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The pest status of Diamond-Back Moth (DBM) is reviewed with

particular emphasis on numerous problems associated with its chemical
. control, thereby leading to the need and rationale for examining its
biological control.

An indigenous primary endo-larval parasite (Apanteles plutellae
Kurdj.) was discovered in West Malaysia and its effect on DBM was
assessed experimentally in the laboratory and field.

After establishing the importance of the parasite detailed
investigations were made on its basic biology and ecology in relation
to the hoast; these aimed to provide insights on how the parasite
might be made more effective. Conserving the parasite, particularly
as a critical component for integrated pest control (IFC), was given
emphasis. In this context, the use of microblal agents and the
encouragement of adult food sources were specially considered. The
spatial distribution and population development of both the host and
parasite with respect to the plant and crop were also examined,
particularly as a basis for more effective and judicious employment
of insecticides. These were considered along with investigations
into the effects of a wide range of insecticides on DEM as well as
their hazards to the parasite, in order to identify the usefulness
and limitations of the varlious toxlcants.

An appraisal was also made of the current status of the
imported parasites / Diadegma eucerophaga Horstm. and Thyraeella
collaris (Grav.) / that were recently established in West Malaysia,
particularly the competitive/complementary role of D.eucerophaga
relative to that of A.plutellae,

Finally, the practical management of DBM in West Malaysia
and elsewhere is discwssed. In particular, emphasis is laid on
exploiting the effects and potentials of the parasites and their
employment in an IFC context. '
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1. INTRODUCTION

The Diamond~Back Moth (DBM) has been recorded as far back as
1746. Like many other insects, it had a rather confusing taxonomic
history as evident from the accounts of Muggeridge (1930) and Harcourt
(19632). Apparently, it was first illustrated by Roesel (1746) who
also provided a short account of its habits. Subsequently, confusing
it with the species (Harpipteryx xylostella L.) feeding on honeysuckle,
Linnasus (1758, 1761, 1767) described it under the name FPhalaena Tinea
xylostella,

Since 1837, the moth was also commonly referred to under the
name of Cerostoma xylostella (Curtis, 1883) in apite of the fact that
the genus Plutella was erected by Schrank in 1802 and a proper separa-
tion of the species with the proposed name maculipennis made by Curtis
in 1832, Besides, Zeller (1843), overlooking the species separation by
Curtis proposed for the cruciferous-feeding species the name cruciferarum,
leading to the use of Plutella cruciferarum Zell, for many years.
later, Meyrick (1885) pointed out that Curtis had previously described
it under the name maculipennis. This was subsequently confirmed by
Whitehead (189%) and Walsingham & Durrant (1897), and Flutella
maculipennis Curt. was then widely adopted for more than 70 years umntil
Bradley (1966) proposed that the specific name xylostella should replace
that of maculipennis since the former is valld and has priority, with
maculipennis falling as a junior synonym. Since then, it has been
generally accepted as Plutella xylostella (L.)/ Lep: Yponomeutidae (or

Hyponomeutidae) 7,

1.1 THE GLOBAL DISTRIBUTION AND IMPFORTANCE OF DBM

Throughout the literature on economic entomology, there are
many accounts of the importance of DBM. In some countries, such as
Argentina, Australia, New Zealand and South Africa, its depredatlons
were the cause of serious economic losses to cruciferous crops well before
1930 (Muggeridge, 1930). Since then and until 1939, Robertson (1939)
noted that although little detailed work appeared to have been done, the
moth was recorded as a peat of crucifers in many other parts of the
world: Tanganyika, Morocco, Chile, Bahamas, British Columbia, Jamaica,
Montana, Vancouver, Cyprus, Kona, Northern Caucasus, Lower Volga,

Pulawy and Lubin, Latvia, Poland, Finland, Denmark and Britaim. Many
more localities were subsequently added in later years, viz: Brazil
(Becker, M., 1981, pers. comm,), Bulgaria (Khristova, 1957), Egypt
(Hlasaneln, 1958), Hong Kong (Lee, 1968), India (Abraham & Padamanaban,
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1968), Indonesia (Ankersmit, 1953; Vos, 1953), Malaysia (Henderson,
19573 Ho, 1965), the Philippines (Capco, 1959), Singapore (Chuo, 1973)
and Taiwan (Hsu & Wang, 1971; Chin, 1974). Altogether, up to 1972
(CIE, 19673 Salinas, 1972) at least 128 countries have been listed by
the Commonwealth Institute of Entomology (Fig. 1.1).

In general, attacks by DBM vary considerably according to the
locality. For example, it is particularly serious in most of the
countries in South and Southeast Asla while only moderately so in several
other Asian regions., On the other hand, in many parts of Canada, Eurcvpe
and the United States (Muggeridge, 1930; Hardy, 1938; Sutherland, 1966;
Oatman & Platner, 1969) it is generally of minor concern. In England,
only very occasionally were large eccnomic losses involved, resulting
from mass immigration (Ormerod, 1892; Hardy, 1938; French & White, 1960;
French, 1965). In Germany, France and Italy, this insect is not present
in sufficlient numbers to be a serious pest, and in the last-named cowtry
it is comparatively rare (Muggeridge, 1930). Nevertheless, it is very
widely distributed, and the true distribution i1s undoubtedly greater than
indicated in Fig.1.1l. Hardy (1938) believed that it can survive wherever
Brassica crops are cultivated. |

Although climate alone often controls the spread of a speciles
by limiting it to certain areas outside which 1life is unsupportable,
in the case of DBM, climatic factors are believed to be chiefly
temperature and perhaps rain on some occasions (Hardy, 1938). Tolerance
of the moth is such that it not only can survive in most parts of the world
but alsc would multiply rapidly where the temperature is always within the
moth's developmental threshold (10-40°C). According to Hardy (1938), the
most favourable conditions (30-3500) correspond largely to the sub-tropics
and warmer temperate zones, In the equatorial reglons the higher altitude
is considered more favourable as the maximum lethal temperature is never
reached altogether,

" In spite of the wide adaptability of DBM, the moth is

held in check in some regions as mentioned earlier. Marsk (1917), in
outlining the situation in the United States, states that "DBM is a
striking example of a potentially serious pest normally held in repres-
sion by parasites ........Although it develops with remarkable rapidity
and is capable of causing extensive damage if umchecked, the DBM is so
effectively held in repression by parasites that it rarely hecomes more
than a minor pest.” The occurrence of such natural control of DBM is,

B S B B N 0RO ek T 0 55 5 W1 0 Rt e A T Nt gl 5
} R e L T
R R R

however, also recorded in many other places where the moth has remained

relatively scarce (Muwggeridge, 1930; Hardy, 1938; Robertson, 1939;
Ullyett, 1947; Kopvillem, 1960). Such records thus suggest that
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DEM has only become a serious pest in those countries in which
natural enemiea are absent or ineffective. In spite of the apparent
importance of the natural enemies, there has been little work on these
agents. This was clearly revealed in an analysis by Salinas (1972),
wherein most of the published work on DBM between 1947=71 were related
to chemical control while studies on its general biolegy (1life-history,
population dynamics, distribution and host-plant records) ranked second.
In contrast, papers mentioning natural enemies comprised barely 23%,
with those containing detailed biology and ecology even fewer. As such,
it was felt that there was need for more comprehensive investigations
on them,

Encompassed in the broad objectives of the present studies is
an attempt to identify some of the major natural enemy agents along with
their relative contridbutions, and to determine how these may be best
exploited for rational management of DBM. It is also hoped that the
findings will not only have general interest to similar pest programmes
elsewhere but may also benefit others by developing tasic understanding
of the utilization of natural enemies, More specifically, however, other
objectives are to understand more comprehensively the biological and
ecological implications of the action of such agents locally, and how
these nay relate to overcoming or minirising the problems presently
experienced with chemical insecticldes,

It is evident that in many of the countries where DBM
has posed a serious problem, chemicals have invariably constituted a
ma jor control component. For some, the exclusive dependence on these
toxicants has, apparently, also become unavoidable. Arising inevitably
out of this are several other associated problems which, under the present
circumstances, are perhaps best illustrated by situations in the Camercn
Highlands in West Malaysia (see 1.2) where the pattern of development of
Problems has been most thoroughly examined. Although the conditions in
other heavily-infested areas are not exactly similar to that of the present
case-study, the overall trends in pesticide usage and development as well
as the probiems encountered are similar., Differences are, perhaps in the
different severity of the problems. In any case, all these have generally
proved serious enough to demand attention and concern; and to fully
appreciate the extent and nature of these, the position in the Cameron
Highlands is dealt with in detail in the immediate following sub-section.

1.2 STATUS AND ASSOCIATED FROBLEMS OF DEM IN THE
CAMERON HIGHLANDS

Although most cruciferous crope have their origins in the
temperate region, many are now extensively cultivated in tropical areas,
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largely at the higher altitudes. In Malaysia, these are mainly
concentrated in the Cameron Highlands at elevations of about 900-1530 m.
Presently, commercial planting in the lowlands is confined to only a
few small areas, mainly Malacca and Johore, although some expansion is
expected there largely due to the recent development of heat~tolerant
cultivars.

In the Cameron Highlands, although vegetable cultivation
ranks second to tea in terms of area it is the most important agricultural
activity, essentially because of its rapid and high economic returms
(1im, 1972). Covering an area of about 1,214 ha in 1974, it had an
amual output exceeding 60,000 tonnes of which at least 60% were crucifers.
The crop values for the years 196474 averaged *hinggits 17.5 x 106 per
annum,

Due to fluctuations in market demand which has enormous
influence on the kinds of vegetables cultivated at any ome period, the
breakdown on the extent of each vegetable type that is planted can never
be precise. Nevertheless, cabbages / both Head cabbage (Brassica
oleracea var, capitata L.) and Chinese cabbage (Brassica campestris
ssp pekinensis) / predominate, constituting nearly 60% in coverage. Of .
these, the Head cabbage is almost double in extent. A more important
feature, however, is that these crops generally constitute the primary
commodity and occupy the central activity of the farmers, with the control
of insect pests their major problem.

To date, insects feeding on cabbages in Malaysia total not less
than 31 species (Yunus & Ho,1970a) with 17 reported from the Cameron
Highlands (Ooi, 1979a). Most of these have never attained pest status
while a few are regarded only as incidental pests that are readily
managed. However, DBEM has attained prominence as the most serious pest
of cruciferous crops, frequently causing extensive damage to both Head
and Chinese cabbages. Since the affected crops constitute a primary
produce and a major source of income in the Highlands, such infestations
by DBM have special significance. - Under these conditions, it is
thus not unexpected that great efforts and attention have been devoted to
crop protection, In gemeral, production inputs are unusually high, with
insecticides alone absorbing about 30% of the cost (Lim, 1972).

In the Cameron Highlands, control of DBM by conventional
chemical insecticides has sc far been the only practice. This unilateral
approach and over-reliance on chemicals have, however, led to several

Problems, viz:

* In 1974, 1 U.S. dollar was equivalent to 2.9 Malaysian ringgits,
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a) Increasing incidence of pesticide poiscning of the farmers: This is
due mainly to the rampant and unacrupulous use of insecticides (Singh,
1971; Lim, 1972; Ool & Sudderuddin, 1978). From 1968-70, an increase

of accidental poisoning from 5 in 1968 to 10 in 1970 was reported

(Singh, 1971).

b) Development of insecticide resistance: Field experience dating as far
back as the mid-1950s first indicated that insecticide resistance may
have developed in the DBM. Since then, it has also been repeatedly
suggested from a number of other observations. However, the problem
became really apparent whea in 1974 an overall analysis of the findings
and experiences of various relevant sectors associated with DBM

control (e.g., farmers, pesticide industries and government officials)

was first attempted (Lim, 1974), and wherein the pesticide history clearly
illustrated the seriousness and magnitude of the insectlicide resistance
problem. Expanded once by Ooi & Sudderuddin in 1978 this compilation and
analysis is now further amplified and updated in Fig. 1.2 to provide the
complete history/status of pesticide usage against the moth in the Cameron
Highlands until early 1980. As can be seen, the diversity of pesticides
employed to date has been enormous, ‘Furthermore, there has been constant

need to increase dosages or to change frequently to more potent insecti-
cides. 3Such a situation is also evident from official recommendations.
For instance, nicotine was first recommended prior to the war (Milsum &
Grist, 1941). But after the war, DDT and BHC were introduced and regular-
ly used. By 1957, however, field resistance was evident, leading to
diazinon and malathion being recommended (Henderson, 1957). Between
1956~=65, other chemicals proved effective and were introduced, viz,
endosulfan, endrin, Telodrin® and trichlorfon (Ho, 1965). However,
within a few years, DBEM was reported to have become resistant again,
resulting in Bacillus thuringiensis Berliner (B.t.) and 3 moderately
effective chemicals (DDVP, Metacil® and phenthoate) out of 13 recently
introduced materials to be recommended (Ho & Ng, 1970). Except for B.t.
which continues to be used on a limited extént, the others have now been
replaced by newer insecticides. Among the latter, no less than 15
insecticides of various groups have since followed a similar sequence of

usage (increasing dosages and frequency) and ultimate replacement.

The rapid development of insecticide resistance of DEM in the
Cameron Highlands has been evident for a long time, but field resistance
was confirmed experimentally and quantified only recently. Assay studies

R = Reglistered trade product.




FIGURE 1.2 Insecticidal usage against insect pests, mainly Plutella xylostella(L,) in the Cameron Highlands, Malaysia-l‘/.
(Shaded area and break indicate the period and change in usage, respec ivelyl.

Period (year)

INSECTICIDE Early Few years Early = Remarks
1550° beforve gh 64 65 66 67 68 69 70 7172 73 74 75 76 77 78 79 " o
Nicotine [ Off and on, and in small amount.
Heavy infestation uncommon.
Derris (rotenc- [} Off and on, and in small amount.
ne) Heavy infestation uncommon.
DDT 25% - —_—— Used at 5-8 c.c./gall.Resistance
_ 7 suspected by 1956.
Dieldrex 15 ——--— Not recommended on vegetables after
(dieldrin)} 1956.
(] .
©  Rogorldimetho- - [" croll amount.Mainly against leaf-
ate) miners.

Malathion 80% - R SR (@ croll amount.Ceneral use. After

1968,usage greatly reduced. In
recent years, used mainly in combi-
nation with other compounds.Resis-
tant factor experimentally confirmed
to be " x2,096 in 1978.

Agrocide (BHCL -~ R, | S2LL 1ount; Hainly againe:

cutworms. Some fileld resistance to
P. xylostella suspected by 1956.

Basudin 60F Bl e iy
(diazinon)

gall.in 1964,10 cc/gall after .1964.
Recently, used in combinations with
others.




FIGURE1l.2 (Continued 1),

Period (year)

INSECTICIDE Early Few years Early
1950 before 64 64 65 66 67 68 69 70 71 72 73 74 75 76 771 78 79 80 Remarks
Dipterex 80 SP : ] 1964:Commonly used,5=8cc/gall., good
(trichlorphon) Plutella control;1965-1966t Used at

20cc/gall,. ,poor control at end of
1966;After 1966:usage greatly reduced.

Telodrin 15 . Used at S5cc/gall.Very good control.
(1sobenzan) _

Many wild birds dled after feeding on
contaminated worms. In ponds, fish
killed from washing after spraying.
At end of 1966,10cc/gall.used. No
control. Usage stopped.

perfekthion S EE——— TR o S
(dimethoate) _

miners. After 1967,usage greatly

23

reduced.
wailongg/ ‘ e Good Plutella control only for a few
months.
2/
Suising= | ] As above
; Vapona{dich- _____ In small amount. Mainly against flies,
lorvos)
Lannate Used at less than X% oz/gall. Mainly
(methomyl) _- against tomato fruit borer, cutworm
and Plutella.Usage greatly reduced
after mid-1970.
Malamac
(DDT+malathion) I AN Goreral use,at 8cc/gall. Usage greatly
reduced . after 1969.
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FIGURE 1.2 (Continued 2),

INSECTICIDE Early Few years

Period (year)

1950 before &4

64 65 66 67 68 69 70 71 72 73 74 75 16 1T 18 19 Early

80O

Remarks

Tedion

Stock Brandg/
nwqgn Brandg/

Chloroi/insec-
ticide~

Metacil
(aminocarb)

Barusil(qui-

nalphos)

Phosvel (lep-
tophos)

Assorted
insecticidesé/

Tamaron 50%
(methamidop-
hos)

Used at 4-5 cc/gall. Mainly
agalnst ciltrus mites.

Good Plutella control. Many cases
of fainting,vomiting, nose and leg
swelling.

As above

As ébove

Initially, used at % oz./gall. with
good control. No control in 1970.

Used at 5-8 cc/gall. Good control
initially. No control in 1970.

Used at 5-8 cc/gall. Good control
initially. No control in 1971.

Usage lasted only fox few months,

Used at 5 cc/gall.initially, good
control. Increased to 10-18 cc/
gall.in 1971. After 1971, used at
40-50cc/gall.Poor control reported
in several cases. Recently, used
in combination with others. Resis-
tant factor experimentally confir—
med to be x6.2 in 1978,
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FIGURE 1.2 (Continued 3),

INSECTICIDE

Period (year)

Early Few years
1950 before &4

barly
64 65 66 67 68 69 70 71 72 73 74 75 76 77 18 79 80

Remarks

Monitor 50%
{(methamidop-
hos)

Padan 50%
(cartap)

Sayuran {bio-
resmethrin)

Sumicidin
30EC{ fenva=-
lerate)

Tokuthion 50%
(prothiophos)

. Ambush 80%

{permethrin)

Used at 5-Bcc/gall.initially. After
1972,increased to 20cc/gall. No more
in use in recent years.

Used at 4-5 gm/litre. Field resistance
suspected by 1974, Very poor control
in 1975 and usage greatly reduced.

Good control reported only initially,

Used at 5-10 c¢/9 litres initially. In
1978, increased to 15-30 cc/9 litres.
After 1978, some applied at 35-50 cc/
9 litres.Fleld resistance suspected
by. 1978/79 .Usage greatly reduced by
mid-1979. Resistant factor experimen-
tally confirmed to be x4.,5 in 1978.

Pattern of usage quite similar to that
of Sumicidin, After 1979, number of
farmers using 35-50 cc/9 litres have
increased rapidly.

Used at 3-8 cc/9 litres,

1/ Information compiled from Milsum & Grist (1941), Henderson (1957), Ho (1965), Ho & Ng (1970), Lim (1974), Ooi &
Sudderuddin (1978), Sudderuddin & Kok (1978), Ooi (1979a) and field surveys.

2/ Locally repacked insecticides.

2/ These include the following chemicals, applied separately or mixed together: Dedevap 50%, Vapdrin, A.l, Insecticide,
Briothion, Stella Maris, Dizin, Derriphytan, Fusect, Cyclotan, Kadol Insecticide, Lion Brand Insecticide, Cockhead
Brand, Lion Brand X99, Cado Insecticide, Corona Insecticide, Lion Brand BHC, and Bacillus thuringiensis.
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by Sudderuddin & Kok (1978) revealed that it was resistant to chemicals
in all major groups of insecticldes, viz, BHC, carbaryl, chlorpyrifosmethyl,
DDT, dichlorvos, fenvalerate, malathion, methamidophos, methomyl and
resmethrin, For malathion, the resistant factor was 2,096 while that for
methanidophos and fenvalerate 6.2 and 4.5, respectively. 0Ooi (19792)
suggested that the rapid development of resistance is due io the occurrence
of multiple resistance in the pest emerging mainly as a result of long
and sequentlal use of pesticides,
c) Presence of insecticidal residues on marketed brassicas: This was
indicated in several instanees when fresh leafy brassicas purchased from
the grocers were noted to produce a high mortality of IBEM larvae
vhen served as food (Balasubramaniam, 1974). To a large extent, this is
mainly due to the failure of farmers to observe a delay before harvesting
d) Hazards to other organisms in the ecosystem: Although complete evidence
is as yet not available on the deleterious effects to other organisms by
the insecticides used against DBM, this is suggested by the relatively
ruch reduced fauna of treated crops. Not unexpectedly, any beneficial '
species (parasites and predators) that may have existed are also likely to
be decimated. This could be c¢riticzl as the pest infestation apd its
stability could well be much dependent on the abundance of these species.
Among the vertebrates, birds have been found tc be common
victims between 1964-66. During this period when Telodrin 15" was
used extensively against DBM, numerous wild birds were noted to die
after feeding on contaminated worms (Lim, 1974).
e) Spiralling cost in crop production: To a large extent, this is closely
related to the development of insecticide resistance which ultimately
leads to increased dosages and more frequent applicatlons of an insecti-

clde in use,
From the above, it is evident that brassica production in the

Camercon Highlands is continually facing serious setbacks duve to DEM.
The pesticides that have been employed against this pest have been
enormous in both quantity and variety. In particular, the need to
increase the application dosage and frequency, or to change frequently
to more powerful pesticides have become a serlous problem. These were
necessitated essentially by resistance development, although pesticide

adulteration was also believed to play a role,
the rapid build-up of resistance by DBM appears in-

evitable ‘in the Cameron Highlands. Firstly, the 1life cycle of the moth
there is relatively short, averaging only about 27 days (Ho, 1965).

