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ABSTRACT

Parthenium hysterophorus, of Neotropical origin, is the most predominant weed of vacant
plots, waste lands and pastures in most parts of India. It has been established that growth inhibitors
released from this plant to the soil through leaching, exudation of roots and during decay of residucs
suppress local vegetation and threatens natural diversity, Physterophorus is also reported lo affect
agriculture, human health and livestock production in India. As manual, chemical and competitive
displacement methods are not practicable, biological control trials were initiated by importation and
releases of the chrysomelid beetle Zyvgogramma bicolorata, The insect established readily, after
releases were inifiated in 1984, and started building up damaging population levels from 1983, Since
then it has spread over more than 200,000 sq km area in and around Bangalore, causing large scale
defoliation of parthenium and encouraging the growth of vegetation formerly suppressed by this
weed. But the insect was noticed to feed on sunflower in a few isolated ficlds in Kamataka, raising
fears of a host shift. However, detailed laboratory and field studies clearly indicated that Z bicolorata
is unlikely to become a pest of sunflower. The results of the studies carried out to date indicate that
Z bicolorata has the potential to bring about permanent reduction in the density of P.hysterophorusin
Bangalore and surrounding areas. However, it may be desirable to import additional natural encimies
such as the leal mining moth Bucculatrix parthenica and the seed feeding weevil Smicromnye
lunelentus, Similardy, importation of host- specific plant pathogens such as Puccinia abrupia var.
partheniicola, may also contribute to the successful biological control of this noxious weed

throughout India,

KEY WORDS : Biological Control, Weeds, Parthenium hysterophorts,
Helianthus annuus, Zygogramma bicolorata

INTRODUCTION

Parthenium hysterophorus L. (Asteraceae) is a
native of southern parts of North America, Central
America, the West Indies and the central parts of
South America. It has accidentally begp introduced,
over the past five decades, into many tropical and
subtropical parts of the globe. The countries where
it is currently reported 1o occur include Australia,
China, India, Israel, Madagascar, Mozambique,
Nepal, South America and Victnam (Towers et al,
1977; Joe) and Liston, 1986). Noticed for the first
time in Pune in 1955 (Rao, 1956), P.hysterophorus
is now a serious weed of pastures, waslte lands and
also of agricullural ficlds, growing under
contrasting ecological conditions from sca level 1o
altitudes up to 2000m, in most parts of India
(Krishnamurthy ef al., 1977).

Conteibution No. 127/96 of the Indiun Instinwte of Honicw!tural

The alleopathic properties of P.hysterophorus,
combined with the absence of natural enemies like
insects and diseases that keep it under check in its
native home, have aided in the rapid spread of the
weed. It has been established that growth inhibitors
released from this plant to the soil through
leaching, exudation of roots and during decay of
residues, suppresses local vegetation. The weed is
also reported to affect the growth and yicld of
several plants (Sukhada and Jayachandra, 1979.
1980a, 1980b). IT left unchecked, P.hysterophorus
is likely to affect natural diversity and cause
extinction of native flora.

P.hysterophorus is also known to cause health
hazards in humans and animals. It flowers
profusely and releases large quantities of pollen
into the atmosphere. Aerobiological studics have
shown that parthenium pollen constituted 66.18 per
cent of the total annual pollen catch in the
Bangalore atmosphere (Agashe and  Abraham,
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1988)., An incrcase in the incidence of
nasobronchial allergy has been reported in
Bangalore, concomitant with the steady increase in
the widespread growth of the weed (Rao ef
al.,1985). The weed is also known lo cause
dermatitis in man (Towers ef al, 1977). It is a
threat to livestock as it reduces the availability of
fodder in pastures (Vartak, 1968) and affects
animal health when ingested (Narasimhan ef al,

1980).

Manual and chemical methods are reported to
be effective in controlling the weed in agricultural
ficlds (Krishnamurthy ef al., 1977). However, these
methods are neither practicable nor economical in
pastures and waste lands, as repeated applications
are required. Competitive displacement, using the
weed Cassia uniflora Mill. (Leguminosae), has
been advocated for the control of parthenium in
waste lands (Joshi, 1990, 1991). However, the
utility of this methods is limited due to lack of

specificity and the need to artificially disperse the .

competitor. As C.uniflora is also of Neotropical
origin and already spreading naturally in many
parts of northern Karnataka (Joshi, 1990), it could
prove o be another potentially harmful weed.
Besides, replacement of  the . noxious
P.hysterophorus by the unpalatable C.uniflora will
not solve the problems faced by cattle, especially
with respect to fodder availability, in grazing lands.

