.

This ovaricolous smut turns seed grains in the spikes into black globose sacs. It can be readily
grown on artificial media (18,21,22). In Asia and Africa it is recorded only from Eleusine
spp. and the related Dactyloctenium aegyptium (L.) Beauv.(37). The smut has been tentatively
recorded on the native grass Dactyloctenium radulans in Queensland (29).
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POTENTIAL AGENTS; THE INVERTEBRATES

Because of the large number of insects recorded as pests of E. coracana in Africa and India
(10,12,19,21,27,30), which most probably also infest E. indica in those countries, they are not
considered individually (Table 1). There, locusts, grasshoppers, ground beetle grubs
(Melolonthidae), black beetles and weevils infest E. coracana crops, but all these insects have
very broad host ranges. Of the nine foliage-feeding lepidoptera in India and Africa only Plusia
signata Fb., Spodoptera exigua (H.) and S. exempta are recorded in Australia. Of the seven
ear-head feeding lepidoptera larvae damaging to finger millet, only the polyphagous Heliothis
armigera Hb. and Sitatroga cerealella Ol. occur in Australia. None of the seven stem-boring
lepidoptera are found in Australia of the two stem boring dipteran flies of finger millet in India
(26) only Atherigona miliacea Mall., occurs in Australia where it infests other cultivated millets.
Two species of foliage feeding Coleoptera in India or Africa do not occur here but foliage and
root feeding Chaetocnema spp. do occur in Australia. It is not known if one of them is the
same as the species infesting finger millet in India. The cell sucking bugs (Heteroptera) which
destroys seeds of finger millet in the two countries do not occur in Australia. The aphid with a
host range restricted to several millets in India, Sitobion (Macrosiphum) leelamaniae (David),
(23) does not occur in Australia. Of the other pest aphids on the plant all but Schizaphis
graminum R. are already present in Australia. Unless stated all these type of insects infest a
wide range of grasses at least (12).

The most interesting of the recorded pests of E. coracana as potential classical agents for £.
indica are the cecidomyid gall midges. Barnes (3,4,5) considers, that the Contarinia sp.
recorded infesting the flower heads, which may even be a Stenodiplosis sp., and that
Pachydiplosis sp. galling the stems of Eleusine spp., are not the same as Contarinia sorghicola
Coq. which infests sorghum and Pachydiplosis oryzae Mani. which infests rice (4,5,21). Itis
not known if these probably distinct species infesting Eleusine spp. occur in Australia.

A small group of nematodes infest E. coracana in India (1,14,16). All except one have broad
host ranges amongst the grasses at least. The cyst nematode Heterodera delvii Jairajpuri et al.
appears only to have been found on finger millet.

DISCUSSION

Because of the lack of knowledge of the organisms infesting the annual weed, E. indica, the
effect of and damaged caused by the diseases and pests of the closely related annual crop E.
coracana is used here as a model of the biological control potential of those organisms in
controlling E. indica. In the case of the fungi, H. nodulosum and S. macrospora the symptoms
of disease and damage are indeed similar on the two Eleusine spp. (22,25).

E. coracana is a staple cereal in India and Africa and it would therefore not be possible to
exchange organisms on E. indica between those two regions for control purposes. The
organisms in those two regions would have to be developed as bioherbicides to achieve control
in crops other than finger millet. Only two fungi in those regions have all the suitable
characteristics of being damaging to most growth stages, virulent against E. indica, and readily
multiplied on artificial media. These are P. grisea, as Figiola et al. (9) have established, and C.
nodulosum/H. nodulosum. Although the more specific smut, M. eleusinis, can also be reared
artificially it could only be used to reduce seeding. The downy mildew S. macrospora, because
it is an obligate parasite, cannot be artificially multiplied. None of the insect species are suitable
for development as bioherbicides. In tropical and sub-tropical regions of Australia where E.
indica is a crop weed P. grisea and C. nodulosum/B. nodulosum occur and could be developed
as bioherbicides if virulent strains from E. indica could be selected. The toxin produced by H.
nodulosum could also be investigated as a fungal herbicide to control E. indica.