T™is yields approximately 13 moth generations per year, and together
with the continuous presence of cruciferous crops and the extremely high
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' insecticidal pressure, creates excellent opportunity for resistance

build~up, Such a situation seems the more likely since the moth has
been found (Sun et al, 1978) to be inherently capable of rapidly
becoming resistant (only 14 generations to diazinon), Furthermore,
this resistance build-up will be more rapid if the pest has already
become resistant to other chemicals of similar or closely~allied
groupings, a situation apparent in the Cameron Highlands where almost
every insecticide introduced into the country has been tried.
Secondly, the Cameron Highlands has been described as an ‘ecological
island* (Corbett & Pagden, 1941) being surrounded by dense tropical
Jungle and isolated from other agricultural areas in the lowlands, It
is further made up of a number of valleys, each of which is itself an
isolated agroecosystem in miniature (Plate 1.1). Under such a situation,
localised immigration of the pest from untreated populations outside
the area is likely to be small; this 1is especially so since DBM
is not indigenous and has no other known hosts in the country besides
crucifers which are themselves imported. Comins (1977) has suggested
that without such immigrations, problems with resistance will tend to

be more severe.

: Presently, although spraying of insecticides is justified

'because vegetable production is still profitable, many of the problems

,are becoming more aggravated. To date, . DBM control has largely

' depended upon reacting quickly to emergency situations as well as on

icalendar spraying. The farmers are resigned to using chemicals and

5 determined to look for newer insecticlides to replace less effective ones.

| Many have even resorted to using high concentrations of *insecticidal

‘ cocktails' (Ooi, 19792). Besides, the changes of insecticides have

;becone more frequent while the amounts employed are rising rapidly.

_Undoubtedly, this is a very strong ‘pesticide syndrome' (Doutt & Smith,

£1971), with development of field resistance to insecticides becoming

Enore apparent and widespread, A recent survey revealed that notwithstanding
the regular use of insecticides DBM is still present in fair abundance
{0oi & Sudderuddin, 1978). It seems clear that the problems encountered
in relation to its control are critical and approaching the *crisis phase’
of a pest problem (Smith, 1969). In general, the trend of development

' closely parallels that of the Cafiete Valley in Peru (Barducci, 1969)

i prior to the ‘disaster phase'. Should the trerd of wide and indiscriminate
use of pesticides persist, it is feared that eventually extensive areas
of brassicas (especially cabbages) in the Cameron Highlands may go out
of production. Such an occurrence, in this particular situation, could

have far-reaching effects mainly because cabbage cultivation has almost
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PLATE 1.1

Cabbage cultivation in the Mensum Valley, Cameron Highlands.
Such terracing and hillside cultivation is quite typical in
the Cameron Highlands which has been described as an
"ecological island", being surrounded by dense tropical

jungle and isolated from other agricultural areas in the
lowlands. It is further made up of a number of valleys,

each of which is itself an isolated agroecosystem in miniature.
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complete dominance in this region (Chye & Loh, 1972). With production
Jf‘a.ilure, dire consequences, both economic and sociel may follow, such as
those experienced in a parallel situation on cotton in the Lower Rio
Grande region of Texas and Mexico (Huffaker & Smith, 1973), wherein the
discharge of farm workers and declined cash flows have also impoverised
other assoclated activities.

I{ appears limperative that as a state of crisis in the control
of DBM in the Cameron Highlands is approached, there is the urgent need
to drop the dogma of continually searching for more potent chemicals and
of total dependence on them. Although insecticides will continue to
remaln a powerful and esasential tool there, it is highly necessary that
their use be minimised if a 'disaster phase' is to be avoided. This
clearly demands an improved pest management system that does not rely
solely on the indiscriminate employment of chemical insecticides, Such
an approach, which needs to incorporate economic, social and ecological
considerations, not only would help over a long term period in reducing
many of the problems associated with the over—use of chemical insecticides
but also better ensure a more productive and stable crop output in an
environment that is both cleaner and less hazardous, A prime strategy is
to build a broader ecological base that would make possible the integratlion

T R e DR A T S -

of various pest management techniques, In such an attempt that aims
towards developing an integrated pest control (IPC) rrogramme, the need
for some core information which could at least initially serve to form
the basic guiding framework, can hardly be over-emphasised.

_ . Presently,:except for.a few investigations largely confined to
insecticide and antifeedant evaluation (Henderson, 1957; Ho, 1965; Ho &
Ng, 1970; Tan & Sudderuddin, 1978) or their undesirable effects (Lim,
1972; Singh, 1971; Balasubramaniam, 1974; Lim, 1974; Ooi & Sudderuddin,
19783 Sudderuddin & Kok, 1978), as well as two other recent studies that
also examined some aspects of its natural ememies (Lim & Ko, 1975; Ooi,
1979a), much of the fundamental understanding that is critically needed
to help produce appropriate changes is lacking. Generating such basic
data has been the major task of the present studies. It is hoped that
these investigations, even though still somewhat limited with respect
to the field of coverage, will help stimulate the development of & more
rational approéch in the management of DBM, both in the Cameron Highlands

and elsewhere.




o T N P S A kit i, ALY
il R -

30

2, GENERAL EXPERIMENTAL CONDITIONS, MATERIALS
AND METHODS

Wherever possible, certain standardised experimental
conditions were adopted. The basic and common features, according to
the nature of the studies, were as follows:
a) Field trials: In the Cameron Highlands, these were laid down in the
Research Station of the Malaysian Agricultural Research & Development
Institute (MARDI) under ambient conditions which have the following
monthly means; temperature = 18.2°C (range = 15.2 - 19.5%),
RH = 88.2% (range = 68.2 ~ 99.9%), rainfall = 191.9 mm (range = 30.0 -
538.7 mm) and daily sunshine period of 4.5 hrs. As regards planting,
the cabbage variety Constanta F.l Danish was useﬁ while the cultural
practices closely followed that of the farmers (Appendix 1), In the
lowlands, where field surveys were also carried out, the general conditions
were, however, quite different., These were: temperature = 2?.3°C (range
19.6 - 34.8°C) and RE = 80.5% (range 47.8 - 98.3%).
b) Laboratory investigations: These were conducted in MARDI Headguarters
at Serdang under either normal laboratory conditions or in (.‘.onvironR
growth chambers. In the former, the fbllowing conditions were maintained;
temperature 25 * 3°C, RH 70 - 80% and nmatural illumination of about
12/24 hrs. Within the ConyironR, the temperature was 20 + 0,5%,
RH 75 * 5% and light of 8 hrs per 24~hr cycle.
c) Test insects: For the field trials, natural infestations were normally
used. However, for most of the laboratory experiments, insects from
cultures maintained under laboratory conditions were used. DBM
and A.plutellae cultures were initiated from collections made in mid-
1973 from Mensum Valley, while Diadegma eucerophaga Horstm. (Hym:
Ichneumonidae) came from Tanah Rata in early 1980, Detailed procedures
for maintenance of the stock cultures are in Appendix 2.
d) Experimental enclosures (glass jars, cages, etc.): During the investi-
gations, different types of enclosures were used depending on the studies.
In most instances, cylindrical glass jars 2% cm x 10 cm diameter and with
the open top covered with muslin were used (Flate 2.1). Depending on
the purpose, such jars have been variously referred to in the different
experimental studies as ‘oviposition jars', 'breeding jars', 'host
pupation jars® and 'parasite cocoon emergence jars'. They differed only
in their contents. In both the *oviposition jars' and 'breeding jars‘,
fresh leaves of Brassica rapg L. served either for adult oviposition or

as food for DBM larvae. Throughout each stuly, leaves wers
replenished every 3-4 days. They were generally held upright by a cotton

plug in glass vials containing water. Within each jar, water and 17%
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honey through cotton wicke were also provided for the adults., ‘Host
pupation jars' and 'parasite cocoon emergence jars', were essentially
the same except that no leaves were provided.

¥here large population of feeding larvae was expected or a large space
considered necessary, then the larger *'larval developmental cages' were
normally used. These were 46.5 cm x 61.5 ca x 61 cm and meshed all over
with copper gauze (£ 40) except the wooden floor, glass top and part of
the door which was rubber (Flate 2.,2). In these cages, leaves of B.rapa
were replenished in excess every 2 days to ensure an adequate supply of
fresh leaves for developing larvae, Where any adults were also expected
to emerge within the cage, water and 17% honey were also provided.

Another enclosure commonly employed was the ‘larval emergence dish'. This
consisted essentially of a plastic petri dish with a mesh-covered window
(5.1 cm diameter) on the cover for ventilation (FPlate 2.3). Where
maintenance of the emerging larvae was expected, fresh B.rapa leaves

were algo provided every 3-4 days.
It should be noted that the above constituted only the general

experimental conditions, materials and methods adopted in the present
studies, More detalls are given in the presentation of the respective
studies. Where certain specific requirements necessitated some further

ad justments to the above general methodology, these modifications have

also been clearly specified in the descriptions of the experiment concerned.
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PLATE 2.2 Fas

p 4 LP .t Ly &
A breeding jar (24 cm x IO cm diameter) used A "larval developmental cage' (465 cm x 61-5cmx 6l cm )
as "oviposition jar",''host pupation jar" and meshed all over with copper gauze { #* 40) except the
"parasite cocoon emergence jar " having the 10p  wooden floor, glass top and part of the door which is rubber-

open end covered with muslin cloth and the

bottom fitting into a gauze metal base-
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PLATE2.3 e 7 .

A aosric ‘p'e'rri dish having a mesh -covered window (5-1 cm diameter ) on the cover. This

also served as a ''larval emergence dish'
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3. INITIAL SEARCH AND SURVEY FOR PARASITES OF
DBM_IN WEST MALAYSIA

3.1 INTRODUCTION, AND RATIONALE FOR PARASITE SEARCH

In attempts to widen the ecological base for pest control
various components may be considered, viz plant resistance, cultural
techniques, biological control agents, and some other more recent and
novel techniques, With respect to plant resistance considerable scope
generally exists for adding restraints on the pests’ food supply
(Painter, 1951: van Emden, 1966), being largely govermed by the wide
range of influences that host plants can have on the population dynamics
of insects (van Emden & Way, 1973). For some, a small change in the
plant's condition may be sufficient to exert economic control (van Emden
& Wearing, 1965). In the case of DBM some specific components for
resistance/susceptibility have been identified: allyl isothiocyanate,
glucocheirolin, glucoerucin, gluconapin, glucopasturtiin, gluconringiin,
glucotropaeolin, progoitrin, sinalbin and sinigrin (Thorsteinson, 1960;
Nayar & Thorsteinson, 1963; van Emden, 19663 Hillyer & Thorsteinson,
1969). Although differences in varietal resistance of cabbages to the
moth are now known (Rudder & Brett, 1967; Weires & Chiang, 1973; AVRIC,
1976), under existing conditions in the Cameron Highlands there is little
possibility of selecting and developing plant resistant materials since
cabbage flowering cannot be readlly induced there., Other approaches
based largely on newer techniques such as hormonal control (Sato, 1968;
Chow et al, 1974; Tamaki et al, 1977; Koshihara et al, 1978; Ando et al,
1979; Fujiyoshi et al, 1979; Morallo-Re jesus & Tetangco-Fabellar, 19803
Tan, 1981), sterile mating (Bonnemaison, 1966; Cook & Hooper, 1974) and
the use of antifeedants (Findlay, 1970; Ruscoe, 1972; Tan & Sudderuddin,
1978) have only been of exploratory nature, largely in the laboratory.
As such, their scopes for practical employment are presently still very
1imited. In the case of cultural management, although Raros (1973) and
Buranday & Raros (1975) have demonstrated that intercropping of
cabbages with tomatoes reduced infestations of DBEM on cabbages, this
relationship could not be reproduced consistently, as experienced by
Phillips (1977), and Kuntha (1961, pers. comm.) in England, Megallona
(1977, 1978) in the Pnilippines, and the Aslan Vegetable Research &
Development Center (Megallona, 1977) in Taiwan. Moreover, this practice
could not be readily implemented as the choice of crops for cultivation
during a particular period is normally governed by festive seasons and
market demands (FAMA, 1974}. For tomatoes and cabbages, their plantings

generally do not coincide. Similarly, others such as modified crop
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rotation would demand drastic changes in some other long-standing
traditional practices, a situation that is usually difficult to accept.
For moat situations, due consideration given to natural enemies
in pest control has often been regarded as a sound approach, largely
because biological control is a natural ecological phenomenon. Fotentially,
biological control when applied successfully to a pest problem can
provide a relatively permanent, harmonious and economical solution (DeBach,
1964; Huffaker,1971a; van den Bosch & Messenger, 1973; Simmonds &
Bennett, 1976)., For the DBM in particular, effective host suppression
have already been reported; in some instances the control achieved was
impressive (Hardy, 1938; Muggeridge, 1930, 1939; Ullyett, 1947; Yos,
19533 Goodwin, 1979). With such encouragement, and considering the present
limitations of other control components as well as the acute problems
arising from the excessive use of insecticides in the Cameron Highlands,
it thue seemed appropriate that natural enemy agents need to be given
priority. Such investigations could lead to a more rational integrated
approach wherein natural control would constitute the core.
Until recently, no serious attempt has been made to explore the
potential of natural enemies against DEM in the Cameron Highlands, This
is due mainly to the persistent and firm adherence to the unsubstantiated
belief that *no biological control or parasites could exist there because
of the intensive and indiscriminate use of insecticides®. Such belief
was so widespread and pervasive that all efforts were devoted to the umni-
lateral chemical approach, solely guided by the belief that 'no cabbage
can be produced in the Cameron Highlands without frequent and heavy insec—-
ticide application®'. Clearly, if any meaningful change towards a more
rational and ecological outlook is to develop, disproving the above beliefs
would appear critical and highly desirable, Initially, at least a thorough
and careful parasite search seemed necessary, especially since parasites
had never been reported there. Existsnce of indigenous species could
justify studies on import and introduction of other parasites if necessary.

3.2 MATERIALS AND METHODS _
Having recognised the urgent need to check for parasites of DBM

in the Cameron Highlands, a thorough parasite search was immediately
jnitiated in March, 1973. Initially, the survey was conducted in the
experimental farm of MARDI at Tanah Rata. This was chosen as most of the
experimental cabbage fields received very much less insectlicidal inputs
than those of the farmers.

ITn the initial search, eggs, larvae and pupae of DBM were collec-
ted from transplanted crops (1} - 24 months old) in 1/32 - 1/8 ha plots
distributed over an area of about 4 ha. The daily collections, made over
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a period of 5 days (August 3 ~ 7), were kept separately according to the
different stages. Eggs were confined in petri dishes (9 cm diameter)
until hatching or parasite emergence. The larvae were reared on cabbage
leaves in 'breeding jars' (Plate 2.1) until host pupation or parasite
emergence, Throughout the studies, adequate food was maintained fresh
through replenishment every 4 days. Pupae were kept in petri dishes

(9 cm diameter) until emergence of either parasites or DBM adults.

In the initial parasite search at Tanah Rata, a parasite was
found on DBM (see 3.3.1). However, it was not known if the parasite was
algo present elsewhere in the highlands or lowlands where brassicas are
cultivated under conditions of high insecticidal inputs, An extensive
survey was therefore made . Such an investigation, it was envisaged,
would provide some understanding of the field performance of the parasite.
Determination on its distribution would also indicate how widespread the
parasite is under farmers' conditions. Such information could indicate
the potential of the parasite. Furthermore, since the survey would be
conducted over an extensive area, it might also reveal other possible
parasite species. .

Seven major cabbage areas at different altitudes and in different
geograrphical regions of the Cameron Highlands were selected, viz: Xampong
Raja (976-1,159 =), Kuala Terla (976-1,159 m), Tringkap (1,007-1,159 =),
Mensum Valley (1,434-1,525 m), Brinchang (1,433-1,489 m), Kampong Taman
Sedia (1,393-1,458 m) and Bertam Valley (976-1,159 m)(Fig.3.1). 1In the
lowlands, 3 major cabbage-growing areas in Selangor State were selected.
These were Sungai Kelambu and Kuala Langat/Tanjong Sepat in the Banting
District, and Sungai Yu in the Tanjong Karang District. For each assess-
ment, 25 plants in the highlands and 30 plants in the lowlands were taken
at random for thorough examination of eggs, larvae and pupae of DBM, and
cocoons of the parasite. As in the earlier parasite search in Tanah Rata,
the different stages of DEM were kept separately and reared for determina-
tion and assessment of parasitism. Parasite cocoons were confined in
petri dishes (9 cm diameter) for observation of parasite adult or hyper-

parasite emergence.

3.3 RESULTS
3.3.1 Discovery of Apanteles plutellae Kurdj.

The results obtained (Table 3.1) in the initial parasite search

at Tanah Rata clearly revealed for the first time that parasites were
present on DBM in the Cameron Highlands, From the collections of 140 eggs,

7240 larvae and 86 pupae, a total of 265 parasites were obtained. All
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Table 3.1 Survey for parasites in the different stages of Plutella
xylostella (L.) collected from cabbages in the MARDI
Research Station (Tanah Rata, Cameron Highlands).

Immature stages of P.xylostella
Date Egg Larva Pupa

Collected Parasitised Collected Parasitised*Collected Parasitised

(No.) (No.) (%) (Ko.) “(No.) (%) (No.) No.) (%

3.3.73 12 0 0.0 292 86 29.5 8 0 0.0
4,3 25 0 0.0 114 32 28.1 11 0 0.0
5.3 63 0 0.0 113 69 61.1 22 0 0.0
6.3 10 0 0,0 184 k1 22.3 14 0 0.0
7.3 30 0 0.0 37 37 100.0 31 0 0.0
Total 140 0 0.0 740 265 35.8 86 o 0.0

¥ Only one species, Apanteles plutellae Kurdj., was obtained.

emerged from the larvae.

The parasitism rates, in general, were observed to vary widely
in the different batches and ranged'from 22.3% to 100% (Table 3.1). The
average was 35.8%.

On discovery of the parasites, attempts were then made to
ascertain the species involved., Specimens sent to the Director,
Commonwealth Institute of Entomology, London were confirmed as Apanteles
plutellae Kurdj. (Hym: Braconidae) while those despatched via Dr. K.I.
Sudderuvddin (University of Malaya) to Dr. M. Fitton (British Museum) were
identified (det. T. Huddleston) as Apanteles ruficrus Haliday (Hym:
Braconidae). This difference in identification created uncertainty for
some time since it was possible that: (i) both the parasite species were

present, (ii) only one species was present, the other being misidentified,

and (iii) the two names were synonyms. Similar confusion was also encoun-
tered by Ooi (19792) in sﬁbsequent investigations with the same parasite.
Specimens provided by him to G.E.J. Nixon (British Museum) and W.R.M. Mason
(Biosystematic Research Institute) were identified as A.plutellae while
P.M. Marsh (USDA, Beltsville) had them determined as A.ruficrus. Part of
the reason leading to the identification as A.rufierus was apparently due
to the use of Wilkinson's (1928) key and another publication (Wilkinson,
1929) which synonymized antipoda with ruficrus. However, the uncertainty
was subsequently clarified through Wilkinson's (1939) revision which
separates plutellae from ruficrus. He noted that in the former species
the 4 anterior coxae are almost invariably entirely black and the 3rd
tergite invariably with much minute punctation. The cocoons are pale
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cream and solitary. In the case of ruficrus the 4 anterior coxae are
entirely red testaceous and the 3rd tergite has a single transverse row
of, and occasionally a few other, minute punctures. The cocoons are white
and more usually gregariously placed. With this clarification and follow-
ing Parrot's (1964) description, all the parasite specimens collected
from Tanah Rata were closely re-examined, and finally confirmed and
reported (Lim & Ko, 1975) to belong to only one species, i.e, A.plutellae.

3.3.2 Occurrence and local distribution of DBM

From the survey results (Tables 3.2 & 3.3), it was evident that
there were no parasites on the eggs and pupae of DBM, both in the Cameron
Highlands and in the surveyed areas of the lowlands. As in Tanah Rata,
only one species of parasite was obtained from the larvae, viz A.plutellae
(Tables 3.4 & 3.5).

The survey also showed that A.plutellae occurred commonly and
widely in all the major sub-regions of the Cameron Highlands. In the
lowlands, although only few sites were surveyed, the parasite was found in
all of them. Cursory observations recently revealed A.plutellae in two
other areas of the lowlands, Jalan Kebun and Serdang. So, present infor-
mation (Lim & Ko, 1975; Ooi & Sudderuddin, 1978; Tables 3.1, 3.4 & 3.5)
strongly suggests that the parasite is common and widespread in West
Malaysia.

3.3.3 Abundance of A.plutellae

A.plutellae occurred in significant abundance in most areas
surveyed, except in the lowlands where parasitism averaged only 12.1%.
Over the whole of the Cameron Highlands, wide variation was observed in
rarasitism rates, ranging from 0-100%, Within each sub-region the
variation was less. On average, the highest parasitism occurred in
Kuala Terla (48.6%) while Kampong Taman Sedia had the least (12.7%).
For the remaining sub-regions, 36.5%, 34.0%, 30.1% and 18.1% were
obtained in Kampong Raja, Tringkap, Bertam Valley and Mensum Valley,
respectively. Much higher levels (31.9% to 57.9%) were however recorded
for the Brinchang region during 1979, while for the lowlands, only low
1evels were obtained, ranging from 8.8% to 14.0% (Table 3.5).

