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range between 60 m and the e¢levated
layer base height. Wyngaard’s approach
for estimation of temperature structure
and stability characteristic in the ABL
using Doppler sodar measured winds
and temperature is found to be better in
the absence of surface layer and
radiosonde measurements. D. K, Paul,
S. P. Ghaneskar, B. §. Murthy and K G
Vernekar highlighted the sodar obser-
ved variations in the vertical wind
profile over Kharagpur during passage
of synoptic scale disturbances.

In the concluding session P. R. Pisharoty
offered his illuminating thoughts about
the computation of surface fluxes in the
monsoon tregion and recalled earlier
predicaments. The meeting concluded
that MONTBLEX 90 has provided
vaiuable and good quality data for
atmospheric boundary layer research in
the monsoon regilon. Several new
groups have started work on boundary
layer studies, with younger scientists
coming forward to present the results.
D. R. Sikka suggested that the boundary

layer rescarch communtty, which has
been generated through MONTBLEX,
should make sustained efforts in future
too. These efforts should culminate in
understanding the unresolved problems
of monsoon dynamics

Malti Goel, Department of Science and
Technology, New Delhi
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Biological control programmes in India — A review

in retrospect

Professor H. S. Smith coined the term
‘Biological Control’ in 1919 in ref-
grence to the control or regulation of
pest populations by natural enemies.
Biological control has been in practice
since 1200 AD and has provided
environmental safety and stability, in
addition to profits, to its practitioners.
The well-documented introduction of
the vedalia lady beetle from Ausiralia to
California gave an impetus to biologi-
cal control. California, Hawaii and
Australia were well-benefited from bio-
logical control programmes until the
advent of World War II. The discovery
of chlorinated hydrocarbons during
World War 1I, along wiih cyclodienes,
organophosphates, carbamates, synthetic
pyrethrins and others, has subsequently
led 1o the increased use of pesticides
and the reduction in wutilization of
biological control programmes through-
out the world. The publication of “Silent
Spring” by Rachel Carson in the early
1960s created a public awareness of the
environmental damage that synthetic
pesticides can cause., A search for
alternative methods to synthetic chemicals
fed 10 the re-emergence of biological
control, Biological control was redis-
covered, not just begun as an
*environmentally safe aliernative to the
chemical means of control’!

Various biological control projects
that have been carried out, the benetfils
derived from them, and problems en-

countered in different parts of the world
have been reviewed and documented?. 2,
Criticism of this programme has been
based on fewer facts and some misinfor-
mation. Introduction of the vedalia
beectle has not only been a huge success
but alse, thus far, shown no adverse
effects. However, a person could con-
duct a witchhunt to find a minor adverse
effect just to discredit this project. In
fact, in 1989, the US celebrated by
having centenary semunars and work-
shops to commemorate the introduction
of vedalia beetle.

Some authors who wish to discredit
biological control repeatedly cite Tele-
onemia scrupulosa Stal intreduction to
Uganda and India as misjudgements. In
Uganda this insect caused annual dcfo-
liation of lantana and when there was no
foliage it moved on to sesame®. On
sesame, only the first generafion deve-
loped and not the succeeding ones.
Also, it happened to be one of the most
preflerred cultivars planted at the Re-
search Station when the observations
were made®, Greathead® stated that he
has been misquoted (pers. comm) by
some authors to support their views and
it is tme to put an end to ihis
conlroversy, In 1943, a laborittory cul-
ture of 7. scrupulosa in Dehra Pun,
India, was destroyed ay it was {ound 1o
feed on the leaves of teak’, llawever,
the culture escaped from the laboratory
and spread throughout India®, lont-
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cally, a school teacher was even given
an award by the fate Prime Mimster
Indira Gandhi for aiding the spread of
this natural enemy and controlling lantana
bushes. 7. scrupulosa has never been
reported to feed on teak in the held and
also it has not been reported as a pest of
sesame since 1967 (ref. 5). Now, 1t 1s
widely used as an eflective natural
encmy of lantana throughout the world.

The project for introduction of the
Mexican beetle, Zygogramma bicolo-
rata Pallister, to India was halted after
host-specificity testing in the labora-
tories of Australia and India and ficld
releasing in some parts of India, be-
cause the beetle has beem obscrved to
feed on sunflower in the ficld” ¢, Time
will 1l whether the sowentists who
conducted host-spectficity tests faled to
delect the beetle feeding on suntlower
or if this project will become another
wasted controversy and résource, ke
the introduction of T. scrupulosa.