IMPORTATION OF NATURAL ENEMIES

Since P.hysterophorus has reportedly entered
India in the seed form, along with imported food
grains (Vartak, 1968), the natural enemies that keep
il under check in its native home were left behind.
Although a number of insects attack
P.hysterophorus in India (Kumar et al., 1979) none
of these are host specific. Extensive surveys carried
out in Mexico revealed that all parts of the
parthenium plant are attacked by a large number of
insects (McClay, 1980) and fungal pathogens like
Puccinia abrupta var. partheniicola (Evans, 1987).
Therefore, biological control trials were initiated in
India by the Indian Institute of Horticultural
Research (IIHR) by importing the leafl feeding
beetle  Zygogramma  bicolorata  Pallister
(Coleoptera: Chrysomelidae), the flower fecding
weevil Smicronyx Ilutulentus Dictz. (Coleoptera:

Curculionidac) and the stem galling moth Epiblema
strenwana (Walker) (Lepidoptera: Tortricidae).

Among the insects imported, the culure of
S.itulentus could not be established as live inseets
were not recovered from the shipment. Detailed
host specificity ftests were carried out with
Zbicolorata and E.strenwana, The laboratory
culture of Estrenwana was ferminated as
quarantine studies revealed that il can complete its
development on niger (Guizetia abyssinica)
(Jayanth, 1987a), although it is considered to be a
potential natural enemy in Australia (McFadyen,
1985). Detailed host specificity tests carried out in
Mexico, Australia and India (McFadyen and
McClay,  1981; Jayanth and Nagarkatti, 1987)
confirmed that Zbicolorata is incapable of
completing its development on any cultivated
Crops.

BIONOMICS OF Z.bicolorata

Adults of Z bicolorata, which measure about 6
mm in length, are off white in colour, with dark
brown longitudinal markings on the elytra. They
oviposit singly or in clusters of about six eggs,
mainly on the ventral leaf surface. The larvae feed
on the leaves, drop down and pupate in the soil.
Pupation takes place in chambers formed by the
larvac 1-3 cm below the soil surface. The egg,
larval and pupal periods are completed 4-5, 10-14
and 8-12 days respectively, with a total
developmental . period of about 23-30 days,
depending on the temperature. Laboratory studies
showed that mature larvae are incapable of
pupating in dry soil. Soil moisture, equivalent to
1.5 mm of rainfall was required for both burrowing
in of full grown larvae and emergence of adulls
from pupal chambers in the soil (Jayanth and
Geetha Bali, 1995). '

Adult females are generally larger than males
and can easily be differentiated by the shape of the
Jast abdominal sternite. The posterior margin in the
case of the female is entire,  while it is slightly
serrated at the tip in the male. The sex ratio was
found to favour of females, with only about 30% of
the population being constituted by males (Jayanth
and Geetha Bali, 1993a).

Zbicolorata remains-active in the field during
the rainy season between May and November,
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completing 5-6 generations under field conditions
in Bangalore (Jayanth and Geetha Bali, 1992).
They overcome the dry season by entering the soil
and remaining under diapause as adults. The insect
entered diapause over an extended period of time
between July and Liecember in Bangalore, with a
peak during October - November. Diapausing
adults burrowed into the soil and emerged in May -
June, with the commencement of monsoon rains
(Jayanth and Geetha Bali, 1993b). Temperature
tolerance studies revealed that the insect is capable
of breeding at temperatures ranging from 15-35°C,
although 20-30°C was the most suitable. These
studies also showed that adults diapausing within
the soil cannot tolerate continuous exposure to 40
.and 45°C for more than 10 days and 21 h,
respectively, suggesting that the beetle is unlikely
to survive in a state of diapause in parts of the
country, where the summer temperatures exceed
45°c (Jayanth and Gcaha Bali, 1993c).