The abundance of A.plutellae noted in the survey is very

encouraging in that the parasite can effect a generally high level of
parasitism even under heavy insecticidal treatment. It strongly suggests
the possible development of field tolerance to the chemicals by the
parasite, Whether this is so, however, requires confirmation.




Table 2,2

Survival of the eggs and inmature stages of Plutella xylostella(L.L and Apanteles plutellae Kurdj.
cocoons, collected from different localities in the Cameron Highlands (1973-74),

No. Plutella e . Status of
qg No. Plutella pupa No. Apanteles cocoon insecticide
Locality Date Collec— Parasi~ Hatch- Cocllec~ Parasi-~ With adult Collec- ¥With adult With hyper With noth- usage®*
ted* tised ed ted* tised emergence ted*® emergence  parasites ing emer-
emerging qing
Bertam ~ 22.8.73 40 0 40 15 0 11 23 10 7 6 Spraying irre-
Valley 27.9.73 12 0 12 - - - 53 51 0 2 gular(depen-
15.1%.73 15 0 14 - - - 90 46 20 24 ding on infes-
21.12.73 63 0 60 22 0 15 23 23 0 0 tations} but
30.1.74 23 0 23 28 0 26 B 6 1 1 generally once
6.3.74 32 0 31 5 0 4 14 3 5 6 a week.,Tamaron
used,
Kampong 20,9.73 7 0 7 59 0 47 19 10 3 6 Sprays mainly
Raja T2a11.73 25 0 23 - - - 28 14 8 6 directed at
13.12.73 16 0 16 3 0 3 33 16 9 8 cabbage head
30.1.74 31 0 31 59 0 53 0 0 0 0 only.Spraying
28.2.74 6 0 6 57 0 45 B9 59 10 20 depending on
10.4.74 26 0 24 27 0 19 46 34 5 7 infestations,
but generally
twice a week.
Both Tamaron
and Padan were
used.
Kuala 20.%.73 12 0 12 47 0 45 40 37 0 3 Crops sprayed.
Terla 711,73 22 0 21 30 0 20 S8 35 20 43 very frequently.
13.12,73 - - - 15 0 10 26 11 8 7 Insecticide
28.2.74 63 0 b3 59 0 50 91 57 14 20 mixtures used,
10.4.74 81 0 78 35 0 30 61 48 , 8 5 ‘component s
unknown.
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Table 3.2 (Continued}.

No. Plutella eg No. Plutella pupa No. Apantel Status of
. g . pup « Apanteles cocoon insecticide
Locality Date usage**
Collec~ Parasi- Hatch- Collec- Farasi- With adult Collec~With adult With hyper With noth-
ted* tised ed ted* tised emergence ted® emergence parasites ing emer-
emerging ging
Mensum 29.8.73 45 o 40 64 0 45 40 16 20 4 Crops sprayed .
Valley 10,10, 73 - - - 17 0 14 41 17 21 3 twice a week
21.11.73 51 0 47 55 0 36 8 6 1 1 with Monitor.
9.1.74 13 0 13 40 0 34 n 9 20 2 Mixture of
19.2.74 9 0 8 159 0 150 24 3 16 5 Tamaron and
13.3.74 72 0 71 38 0 22 22 3 18 1 Badan also used
occasionally.
Tring- 6.9.73 18 0 18 11 0 8 70 50 8 12 Crops sprayed
kab - 17.10.73 47 0 46 20 0 13 12 B 1 3 with Tamaron i
Q 5.12.73 109 0 106 - - - - - - - or/and Padan ?
16.1.74 67 0 60 79 0 65 59 73 9 17 every 4 fays.
13.2.74 - - - 159 0 136 23 17 3 3
21.3.74 33 0 33 106 0 88 116 56 24 36
Kampong  17.8.73 - - - @ o 20 15 : 4 D ey en
Taman 29.8.73 83 0 81 31 0 25 7 5 0 2 Podan on Insece
Sedla 17.10.73 65 0 65 25 0 18 5 2 2 1 ticide mixtures
5.12.73 71 o 70 B 0 8 24 1 11 12 *

*Cn 25 sampled plants.
methamidophos = (Tamaron, Monitor); cartap = (Padan).
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Table 3.3 Survival of the immature stages of Plutella xylostella (L.) and Apanteles plutellae Kurdj. cocoons, collected

from different localities in the lowland and the Cameron Highlands (1979-80).

No. Plutella pupa

A.Flutellae cocoons

Locality Date Tollected*Parasitised WITh adult CollectedWith adultl With hyper— With  soovus of insecticlde
emnergence emergence parasites nothing g :
emerging energing ;
LOWLAND Spr?i;ngtiiiegu%ar ggepinding
Sg. Yu on estations). pel,
(Tanju?g 25:6.79 61 56 43 17 1 25 Tamaron and Hostathion used.
Karang
%%&niila?bu 22.1.80 116 108 68 33 0 35 Crops sprayed mainly against
ne Hellula sp. Insecticide mixtu-
res (Decls,Padan,Sumicidin) ..
used. Staggered planting clear-
ly evident.
K.Langat/Tg.
Sepat 29.1,80 0 0 24 12 0 12 As above
(Banting) )
CA?ERgN HIGHLANDS Frequent sprayling with
?;ogﬁ)ang 26.9.79 0 - 100 9% b Ambush.
Brinchang 26.9.79 13 12 H 38 12 b Frequent spraying with
(7 miles) Ambush.
. Brinchang 26.9.79 9 6 37 18 17 2 Spraying irregular (depending
45 miles on infestations), Dipel and
(45 niles) Ambush used
Kuala Terla 4.12.79 15 15 22 19 3 0 Frequent spraying with mixtures.
(49-50 miles) BHC and Dynafot commonly used,
ith
Kg.Raja 5.12.79 L7 38 22 17 5 0 Frequent spraying w
(52 miles) mixtures of Dynafot, Dipel and

Surecide.

#On 30 sampled plants,




Table 3.4. -The fate of Plutella xylostella(l.jlarvae collected from different localities in the Cameron Highlands. (1973-74),

. . Lel (£f)
Locality Date Total no. of Plutella larvae® No. adult No. adult % larval mortality % pupal mortality %larvae
(a) (b) (c) (@) Elutella parasite due to:- of reaching

A . - L] 'y . d
Collected Pupated Parasitised Died of obtained gptajned Parasite Otner factors Plutella Parasite adult

other from (b} from (c) ,c d b-e.,. c-f tage
factors** (; *x100) (E x 100) ( b 100)( c 1(‘100)( -s'x‘lOO)

3:;;2? 22.8.73 132 21 58 53 7 39 43.9 40,2 66.7  32.8 5.3
27.9.73 273 232 41 0 113 a1 15.0 0.0 §1.3 0.0 41.4

15.11.73 210 173 32 5 162 30 15.2 2.4 6.4 6.3 77.1

21.12.73 120 38 55 27 10 42 45.8 22.5 73.7  23.6 8.3

30.1.74 186 117 64 5 72 49 34.4 2.7 8.5 23.4 38,7

6.3.74 108 45 60 3 31 54 55.6 2.8 31.1  10.0  28.7

Kempong  20.9.73 252 o3 29 0 76 12 11.5 0.0 65.9  5B8.6  30.2
Raja 7.11.73 100 16 60 24 15 sg 60.0 24.0 6.3 3.3 15.0
13.12.73 20 9 9 2 6 5 45,0 10.0 33,3 44.4  30.0

30.1.74 47 24 19 4 23 15 40.4 8.5 4.2 21.1 48.9

28.2.74 161 37 110 14 12 84 68.3 8.7 67.6  23.6 7.5

10.4.74 110 53 25 32 30 20 22.7 29.1 43.4  20.0 27.3

Kuala 20.9.73 265 115 150 0 34 42 56.6 0.0 70.4 72.0  12.8
Terla 7.11.73 100 17 9 74 6 7 9.0 74.0 64.7  22.2 6.0
13.12.73 8 0 8 0 0 5 100.0 0.0 0.0  37.5 0.0

28.2.74 131 20 98 13 16 85 74.8 9.9 20,0 13.3  12.2

10.4.74 120 73 38 9 43 15 31.7 7.5 41.1 7.9 35.8

Nensum  29.8.73 253 253 0 0 63 0 0.0 0.0 75.1 0.0 24.9
valley 10,10,73 359 177 81 101 98 78 22.6 28.1 44.6 3.7  27.3
21.11.73 230 131 99 0 66 99 43.0 0.0 49.6 0.0 28,7

9.1.74 427 316 62 49 281 51 14,5 11.5 11,1 17.7 65.8

19.2.74 141 123 15 3 108 11 10.6 2.1 12.2  26.7 76.6

13.3.74 155 129 26 0 97 25 . 16.8 0.0 24.8 3.9 62,6

B A




Table J.4 ( Continued ),

{e) (f)

Locality Date Total no. of Plutella larvae * No.adult No. adult % larval mortality ¢ pupal mortality of % larvae

(a) (b) {c) (d) Flutella parasite due tol- reaching
Collected Pupated Para- 5 Diﬁd of obtal?e? obtal?e? Parasite Other fac— Plutella Parasite ?Zult stage
sitised other from (b) from (c tors | - =x100)
factors**® (-X1OO) 100)(E—EK100)(b'e 100) a
Tringkap 6.9.73 30 13 17 0 4 17 56.7 0.0 ‘69,2 0.0 13,3
17.10.73 120 22 45 53 22 21 37.5 44.2 0.0 53.3 18.3
5.12.73 110 30 36 44 10 33 32.7 40.0 66.7 8.3 9.1
16.1.74 110 26 30 54 26 24 27.3 49.1 0.0 20.0 23.6
13.2.74 132 75 20 37 60 8 15.2 28.0 20.0 60.0 45.5
17.8.73 - - - - - - - - - - -
Kg. 29.8,73 120 115 5 0 34 5 4.2 0.0 70.4 0.0 28.3
o Taman 17.10.73 61 31 5 25 © 17 4 B8.2 41.0 45,2 20.0 27.9
Sedia 5.12.73 56 20 25 11 14 22 44.6 19.6 0.0 12.0 25.0

*Un 25 sampled plants.

ssNumerous larvae turned blackish.

*s+Numerous pupae covered with whitish fungal mycelia.
- No collection made,
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Table 3.5. The fate of Plutella xylostellaUuJ larvae collected from different localitles in the lowland and the
Cameron Highlands (1979-80).

Total no of Plutella larvae® (e) (£) % larval mortality % pupal mortality of:% 13;135
Locality Date (a) (b) (c) (d) No. adult No. adult Sue to: :Z:;t "
Collec— Pupa- Parasi- Died of PlUtillg paraiite Parasite Other factors®**® Plutella*** Parasite stage
ted ted tised other ©btalned obtained [ d b-e c-f
factorfg‘ from (b} from (c) (30('100) (gx'lOO) (—b—x100) (-—-—C x100) (_g_x.loo)
LOWLAND
5g. Yu a5 11 h6.7 3 ' 39.1
(Tq.Karang) 25.6.79 92 38 143 36 6 12.0 S. b5, 5
Sg.Kelambu . 36.8 50.9
(Banting) 22.1.80 57 31 5 21 29 3 8.8 6.5 40.0
K.Langat/
Tg.Sepat - 29.1.80 100 32 4 s 32 8 14.0 54.0 0.0 b2,9  32.0
(Banting)
CAMERON HIGHLANDS
Brinchang .0 4 99 38 4 22 12 4 20 57.9 31.6 0.0 9.1 10.5
(Town)
Brinchang 5. g 79 g5 11 36 18 9 30 42.4 44.7 18.2 16.7 10.6
(7 mlles)
Brinchang = . o 99 113 36 36 41 27 28 31.9 36.3 25.0 22.2 23.9
{45 miles)
Kuala Terla 4.12.79 483 349 101 33 341 80 20.9 6.8 2.3 20.8 70.6
Kg.Raja 5.12.79 831 587 158 86 563 119 19.0 10.4 4.1 24.7 67.8

* On 30 sampled plants.
** Numerous larvae turned blackish,
¢** Numerocus pupae covered with whitish fungal mycelia.
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3.3.4 Effect of hyperparasites and other mortality factors
on A.plutellae

Survival of A.plutellae was observed to vary greatly among the
different sub-regions in the Cameron Highlands., As high as 79.6% adult
parasite emergence from cocoons was obtained in Brinchang while only
31.4% occurred in Kampong Taman Sedia (Table 3.2). Throughout the
surveyed areas, an average mortality of 39.7% was recorded, with 21.0%

contributed by hyperparasites and the remainder by unknown factors.,
Among the parasites from hosts collected at the larval stage, the total
mean mortality was 22.8% (Table 3.4).

For the survey in the lowlands and Brinchang in 1979-80,
parasite survival differed notably, averaging 79.6% in Brinchang and 45.9%
in the lowlands (Table 3.3)., Whilst mortality due to hyperparasites
constituted about 17.3% in Brinchang, it was unimportant (0.7%) in the
lowlands (Table 3.3). Evidently, in the lowlands some other factor(s)
must be responsible for the observed parasite mortality. In the highlands
the impact of hyperparasites on the performance of the existing parasites
seens evident from Fig.3.2, wherein a lower percentage parasitism by
A.plutellae was associated with a higﬁer level of hyperparasitisr.

In the Cameron Highlands, 3 species of hymenopterous hyper-—
parasites were reared from the field-collected cocoons of A.plutellae
although in subsequent studies 5 additional species were recorded by Ool
(1979a). The 3 species were Hemiteles sp. (Hym: Ichneumonidae},
Tetrastichus sp. (Hym: Eulophidae) and Mesochorus sp. (Hym: Ichneumonidae).
Hemiteles sp. predominated constituting 77.1% of a total of 192 hyper-
parasites that emerged. The next commonest hyperparasite was Tetrastichus
sp. (19.3%) while Mesochorus sp. occurred only occasionally. In the
lowlands, only 1 specimen of Hemiteles sp. was recorded, and was obtained

from Sungai Yu.
In general Hermiteles sp. obtained resembles A.plutellae superfi-

cially in size and colour. However, there are differences in the wing
venation and antennal length. The body of A.plutellae is also more robust.
Only one adult in all the 3 hyperparasite species emerged from each
A.plutellae cocoon. The hole made by the emerging hyperparasite is usually
irregular and differs from that made by A.plutellae which normally pushes
opeﬁ a circular 1id at the end of a cocoon.
3.3.5 Relationship of DBM incidence to parasitism and other
mortality factors
The survey showed that the incidence of DBM ranged from 3.2 to

10.4 larvae/plant in most parts of the highlands for the years 1973~-74

(Table 3.4)., Among the different sub-regions, Mensum Valley had the
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highest infestation while Xampong Taman Sedia had the least. In the
lowlands, the mean incidence recorded during 1979-80 did not exceed
3.3 larvae/plant (Table 3.5) suggesting that DBM was relatively much
less important there,

As to the fate of DBM larvee collected in the Cameron Highlands
it was noted that for many of the localities surveyed relatively few
became adult: 45.6% in Mensum Valley, 38.4% in Bertam Valley, 27.4% in
Kampong Taman Sedia, 23.8% in Tringkap, 23.5% in Kampong Raja, 15.9%
in Kuala Terla (Table 3.4) and 17.0% in Brinchang (Table 3.5). The
differences were due in part to the effects of the various mortality
factors (including pesticides) in the various sub-regiomns. Excepting
Tringkap (33.6%) and Brinchang (38.6%), most of the larvae apparently
succumbed to the parasite since mortality due to other factors was slight
(9.0% - 15.4%) in general. A subatantial further loss occurred at the
pupal stage, ranging from 26.4% to 60.8% and averaging 41.7% (Table 3.4).
In the lowlands, the reverse was observed; the pupal mortality being low
(0-6.5%) while the propertion (32.0% to 50.9%) of larvae reaching the
adult stage was relatively much higher (Table 3.5).

Egg hatch was more than 94% for all the localities surveyed
(Table 3.2). The lowest was in Mensum Valley (94.2%) while Kampong Taman

Sedia had the highest (98.6%).
Emergence from pupae collected directly from the fields was

also high. With the exception of Kampong Taman Sedia which had only
67.0% emergence, that for the remaining sub-regions ranged from 80.0% to
83.3% (Tables 3.2 & 3.3). In general, during 1973-74 this field mortality
(19.4%) was much lower than that of pupae bred in the laboratory from
field collected larvae (41.7%). Perhaps, this was due mainly to the in-
evitable bias towards collecting healthier pupae that had survived through
the initial developmental phase, including the prepupal stage.
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3.4 DISCUSSION

The discovery of A.plutellae in the current studies would appear
to be the first record of a DBM parasite occurring there. This finding is
of particular significance in that it shattered the unfounded belief of
‘no possibility of parasite occurrence' that had been firmly and persis-
tently adhered to. Since then, many pest control personnel have become
more readily attuned to considering possible biological control inputs.
So, conceptually, the unilateral chemical appreoach has to some extent
given way to one that is relatively more ecological in outloock.

It is not known exmctly when A.plutellae first gained access
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to the Cameron Highlands. Ho (1965} specifically mentioned that there
Was no parasite on DBM at that time, It is unlikely that the parasite
cauld have escaped detection then.since it is now generally obvious.
Ho & Ng (1970) who then conducted extensive field investigations on the
moth, again did not report the presence of a parasite. It thus appears
that A.plutellae must have first spread to the Cameron Highlands during
the period 1970-73. If this was so, and judging from the widespread
establishment and high incidence that the parasite has so rapidly attained,
it would appear that A.plutellae is a highly adaptable and robust species.
Throughout the investigations it was evident that only
A.plutellae occurred as a parasite of DBM in the Cameron Highlands. Later
studies (Ooi & Kelderman, 1977; Ooi, 1979b), however, revealed two other
parasites; an incidental pupal parasite Tetrastichus ayyarl Rohw.
(Hym: Eulophidae) and an unidentified chalcid ectoparasite of the family
Eupelmidae, Both were noted to be of little importance and occcurred only
in negligible numbers; only a single individual of the ectoparasite was

"~ obtained. Apparently, among the naturally-occurring parasites recorded
there so far, only A.plutellae seems to be of significance. The pre-
ponderance of this species is perhaps due in part to the lack of other
more efficient and competitive parasites.

Over the Cameron Highlands, the level of parasitism by A.plutellze
averaged 29,6%. Wide variation was recorded for the different sub-
regions, and in general, the population of DBM tended to be lower in
areas with a higher level of parasitism. For example, in the 1973-74
survey, regions such as Kampong Raja, Kuala Terla, Tringkap, Bertam
Valley and Kampong Taman Sedia had a DBM population which did not exceed
6.9 larvae/plant; while, except for Kampong Taman Sedia, the level of
parasitism ranged from 30.1% to 48.6% (Table 3.6). On the other hand, in
Mensum Valley, it had 10.4 larvae/plant and the parasitism rate was only
18.1%. Such a relationship was again evident in the 1979 survey where
Brinchaﬁg had a very low level of DBM infestation accompanied by high
parasitism, and this contrasted strongly with reverse situations in Kampong
Raja and Kuala Terla (Table 3.6). In 1978, Ooi (197%a) also showed a
somewhat similar relationship. However, when data from the lowlands were
considered, such a trend was not apparent, Compared to the highlands,
all the surveyed areas had insignificant numbers of DBM per plant
(1.9-3.3) with very low parasitism rates that only reached up to 14.0%
and averaged 12.1% (Table 3.5). Except for this discrepancy which perhaps
resulted from other factors since the conditions in the lowlands are
usually very different, the relationship observed in the Cameron Highlands




Table 3.6 Changing trends of insecticidal usage, Plutella xylostella(h.)infestations, and the parasitism rates of
Apanteles plutellae Kurdj. in the various sub-regions of the Cameron Highlands during 1973-79.

No. F,xylostella/
plant

Locality 1/ 1/ "Cocktails" Frequency Amount
1973-74 1978~ 1979 1973-74 1978~ 1979 ——

% parasitism Manner of insecticidal usage

4
1973274 197627 1979 1973-74 1978 .Y 1979 1973-7a 1978221979
t/w 2t/w 1t/w Low High
Very Very
H H
Kgg‘j’z’“g 4.6  27.2 27.7 36.5 23.1 19.0 No 14 Yes frequent 4 10 3 frequent 19h 7 11 High
Kuala Terla 5.0 10.2 16.1 48.6 44.5 20.9 Yes 12 Yes " 3 5 10 " Low 10 7 High
Tringkap 3.8 4.8 - 34.0 29.2 - Yes 16 - " 1 14 7 - High 11 10 =
Kea Farm/ 1.6 - - 42,4 - - 14 - - 2 o 17 - - 12 5 -
o Greencow
= ’ Ver
Mensum « Y
valley 10.4 8.6 -  18.1 52.9 - Yes 12 - frequent 1 12 11 - Low 15 4 =~
Bertam
Valley/ 6.9 6.4 - 30.1 36.0 - No 6 -~ Ffre- 2 2 6 - Low 7 4 -
Ringlet quently
Kampong
. - - - - - - Fre~ - - - - High - - -
Taman Sedia 3.2 12.7 Yes re g
quently
Brinchang:
Town - - 1.3 - - 39.5 - - No - - ~ = Frequently - - - Low
7 miles - - 2.8 - - 42.4 - - No - - - « Frequently = - - Low
45 miles - - 3.8 - - 31.9 - - No - - - - Frequently - - - Low

1/ After Ooi & Sudderuddin, 15978.