The project to replace FParthenium
with another exotic, invasive, alien
weed, Cassia wniflora Nill,, lacks mert
as the superior allelopathic propuity of
one weed is utihzed to reploce the
other! !, It may lead o the replacement
of one devil with another or may end up
aiding the sgpread of a highly alkel-
opdlhic enotic weed. Since Cassta spp
are  serious  weeds tn the  ttopwal
regions, some rescarch has abeddy been
conducted to explore the possibility of
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controlling them utilizing classical bio-
logical contrpd! 2,

The ntroductton of the toad Bufo
marinus (1. ) to Kosrae by the Japancse
for pornoning the monmitor lizard 15 a
hearsay storny 'Y In a subsequent citation
of this article. 11 was stated that the
Japanese ntroduced  this  toad  to
Mcronestan islands!. The fact is that
the toad was introduced to Guam (an
istand in Miycronesia) from Hawail in
1937. It was brought to Guam as a
general predator but a few years [ater
the control of the black slug and the
inttial decline of numbers of monitor
hzard were attributed to this toad'.
During World War 1, the Japanese
spread the toad to other Micronesian
islands. This work carried out by the
soldiers and laymen should not mernt a
place in the evaluation of a programme
like biclogical control.

Another example of misquotation of a
correct and published piece of infor-
mation is on the imtrodaction of
Orthezia insigmis Browne. It has been
documented that this insect was
accidentally introduced to the Nilgiris
from Sri Lanka in 1915 (ref. 15), but it
has been cited as a wrong polyphagous
insect introduced to India for biological
control of lantanal® 1?7 This misquoted
information has also been used to
discredit the programme for biological
control of exotic weeds in India”.

There are only a few success stories of
biotogical control in India. The reason
being that most crep pests are native
and have attained an equifibrium with
their natural enemies. Augmentative
releases of native natural enemies might
only cause temporary fluctuations in
pest populations. For example, the past
fifty years of inundative parasite
relcases for the coconut caterpiliar
Opisina arenoselfa Walker in southern
India has proven incffective. Inundative
refcase of  the  egg parasite
Trichogramma spp. for control of
sugarcane borey and other pests has
been steadily gaining popularity In
India However, Trichogramma $pp. are
being mass-reared on the eggs of
Corcyra cephalonica (Stainton) in
different laboratonies. The production of
eggs could be considerably increased if
Sutotroga cereulella (Oliver) is used
instead of C. cephalonica'd.

Simce most pests in India are native, it
may be worthwhile to try lokkanan and
Pimentel’s suggestion of introducing
natural enemies of a pest closely related
to the target pest, which is known as
‘new associagtion’. This method is based
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on the ecological principle of negating
the tendency of parasites and host
evalving to reach some degree of
balance and it has the polential of
controlitng native pests. It has grven a
success rate of 75% over the ‘old
associations’1?.

Most of India’s exeotic insect pests and
weeds were introduced without their
natural enemies into the new and
favourable environment wherein they
became serious  pests and  weeds.
Introduction of effective natural ene-
mies from their native areas normally
results in successful suppression. This
programme is usually identified as
classical biological control Suppres-
sion of Opuntia elatior Miller by Dacty-
loprus opuntiae Cockerell, Eriosoma
lanigerum (Hausm.) by Aphelinus mali
(Haldeman), Quadraspidiotus perniciosus
(Comst) by Prospaltella perniciosis
Tow, and Aphyvtis diaspidis {(Howard)
before  independence,  Heteropsylia
cubana Crawford by Curinus coeruleus
Mulsant and Salvinea molesta Mitchell
by Cyrtobagous salvintae Calder and
Sands have been achieved by adopting
classicat biological control techniques,

A brief perusal of biological control
programmes in Indja reveals that most
of the projects were piggy-backed onto
successful projects carried out else-
where. Most of the introductions of
exotic natural enemigs in the past were
done through the Commonwealth Insti-
tute of Biological Control substation in
Bangalore. Natural enemies of lantana
from Australia and Hawail, Crofton
weed from New Zealand, S molesta
from Australia and subabul from Hawaii
(via Thailand) were obtained based on
exploratory work, host-spectficity tests,
successful field establishment and the
resultant pubhcations from these countries,

Thus far, India lacks programmes for
identification of exotic pests and weeds
that could be easy targets for c¢lassical
biological control, biological control
strategies for native pests!?, monitoring
exotic pests and weeds that have already
mvaded sneighbouring countries and
could be expected to reach India within
the next few vyears, and the ability to
mobilize resources to tackle an exotic
weed or pest immediately after identi-
fying its establishment Recent world-
wide increase in commerce, tourism and
ransportation has a direct relationship
to the increase in intreduction of exotic
pests, diseases and weeds. The state of
[lawaii alone experiences the introduc-
tion of at least onc or more major pests
and about 20 arthropods every year?d.