Life table studies camed out during 1989 90
indicated that Zbicolorata is an efficient natural
encmy of P.hysterophorus, with a high biotic
potential. The major mortality factor was found to
be infertility of eggs and no parasitoids or predators
were recorded to attack this insect (Jayanth and
Geetha Bali, 1994a), However, since 1993 a
tachinid larval parasitoid? Chaetexorista sp. was
found to cause up to 51.6 per cent mortality of
larvae, towards the end of the breeding season of
the insect, during September to November. High
level of parasitism, later in the breeding season of
the beetle is likely to reduce the number of adults
entering the soil for diapavse and also the starter
population of the beetle immediately after
commencement of rains during the following year.
A Jow initial population of Z.bicolorata is likely to
increase the time taken by it 1o cause defoliation of
parthenium weed (Jayanth et al,, 1996).

FIELD EVALUATION

Field releases of Z.bicolorata were initiated in
1984 after obtaining the permission of the Plant
Protection Adviser to Government of India
(Jayanth, 1987b). Although the insect cstablished
readily, it started building up damaging population
levels only from July, 1988, probably after getting
acclimatised 1o local conditions.

Population build up and dispersal

Studies at Bangalore revealed thal an insect
density of one adult per plant caused
skeletonization of leaves within 4-8 weeks,
provided this densily is achieved early in the rainy
season. Low initial population densities only
prolonged the time needed to effect defoliation of
the weed. It was observed that up to 2000 adults are
produced per sq m of parthenium infestation. After
defoliation of parthenium in a particular plot, adults
were observed to move into the adjoining field. In
the absence of healthy plants, they migrated by
flight. The adults of Z.bicolorata are aided in their
dispersal by the prevailing wind. Surface winds
over Bangalore have a clear-cut seasonal character,
with the westerly components predominating
between May and September and the easterly

- components during November to March (Mani,

1985), Correspondingly, the insect was noticed to
migrate mainly towards the east up to September
and.in a westerly direction during October and
early November (Jayanth and Geetha Bali, 1994b).

Z.bicolorata which was present in only 10 ha
area during August 1988, was noticed to have
spread over 5 sq km arca by October of the same
year, which increased to 400, 5000, 20,000 and
50,000 sq km by the same period in 1989, 1990,
1991 and 1992 respectively (Jayanth and Ganga

Visalakshy, 1994). The beetle is now dispered over

more than 200,000 sq km in Karnataka, Tamil
Nadu and Andhra Pradesh, causing large scale
defoliation. Reports of its establishment and spread
have also come in from Jammu, Punjab, Haryana
and Madhya Pradesh.

Effect of defoliation on plant growth and
multiplication

Defoliation of P.hysterophorus due to feeding
by adults and larvac of Zbiceloraia was found to
cause up to 98 per cent reduction in flower
production, even though the insect does not feed
directly on the Mlowers (Jayanth and Geetha Bali
1994b). But the early stage larvac congregaie and
feed on the terminal and axillary buds, thus
preventing the emergence of flowers. Once the
flowers present on the plants, at the time of
defoliation, muture and the seed drop to the ground,
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no further flowers are added due to the destruction
of flower buds.

Parthenium plants are reported to produce an
average of 5925.5 inflorescence per plant (Joshi,
1991), which release cnormous quantities of pollen
(624 million/plant) into the atmosphere (Towers et
al., 1977). Defoliation of parthenium in extensive
areas in and around Bangalore city has caused an
overall reduction in flower production by the weed,
which in turn has reduced pollen density in the
atmosphere (Dr.8.N.Agashe, 1994, Professor of
Botany,  Bangalore  University,  personal
communication). This will benefit the people
suffering from nasobronchial allergy.

Succession of vegetation

During studies carried out over a period of
threc years, in an experimental plot at IIHR, 40
different species of plant, including 8 grasses, were
observed to grow in (he arecas vacated by
parthenium, duc (o defoliation by Zbicolerata
(Jayanth and Ganga Visalaksky, 1996). These
studies also indicated that the rate of reduction of
parthenium infestation and the degree of diversity
of succeeding plant species may vary depending on
the nature of human intervention, duration of weed
occupation, presence of viable seeds of the weed
and also that of competing vegetation besides the
history of land utilisation. A change in the plant
species complex is evident in Bangalore and
surrounding areas, with a large number of plants
growing in areas which were fully under
parthenium cover. Although pure stands of
parthenium are still visible at many pockets, these
arc generally disturbed areas. Field studies also
showed that ploughing of fallow agricultural fields,
after defoliation of parthenium by Zbicolorata,
resulted in renewed weed growth (Jayanth and
Ganga Visalakshy, 1996). This may be due to the
presence of over 200,000 viable sceds of
parthenium per sq m of infested soil (Joshi, 1990).