2/ Number using insecticidal "cocktails™ out of 114 farmers surveyed.

3/ t/w = No.,of times(insecticidal application) per weak.

4/ Yow = Amount of insecticides used ranging from 10-39 ml/9 litres;High = Amount ranging from 40-60ml/9 litres.
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strongly suggests that A.plutellae has been exerting some control over
DBM. Where the level of parasitism increases, the host larval population
would tend to decline and be suppressed. However, as with many other
parasite species (Morrison & Strong, 1980), a negative regression
(Fig.3.3) was observed for all the sub-regions. This, however, contras-
ted with the positive regression obtained under laboratory conditions
(see 4.2.1). A tendency towards positive regressions (Table 3.7) was,
however, also observed when crops were untreatedf although lack of cor-
relation was more common as have been frequently reported for other
species (Morrison & Strong, 1980). That applied chemicals in the field
nay have an influencing effect is suggested by the contrasting situations
in these treated and insecticide-free conditions. However, other factors
are also involved as tendency towards negative regressions was evident even
in untreated crops when host densities exceeded beyond 6 larvae/plant
(Fig.3.4). Such a situation where the proportion killed declines with
increasing host population clearly revealed the parasite's limitation.

The suppressive effects of A.plutellae is further indicated
from the changing trend of the DEM population in the Cameron Highlands.
For example, in both Kampong Raja and Kuala Teria the host larval
population increased drastically from 1973 to 1979 (Table 3.6). 1In
parallel, there was a sharp drop in parasitism. Likewise, such a
relationship was noted for Tringkap although the change over the years
was much less. Unlike these sub-~regions, the converse was observed in
Mensum Valley and Bertam Valley (i.e. increased parasitism correlated with
decreased DBM population), confirming further the beneficial role of
A.plutellae.

In the Cameron Highlands, the differing changes of both the
host and parasite appear likely to be associated with the extensive insec-
ticidal application in practice there, Parasite decline, for instance,
was most drastic in areas with greater insecticidal inputs such as Kampong
Raja and Kuala Terla., Here, the amoumnt used, application frequency, as
well as the employment of *insecticidal cocktails® tended to be much
higher (Ooi, 1979a; Table 3.6). In spite of these, DBM still survived in
high numbers suggesting insecticide resistance. However, in other sub-
regions such as Mensum Valley and Bertam Valley, insecticidal usage was
much less (Table 3.6), thereby not only enabling the continual existence
of the parasite but also allowing it to increase., This, in turn, appeared
to have led to the lowering of the pest population from 10.4 to 8.6 larvae/

*¥por details of this investigation see 4.1
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Figure 3.3 Relationship between the density of Plutella xylosrellalL-) and the parasite Apanf&las pluteliae Kurd]- at different focalities In
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Table 3.7 Regressions-between the densities of Plutella xylostella (L.)
and the levels of parasitism (%) caused by Apanteles plutellae
Kurd j, over 22 cabbage crops cultivated free of insecticides
in the Cameron Highlands.

Host density Regression equations
- (Mean No./plant) Crop No. (% parasitism vs host Statistical analysesl/
density)
Less than 6 1 y = 26,27x - 12.57 t = 5.562, df = 6(%x)
2 y = =14,10x + 50,27 t = 2,074, df = 10(ns;
3 ¥y = 3.03x + 0.37 t = 3,285, df = 16(3e¢
4 y = -8.66x + 33.77 t = 1.880, df = lj(nsg
5 y = 0.52x + 4.96 t = 0.350, df = l4(ns
6 y = 1.93x + 14.82 t = 1.662, df = 7(ns)
7 y = 3.63x + 33.80 t = 0,799, df = 16(ns)
8 Yy = 9.99%x - 4,57 t = 5.005, df = 15(m*
9 y = 1.15x + 37.44 t = 0.524, 4f = légns
10 y = 0.28x + 48.64 t = 0,056, df = 15(ns
11 ¥y = 0.57x + 33.02 t = 0.158, df = 8(ns)
12 y = =0.49x + 23,48 t = 0.193, 4df = 11(ns)
13 ¥y = 3.63x + 8.29 t = 0.802, df = kgns
b y = 2.43x + 39.32 t = 0.190, df = 4(ns
15 y = 9.09x + 1.96 t = 4,228, af = 6(==
16 ¥y = -9.26x + 63.99 t = 2.232, &f = 3(ns
17 y = ~3.35x + 44,28 t = 0.626, df = 4(ns
18 y = 3.03x + 38.30 t = 1.114, 4f = ?Ens
20 y = -0.35x + 33.85 t = 0.077, df = 8(ns
21 y = 8.45x + 6.48 t=1.930, df = 6(ns§
22 y = 1.72x + 35.74 t = 0.480, 4f = 5(n
More than 6 13 y = -2.57x + 34,80 t = 5,397, df = 1(ns g
14 y = 0,61x + 21.48 t = 0.115, af = 3(ns
15 y = -5.0x + 84,0 -
16 y = 2.25x + 20.28 t = 1.669, af = E sg
19 y = ~11.32x + 224.92 t = 3.743, d4f = 2(ns

l/*%A= Highly significant, ns = Not significant.

plant in Mensum Valley. In Bertam Valley, the situation was mainly presexr-
vation of existing infestations at relatively lower levels as the decline
was insignificant, from 6.9 to 6.4 larvae/plant (Table 3.6).

From these findings, it is evident that the extensive and indis-
criminate employment of insecticides are sometimes not only unable to contain
a pest situation but also may aggravate the problem. The former situation,
under the conditions in the Cameron Highlands, is perhaps largely due to the
widespread development of insecticide resistance in the pest. Furthermore,
the eggs and pupae of DBM may also be intrinsically resistant and thus have
remained 1little affected by the chemicals as suggested from the high egg
hateh (96.6%) and high adult emergence (80.6%) from field-collected pupae
(Table 3.2). The future introduction of possible natural enemies of the
eggs and pupae should therefore prove a useful supplement for the control

of DEM.
In the Cameron Highlands, A.plutellae was surprisingly abundant

(Table 3.4) in spite of excessive insecticidal usage. Whether this was




A: y=0.27x+~28.72§‘t0_05 = 1,133,ns), df=126 D: y=121.09-13.06x{tg, 05 = -2.053,ns), df=17
B: y=6.62x+12.18(tp 05 = 2.035, %), df=127 E: y=29.72-0.17x(tg,05 = ~0.023,ns), df=17
C: y=3.38x+16.32(tp, 05 = 0.646,ns), df=47 F: y=25.77-0.17x(t0,05 = =0.023,ns), df=2

G: y=157.73-7.57x(t0.05 = -1.962,ns), df=h
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FIGURE 3.4 Regressions between % parasitism by Apanteles plutellae Kurdj. and the abundance of its
nost / Plutella xylostella (L.)_/ at different density range.
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partly through the development of a resistant parasite strain or from
parasites coming in from reservoirs outside the treated crop is not known.
In any case, a clear understanding into this aspect should prove useful in
broadening any control strategy that exploits the usefulness of the
rarasite. In relation to the high parasite incidence, for some areas, some
chemicals employed are perhaps less harmful intrinsically. For example,

in Brinchang where B.t. (Dipel BTR) and AmbushR were used predominantly
(Table 3.3), the parasite incidence was observed to be much higher in spite
of frequent applications. Further probes into possible selectivity in in-~
secticides could prove highly rewarding and should be fully examined.

Besides being governed by the nature and effects of insecticides,
parasite abundance is also affected by hyperparasites. This is clearly
reflected by contrasting situations in the various sub-regions of the Cameron
Highlands where the average hyperparasitism was about 21.0% (Table 3.2).

In some of the sub-regions (e.g. Kuala Terla, Tringkap and Brinchang), there
were fewer hyperparasites (Table 3.3), in conformity with higher levels of
parasitism and lower infestations by DBM, However, in Mensum valley it

was as high as 57.8%, in which instance, the parasitism rate of A.plutellae
was as low as 18.1%. To some extent, the higher level of hyperparasitism
in the Cameron Highlands may be responsible for the increasing use of in-
secticides there. Evidently, the effects of hyperparasites must be consi-
dered when biological control inputs are involved.

In general, the survey suggests that A.plutellae has contributed
significantly towards the suppression of DBM. The importance of this is
all the more significant when it is noted that mortality of the host eggs
and pupae are negligible, Had A.plutellae been absent, the survival of the
host would undoubtedly increase tremendously, everything else being equal.
Presently, perhaps the full potential of the parasite has still not been
sufficiently exploited, largely because of the hyperparasite activity and
extensive insecticidal upsets. In any case, the discovery of A.plutellae
has provided further avenues for the management of DBM in the Cameron
Highlands., Such possibilities appear hopeful since the parasite can effect
fairly high parasitism (Lim & Ko, 1975; Tables 3.4 & 3.5). PFurthermore,
the same parasite species has been well utilized as part of a control
programme against DBM in Taiwan (Chiu et al, 1974), clearly demonstrating
both its potential and feasibility. These features thus deserve to be

further examined in the light of local conditions,
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4. ASSESSING THE EFFECT OF A FLUTELLAE IN THE CONTROL OF DBM

The field survey for parasites of DBM (see 3.3) has indicated
that A.plutellae can have a suppressing effect on the population of the
moth, How important the parasite really is and to what extent it is
beneficial is not exactly known. There is clearly a need to evaluate
these so0 that priorities may be assessed in attempts to exploit its
beneficial role. This seems all the more important since the other
parasite species were rare (Ooi & Kelderman, 1977; Ooi, 1979b).

In the assessment, the importance and effect of the parasite
were evaluated by several means in laboratory and field. Basically,
these were comparisons of host population development and survival in the

presence and ahbsence of the parasite,

4,1 MATERIALS AND METHODS
In the laboratory studiés, the survival of a pair of freshly-

emerged DBM adult and that of its subsequent 2-3 generations were closely
followed in breeding cages in the presence and absence of A.plutellae.

For the former, freshly-emerged adult parasites were introduced in a ratio
of 1 parasite pair to 20 host larvae 7 days after host introduction. This
was replicated 4 times and followed to the 3rd generation. The treatment
without the parasite was replicated 3 times and studied up to the 2nd
generation because beyond this developmental stage the population had
already become too high and unwieldy for accurate handling. The stuwdy
was conducted under laboratory conditions (see 2b).

Initially, the pair of freshly-emerged adult moth was confined
in ‘oviposition jars' (Plate 2.1). All the eggs were counted daily and
transferred with a portion of the leaf to the 'larval emergence dish'
(Plate 2,3) which was examined daily. Following egg hatching all emerging
and living larvae were immediately transferred to a wooden 'larval deve-
lopmental cage' (Plate 2.2). In the parasite treatment, the appropriate
number of A.plutellae adults were also introduced and maintained with
water and honey (17%). Daily checks were made and whatever host pupae and
parasite cocoons formed were counted and removed to the ‘host pupation jar’
and 'parasite cocoon emergence jar' respectively (see 2d; FPlate 2.1). A1l
adult emergences were recorded daily, and following emergence, the host
adults transferred again to the 'oviposition jar' to repeat the whole
process until completion of the studies. However, for the parasites, the
adults were transferred to the *larval developmental cage' instead (FPlate

2.2).
Among the field assessments, an approach adopted involved

measuring the changing level of DBM infestations and its rate of parasitism
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by A.plutellae over a number of overlapping cabbage crops where no insec-
ticide was applied. Along with these were also determined the resulting
cabbage yields. By complete withdrawal of insecticidal applications, it
is hoped that the upsetting effects of chemicals suggested earlier in the
survey (see 3.3) could be removed to allow the parasite to manifest freely
its impact and potential,

The studies were conducted over a period of 32 overlapping crops
of size 28m x 56m during 1973-80 at Tanah Rata in the MARDI Research
Station. (abbage crops of the variety Constanta F.l., Danish were located
side by side and continuously cultivated by staggered planting; each
subsequent crop following approximately 2 months the immediate preceding
crop. This made certain that the crop following would be available for
sampling when the preceding one was ready for harvest, thus also ensuring
the presence of cabbages at all times, PFPlanting and cultural practices
closely followed those of the farmers (Appendix 1).

In the assessment'of injury by the pest, the following damage
index (Seaman et al, 1963; Williams, 1966) was employed:

(Ko x 5) + (N3 .x 20) + (N x 60) + (N3 x 100) (1)
No+1+2+ 3

Damage index (%) =

where, Ng = number of plants with score *0' (i.e. 5% damage and less),

Ni = number of plants with score '1* (i.e. 20% damage and less, but more
than %), No = number of plants with score *2' (i.e. 60X damage and less,
but more than 20%), Ng = number of plants with score '3’ (i.e. 100% damage
and less, but more than 60%), and Npy14p43 = total number of plants

(Plate 4.1). Following such scoring under normal field conditions, a 10%
damage index would correspond approximately to yield losses (ca 20%) that
are beginning to become unacceptable, while a 20% damage index may result
in about 50% yield reduction. During the study, a total of 27 plants were
taken at random for each assessment, These were subsequently removed for
detailed examination and population counts of all the larvae and pupae of
DEM and cocoons of A.plutellae, Whatever hosts and parasites collected
were then separately confined and reared in breeding jars for survival
determination.

Another approach adopted in the field assessment was through a
chemical exclusion method. Although possessing some limitations it has
been used fairly effectively for several parasite species (DeBach &
Bartlett, 1964; DeBach & Huffaker, 1971; van den Bosch & Messenger, 1973).
This method, unlike insecticidal withdrawal which measured the changes
that subsequently occurred, compared directly and simultaneously the pest-
parasite position in & natural situation with one where most of the parasite
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PLATE 4.1

Damage scrores of feeding injuries by Plutella xylostella (L.) on cabbages.

A = Score "0'", 5% damage or less;
5%; C = Score "2", (0% damage or
damage or less, but more than 60%.

B = Score "1", 20% damage or less, but more than
less, but more than 20%; D = Score "3", 100%




58

has been selectively eliminated by chemicals. Growth of the host population
in comparison with that in an untreated check plot provides evidence of
natural enemy effectiveness (DeBach & Bartlett, 1964).

For this study, 4 treatments were compared, viz DipelR, PadanR,
Sevithion® and the untreated control. DipelR, essentially a biological
insecticide of B.i. was selectively toxic to DBM but not against the
parasite A.plutellae (see 8.2). In the case of Sevithion® (carbaryl +
malathion) the reverse situation was true while for PadanR (cartap) it was
highly toxic to both the host and parasite. Except for DipelR.which was
applied at 2.5 gn/4.5 litre, both PadanR and SevithionP were sprayed at
0.1% a.i¥® A total of 8 sprays were made for each chemical, beginning 2
weeks after transplanting and at weekly intervals. The layout was of
randomised complete block with 3 replications. For each treatment, the
plot size was 14,3 m x 12.2 m and it contained 23 beds which included 2
outer guard rows. The beds were spaced 0.6 m apart with each bed having
27 plants including 2 guard row plants at the end. A 0.5 m planting
distance was used resulting in a total of 525 plants/plct and 1575 plants/
treatment, The cabbage variety Constanta F.1 Danish was planted while
fertilizer practices closely followed that of the farmers (Appendix 1).

In the evaluation of damage, weekly assessment based on 10 random
plants/replicate (i.e. a total of 30 plants/treatment) were adopted for
the computation of the damage index (%). Also taken were the populations
of the larvae and pupae of DBM and cocoons of A.plutellae. These were
obtained weekly from 10 plants/replicate,

For the assessment of host larval survival, 20 larvae/collection/
replicate were randomly obtained over a total of 9 samplings spread '
throughout the cropping period. The larvae collected were maintained in
‘breeding jars' {(Plate 2.1) until adult host or parasite emergence. In

the studies, survival of the parasite cocoons were alsc similarly examined.

This was based on 15 cocoons/collection/replicate which was repeated over

9rsamplihgs. _
From the chemical exclusion method a rapid build~up of the host
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species was noted in the SevithionF treatment (see 4.2.3). However, this
could be due to the insecticide stimulating directly the reproduction and
population growth of the host, or indirectly through a physiclogical
effect on the host (van den Bosch & Messenger, 1973). To date, such
possibilities of insecticide stimulations have been clearly demonstrated
in several pest species (Luckey, 1968; Dittrich et al, 1974) and these
prompted further experiments to verify such effects iq SevithionR in order

to elucidate if the field resurgence could be due to this factor. The
effects may be exhibited in the form of increased fecundity, longevity

* . - ’ -
a,i, = active ingredient.
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and other population-determining characteristics. In elucidating whether
these did occur, l-month old potted cabbage plants of the variety K-K
Hybrid Cross were used; one group sprayed with 0.1% a.i. Sevithionfl for

4 consecutive weeks while another acting as 'controls' were treated

only with water. Following treatment, each plant was then enclosed over

in a netted cage of dimension 51 cm x 51 cm x 51 em. For the determina~
tion of oviposition rate, 3 newly-emerged and mated females of DBM were
released into the cage 10 days after the last spray treatment. Every

24 hrs, for the next 5 days, the plant was replaced by another which was
similarly treated. All eggs deposited on each plant were counted. Through~
out the study, water and 30% honey was provided as food to the adult insects.
The experiment was replicated 5 times for both the ‘controls' and the
treated,

In the determination of developmental period, 100 freshly-iaid
eggs (deposited within the first 24 hours) were isolated; 20 eggs from
each replicate. These were transferred to 'breeding jars' and on hatching
were individually reared to the adult stage. For each developmental stage
the period was also recorded, while the sex of the emerging adults determined,
Studies on fecundity and longevity of the Fj generation adults were made
from isolation of 10 individuals from each of the freshly-emerged females
obtained from the treatment group as well as the ‘controls'. These were
provided daily with 30% honey water solution fed through a wick, as well
as, a fresh B.rapa leaf of standard size for oviposition. All eggs depo-
sited daily were recorded until the female died.

Unlike the above study which attempted to explore possible effect
of SevithionR indirectly through the host plants, a parallel and separate
experiment was also conducted to determine the direct effect via the infes-
ting insect. Under the latter situation the overall procedure was in
general similar to that of the previous study except that instead of the
plants the 2nd-instar larvae of DBM used were exposed to the insecticide.

IRy
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Only those surviving the treatment and completing the life cycle were

considered. For the ‘'controls' the larvae were sprayed with water only.

4,2 RESULTS

4,2.1 Laboratory studies on the survival of DBM in the absence and
rresence of A.plutellae

From the partial population curves for generation 1 (Fig. 4.1)
little difference was observed in the development of eggs and larvae,

There was, however, evidence that in the presence of A.plutellae the
pupal and adult populations were lower. Such a situation was also obvious

from the total population curves of gemeration 1 (Fig. 4.2).
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In the 2nd generation, the difference was much greater (Fig. 4.1).
Because of the unequal number of adults attained from the lst generation,

a blg difference was observed even for the egg stage. This was carried
through into the subsequent stages resuliing in about 43-fold difference
for the adult stage., Such a distinct difference was clearly reflected
in the total population curves (Fig. 4.2).

For generation 3 the study was discontinued in the absence of
the parasite for reason already given (see 4,1). 1In the presence of the
parasite, a peak of 7904 was observed (Fig. %.1). This approximated that
for the 2nd generation where the parasite was absent (Figs. 4.1 & 4.2).

It is of interest that the parasite delayed host build-up by a generation.

Although the difference in host population build-ups in the
presence and absence of the parasite was clearly manifested by the partial
(Fig, 4.1) and total (Fig. 4.2) population curves of the separate host
generations, this was even more apparent when both generations 1 and 2
were considered together (Fig. 4.3). With subsequent generations the gap
can be expected to widen tremendously since the population development in
the absence of any significant mortality would likely to be exponential.

Throughout the studies development of the parasite population
followed the same pattern as that of the host (Figs. 4.3 & 4.4). It
increased and declined similarly with changes of the host population and
lagging slightly, suggesting some delayed density-dependence.

With regard to stage recruitment, the generation histogram
(Fig. 4.5) reveals little difference within the 1st gemeration. By genera-
tion 2, in the absence of parasite it increased sharply while it still
remained low when exposed to the parasite. In the latter situation, egg
recruitment was, however, noted to rise by the 3rd generation. While the
larval recruitment also remained high, there was a sharp drop in the pupal
and adult recruitments that followed, clearly suggesting that A.plutellae
was fully responsible as it was the only major mortality factor of the lar-
vae preéént then. Over the 3 generations, the increase in adult recruitment
approximated about 10 fold, while in the absence of the parasite the in-
crease was 46 fold from the 1st to the 2nd generation. Such a substantial
effect by A.plutellae demonstrates unquestionably the potential importance
of this parasite in the suppression of DBHM.