—

Subabul psyllid, serpentine leaf miner
and coffee berry borer are some of the
serious pests that have been recently
introduced to India. Thus far, the action
taken was introduction of a natural
enemy for subabul psyllid but vet to
implement the projects for the other two
pests even though very successful
biological control projects have been
executed for them elsewhere 21,22, 1j
addition, the exotic weeds, Mikania
micrantha Kunth and Mimosa -« invisa
Mart.,, that have established in north-
eastern and southwestern India are easy
targets for biological control. Biclogical
control projects for M invisa 1n western
Samoa®®, Queensland (Australia)*® and
Pohnpei (N. M. Esguerra, pers. comm ),
and for M, mcrantha in the Solomon
islands?? and Malaysia?® are in progresss
The spiralling whitefly, Aleurodicus
dispersus Russell, which was noted in
Hawaii in 1978 (ref. 26), Guam in 1981
(ref. 27), and in the Pacific islands later
on, has already moved to the Maldives.
Within the next few vyears, we can
expect it to be in India. The natural
enemy of A dispersus from Fij has
already been obtained and released 1In
the Maldives?®,

Biological control is not a panacea to
tackle all the pest problems, However,
the benefits of this programme far
outweigh the shortcomings of some
introductions of natural enemies At
present, India is neither a leader nor a
follower in the arca of biological
control. It 15 merely a casual player in
this arena It could carefully scrutinize
the ill and beneficial effects of natural
enemies introduced elsewhere and con-
sider introduction of the ones that have
less or no negative effects. Already
FAO has drafted?? and the South Pacific
Commission’? has come up with guidel-
ines for biological control introduc-
tions. India may as well follow one of
them by enacting a legislation. This
should ensure negation of 1ll effects of any
future introduction of natural enemies

In general, biological control 15
economical, effective and environmen-
tally safe when implemented property.
Recognizing 1ts importance, espccially
in the less developed countrigs, the
Australian Centre for International Agri-
cultural Rescarch (ACIAR) has been
supporting major Dbiological control
programmes in the Pacific and ASEAN
countries> 23: 31, Biological control has
a major role to play in the sustained
agricultural development in India. Let
us not throw the baby with the bath

watcr.
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Ecological impact of insects introduced for
biological control of weeds — conflicting Interests

Many plants when introduced intent-
tonally or accidentally into new areas
become serious weeds. In the absence of
natural enemics they multiply faster in
the new environment and occur at much
grecater population densities than they
do 10 their natural habitat In situations
where 2 single alien weed dominates
farge areas, biologtcal control by ntro-
duced natural enemies alone can
provide an economic solution', Up to
1980 there were 174 projects to control
101 spegies of weeds world-wide, of
which 68 projects (39%) were con-
sidered successiul and led to appre-
crable controf of 48 weeds Alihough a
latge numbcer of mtroductians consistng
af 17) species of insecls, bwo mites, onc
nematode and lowr fungi were muade,
there has been no scientilic misjudge-
ment noc alteration of mseet diet®.,

The  firsg SLICCESY I
brological tontrol of o weed wos ob-

ecorded

tained in India when a bug Dacty-
loptus ceylonicus (Green), introduced
from Brazil in 1795 for production of
cochineal dye, spread on Opuntia
vulgaris and completely destroyed this
cactus 1n central and northern parts of
the country®, This was not a deliberate
attempt as D ceylonicus was mistaken
for the true cochineal mnscct D coccus
Costa. The {irst major success in a
biological contro! project was achieved
during the 1930s in Australia, where 69
million acres of land were cleared of
Opuntra spp by 1he inscct Cactohlasts
cactorum {(Bergroth)* Fxcellent results
have been achieved recently in India in
biological control of the floalinng agualic
weeds  water  Inyacinth  (Lechhornia
crassipes)’ and the waler fern (Salvina
nmolesta)®,

Lhe crucial pownt in a progronne lor

the brological conbrol of a weed v Lo
detenmine whether a candidale agent can
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be introduced to control a weed without
the danger that it may also damage
desirable plants One of the apparent
shortcomings of biological countiol of
weeds 1s that the outcome of s action
cannot be predicted 1 advance, There-
fore, most counttics itrcludimg Indw
require that potential biocentrol agents
are screcned to determine beyond all
rcasonable doubt, that they wili not
damage any desivable plant, after release
m the atca where control of the target
weed s requiied

Ihe currently employed provedures in
host speeificity deternnnation o evotie
biolopical control agents of weeds” have
evolved over a perniod of 73 years based
on eapeticoee gamed dunmg the execut-
ion of vanous hiological contiol pro-
gramases worldwide A saes of cight
ntornationd)  symposta on brotoewca!
contio} of weeds, startig o HYaY
provided futher oppotlambies fot din
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