CONTROVERSY DUE TO FEEDING ON
SUNFLOWER

One of the apparent shortcomings of biological
control of weeds, using insects, is that it is difficult
to predict whether an insect introduced for
biological control of weeds may also damage
desirable plants. Therefore, it is mandatory that

potential biocontrol agents arc screencd for their
specificity to determine, beyond any reasonable
doubt, that they will not damage any desirable plant
specics. Host specificity tests arc carried out by
following an internationally recognised protocol,
which has evolved over a period of 75 years, based
on experience gained during the execution of
various biological control programmes worldwide.

Although detailed host specificity tests carried
out with Zbicolorata conclusively proved its
specificity to cultivated plants, the insect was
noticed to feed on sunflower in a few isolated fields
at Kolar and Arsikere in Karnataka, - raising
questions about the validity of the above tests and
also fears of host plant shift (Kumar, 1992;
Chakravarthy and Bhat, 1994). It was also
suggested that ITHR had imported Z.conjuncta
(Rogers), believing it to be Zbicolorar:
(Chakravarthy et al., 1994).

With regard to the identity, ITHR obtained i |
culture of Zbicolorata from the Mexicar:
Sub-station of the Commonwealth  Institute ol
Biolagical Control (CIBC), located at Monterry.
The genus Zygogramma is endemic to the
neotropical and nearctic regions of the world.
Z.conjuncta is reported only from Canada, where it
feeds on poverty weed, Iva axillaris Pursh. (Best,
1963). The culture of Z bicolorata introduced into
India and Australia was collected from Monterry,
Mexico. The material collected was compared with
the holotype of Zbicolorata in the American
Museum of Natural History, New York. This
identification was further confirmed by Dr.Richard
White of the USDA Systematic Entomology
Laboratory [Dr.A.SMcClay, 1992, Alberta
Environmental Centre, Bag 4000, Vegreville,
Alberta, Canada (former Head of CIBC Mexican
Sub-station) - personal communication].

Both P.hysterophorus and H.annuus are of
Mexican origin and Z bicolorata has evolved over
thousands of year to utilise the former as its host.
There are no reports of feeding by this insect on
sunflower in its native range. Since the beetle was
collected from the same area and brought into India
and results of host specificity tests carried out in
Mexico and Australia (McFadyen and McClay,
1981) are similar to those from India (Jayanth and
Nagarkatti, 1987), it is unlikely that there is any
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chance that the beetle introduced into India can be
Zconjuncta.

Extensive field observations carried out during
1992-96 clearly showed that feeding by adults of
Z bicolorata was noticed on sunflower leaves only
when they started migrating after defoliating the
weed, provided there was no rainfall during this
period. Even in situations where heavy feeding
damage was observed, the insect was not observed
to breed on the crop under field conditions. The
total area of the crop, where feeding by the beetle
was noticed, did not exceed 2 ha during any
particular year. It was also noticed that the insect
deserted the crop within 1-2 days after a heavy
downpour, Laboratory studies were, therefore,
initiated to understand the erratic fecding behaviour
of Zbicolorata on sunflower, so as to gel clues
regarding its specificity.

Specificily in insccts is controlled by a series
of behavioural and physiological reactions to
stimuli originating from the host plant. The insects
respond to Lhese stimuli through various types of
sensory structures that have coevolved in the long
association and constant interaction between the
insect, the host plant and its habitat (Sankaran,
1990). It was suggested by Frankael (1959) that,
since basic nutritional requirements of most insects
are similar, food selection and specificity must be
determined almost entirely by mnon-nutritional
factors, In some . insects, a series of stimulatory,
inhibitory and deterrent substances regulate host
range via characteristic behaviour patterns. In
some, it is largely determined by the presence of
one or more secondary plant products, which act as
phagostimulants.