Using life table analysis the suppressive role of A.plutellae
was particularly evident. In the absence of the parasite, the K~values
respectively were only 0.08 and 0.17 for the 1st and 2nd generation, with
larval mortality in both instances negligible (Table 4.1). On the other -
hand, the corresponding K-values were 0.92 and 0.89, respectively, when

the parasite was present (Table %,2). For these, about 50% of the mortality
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Table 4.1 Population change and age-specific reortality of Flutella
xylostella in the absence of the parasite, Apant<lcec
plutellae.(From 1 pair of freshly ermerged aduit .

xylostella initially).

Genera- Line Eggs Larvae Pupae  Adults

tion
Neq Npq Noq Na1
1. Fopulation 244 225 210 205
- N - i .
2. No. dying, 19 + 15 + 5 Sum: 39
in interval
3. % apparent
mortality 7-8 6.7 2.4
4. % su§cesslve 99,2 93.13 97.6
survival
5. Fraction
T 0.92 x 0.93 x 0.98 Product = 0,84
I surviving .
Survival
o -
6. ;iieal morta 7.8 + 6.2 + 2.1 Sum: 16. 1%
Y mortality
7. % indispensable 7.0 6.0 2.0
mortality
8. Mortality/ 0.08 .  0.07 0.02
survivor ratioc
3. Log population 2.3% 2.35 2.32 2.31
10, k=value 0.04 + 0.03 + 0.01 Sum: ¥ = 0,08

1. Fopulation 13,596 13,112 9,514 9,345

2. No. dying

N 484 + 3588 + 169 Sum: 4251
in interval

3. % apparent

mortality 3.6 27.4 1.8
or .
4. % su?ce551ve 96. 4 7.6 98.2
survival
17 > Fraction 0.96 x 0.73 x 0.98 Product = 0.69
Surviving .
survival
6. ?.Eeal mor ta- 3.6 + 26.5 + 1.2 Sum: 31.3%
Y mortality
7. % indispensable 2.6 26.0 1.2
mortality :
8. Mortality/
surviver ratio 0.04 0.38 Q.02
9. Log population 4.13 4.12 3.98 3.97

10. k=value .02 + 0.14 + 0.01 Sum: X = 0.17




Table 4.2 FEopulation change and age-specific mertality of Flutella
xvlcstella in the presence of the parasite, Apanteles
plutellae.(From 1 pair of freshly-emerged adult P.
xxlostella initially, with introduction of 1:20 paras*te
pair: host larvae at 7 days from initiation).

3 Genera=- . .
B ) Line Eggs Larvae Pupae Adults
g tion -

El L1 P1 NAi
1. Population 212 150 64 26

2., No. dying

., 22 + 126 + 38 Sum: 186
in interval

3. % apparent
mortality 10.4 66.3 59.4

4, % successive
survival

5. Fraction
surviving

6. % real
mortality

89.6 33.7 40.6

0.90 % 0.34 x 0.41 Product=0.13
survival

10.4  + 59.4 + 17.9  Sum:&87.7%

mortality

7. % indispensable
mortality

1.4 24.1 17.9

8. Mortality/
survivor ratio

%. Log population 2.33 2.28 1.81 1.41
10. k=value. 0.C5 0.47 0.40 Sum: K=0.92
1. Population 1694 1355 366 219

0.10 .66 0.5%
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2. Ne. dying

.. 339 + S8% + 147 Sum: 1475
in interval

3. % apparent
: . 73.0 .
mortality 20.0 40.2

4, % successive
survival

5. Fraction
surviving

80.0 27.0 59.8

1T

0.80 x 0.27 x 0.60 Product=0.13
survival

20.0 + 58.4 + 8,7 Sum:B7.1%
mortality

6. % real morta-
lity

i ST R S T s g AT

% indispensable 3.2 34.9 . 8.7
mortallity

8. Mortality/ 0.20 - 0.73 0.40
survivor ratio

9. Log populatien 3.23 3.13 2.56 2.34
10, k=value 0.10 Q.57 0.22
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cion Line gas arvae upae dults
. 3 N
Neq Neq Npq A1
1. Population 14450 11077 2627 2490
No. in
2. No. dyirg 3413 + 8450 + 137 Sum: 12000
in interval
3. % apparent
mortality 23.6 763 5.2
4. % su?c9551ve 76.4 53,7 c4.8
survival
1IL 5. Fraction 0.76 x 0.24 x 0.95 Froduct=0.17
surviving )
survival
6. ?.ieal morta-~ 23.6 + 58.3 + 1.0  SumiB2.9%
LY mortality
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8. tortality/ 0.24 0.76 0.05
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9. Log population 4.16 4.04 3.42 3.40
10. k- 0.12  0.62 0.02
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FIGURE 4-6 The mortality relationships of Plutelia xylostella(l} in

the presence (O) and absence (@) of the parasite
Apanteles plurellae Kurdj.
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were due to larval parasitism / k(1st generation) = 0.47, and k (2rd
generation) = 0.52;7. By the 3rd generation this mortality factor has
further increased (k = 0.62). The increasing k-value in relation to
rising host population showed the relationship to be of direct density-
dependence. However, even though it is undercompensating (0<b<1l),
the steeper slope (b = 0.55) obtained over that without the parasite
(b = 0.26) indicated it to be able to strengthen the density-dependent
relationship thereby tending towards greater stabilization (Fig. 4.6).
4.2.2 Insecticidal withdrawal and its consequential effects in

relation to natural infestations of DEM and its parasites

From Fig. 4.7 there appears to be a drastic change in the infes-

tations of DBM over the years in the Cameron Highlands. Up to 1969,
untreated plots in insecticidal screening experiments had infestations
ranging from 14,8 - 21,1 larvae/plant and averaging 18.3 larvae/plant
(Henderson, 1957; Ho, 1965; Ho & Ng, 1970). Whilst the treatment plots
had negligible infestations (mean = 3.8 larvae/plant) most cabbage crops
of the farmers in later years (even up to recent times) continued to show
heavy infestations despite frequent insecticidal applications (Table 3.6).
For the locality Kampong Raja, as many as 27.2 larvae/plant were obtained.
In contrast, by 1973 following insecticidal withdrawal in the experimental
fields, a sharp decline in DBM infestations was observed (Figz. 4.7). With
the exception of the 19th crop the total population on all the crops
remained relatively low. This fluctuated about a mean of only 3.1 larvae/
plant throughoﬁt.

With regard to the parasite, apparently none was present prior
to 1970 (see 3.4). By 1973, however, for the initial 5 crops the mean -
parasitism rates of A,plutellae ranged from 1.8 - 12.7% with an average
of 8.1%. Following this, the level of parasitism rose sharply to fluctuate
at a much higher level of equilibrium (32.8%). This 4-fold increase was
maintained up to the 32nd crop, apparently being unaffected by the newly
introduced parasite species D.eucerophaga (0oi, 1979a)., However, the total
parasitism rates were observed to continue increasing, reaching as high
as 70.3% (Fig. &4.7).

Mortality from other other factors was less stable. In general,
except for the last few croppings following the introduction of additional
parasites, the variation was observed to be extremely wide (Fig. 4.7).
Also, by the 23rd cropping, the total mortality which included fungal
infection by Entomophthora sphaerosperma (Fres.) {(Syphomycetes:
Entomorhthoraceae), bacterial diseases and other unknown factors, had

declined slightly. Together, all these factors contributed only about

17.9% of the larval mortality.
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In terms of cabbage production, the yields obtained were
observed to be inconsistent. Although there were several crops of rather
poor yields (< 15 tons/acre), many were comparable to those obtained with
full insecticidal protection (Fig. 4.7). For at least 5 crops, the
harvests well exceeded 55 tons/acre. Evidently, satisfactory cabbage
yields are obtainable even when no chemical insecticides are used at all.
With regard to the damage index, no distinet relationship with the produc-
tion yields was clearly apparent (Fig. 4.7). Such a situation strongly
suggests that besides the DBM other adverse factors not recorded in the
studies were also important and had contributed to final crop yield.

4,2.3 Chemical exclusion method
The yield data obtained (Table 4.3) clearly showed that the PadanR

and Dipel® treatments had significantly (P< 0.05) higher yields than both
Sevithion® treatment and the untreated control. Between PadanR and DipelR,

although the former had slightly higher yield, the difference was not
significant (P>0.05). As for Sevithion® the yield was observed to be
even less (P<0.05) than that of the control, suggesting that insecticidal
applications need not necessarily always increase the yields of crops. Kot
only was it wmable to provide the needed protection of the crop from IBM,
but it also incurred additional costs in inputs.

The yield differences observed for the various treatments were
apparently largely related to successful head formation as well as indivi-
dual plant weight. For the latter, although no significant difference
existed among the different treatments the ranking in magnitude of the
meéh plant weight closely paralleled that of the overall crop yields, i.e.
PadanR having the highest followed by DipelR, the control and SevithionR
(Table 4.3). In terms of head formation, the treatment DipelR had the
highest number of heads formed per unit area. Although the weight/plant
was less than that for Padan® the higher number of head formation apparently
compensated to some extent in raising the overall yield in the DipelR
treatment (Table 4.3). With treatment Sevithion® and the control, signifi-
cantly less heads were formed thus depressing further the overall yields
for these treatments.

Assessment of damage by DBEM clearly showed that the damage
inflicted was higher on non-marketable heads, suggesting that reduced crop
yields are both closely associated and dependent on the extent in infes-
tations by the moth. Within both categories of marketable and non-marketable
heads, a much lower damage occurred in treatments Padan® and Di_pelR
(Tzble 4.3). This trend was observed for the assessments throughout the
cropping period (Fig. 4.8) as well as at harvest (Table 4.3). Also, in




insecticidal treatnents in the Camercon Highlands.

Talie 4.3 Cabbage yield production and crop damage inflicted by Plutella_Ellostella(L.)as affected by various

lHead formation lcan camace index (%) . .
T e ht 3 ak :
reatment Mean no. % harketable Lon-rarketulle Total fan wolght'pcr marketallc Flot yffld
heads heads head (!‘-g) (Kg)
Cipel 439 £3.6 9.43 20.77 14.65 1.49 415.6 a
tadan 429 81.7 6.80 13.33 9.75% 1.59 431,6 a
Sevithion 330 G2.9 13.90 24.43 19.90 1.32 290.6 ¢
Control 368 70.1 11.27 25.73 16.72 1.39 356£.2 b
1.0 (0.05) ns 48,2

*Cut of a potential total of 1575 plants per treatment.
**Values followed immediately by the same letter are.not significantly different at the 5% level.
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FIGURE 4.8 Field development of Plutella xylostella (L.}, its parasite
Apanteles plutellae Kurdj., and the crop damage inflicted
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both Padan® and DipelR treatments, the number of plants showing high damage
scores was distinctly less.

With regard to infestations of DBM, again the PadanR and DipeiR
treatments had much lower levels while that for treatment SevithionB and
the control were extremely high (Table 4.4). Of the larvae that escaped
being parasitized by A.plutellae, the percentage numbers entering the pupal
stage was highest in the control, followed by the treatments SevithionR,
Padan® and DipelR . This trend was also noted for the percentage adult
emergence from the surviving pupae, From these results and the relative
abundance of the larvae in the field (Table 4.4), it is evident that very
much higher numbers of larvae reached the adult stage in the Sevithion®
treatment and the control. These were respectively 47.9 and 8.0 times
that of Padan®, For DipelR, the number was nearly double that of PadanB,

although very much less than the others (Table 4.4),
In general, the pupal population in the field showed a similar

trend to that of the larvae. This was clearly evident from the population
development observed in the periodic samplings as well. as the overall total
(Fig. 4.8). '

In terms of parasitism by A.plutellaze, it was observed that both
the control and DipelR treatment had significantly higher levels of parasite
attack, The parasitic rate was least in the treatment PadanR while
SevithionR had moderate level of parasitism (Table 4.5), For parasite
cocoons collected over the crop, very much higher numbers were obtained
from the untreated control and the cabbages sprayed with DipelR; that from
the latter was approximately 6 times more as compared to those collected
in the PadanF treatment (FMig. 4.8). Such differential survival and abun-
dance of the parasite among the different treatments not only strongly
indicate the adverse effects of both PadanR and Sevithion® but also the
selectivity of Dipel® for the parasite. These differential effects were
also clearly reflected in the percentage parasite emergence from field-
collected cocoons in which 69.4%, 67.2%, 55;6% and 45.6% were recorded for
the control, DipelR, Sevithion® and Padan® treatment,-respectively. This
order of parasite emergence was also observed in the case where the cocoons
resulted from field-collected host larvae (Table 4.5)., Basing on these
and the relative abundance of parasite cocoons in the field, it was evident
that very much higher numbers of adult parasites occurred and survived
in the fields sprayed with DipelR and in the untreated control. These were,
respectively, 7.8 and 6.7 times more than that of PadanR-treated fields
(Table 4.5). For the SevithionR treatment, it had only about 3.2 times

as many.



Table 4.4 Survival and relative abundance of the diamond-back moth, Plutella xylostella(L.] as affected by
various insecticidal treatments on cabbages ln the Cameron Highlands.

No. of F. xylostella larvae Surviving larvae Surviving pupae % larvae initially Field larval popula- Adult ratio

r—— = - becowing pupae  Lecoming adults collected becoming ticn {(over Padan
Treatrment Initially OSurviving para- . - :
C s ‘ adults Ho.per ndult equiva- treatment)
Collected® sitism No. % lo. %
M < 270 lent
e ' plants per 270 per
plants hectare**
Dipel 5410 255 47,22 71 27,84 55 77.46 10.19 4100 41 5,448 1.9
Fadan 289 188 65.05 66 35.11 59 89.39 20.42 109 22 2,824 1.0
Sevithion 540 320 59,26 156 48.75 147 94.23 27.22 3869 1053 139,932 h7.9
Control 540 268 49,63 132 49,25 119 90,15 272.04 797 176 23,388 8.0

*Prom © samplings of 20 larvae/sampling/replicate between February 19-april 16, 1975. In the Fadan treatrient, the data
were based only on 289 larvae as there were hardly any larvae after iarch 12, 1975,

**Potentially, 1 hectare would contain 35,880 cabbage plants.

Table 4.5 Survival and relative abundance of the diamond-back moth parasite, npanteles plutellae Kurdj., as
affected by various insecticidal treatrents on cabbages in the Cameron llighlands,

Mo. of F. xylostella larvae No.(%) of arasite population in the field Adult rati Parasite shost
Treatnent —— - — parasite adults Cocoon no. per adult eaquivalent ; fa o rasi ?' oS

Initially FParasitised (over Fadan ratio

Collected® lo. % emerging 270 plants per 270 per treatment)

’ ' > plants hectare®*

Cipel 540 285 52.78 262 (91.93) 143 132 17,541 7.8 3.22
Fadan 289 101 34,95 73 (72,28) 24 17 2,259 1.0 0.77
sevithion 540 220 40,74 180 (21.82) 66 ‘54 7,176 3.2 0.05
Control 540 272 50.37 261 (95.96) 118 113 15,016 6.7 0.64

*rrom 9 samplings of 20 larvae/sampling/replicate bebween Felruary 1Y-april 16, 1975. In the Padan treatment, the
data were based cnly cn 289 larvae as there were hardly any larvae after larch 12, 1975.
**Potentially, 1 hectare would contain 35,880 cabbage plants.
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The findings also revealed that in a host-parasite system the
ratio of their respective numbers may be altered in various ways by the
use of different insecticides, In the case of the Padan® treatment there
was hardly any significant change in the parasite: host ratio of 0.77
from the untreated control (0.64). This, to a large extent, was probably
due to Padan® being equally effective in its destruction of DBM and
A.plutellae (Table 4,5), With Sevithion®, however, because of its selec-
tive kill against the parasite a shift to an extremely small ratio (0.05)
had resulted, while it was greatly increased (3.22) in favour of the
parasite when DipelR, which had imsecticidal property reversed to that of
Sevithionl, was applied (Table 4.5). Such findings also suggest that the
correct choice in the chemical to be used could be crucial for any
effective pest management of DBM.
4.2.3.1 Development and reproductive biology of DEM as affected by

Sevithionf exposed indirectly through the host plant

The insecticide Sevithion was observed to have no significant
(P >0.01) effect on the number of eggs deposited by DBM (Table 4.6).
Nevertheless, variations occurred as numerically the number of eggs laid

by the moths reared on treated plants was higher in several cases compared

to the control.
Several other parameters considered were found to be unaffected;

these included the developmental period, the sex ratio, as well as the
longevity and fecundity of the F) females (Table 4.6). The mean fecundities
of the control and SevithionR-exposed females were 304 T 17.6 eggs and
254 * 21.3 eges respectively, and their mean longevities 13.8 X 1.0 days and
14.0 * 1.4 days. Both differences were found to be non-significant at
P = 0.05, '

4.2.3.2 Development of DBM as affected by direct exposure of the
larvae to SevithionR
Measures of the mean fecundity for female DBM of both generations

F1 and F, showed that there were no statistical differences between the
SevithionR-exposed,treatment and the unexposed control. For the Fy
generation females, the mean fecundities were 96.8 L 11.6 eges and

97.7 £ 17,3 eggs for the treated and control respectively, while that for
the F, generation females 48,0 X 17.3 eggs and 4.7 L 7,8 eggs.respectively
(Table &4,7). Although the mean fecundity obtained was much lower in the

1st generation, comparisons made for the Fj and F, generations in treated

adults gave a non-significant difference. For the controls, the difference

was, however, significant at the 5% level.

Studies on the mean longevity also revealed little difference
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Tuble 4.6 reprefuctive cheracteristics of Plutelle sdecetcil (1)
vhen indirectly expeced (+) to 0.1 2.i. Sevithicon™ arplied
onte the host plantc. ln the unexposed (=) centrel the
plants received only water spray.

Status of t. xylestella . . _.
- Significance

Parameter n
+ - (P = 0.01)

liean no. eqqgs deposited/
3 females for the first 5 305.6 207.0 ns
5 davs
lean developrentzal period
(days)
Eagg 100 3.2 3.2 ns
Larva 10C 7.5 7.9 ns
Funa 100 3.3 2.3 ns
Total 14.1 14.9 ns
Total nc. adults cohtained

rhale 273 215

Female 276 217

Total 549 432

Sex ratio ' 1:1 1: 1
Fy gereration fermzles Fean+3.L, hean+5.E.

Fecundity 10 254+421.3 304+17.6 ns

Longevity (days) 1C 14.0+1.4 13.8+ 1.0 ns

Tarle 4,7 keproductive characteristics of Plutella xviostella (L,) when
directly exposed(+) to 0.1% a.i. Sevithien®. In the unex-—
pesed (=) contrel, ihe 2nd-instar larvae received direct
sprav cf water only.

Status of I'. xylestells

Farameter n S1gnificance
+ - (13 level)
' generation:
Fecundity 10 27+11.6 ©E+17.3 ns
Loncevity ~ lale 10 3C.4+1.3 34.2+1.6 ns
- Yemale 10 21.0+1.2 14.1+1.32 ns
Kce.adults cottained
tale 125 106
Female g<S 11€
Total 214 222
Sex ratio 1 07 1 1.1
F. generation:
Fecundity 10 4+17.3 55+7.8 ns
Loncevity - lale 10 22.1+1.0 22.4+C.% ns

- Female 10 14.3+71.1 15.C*1.2 ns
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between the treated females and those of the control. In the Fy generation
females, the mean longevity were observed to be 21.0 X 1.2 days for the
treated and 1%4.1 ¥ 1.3 days for the control (Table 4.7). For females of
Fp generation, the difference was, however, again non-significant, being
14.3 X 1.1 days in the treated and 15.0 T 1.2 days in. the control.
Similarly, in the case of the males, the mean longevity for both F; and Fp
generations was found to differ little (Table 4.7).

In terms of the sex ratio, that for the treated set was found
to possess more males. This, however, was not significantly different at
P = 0.05 (Table 4.7).

4.3 DISCUSSION

In the laboratory studies on survival of DBM in the presence and
absence of A.plutellae, the influencing role of its parasite was especially
evident, in particular the following two features: (1) the immense effect
it had in reducing numerically the host population, and (ii) the delay
of an equivalent host population build-up. In the absence of the parasite
the host pepulation increase was 46 fold from the 1st to the 2nd genera-
tion while it was only about 8.4 times when the parasite was present. This
approximated to a parasite reduction‘factor (numerical increase of host
per generation in the absence of the parasite 3 numerical increase of host
per generation in the presence of the parasite) of 47.4 for A.plutellae
when introduced at a ratio of 1 parasite pair to 20 host larvae,

In spite of the relatively small parasite: host ratio (1:20)
adopted in the present studies the resulting effect on the two above-
mentioned features was noted to be remarkably substantial. Both these
featiures of host population reduction and delay of an equivalent host build-
up could be expected to be even much greater should the parasite: host
ratio be increased beyond the present valus, a condition that has been
frequently observed under normal field situations. Moreover, these would
further multiply many folds when the resulting effects at the end of each
successive generation are accumulated and repeatedly built up into sub-
sequent generations. When the influencing role of both host population
suppression and delay of an equivalent host build-up further interact and
exert in combination, the overall effects would inadvertently increase
still further. Such a situation appears inevitable as both these features
are interrelated and inter-dependent. Theoretically, with all these
multiplicities of host-suppressing factors continuously building up upon
one another it could be expected that the ultimate manifestation of the
differences in host numbers would be enormous between a situation where

the parasite occurs freely and one in which the parasite is totally absent.
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This would especially be so for situations that are considered over a
substantial period encompassing many host-parasite generationms.