Since E. indica is not native to Australia and E. coracana is not a crop in Australia the
possibility of classical inoculative control arises. However, only one fungus, the smut, one
nematode H. delvii and one group of insects, the cecidomyid gall flies could be considered for
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introduction. Even then, the smut M. eleusinis also infests Dactyloctenium spp. and the
Australian native D. radulans is an important self-seeding pasture grass here. There is also an
indication that the smut is already present in Australia. The host range of the nematode
requires study before it could be considered. Cecidomyid gall flies are considered to have a
high degree of specificity to their host grass genera (4). If the Contarinia sp. and Pachydiplosis
sp. in India and Africa do not occur on E. indica in Australia and their restriction to Eleusine
spp. is confirmed they could be introduced as biological control agents

Table 1 Some insect pests of Eleusine coracana in India or Africa and their occurrence
in Australia.

PART OCCURRENCE AS RECORDED
INSECT SPECIES OF APESTIN IN AUSTRALIA
PLANT INDIA = (1)
INFESTED AFRICA = (A)
LEPIDOPTERA
ARCTIIDAE
Amsacta albistriga W1k Leaves I NO
Creotonotus gangis L. Ear-heads I NO
Diacrisia obliqua Wik. Ear-heads 1 NO
Estigmene lactinea (Cram.)
(=Amsacta lactinea Cram.) Leaves I NO
NOCTUIDAE
Busseola fusca (Fuller) Stems A NO
Cirphis unipunctata Haw.
(=Mythimna unipunctata) Leaves I NO
FEublemma silicula S. Ear-heads 1 NO
Heliothis armigera Hb. Ear-heads | YES
Plusia signata Fb. Leaves I YES
Pseudaletia separata Wlk. Ear-heads I NO
Sesamia calamistis Hamp Stems A NO
S. inferens Walk. Stems 1 NO
Spodoptera exempta (Walker) Leaves A YES
S. exigua (H) Leaves I YES
S. littoralis (Boisd.) Leaves A NO
LYMANTRIDAE
Porthesia xanthorrhea Koll. Ear-hecads I NO
PYRALIDAE
Chilo zonellus Swinh.
(=C. partellus (Swinh.)) Stems LA NO
C. orichalcociliellus (Strand) Stems A NO
Cryptoblabes angustipennella Hamp. Ear-heads I NO
Euproctis virguncula Walk. Leaves I NO
Marasmia trapezalis Gn. Leaves LA NO
Saluria inficita W. Stems 1 NO
Stenachroia elongella Hamp. Ear-heads 1 NO
GELECHIIDAE
Sitotroga cerealella Ol. Ear-heads LA YES
STATHMOPODIDAE
Stathmopoda theoris Meyr. Ear-heads 1 NO
TORTRICIDAE
Cacoecia epicryta Meyr. Ear-heads 1 NO
DIPTERA
MUSCIDAE
Atherigona soccata Rond. Stems I,A NO
A. miliaceae Mall. Stems 1 YES
CECIDOMYIDAE
Contarinia sp. (or Stenodiplosis sp.) Seeds LA ?
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Pachydiplosis sp. Stems 1 ?
HEMIPTERA

HOMOPTERA

APHIDAE

Hysteroneura setariae Thos. Leaves I YES

Macrosiphum leelamaniae David

(=Sitobion leelamaniae (David)) Leaves I NO

Rhopalosiphum maidis Fitch.. Leaves LA YES

Schizaphis graminum R. Leaves LA NO

Tetraneura nigriabdominalis (Sas.) Roots 1 YES

HETEROPTERA

LYGAEIDAE

Lygus simonyi Reut. Seedlings A NO

COREIDAE

Leptocorisa varicornis Fb. Seeds | NO

CAPSIDAE

Calacoris angustatus Leth. Ear-heads 1 NO
COLEOPTERA

COCCINELLIDAE

Epilachna similis Thunb. Leaves A NO

CHRYSOMELIDAE

Chaetocnema sp. Leaves/Roots | ?

Lema downsei B. Leaves 1 NO

NOTE: This is not a complete list of insect pests recorded on E. coracana but only of those
belonging to insect groups known to have species restricted to a single grass genus. Not
included are locusts and grasshoppers (Orthoptera), Meloideae, Melolonthidae and
Curculionidae (Coleoptera), thrips (Thysanoptera) and many bugs (Hemiptera) and members of
other polyphagous insect groups. Some of the species listed as pests in India only are also
known to occur in Africa (e.g. some Lepidoptera and Aphidae) but they were not recorded in
the references as pests of finger millet there.
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