Adulls of Zbicolorata could be induced to
feed on tender leaves of sunflower, within six h, by
smearing them with a 50 per cent crude agucous
extract of parthenium. Studies using various
chemicals extracted from the leaves of parthenium
revealed that the sesqueterpenc lactone parthenin,
specific  to P hysterophorus, was  the
phagostimulant responsible for inducing fecding by
adults of Z. bicolorata on treated sunflower leaves.
Parthenin is present in all parts of the parthenium
plant, including pollen  grains.  Further
mmmgauons resulted in the novel finding that
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extracts, on sunflower leaves also induced feeding
response in adults, These studies suggested that
accumulation of deposits of parthenium pollen or
trichomes on leaves of sunflower plants, growing
adjacent to the weed stand, during period of scanty
rainfall, may have caused feeding by adults of
Z.bicolorata (Jayanth et al., 1993).

Hosl transference involves acquisition by the
insect of the ability to survive and reproduce on a
new host. But feeding on non host plants may occur
for various reasons besides host transference.
Although host transference has hot occurred among
insects used for biological control of weeds, there
have been rcports of local and temporary damage
to non-host plants, Feeding by Teleonemia
scrupulosa Stal., introduced for biological control
of Lantana camara, on Sesamum indicum in
Uganda and Cactoblastis cactorum “(Bergroth)
introduced for control of Opuntia spp. on lomato in
Australia arc two such examples. But it is
heartening to note that these insects did not become
pests of the crops mentioned (Jayanth, 1993). In
situations where an introduced weed control agent
temporarily damages a beneficial plant, it may be
desirable to take a closer look at the cost/benefit
considerations of the importance of the weed
versus possible crop damage. For example, the
ecological and  economic  impact  of
P.hysterophorns, which has spread throughout
India, are enormous. Since other methods of
control are neither economical nor offer long term
solutions 1o the problems posed by this weed,
biological control by host specific natural cnemies
remains the only viable alternative. ;

Recently, field releases of Platphalonidia
mystica (Razowski and Becker) (Lepidoptera:
Cochylidae) have been initiated in Queensland,
Australia, although larval feeding damage occurred
on sunflower and dahlia during host specificity
testing (Griffiths and McFadyen, 1993). This step
was taken in view of the very great problem that P.
hysteraphorus is causing there and the threat of its
continued spread into southern Queensland, New
South Wales and Victoria.

Taking the above facts into consideration, the
best way of avoiding feeding by Zbicoloruta on
sunflower would be to prevent growth ol
parthenium adjacent o sunflower fickds in drought
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pronc arcas. Such a step would avoid build up of
the insect population in the immediate vicinity of
the erop and thereby the chances of feeding on
sunflower leaves.

FUTURE PROSPECTS

The results of the studies carried out so far |

indicate that that Z.bicolorata has the potential to
reduce the density of P. hysterophorus and
encourage lhe growth of vegelation formerly
suppressed by this weed. However, this insect alone
may not be sufficient to bring down the population
of the weed to the desired level. Besides Z
bicolorata is not likely to be effective in all
situations, where parthenium is prevalent. It may,
therefore, be desirable to import additional natural
enemies such as the. leal mining moth Bureculatrix
parthenica Bradley {(Lepidoptera: Bucculatricidae)
and the sced feeding weevil S.lutnlentus. Similarly,
importation of host-specific plant pathogens such as
P.abrupta var, partheniicola, which has recently
been introduced into Australia (Tomley, 1990),
may also contribute to the successful biological
control of this noxious weed throughout India.
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DIURNAL COURSE OF CERTAIN LEAF MOISTURE CHARACTERS IN
IRRIGATED AND UNIRRIGATED BLACK GRAM

R. CHANDRA BABU AND P.S. SRINIVASAN
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AHSTRACT

The effect of irdgation on diomal changes of certain leaf moisture charactenistics was

studied during early bean filling in black gram. There was o reduction in leal water potential and

- transpiration, while there was an increase in leal temperntvre and stomatal resistance as the day

advanced from ¥ 1o 14 b, Irigation had favourable influence on the leal moisture eharacters while

non- imgation proved deleterious. Mid-day observations of the leal moisture parmeters are
advisable in the screening of black pram eullivars for droghi.

KEY WORDS : Leaf Moisture Characters, Black gram, Drought Response