Unlike the above which merely compares directly the population
development and differences, the life table analysis was also employed
in the laboratory studies to determine the killing power 'k’ of A.plutellae,
When the parasite was present', the 'k' values for the larval stage in the
1st and 2nd generation were, respectively, 15.7 and 4.1 times greater than
that without, confirming further the suppressive role of the parasite.

More important, however, is the clear indication that the parasite~caused
mortality is density-dependent, suggesting it may have some regulatory
effect on the host population.

Although the above experimental means of evaluation and analysis
have helped to verify and confirm on the usefulness of A.plutellae, the
methods are not free of weaknesses. DeBach & Huffaker (1971) believed that
periodic census and life-table data do provide much valuable informaticn,
but considered that such quantitative methods are inadequate in rating the
regulating or controlling power of natural enemies, They and Legner (1969)
emphasised that neither precise laboratory studies nor quantitative field
studies of parasitization furmish adequate means of evaluating the effect-
iveness of a parasite in host population regulation and ccntrol. Along the
same line, Hassell & Varley (1969) stated: “Laboratory studies can go some
way to predict which species (among several introduced) may be successful,
but an introduction provides the only real test"”,

Legner, in 1969, pointed out that: "The ultimate and probably
only reliable method for judging a parasite'’s effectiveness is the reduc-
tion in host equilibrium position following liberation". Such an evaluation
of the effectiveness by using before and after density comparisons under
field situation was also attempted in the present studies to help supplement
the laboratory investigations. As was clearly evident (Fig. 4,7), the
host equilibrium position was impressively reduced when A.plutellae was
present. Correspondingly, the percentage parasitism rose sharply to main-
tain at fairly high equilibrium level, indicating with considerable confi-
dence the effectiveness of the control exerted. Although the beneficial
role exhibited is quite impressive, the impact is not consistent as sugges-
ted by the poor crop yields obtained on a number of occasions., Nonetheless,
even though the control was only partial in these instances, the equally
high number of cases in which the yields realized were comparable to that
obtained under full insecticidal protection is of tremendous significance
in that it has shattered the second belief that 'no cabbage can be produced

in the Cameron Highlands without frequent and heavy insecticide applications®.

With this, as with disproving the belief that 'no biological control or
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parasite could exist because of the intensive and indiseriminate use of
insecticides*, perhaps the firm adherence to the dogmz of continually
searching for more potent chemicals or total dependence on them could be
increasingly relaxed, paving for easier and more rapid acceptance of an
ecological outlook as well as a rational development towards the control
of DBM, particularly in the Cameron Highlands.

In the consideration of the yields that may be attained, that
for most of the croppings were closely related to both the extent of DEM
infestations and its parasite's activity. Prior to 1969 the unprotected
crops generally had high populations of DBM and henced very low yields.
Subsequently, in the presence of the parasite since 1973 the infestations
remained relatively low in spite of no insecticidal protection, clearly
indicating the significant contributions of the parasite., However, it is
also evident that since the parasitic control exerted was only partial
further supplementary measures would be necessary. This, perhaps, also
explains why under farm situations insecticides are currently still
commonly and widely applied.

In general, somewhat similar conclusions to the above were also
obtained and confirmed by findings from the chemical exclusion studies,
wherein a much poorer crop yield resulted through higher infestations of
DBM due to the selective destruction of its parasite by Sevithionf,
However, the accelerated host increase may well be alsp due to an altered
plant physiology such as improved nutrition in the case of phytophagous
mites (Chaboussou, 1965) or hormoligosis (from the Greek: hormo = excite
and oligo = small quantities) (Locher, 1958; Luckey, 1968; Dittrich
et al, 1974) wherein Luckey (1968) conceptualized that “subharmful quanti-
ties of any stressing agent will be stimulatory to an (the) organism by
providing it (with) increased sensitivity to respond to changes in its
environment and increased efficiency to develop new or better systems to
fit a suboptimum environment”. In the present studies, no significant
differences were obtained for all the parameters considered (developmental
period, fecundity, adult longevity and sex ratio) (Table 4,6), showing
conclusively that hormoligosis (stimulation by small quantities of a
stressor) nor an improved nutritional basis via an altered physiology of
the host plant were responsible for the observed effects. With these
factors ruled out, it thus follows that the resurgence of DBM following
SevithionR treatment could only be logically attributed to the selective
removal of A.plutellae; the vast increase obtained furmishing proof of the
parasite's controlling power and potential. However, that the control
exerted was only partial is zgain suggested; largely by the fairly high

infestation in the untreated control where the parasite's activity was
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undisturbed, as well as, in the DipelH and Padan® treatments where these
chericals assisted as supplementary measures to provide effective control.

From investigations on the adverse effects of SevithionP on
A.plutellae (see 8,2) it was noted that the effects, although substantial,
could not exterminate completely the parasite population. As such, the
total extent of host increase was not fully expressed in the chemical
exclusion studies because the parasite was not completely eliminated, and
so may continue to produce some effect in limiting the DBM. Such a situa-
tion is probably more akin to the case of partial interference, wherein
was demonstrated in this instant that A.plutellae was responsible for the
observed lower host level, but the maximum level the host would attain in
its complete absence remains unknown,

The effectiveness of A.plutellae was clearly discernable even
though the insecticidal-check treatment was carried through only one crop
season., Although quite evident, the resurgence effect was not as specta-

cular as in other parallel studies, such as, the biological control exerted

by the parasite Aphytis maculicornis (Masi) on the infestation of olive

scale Parlatoria oleae Colvee. In the latter situation, the infestation
occurring under undisturbed parasite activity when compared with the exploded
infestation characteristic of DDT-caused depression of natural enemy activity
had ratio of initial to final densities of 100-fold and 1000-fold (DeBach &
Huffaker, 1971). Similar studies involving the purple scale Lepidosaches
beckii (Newm.) that is parasitized by Aphytis lepidosarhes Compere, and

the selective check-insecticide endrin, gave an increase in host population

over a 3-year period from an initial scale density of 174 to 20,615 (DeBach
& Huffaker, 1971), Such impressive difference is rrobably also obtainable
with Sevithion® should the period of exposure be greatly extended; this
being so is sirongly supported by the experience of DeBach & Huffaker (1971}
who noted "that the biological control potential from established enemies
cannot be accurately evaluated in study plots which have not gone without
ma jor chémical pesticide treatments for significant periods",

It is recognized that certzin of the methods employed in the
rresent studies may have individual shortecomings. As such, the simulta-
neous utilization of the diverse technigues should provide the necessary
confirmation, each of them serving to confirm others as valid nreans of
eveluating the effectiveness of A.plutellae. That the parasite can and
has contributed significantly to the control of DBM is now firmly establi-
shed by the different evaluating approaches utilized in the current
studies. With this, answer on the effectiveness of the parasite has now

become available to clarify for the critics and sceptics who still have

doubts in accepting the beneficial role of the parasite. Moreover, the
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application of the various test techniques outlined herein would also
make it easier for those who are sceptical to answer many of their own
questions with hard evidence.

Although A.plutellae has a definite role in the management of
DBM, it is important to recognize that the full impact is often affected
by several factors, both rhysical and biological. Among the latter are
included the parasite's behaviour (foraging, emigration tendency and
immigration), its hyperparasites (see 3.3.4), and the diseases of the host
as well as other competitive parasites. Both the latter two aspects will
be treated in greater details subsequently in Section 7 and Section 9,
respectively. Presently, however, it suffice merely to note that all these
factors merit serious and full considerations in determining the contri-
butory potential of A.plutellae and for its successful exploitation in the

control of DBM.
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5. SOME ASFECTS ON THE BASIC EBICLOGY OF A.PLUTELLAE

From the preceding investigations, A.plutellae was noted to be
both common and widespread, being the only major parasite of DBM on
cabbages in the Cameron Highlands (see 3.4), It has also been shown
(see 4.2) to be an important natural parasite there and potentially could
probably contribute more under a proper programme of environmental manage-
ment. However, for its full exploitation as a controlling agent of the
host, some information on the basic biology are generzlly desirable,
particularly the biology of the mature female which has been regarded
(Doutt, 1964) as the major determinant of efficiency of the species.
Presently, although some data are available (Delucchi et al, 195%; Chiu
& Chien, 1972) these are still limited. In view of this, and because the
parasite was only recently recorded (Lim & Ko, 1975) here, some relevant
studies on its basic biology were considered necessary. Factors regarded
to be important and examined included (i) the 1life cycle, (ii) host stages
preferred, (iii) initial parasitism on different host instars, and parasite
survival, (iv) oviposition and fecundity, (v) sex ratios produced, (vi) food
requirements, (vii) alternative hosté, and (viii) the influence of temp-
erature and humidity on the parasite's biology and development. It was
also hoped that these studies would provide greater insights into the
biological characteristics of the parasite, and hence, the possible biolo~

gical control of its hosts.

5.1 LIFE STAGES, DESCRIPTIONS AND DEVELOPMENT PERICD OF THE PARASITE

Earlier studies on the basic biology of A.plutellae were largely
confined to brief treatments of its life cycle/stages (Delucchi et al,
195%4; Fan & Ho, 1971; Chiu & Chien, 1972; Ho & Chio, 1972), with notable
emphasis on identification and taxonomic description of the adult
(Wilkinson, 1928, 1929, 1939; Parrots, 1964; Chiu & Chien, 1972). In this
study, a greater effort was therefore devoted to examining details of its
1ife cycle, and particularly the immature stages. In doing so, freshly-
emerged adult A.plutellae obtained from laboratory stocks initiated from
collections made in the Cameron Highlands in 1973 were first held for 24
hrs with 30% honey and water in *breeding jars® for mating (Flate 2.1).
Each female was then removed and individually confined in a glass vial
(7.5 em x 1.5 cm diameter) wherein was introduced singly lst-instar host
larva. As soon as oviposition had occurred the parasitized larva was
transferred and maintained on B.rapa leaves in groups of 15 larvae/jar
(Plate 2.1). For determination of the stage development of the parasite,

the host larvae were dissected at varisus intervals (5 hrs, 1,2,3,4,5,6,
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7 and B days) following parasite oviposition. The immature stages were
closely examined both under fresh conditions as well as stained with lignin
pink following clearing with 15% KOH and temporary mounting in glycerol
(A.R. Grade) after subjecting through serial transfers of increasing alcohol
concentrations (15%, 30%, 7%, 95%, absolute). Daily, measurements were
made for each stage obtained with the aid of a slide micrometer.

In determining the developmental pericd of the different life
stages, batches of 30 (from an initial stock of 750) parasitized host larvae
at successive days after parasite oviposition were dissected for thorough
examination of parasite larval cast skins and the stages present. Prepupa
and pupa were studied from dissected paraslite cocoons. Some of the para-
site cocoons obtained were also kept until exit of the adults which were
then reared for observation on adult behavioural activities. Throughout,

the studies were conducted under laboratory conditions (see 2b).

5.1.1 Egg
The hymenopteriform egg of A.plutellae is transparent and cylin-

drical with rounded ends (Plate 5.1.1,A); the narrower caudal end having
a straight short peduncle typical of the stalked-itype eggs of many braconids
(Hagen, 1964). At the broad end it measures 0.064 T 0.005 mm at 5 hrs
after oviposition and its length and peduncle, respectively, 0.251 T 0.016 mm
and 0.050 X 0,007 mm (Table 5.1.1). The chorion is transparent, thin, and
without sculpturing. Twenty-four hours after oviposition, the egg increases
in size to 0.438 £ 0,022 mm by 0.117 £ 0.006 mm and the peduncle 0.016 %
0.003 mm long (Table 5.1.1).

The egg is normally found free in the haemocoel of the host
larva, and the embryo developing within the egg (Flate 5.1.1, A & B) is
usually visible through the transparent chorion. More than 1 egg may be
found in a single host under long exposure of the latter to ovipositionm,
or when the host was exposed to several female parasites; however, normally
only 1 egg can be found per host. During hatching, the lst-instar larva
usually emerges at the side towards the anterior end of the egg (Flate

5.1.1, C & D).
5.1.2 larva

I+ was not certain how many moults the parasite larva underwent
because, during the life stages study, exuviae and moulting between the
2nd and 3rd larval imstars were sometimes not clearly evident. 1In general,
based largely on the developmental forms, it seems that there are 3 larval

stadia.
The lst-instar larva has a transparent body and is of the




Table 5,1.)1 Some physical measurements (mean + S.E.) of the various life stages of Apanteles plutellae Kurdj.

M
Pericd after Parasite Length width Head width andible Feduncle Caudal horn Anal vesicle
oviposition stage n (mm} {mm) {mm) length (mm) (mm) (mem) (mm)
Left Right
S lwours Egg 10 0.251+0.016  0.064+0.005 - - - 0.050+0.007 - -
1 day Egg 10 0. 438+0.022 0.117+0.006 - - - 0.016+0.003 - -
2 days 1st-instar 10 0.451+0.031 0,100+0.008 0.170+0.007 0.076+Q.007 0.077+0.006 - 0.091+0.014 -
larva
3 days 1st=-instar 10 0,6%740.207 0,200+0.075 0,1734+0.010 0.076+0.005 0.076+0.004 - 0.115+0.034 -
larva
4 days 2nd-instar 10  1.069+0.104 0.287+0.067 0.172+0.010 0.073+0.005 0.074+0,007 - 0.066+0.012 0.229+0.014
larva
5 days 2nd-instar 10  1.098+0.087 0.300+40.019 0.16440.015 0.074+40.004 0.075+0.004 - negligible 0.23340.028
larva
6 days 2nd-instar 10  1.535+0.273 0.393+0.052 0.166+0.015 0.070+0.004 0.070+0.006 - absent 0.329+0,045
larva
7 days  2nd=instar 10  2.35040.439 0.730+0.134 No distinct 0.076+0.004 0.078+0,003 - absent 0.446+0,053
larva head
8 days 2nd-instar 10  3.230+0.464  1.024+0.116 No distinct 0.073+0.006 0.073+0.006 - absent  0.515+0.056
larva head
8-9 days 3rd-instar 10  3,536+0.275  1.072+0.049 0.355+0.020 ©.188+0.013 0.184+0.012 - - -
L larva
B-15 days Cocoon:M ® 29 3, 33+0.27 1.29 + 0.10 - - - - - -
. F 33 3.,3740.17 1.30 + 0.09 - - - - - -
8-9 days Prepupa 15  2.8310.16 0.91 + 0.08 * - - - - -
9-16 days Pupa 15 2.65+0.10 0.69 + 0.06 . . . - - -
10-16 days Emergeceas
adult:
Mee 10  2.56+0.131 0.77+0.049 0.62+0.038 . - - -
. F 10 2,.62+0.161 0,73+0,054 0.63+0,024 . = = =

*Measurements not made.
**M = Male, F = Female.
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caudate-mandibulate form (Plate 5.1.2, A & B). It was usvally found in
the posterior part of the host's haemocoel, and had not been observed
attached to the host tissue. It has a large sclerotized head with distinct
mandibles and labrum (Plate 5.1.2, A & B), The caudal horn (or caudal
appendage) is prominent and distinctive (Plate 5.1.2, A & B).which,
according to Clausen (1940), is a modification of the last abdominal
segment into a fleshy organ. Ten body segments are clearly evident, with
short spines present in the last few. Overall, the larva measures

0.451 £ 0,031 mm (excluding the caudal horn) by 0.100 * 0.008 mm within
1 day after egg hatch, and 0.697 £ 0,207 mm by 0.200 * 0.075 mm at 2 days
(Table 5.1.1). For the length of the caudal horn and head width, these
are correspondingly 0.091 i.0,014 me and 0.170 £ 0,007 mm within 1 day,
and 0.115% 0,034 mm and 0.173 £ 0,010 mn at 2 days, while the left

mandible length 0.076 £ 0.007 mm and 0.076 £ 0.005 mm, respectively (Table
5.1.1).

Occasionally, many lst-instar larvae have been observed to occur
within a host, but 1-2 was the usuzl number. Allen (1958) reported some
species of Apanteles as being cannibalistic in the lst-instar; no canni-
balism was, however, noted here for A.plutellae as with Apanteles
marziniventris (Cresson) (Boling & Pitre, 1970). A living larva may be
seen among other dead ones fully intact but shrivelled up.

The 2nd-instar larva is whitish, semi-transparent and vesiculate

(Plate 5.1.2, C - G), and differs greatly from the lst instar. There is
no visible sclerotised head and the mouthparts 3-lobed (labium and a pair

of maxillae) {Plate 5.1.2, F). It has a well-segmented and more robust

body that also gradually becomes opague; the opacity increasing with growth
and longevity. To a large extent the opacity is due mainly to the deposi~
tion of whitish fatty tissues as well as the increasing ramification and
greater develorment of the trachea system. From 7-8 days, some larvae

may also-have a greenish tinge; this perhaps resulted through the accumu-
lation of some chlorophyll material that were transferred over from the
host's ingested food. ]

Although the caudal horn was still present in the larvae at 4-5
days after oviposition this was inconspicuous (Table 5.1.1); largely being
masked by the anal vesicle which was very prominent and which also increased
in size with growth and longevity (Table 5.1.1; Piate 5.1.2, C ~ G). This
somewhat svherical vesicle was observed to result from the evaginated
rroctodeun,

On average, from 4-8 days of oviposition, the Znd-instar larva

grew extensively, and had trebled from its initial size. This was especially
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evident from the daily measurements obtained (Table 5.1.1).

The 3rd-instar larva was hymenopteriform, ana the moult to

become this instar occurred just prior to its emergence from the host.
It tapers anteriorly and is creamy white to yellowish green in colour
(Plate 5.1.2). Segmentation is distinct and the body slightly curved
Wwith pleura of lst to 7th abdominal segments distinctly convex and the
anal vesicle absent. During this stage, the spiracles were also distinct-
ly visible. The larva measures 3.536 T 0.275 mm in length and 1.072 *
0,046 mm in width (Table 5.1.1).

Usually, the parasite emerges from the side of the host larva,
generally at approximately the 3rd-4th abdominal segments (Plate 5.1.3,
B - D). It takes about -1 hr for the larva to emerge fully (Plate 5.1.3,
C), using the same peristaltic-like motion observed by Cushman (1918)
with Apanteles congregatus (Say). Many of these parasites emerged
completely from the host before beginning to spin the cocoon; if so, the
larva did not crawl about the plant, but usually began spinning immediately,
Others began spinning the cocoon as soon as the head and thorax were out
of the host.

Following emergence, the exit hole of the larva on the host

took on a scablike appearance (Plate 5.1.3, C & G). In all cases the

larva was never observed to feed on the host.

5.1.7 Cocoon

The parasite cocoon is spun from white silky thread released
orally by the matured larva ca 8-9 days after oviposition. It is spindle
shapéd_with smoothly rounded ends (Plate 5.1.3, H). Normally, the para-
site larva was observed to construct a loose lacy and l-sided cresent-
shaped cocoon, then moved its posterior end into it first (Plate 5.1.3,
D - F). As with A.marginiventris (Boling & Pitre, 1970), the cocoon was
shaped by rippling motions of the body, with the parasite often reversing
its position within the cocoon. After the body was firmly seated in the

cocoon, the larva began closing the open side of the case., Generally,
spinning movements were up and down at first, followed by cross spinning
to enforce the sides. After about 3 hrs (range: 2.4 - 3.3 hrs) the para-
site was barely visible through the pupal case (Plate 5.1.3, G); however,
construction of the cocoon was still in progress.

The newly-spun cococn of A.plutellae is white, and may be covered
with loose silken network which began its construction. Although generally
soun on the undersurface of cabbage leaves in the field, it may also be
formed on a variety of surfaces under laﬁoratory conditions, such as,

perspex, mylar polyester film, wooden cages, glass vials, nylon and muslin
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covers, copper gauze and filter paperz. COver all surfaces, the cocoon
was firmly attached by silken threads and was not easily dislodged except
with considerable force. As such, its removal from leaf surface by rain
and wind in nature appears highly unlikely.

Unlike some other braconid cocoons which may change colour and
darken to yellow or various shades of brown prior to adult emergence as
in the case of Meteorus pulchricornis (Wesmael) (Askari et al, 1977),
that of A.plutellae usually remains white throughout., The adult parasite
emerges from the cocoon through 1 end where a uniformly round cap ca 1 mm
in diameter would be cut with the mandibles (Plate 5.1.4)., Because of

the loose outer network of silk on the cocoon, the cap frequently remained

hinged to the cogoon after emergence.

On average, the cocoons of A,plutellae measure 3.33 X 0.27 mm
by 1.29 + 0.10 mm for the males, and 3.37 + 0.17 mm and 1.30 + 0.09 mm for
the females (Table 5.1.1).

5.1.4 Prepupa
The prepupa which lasts ca 20-30 hrs, has discernable head,

thorax and abdomen, and segmentation in the latter is much more distinct
than in the 3rd-instar larva (Flate 5.1.4). Anteriorly, the mouthparts
are quite apparent while the antennae absent. On the head 2 reddish brown
and oval-shaped eye spots are present dorso-laterally, while between the
eye spots and situated dorsally near the posterior margin of the head are
3 kidney-shaped ocelli (reddish brown). In general, the cerhalic struc-
tures are more heavily sclerotized and the general body colour lignt
yellowish with the ventral whitish. During this stage the appendages and
wing pads are still absent. The mean length of the prepupa (n = 15) is
2.83 + 0.16 mm, and the width 0.91 + 0.08 mn (Table 5.1.1).

5.1.5 Pupa
The pupa, at the stage of 2nd day after cocooning has a distinct

head, thorax and abdomen, It is bright yellow with 7 visible abdominal
segments, The eyes have turned deep brown and the head slightly orange
while the ocelli reddish brown. A pair of yellow 18-segmented antennae is
present; these being folded ventrally towards tﬁe posterior. Legs and wing
pads which are transparent and yellowish are alsc clearly evident; the
1atfer folded on the sides and pointing posteriorly, but not extending
beyond the first § of the abdomen.

On the 3rd day after cocooning, the head, thorax, dorsal and
ventral surfaces of the abdomen, femur, eyes and ocelli had changed to

black, while the antennae still remaining yellow although slightly darkish,

The wing pads were now larger but never extending beyond the mid-atdomen,




vhile on the 5th and 6th abdominal segrents, a rair of oval-chaped
spiracles were clearly discernable, In the females a fully-developed
ovipositor was also visible.

By the 4th day after cocooning, the antennae had turned to
black while the legs, except for some yellow portions, were generally
brownish black. The wings were fully formed and free, with all other
adult features also clearly visible (Plate 5.1.4). Attached to its
abdominal apex may be seen the exuviae of the 3rd-instar larva. At this
stage, the pupa (n = 15) measures 2.65 + 0,10 mm by 0.69 + 0.06 mm
(Table 5.1.1).

5.1.6 Aduit

The adult usually emerges by tearing the silky cocoon with its
well~developed mandibles (Plate 5.1.4). Usually, the males tend to emerge
earlier than the females (Fig. 5.1.1). This appears advantageous as the
Temales normally are ready to oviposit shortly after emergence, with or
without copulation.

As noted earlier, the zdult parasite has been fully descrited
elsewhere {Wilkinson, 1928, 1929, 1939; Parrots, 1964) and it thus suffice
to provide here only the following brief characteristics, The adult is
black in colour and has a pair of light brown mandibles, yellow palpi,
black or dark brown antennae (18-segmented) and hyaline wings with blackish
pterostigma and fuscous veins., The light brown legs have black coxae
except the hind-coxa which is also partially brownish. Both the front
and middle tarsi; tibia and hind femur are pertially black, while the hind
tarsi almost entirély black. In general, all the legs of the males are
usually darker than those of the females. On the face, fine punctures
are ciéarly evident while the body densely punctated. Although absent in
the posterior half of the mesopleurum, the propodeum is coarsely and
densely punctated with a few distinct wrinkles which are more prominent
in the females. Likewise, the first 2 abdominal tergites are densely and
coarself‘punctated, while that on the others rather fine and scarce, or
almost lacking. In the female, a distinct ovipositor is also distinguish-
able posteriorly (Plate 5.1.5).

On average, the males measure 2.56 + 0.131 mm by 0.77 + 0,049 mm,
and the females 2.62 + 0.161 mm by 0.73 + 0.0% mm (Table 5.1.1).

5.1.7 Developmental period and life cycle

Under the conditions of the present studies, the average dura-
tions of the individual stages are: egg, more than 1 day, generally Jjust
slightly less than 2 days; lst stadium, 1-2 days with most about 1 day;
2nd stadium, 4-5 days, averaging 3.8 days; 3rd stadium, 1-3 days, averaging
1.8 days; prepupa, ca 1 day; and pupa, 3-6 days, averaging 4.5 days (Table




5.1.2). For the cocoons, however, great variation was observed; ranging
from 2-7 days, and averaging 5 days (Fig. 5.1.1). In general, the cocoon
reriod for the males is shorter, averaging only 4.7 days while that of the
females 5.2 days. Some cocoons have developmental period of only 2 days;
these, however, were entirely males (Fig. 5.1.1).

The total time required for the completion of a 1life cycle or
one generation (from egg to adult emergence) averaged 13 days (Tables
5.1.1 & 5.1.2). Although the shortest period was 10 days and the longest
16 days, most individuals, however, emerged together showing a high degree

of uniformity in the duration of the developmental stages.

5.2 PREFERENCE OF HOST STAGES BY A.FLUTELLAE

Initial cursory observations indicated that A.plutellae, like
many other parasites, exhibits distinct preference not only for certain
host species but also specific stages of a particular host, A clear
understanding into this could lend much towards a more efficient manipu~
lation of the parasite, such as, in developing mass rearing technique as
well as in improving the proper timing for parasite releases should these
be needed, Besides, it would also enrich understanding of other related
aspects of the parasite's biology, e.g. successes in parasitism and total

individuals obtainable when a particular host stage is exposed.

£.2,1 Preference over the host's eggs, larvae and pupae
In the field survey in Section 3, the parasite was obtained only

from field-collected host larvae. To further confirm this and to deter-
mine the actual host stage(s) that the parasite would attack (oviposit) or
prefer, all the main stages (eggs, larvae and pupae) of D3M were simulta-
neously exposed for 24 hrs to the parasite in either 'larval developmental
cages' (Plate 2.2) or 'breeding jars® (Plate 2.1). Freshly-emerged and
nated female parasites were used, and following exposure the different
host stages were separately maintained and reared for determination of
successful parasitism. This study was repeated 14 times under laboratory
conditions (see 2b).

The results obtained (Teble 5.2.1) showed without doubt that
A.plutellae 1is strictly an endo-larval parasite. Out of a total of 9521
eggs and 607 pupae of the host exposed, not one was parasitized, while
62.1% of the host larvae (2nd + 3rd instars) resulted in full parasite

development and emergence to the cocooning stage.

5.2.2 Preference for the different host larval instars
Previous studies (3.3.1 & 5.2.1) have revealed that the host

larvae constifuted the only stage selected by A.plutellae for oviposition




Table 5.1.2. Developmental stages anc period of ipanteles plutellac kurdj. rearcd on Blutella xvlostella(L,) at
2543°C and RrH 70-80%.

i - . - V. . Developmental
Developmental stage No. of the immature stages obuserved at followiay cays from oviposition period (day)
Same day 1 2 3 4 5 6 7 B S 10 11 12 13 14 Mean kange
=GG 30 30 - - - - - g - - - - - - - 1 1< 2
LaRVazilst instar(Li) - - 30L4q - - - - - - - - - - - - 1 1 =2
- ;
2nd 1nstar§L2) - - - 1L1+29L2~ - - - - - - - - - - 3.8 4 -5 i
- - - - BOL2 - - - - - - - - - - l
e ;
3rd instar(LS) - - - - - - 18L2+12L3 - - - - - - - - 1.8 1-3 ;
PrzblUEa (pp) - - - - - - - 4L +14L - - - - - - - 1 1
+€2pp
5. FLEs (F) - - - - - - - .3+16pp- - - - - - 4.5 3 -6
+12P
- - - - - - - - - 30pP - - - - -
- - - - - - - - - - 30p - - - e
ADULT - - - - - - - - - - — 22FP+8BA - - -
- - - - - - - - - - - - 11E+1%A = =
- - - - - - - - - - - - - TP4+23A-
- - - - - - - - - - - - - - 30A
‘txuviae (No.) 0 0 0 2L, 30L, 30L,30L.+ por i24n30uk £ E E E E E
121, _IL,‘&%,. ;A{ﬁ )
’ 2 ;(Ll ?)
? = Lxuviae could not be found.
£ = By this time all have emerged out of the host.




g7

| ]
40 .
°% Emergence
O Male
A Female
30 O Beoth sexes -
20 -
io -]
& ° I r 1 [ ! i T
=]
IS
[«}]
[8)
)
o
Sex Ratio: O Male
' Female
100 — — -
80 — -
40 .
20 o -
0 g -

Cocoon period ( days )

Figure 5-1-1 Emergence and sex ratio of Apanteles plutelae Kurdjin relation to

varying developmental cocoon periods.




Table 5.2.1 Susceptibility of the different stages of Plutella
xylostella (L.) to parasitization by Apanteles
plutellae Kurdj. The different host stages were
exposed simultaneously.

Test* Fated female No. and staze of host No,(%) parasitized™X
parasites used exposed .
Eggs Larvae®* Pupae Eggs Larvae Pupae

1 3 20 90 9 0{0 25(27.8) o(o;

2 3 23 88 14 0(0) 71(80.7) o(0

3 24 687 161 18 0(0 10?(66.5; 0(0)
4 7 458 148 15 0(0) 110(74.3) 0(0
5 24 862 106 22 0(0) 52(49.1) o(0
6 13 137 81 s ogo 26 32.1% ogo
7 24 188 61 W 0(0) 13(21.3) 0(0
8 15 272 Ly 22 0(o 20(4s.5) o(0
9 5 80 28 20 0(0) 20(71.4) o(o
10 7 165 L7 9 o§o§ 36{?6.65 oéoé
11 1 132 16 3 0(0 3(18.8) 0(0
12 iy 178 97 3 0(0) 72(74.2) 0(0)
13 60 4031 613 200 0(0) 434(70.8) 0(0)
14 89 2288 558 204 0(0) 339(60.8) 0(0)
Total 279 9521 2138 607 0(0) 1328(62.1) 0(0)

¥Except for tests 13 and 14 which were made in 46.5 em x 6.15 cm x 61 cm
cages, all were tested in 24 om x 10 cm diameter glass cylinders.

¥*Targely 2nd and 3rd-instar larvae.
**¥pased on successful parasite cocoon formation.

(Table 5.2.1). Although both 2nd and 3rd instar larvae were ‘attacked’

by the parasite it is uncertain if there was any preference exerted. To

investigate the ovipositional preference by A.plutellae for the different
larval stadia of DBM, 3 approaches were employed. All involved exposing

a leaf of B.rapa containing the host larvae to freshly-emerged and mated

female parasites in the 'oviposition jar' (Plate 2.1). Immediately follow-

ing exposure the larvae were dissected for egg determination. 1In the
first method, various host stadia were exposed separately for 15 mins each,

and at a host:parasite ratio of 6:3. With the 2nd method, equal numbers

of each host stadium were mixed together and simultaneously exposed for
24 hrs, The 3rd method involved exposing for 24 hrs two larval stadia at
a time, Different combinations of larval ratio (OLa:20Lb, 2La:18Lb,
41a:16Lb, 6La:14Lb, 8La:12Lb, 10La:10Lb, 12L2:8Lb, 14La:6Lb, 18La:2Lb, 20la:
OLb; La = ath larval stadium and Lb = bth larval stadium), with the
total larvae of the stadia concerned adding up to 20 were evaluated. In
the investigations, this test was replicated 4-5 times.

As with the previous study, the experiments were conducted under




the laboratory conditions (s=e 2b),

From the findingc, it was evident (Tables 5.2.2 & 5.2.3) that
A.plutellae would parasitize on all larval stadia of DBM, and is unlike
some other parasites which would totally discriminate against some stazes,

as with A.marginiventris where the 3rd to 5th larval stages of Plathypena

scabra (F.) (Lep:Noctuidaes) were never parasitized (Kunnalaca & Mueller,
1979). Although this was so, there was also a clear display of preference.
In particular, a distinctly higher number of parasitized individuvals zs
well as the number of parasite'’s eggs deposited per female, or per host,
was noticeable on the 2nd larval instar (Tables 5.2.2 & 5.2.3). This
stage also had 2 higher freguency of ‘ovipositional stings' (Table 5.2.2)
and greater number of individuzls containing more than 15 parasite's eges
(Table 5.2.3). 2ased on these parameters, it was evident that the prefer-
ence was of the following order: 2nd host instar » 3rd host instar 3 1Ist

host instar > 4th host instar.

Table 5.2.2 Susceptibility of various host stages tc Apanteles plutellae
Kurdj. ovipositionzl attack, and rate of successful egg
deposition, (Host: parasite = 6:3; exposure time = 15 mins).

Host stage® Replication gzifg; Fost parasitized®* NQ: of esgs dewosited
frequency No, y Total Per female Ranre
First 1 8 4 6 0-13
2 10 4 5 0-2
3 6 1 2 -2
N 13 k& 9 c-2
Total 37 13 .17 22 1.8 0-3
Second 1 Lo 6 43 2-1k
2 28 6 28 - 3-£
3 32 6 26 3-7
L 3z 6 L 5-10
Total 141 24 100,00 141 11.8 2-14
Third 1 20 b g c-4
2 15 5 1k o-L
3 14 2 3 0-2
L 16 6 23 1-9
Total 65 17 70.83 Lg 4,1 ©-9
Fourth 1 23 2 3 0-2
2 3 0 0 0
3 7 1 1 0-1
4 7 5 5 0-1
Total 40 8 33.33 g 0.8 c-2

*The different larval stages were exposed separately.
¥¥pased on parasite cocoons formed.
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able 5.2.3.Cvipositional pattern and nunber ol egqgs depositoed by apanteles plutel lae Furdj.when different larval stagesof
Flutella xylostella (L.} are exposed together.

Host

Trial HNo. of host containing the fcllowing number of parasite eqgs* Total Parasi- Mean egg
Ins . No. P 51 ie e o
nstar No © 9123456780910 11 12 13 14 15 arasite tised host No./host
»tage Expesed eggs(Ho.)(No.) %
10 I 622 6 4
irst 10 I1 204031 25 8
20 III 31062210111 1 0 0 0 0 1(16) .97 17
Total 40 113665310111 1 0 0 0 0 1(16) 128 29  72.5 4.4
10 I 2032201 26 8
Second 10 11 01013021000 ¢ 0 0 0 0 1(16),1(19) . 70 10
20 I1I 11002012020 1 1 0 3 0 1017),1(19),2(21),1(26),1(40) 256 19
Total 40 32337043020 1 1 0 3 01(16),1817),2(19),2(21),1(26),1(40) 352 37 92.5 9.5
< 10 I 0321111041 33 10
i Third 10 I 41001100010 0 0 1 0 0 1(16) 48 6
20 ITI 30031011001 1 2 1 0 12(17,2(19),1(20) 191 17
Total 40 742432211 1 2 2 0 1 1(16),2(17),2(19),1(20) 272 33 82,5 B.2
10, I 5221 9 5
20 IIL 50112223021 0 1 96 15
Total 40 174332223021 0 1 110 23 57.5 4.8

*Vihere the number of parasite eggs is more than 15, this is indicated within parenthesis.

e A
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In the studies involving paired host larval stadia, the prefer-
ence ray be grarhically displayed as susgested by Murdoch (1959) who
formally defined the relationship in the form:

Ne N :
— =C (2)
Ng N

where Ng, N; = the numbers of prey types I and II eaten, N, N'= the numbers
of vrey types I and II initially present, and C = the Index 4 as explained
by Cock (1978). Although this method, among several others, was developed
essentially with predator-prey interactions, it is also applicable to the
host~parasite sitwation (Cock, 1978). In the preference evaluation invol-
ving Murdoch's C, the ratio of the prey types eaten (or ‘attack® N in
the case of DBM)was plotted against the ratio at which they were present
[/ i.e. illustrating equation (2) 7. By this method, the constant prefer-
ence will take the form of straight line relationship where a slope of 1
indicates no preference, a slope » 1 positive preference, and a slope <
1 negative preference. Thus, preference can be readily detected as a
deviation from the slope of unity (Murdcch, 1969; Cock, 1978) and vherein
the straight line is fitted through the origin (Snedecor & Cochran, 1967).
Figure 5.2.1 clearly illustrates the preference ¢f A.plutellae
for the variouns host larval stages of DBM, and Table 5.2.4 the statistical
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analyses. In computing the latter, values for the combinations 0La:20Lb
and 20La:0Lb were omitted as these, inadvertently, would either be O or €S,
and being so, would unnecessarily reduce the overall accuracy of the
analysis.

From this study it is again evident that the parasite was able
to 'attack®' all the 4 larval stadia exposed, although there was a marked
preference for the 2nd. Except for the lst instar, the preference order
wvae again confirmed to be similar to that of the other 2 rmethods, i.e. 2nd
instar > 3rd instar > 4th instar. As for the 1lst instar, no preference
was exhihited when matched against both 2nd and 3rd instars, although it
was again noted to be preferred over the 4th instar. Tnis slight discre-
pancy observed with the 1st instar could be due to the many influencing

factors on preference, much of which are still inadequately understood,

EE N e

o hrer
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such aé_(i)'thé parésite or host densities, which were unequal for the
different methods, and (ii) the presence or absence of other host stages

that also constitute a choice for 'attack’.
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Figure 52| Parasitism of Plurelia xylostella(L..) by Apanteles plutellae Kurdj- when two larval host instars were presented.
A 3rd instar (N2) and | st instar (N1)- B : 2nd instar (N2} and Ist instar (N1} C: 4 th Instar{N2) and Ist Instar
(N1)- D: 3rdinstar (N2) and 2nd instar (N1)- E' 4thinstar{N2) and 2nd instar(N1}- F+ 4thinstar (N2) and
3rd Instar (N1} NA2 and NA1 are the respective number of hosts parasitised or “attacked"
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Tatle 5.2.4 Regression analyses to the preference of Apanteles plutellae
Kuard j. over the different hont larval instars of Plutella
xvlostella (L.).

Instar Prefer-

ence af t0.05 Regression equation Sy + SE
1st = 2nd 44 2,021 y = 0.9393x 0.0606 0.1225
1st = 3rd 39 2.021 y = 1.0464x 0.0705 0.1425
1st > 4th 31 2.042 y = 0,6504x 0.0008 0.18%4
2nd > 3rd Lz 2,021 y = 0.7883x 0.0477 0.0564
2nd > 4th 43 2.021 y = 0.3721x 0.0629 0.1271
Ird > 4th 32 2.042 y = 0.4029x 0.0780 0.1593

5.3 DEVELOPING BIOLOGY OF THE HOST AND THE PARASITE AS AFFECTED BY THE
INITIAL HOST STAGE IN WHICH PARASITISM OCCURS
Presently, it is not known how different is the developing

biology of A.plutellae and its DBM host when parasitism first occurs on
the different larval stadia of the host. In studies to gather information
on this aspect, newly-moulted and different larval instars of DEM were
individually confined with a female parasite in glass vials (7.5 cm x
2.5 cm diameter) and closely observed to ensure single oviposition per
larva. Immediately following egg deposition, each parasitized larva was
separately reared on B.rapa in a 'breeding jar* (Plate 2.1) for detailed
determination of the developmental time (instar period and life cycle) of
the host and parasite. For each larval stage considered, 36-59 individuzls
were studied. 1In a separate series involving 70-110 larvae per stage,
40 parasitized larvae were dissected daily for determination of the parasite
developmental stage attained. This study, it is hoped, would further en-
lighten on the influence of host stage over the parasite development.

~ Previous investigations have provided evidence that the presence
of endopérasite larvae may change the development of their hosts.
élausen (1954) reported that the endoparasite may cause variations in the
growing rate of hosts and these may appear in the different ages. For
jinstance, although there was no significant difference in larval size,
there was some delay in the development of the larvae of Spodovtera
littoralis (Boisduval) (Lep: Noctuidae) when parasitized by Chelonus
inanitus (L.) (Hym: Braconidae), particularly from the 2nd day until the
5th (Rechav & Orion, 1975). After the 6th day, the development was slow
and practically stopped on the 9th day, while the weight of the unparasi-
tized larvae increased tenfold. 1In the present investigations, such an

effect on development was also observed in DBM vwhen parasitized by
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A.plutellae., However, the effect was largely evident only when parasitism
initially occurred on the 3rd and 4th larval instar., For instance, for
the developmental period from host hatching to parasite emergence {or
cocooning), there was an increase from 7.969 + 0.244 days to 13.133 +
0.165 days as parasite oviposition was delayed from the lst to the 4th
host instar (Table 5.3.1). This increase became greater with progressive
delay in the oviposition, as well as, with progressive advancement of the
developmental stage. Among these, the main increase occurred in the
developing stage between the 3rd moulting to parasite cocooning, suggesting
that this probably acted as the main *waiting! stage, since contributions
by the others were relatively minor, It was also evident that host devel-
opment was little affected when the parasite oviposition occurred in the
1st larval instar.

In terms of host mortality resulting from parasitism, differences
were also evident; these depending on which host stages the parasite
oviposition first occurred (Fig. 5.3.1). With the exception of the 2nd-
instar stage which had least mortality (16.67%), that of the others showed
a progressive increase of 33.33%, 43.86% and 54.29% for the larvae which
were oviposited at the 1lst, 3rd and 4th instar stage, resvectively. The
reverse was, however, recorded for success parasitism rates, wherein the
2nd-instar stage showed the highest of 83.33% (Fig. 5.3.1). This trend,
with the exception of the lst-instar, was similar to that observed in the
preference studies wherein similar order of preference was again observed:

2nd instar > 3rd instar > 4th instar (see 5.2).
As for the various developmental periods of the parasite itself,

these appeared to be little affected. For all the larval stages studied,
except the 1st, the following were generally about equal irrespective of
when the oviposition took place: egg-larval period, cocoon period, and
egg-to~adult period (Table 5.3.1). Where oviposition occurred during the
1st instar stage the overall developmental period tended to be slightly
longer. That the parasite's developmental period was in general unaffected
was further evident from another study where parasitized host larvae were
dissected daily for determination of the developmental stage attained by
the parasite. From such a study, the developmental periods for the various
immature stages were observed to differ 1little irrespective of whether
parasitism occurred at the lst, 2nd, 3rd or 4th instar stage (Table 5.3.2).
The only difference noted relates essentially to the parasite survival,

wherein a higher mortality occurred as the instar stage initially parasi-

tiged became progressively later. This, however, was also evident from

the previous study (see 5.3, Fig. 5.3.1).



TABLE 5.3.1. Host-parasite developmental period in unparasitised Plutella xylostella (L.) and when the host was

oviposited upon during the different larval stages by the parasite Apanteles plutellae Kurdj.

Host larval stage in which oviposition occurred

Develeopmental Unparasitised
Characteristics 1st-instar 2nd-instar 3rd-~instar 4th-instar
HOST $
a) Developmental period
1st-instar 1.596+0.095 1.444+0.084 1.818+0.100 2.000+0,.064 2.31+0,0830
2nd-instar 1.575+0.087 1.657+0.081 1.566+0.069 1.956+0.,084 1.57+0.0884
3rd-~instar 1.919+0.085 1.500+0.100 2.078+0.100 1.932+40.082 1.65+0.0984
From 3rd moult to 2,781+0.167 4.000404.150 4.765+0.190 6.917+0.150 2.64+0.0988%
cocooning - - - - -
From hatching to
L] . . . - - - . . - 3 >
rUO: bacasite cocooning 7.969+0.244 8.500+0.164 9,882+0.188 13.133+0.165 8.25+0.1344
b) Mortality
No. parasitised 32 30 32 15 -
No. died prior to 16 6 25 27 9(20.0%)*"
parasite cocooning
Total 48 36 57 42 45
PARASITE:
a) Developmental period
Egg-larval 7.625+0,466 7.067+0.150 6.824+0.140 7.000+0.140 -
Cocoon 3.906+0.094 3.667%0.100 3.938+0,110 3.933+0.120 -
Egg to adult 11.844+0.238 10.833+0.190 10.774+0.150 10.929+0,200 -
b) No.Female:Male 19 : 13 16 : 14 11 5 21 6 : 9 -

* 4th instar pericd.
** 4ist-4th instar perilced,
*** Prior to reaching the pupal stage.
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Figure s5.3.1 Relationships of host mortality, parasitism rates and

parasite sex ratios when the different larval instars of

Plutslia xylostella(L.) were oviposited upon by
Apanteles plutellae Kurdj - -
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Table 5.3.2 Development of Apanteles plutellae Kurdj. in relation to
the stage of host instarl/ at which parasitization
initially occurs.

Host instar No. dissected Days after parasitizationg/
initially & examined
parasitized 1 2 3 4 5 6 7 8 9
First 10 10EE lOEE/EL 10EL. 10LL 10LL 10LL 10LL 2LL,8C 10C
Second - 10 10EE 10EE/EL 10EL 3EL, 10LL 10LL 10LL 1LL,9C 10C
7LL
Third 44 LYEE L4EE/EL 44EL L1LL,26LL 13LL 4LL, 4C
3D 18D 31D 40D
Fourth 21 21EE 21BE/EL 21EL 4EL, 9LL, 2LL, 1LL, 1C
10LL,12D0 19D 20D
7D

1/ Larval host of Plutella xylostella (L.).

g/ Stage of developing parasite: EE = Egg, EL = Early larva, LL = Late Larva,
C = Cocoon, D = Died

With respect to the emerging parasites, there was noted a pre-
ponderance of males when initial oviposition occurred on the 3rd and 4th
instar. The respective female:male ratios were 0.52:1 and 0.67:1 (Table
5.3.1, Fig. 5.3.1). Where the 1st and 2nd instar were first oviposited
upon, the ratios were respectively, 1.46:1 and 1.14:1; these evidently

apreared more favourable,

5.4 DEVELOPMENTAL BIOLOGY OF A,PLUTELLAE AS AFFECTED BY DIFFERENT

LEVELS OF TEMPERATURE AND HUMIDITY

Some of the most important criteria that can be presumed to

influence a parasite's ability to persist and increase in abundance in
localities where its host exists are its moisture-tolerance and temperature-
tolerancerlimits. To a large extent it is also governed by the rapidity
with which it can develop within these limits. Generally, the wider these
limits are, the more widespread can be its geographic range. Also, the
more rapidly it can develop to maturity, the more rapidly can it be expected
to increase in numbers in relation to its host and to its competitors, all
other factors being equal, The importance of these parameters in relation
to biological control and pest management programmes has been well-
reviewed by Messenger (1959, 1970, 1971). For the present bioclimatic
studies, the aims are thus directed at testing the entire range of temper—

ature and humidity levels that exist in Malaysia, and also how these may

support the survival of A.plutellae. In essence, the temperature threshold
and the thermal constant for development were determined, as Messenger
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(1959, 1970) has shown that these could be useful indicators of an
insect's potential distribution and abundance.

5.4.1 Materials and methods
' Basically, 3 series of experiments were conducted; the lst and

2nd to determine the effects of different constant temperatures; and the
3rd that of different constant level of humidity. For these investigations,
all the DBM larvae were individually parasitized at the lst-instar stage.
Immediately following parasitism, each larva was transferred and separately
maintained on an excised B.rapa leaf overlying a moist filter paper in a
petri dish. On every 2nd or 3rd day, the leaf was replaced with fresh
ones. The studies were conducted in programmed Conviron growth chambers
which had variations of temperature and humidity of not more than + 0.5%
and + 5%, respectively., A 12-hr light-dark cycle was provided, except

for the 10°C treatment where there was no lighting. This was necessary

in order to preserve the temperature and humidity required for this t{reat-
ment. In any case, the complete absence of light has been found to have
little or no effect on larval development of DBM (Way et al, 1951).

For the 1st experimental series, only the incubation period of
the egg was examined. At each temperature considered (10°%, 15°c, 20°c,
2500, 3000 and 35°c), groups of 5 larvae were dissected daily under the
microscope for determination of egg-hatching., This was continued for
2 weeks, by which time, all the eggs had hatched.

In the 2nd series, a total of 30 larvae were studied for each
constant temperature (10°C, 15°%, 20°c, 25°C, 30°C and 35°¢), and the
relative humidity kept within 70-80%. Examination of the larvae was made
daily for records of mortzlity factors and other developmental aspects.

Procedures for the 3rd series were essentially the same as the

above except that the variables considered were different ranges of rela-
tive humidities (40-50%, 60~70%, 70-80% and 90-100%) while the tempera-
ture kept constant at 25 + 0.5°,

5.4.2 Results 7
Within the provided temperature parameters (10-35°C), duration
of the egg, larval and pupal stages were observed to shorten progressively
with each additional increment in temperature (Table 5.4.1). This was
true for both the sexes, between which little difference was noted. When
the developmental period is considered over the range of temperatures,
there was observed considerable variation. The total developmental period
at 10°C was about 12.4 times longer than at 35°C. In general, develop-
mental rafe increased rapidly with rising temperature until about 25°C

where development remained relatively constant (Fig. 5.4.1). Except for
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the egg stage, develormental rates for others began to decline at appro-
ximately 28-30°C and beyond, and progressively more thereafter. Upon
extrapolation of the linear region at medium temperature range (Fig.
5.4.1, Table 5.4.2) this technique has provided for the establishment of
the temperature threshold (t) and thermal constant (K); these values

for A.plutellae obtained in the present studies are, respectively: egg
(te = 11.2°C, Ke = 41.67 day-°c), larva (t; = 15.5%, ¥; = 58.82 day-°C),
pupa (tp 15.5%, Kp = 63.16 day-°C) and from oviposition to adult
emergence (tq = 13.8°C, Kq = 178.57 day-%c),

Table 5.4.1 Mean (+ S.D,) developmental periods (days) and the resultant
sex ratios of Apanteles plutellae Kurdj. reared at various
constant temperatures and 70-80% RH.

Tempera~-
- Mean (+ developmenta Adult sex
ture ¢ s.0.) Lomnental period (days) ratio (Female:
( °c) Egg Larva Pupa Oviposition Male) :
~ to adult
emergence

10 11,11 + 0.23 49.12 + 0.24 43,23 + 0.59 103.46 + 0.53 0.86
15 6.20 + 0.22 21.83 + 0.26 22.17 + 0.3% 50.20 + 0.10 0.79
1 20 3.75+ 0.16 11.60 + 0.14 11.15 + 0.21 26.20 + 0.26 1.22
& | 25 2.9%+ 0,06 6.33+ 0.12 5.89 + 0.08 15,16 + 0.09 0.87
30  2.18 + 0.04 4,11 + 1.10 4.32 + 0.13 10.61 + 0.07 0.36

35 1.72+ 0,01 3.28+ 0.36 3.38 + 0.13 8.38 + 0.13 0.29

I+ |+ |+

1+
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+
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When the data are replotted on a temperature-time relationship
(Fig. 5.4.1) the curves for all the stages were noted to be clearly that
of the conventional type (Howe, 1967), and these fitted well the logistic
equation (Davidson, 1944):

1+e(z'bx) (3)

vhere Y = developmental time, X = temperature, and a, b and k are constants,
No significant deviations from the fitted curves were obtained when they
were subjected to the test of analysis of variance (Williams, 1959).

From these curves, it is evident that the points of inflection for the

egg, larval and pupzl periods closely approximate about 25-2?00. Since
mortality also sharply increased beyond this point (Fig. 5.4.1), it thus
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of Apanteles plutellae Kurdj. and the resultant parasite survival. (t = Temperature

threshold of the respective parasite stages, K = Degree-days above t required for
complete development to adult; this is equivalent to the reciprocal of the slope b).
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Table 5.4.2 Temperature thresholds and thermal constant (degree-days)
for development of the immature stages of Apanteles

plutellae Kurdj.

Developmental : Temperature Thermal
stage Linear equation® threshold constant

( °c) (day-°cC)
Egg y = 0.024x - 0,270 te = 11.2 Ko = 41.67
Larva y = 0.017x ~ 0.260 t; = 15.5 K = 58.82
Pupa y = 0.016x - 0,240 t, = 15.5 K = 63.16
Tota1*¥® y = 0.006x - 0,078 tp = 13.8 Kp = 178.57

*Mis refers to the linear pertion.
*From oviposition to adult emergence,

appears that this would constitute the critical temperature range of the
parasite,
In general, maladies caused by disease pathogené accounted for
most of the recorded mortality. These were responsible for about 80% of
the total mortality. However, at the temperature extremes (10°C and 35°C),
incomplete cocoon formation and failure by the emerging adult to dislodge
from the cocoon were observed to be the main causes.

On the effect of different controlled humidities, a high mor-
tality was noted only in the egg-larval stage at 90-100% RH and in the
pupal stage from 40-70% (Table 5.4.3). The substantial pupal mortality
2t the lower humidity range was probably due to dessication, as suggested
from dissections of unemerged cocoons, which often revealed the presence
of dead and well~-formed adults that were apparently free of diseases.

Way et al (1951) have pointed out that low humidities are most likely to
affect the insect when the temperature approaches the critical value
(Wigglesworth, 1945) and the normally efficient water proofing mechanism
of the insect cuticle begins to fail., This is especially so in the pupae
since in constrast with feeding larvae they are not capable of replacing
water lost by transpiration., On the other hand, majority in the egg-larval
stage were diseased, suggesting that high humidity (90-100%) probably acts
as predisposing factors for disease development, Disease susceptibility
of the carrier host to such damp conditions has also been well-borne by
field findings (Gunn, 1917; Smith, 1931; Kanervo, 1936). However, caution
should be exercised in the present study when considering the differential

survival of the parasite since development of the latter is also invariably
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affected by the reaction of the host to humidities in which they were
subjected. Even though, when considered in conjunction with the overall
developmental periods, the relative humidity range of 70-80% seems most
favourable; it resulted in maximum survival as well as ensuring suffic-
ient developing time. The latter is generally essential for the develop-
ment of females (see 5.3), henced the higher female: male ratio obtained
in this humidity range (Table 5.4.3). The accelerated development in the
other humidity range, particularly 40-50%, is perhaps largely due to
stress generated by the adverse moisture condition,

Table 5.4.3 Developmental periods, mortality and sex ratio of Apanteles
plutellae Kurdj. reared under different controlled humidities

at 25°C constant temperature.

Mean (+ S.D.) develgpmental

ii f? period (days)l Mortality
Relative Egg + Pupal Oviposition to Sex ratio
N humidity 1larval adult emerg- Egg + Pupal Total (Female:
i ence larval Male)
. (%) No. % No. % No. %
40-50 7,11 4,75 11.83
+ 0.12a + 0.18a + 0.2la 3 10.00 15 55.56 18 60.00 0.71
60=70 8.96 5,13 14.04
+ 0.16b + 0.13b + 0.18b 3 10.00 7 25.93 10 33.33 0.67
R 70-80 9.27 5,80 15.16
+ 0.08¢ + 0.08¢c + 0.09c 2 6.67 0 0,00 2 6.67 0.87
90-100  9.81 5,29  14.33
+ 0.13d + 0.75b + 0.14b 9 30,00 O 0.00 ¢ 130.00 0.4%0

1/Means followed by the same letter in each column are not significantly
different at the 5% level, Each mean pair was separately compared
using the t-test for small samples (Bailey, 1959).

5.4.3 Discussion
Although parameters such as temperature and humidity are by

themselves generally insufficient for the accurate assessment of a
parasite's potentials, they nonetheless are useful in providing relevant
indications of its survival limits., With A.plutellae, they clearly show
that the parasite is able to tolerate and survive in rather wide climatic
conditions, and this to some extent helps to explain its rather cosmo-
politan nature. In West Malaysida, the tolerance limits have well-
exceeded all existing conditions, henced its possible wide occurrence

locally in both the cooler highlands as well as the warmer lowlands.
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However, its abundance is evident only in the Cameron Highlands where the
daily mean temperature of 18,2°C (range = 12.8-23.0°C)™ and 88,2% RH
(range = 68.2 - 99.9%)* are found to better satisfy the parasite's optimum
range of conditions (approximately 18-28°C). Within the highland's
climatic limits, not less than 75% survival could normally be expected
(Fig. 5.4.1). On the other hand, extremes in temperature and atmos-
pheric humidity rarely occur, and as such, any threat of massive suppre-
ssion there is unlikely to result directly from these extremes. Whenever
any decline occurs, the adverse management activities are more usually
the cause, in particular, the widespread and indiscriminate use of pest-
icides.

Variation in the sex ratio of progeny is an important factor
that could alter the level of parasite production, henced parasite efficacy.
Such variation may result from climatic changes as for the case with the
parasite Praon palitans Musebeck (Hym: Braconidae), in which extreme temp-
eratures were found to alter its progeny in favour of more males (Messenger
& Force, 1963). Particularly during the cooler period, this has resulted
in the parasite becoming ineffective'in preventing its aphid host,
Therioavhis maculata (Buckton) (Homoptera: Aphididae) from increasing to
plant-damaging levels. In the present investigation, more males are like-
wise produced towards the temperature extremes wherein reduced activity
of the parasite may result. Probably, this also contributes to its relat-

ive scarcity in most of the cooler temperate region and the hot tropical

lowlands. In the latter locations, the sharp increase in mortality due to
the higher day temperatures (mean = 32.64°C, range = 31.2 - 34.8°C) which
usually exceed the critical survival limit for most individuvals (beyond
28°C) seems a more important factor.

It is realized that laboratory bioclimatic investigations such
as the present studies may not faithfully simulate the situations in nature.
Usually, numerous interacting factors are responsible. For example, con-
stant temperatures have constituted the basis for the experimental results
in the present investigations, and as such, the developmental rates and
other statistics calculated from these may not exactly coincide with those
from the natural fluctuating temperatures of the same mean value. Rela-
tively reggnt studies by others (Pradhan, 1945; Messenger, 1959, 1969;
Messenger & Flitters, 1959) have shown that at low and high thermal levels
the development is respectively accelerated and retarded by fluctuating
temperatures, while at intermediate thermal levels it proceeds at about

the same rates as would be expected relative to constant temperature

¥Based on the data for the years 1974-80.
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exposures. Furthermore, climatic parameters (temperature, humidity,
illumination, etc.) are generally reacting upon one another and thus only
to a limited extent can they be considered separately (Way et al, 1951;
Messenger, 1959), Nevertheless, in spite of these limitations, such bio-
climatic inputs have provided much in-depth understanding and insight

that have enormous applied significance (Hardy, 1938; Way et al, 1951;
Messenger, 1959, 1969, 1970, 1971; Messenger & Force, 1963: Force &
Messenger, 1964a, b, 1965; Campbell et al, 1974; Ashley et al, 1976;
Johnson et al, 1979). In some instances, they have even been used success-
fully to predict the time of occurrence of the different developmental
stages in the field (Ito et al, 1968; Morris & Fulton, 1970), Furthermore,
Johnson et al, (1979) were able to develop successfully an apple pest
management programme for effective control of the spotted tentiform leaf-
miner / Lithocolletis blancardella (Fab.) (lep: Gracillariidae) 7 through
preservation of its major endoparasite [“Avanteles ornigis Weed (Hym:
Braconidae)_7 based largely on optimizing insecticidal applications that
are guided by prediction of adult emergence from degree-day relationships.
In the light of these, further bio¢limatic investigations on A.plutellae

would seem warranted, and more comprehensive studies may well lead to
possible improvements on its management as an aid towards the control of
DBM. However, for the present and basing mainly on the climatic toler-
ance obtained, A.plutellae is secen to be unable to fulfil satisfactorily all
the climatic niche of its DBM host. The latter is able to breed satis-

factorily at temperatures from 10-40°C, with more than 75% survival being
re2dily obtained within the range of 15-30°C (Hardy, 1938). For A.plutellae,
although the full temperature range was not tested it appears to fall

within about 9-39°C by extrapolation. While this is only marginally
nazrrower than that of DBM, the temperature range enabling survival of 75%
or more is substantially smaller, being only 18-28°C. At temperatures
beyond this optimum range but within that of the DEM, the parasite would
obviously be of great disadvantage when compared with the host., Evidently,
in any location where such a situation exists, as with the temperate

region and the lowlands of the tropics, it would be mlikely for A.plutellae
to constitute an effective biological control agent of DBM. Thus, in

the attempt to exploit whatever usefulness of the parasite, this consider-

ation should not be overlooked.

5.5 OVIPOSITION STUDIES OF A.FLUTELLAE

Oviposition behaviour, pattern, and success rates often have

great influence and govern the level of parasitism that may be achieved
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by a parasite. Occasionally, these may have influence that is far-

reaching, such as the parasitism of P.scabra by A.marginiventris, where
multiple ovipositions resulted in death of host larva even though there

was no parasite emerging (Kunnalaca & Mueller, 1979). In some instances,
other aspects such as the regulatory potential of the parasite have also
been made more apparent, as with the studies relating to functional response.
Presently, much of these information are still lacking with respect to
A.plutellae ‘attacking’ DBM. The following studies thus attempt to delve
into some of these. During the investigations, normal laboratory condi-
tions (see 2b) were maintained, and where possible the 2nd host instar

stage was used as it has been noted to be most preferred (see 5.2).

5.5.1 Mating, host searching and oviposition behaviour

Some female parasites have been observed to mate and oviposit
within several minutes after emerging, but most were more aggressive when
held for about &4 hrs prior to exposure to each other and the host, Mating
occurred with the male approaching the female from the rear, tavping her
with his antennae, and then moulting her for approximately half a second,
Both sexes may mate many times freely with other individuals. Females have
also been observed to often mate after initiating egg laying, and as in
A.marginiventris (Boling & Pitre, 1970}, no distinct pattern of ovipositing

could be detected.
In general, a female parasite would almost immediately settle on

the leaves of the enclosed brassica when introduced into an ‘ovipositing
jar' (Plate 2.1). It then roamed excitedly all over the leaf surface and
touched the substrate vigowrously with the antennze until encountering a
host. Upon finding a host, the female would immediately attempt to insert
an egg and move away from the larva. During oviposition the host was not
paralysed and the parasite did not feed at the puncture site.

Frequently, when the parasite came into contact with a host larva,
the latter would become momentarily agitated and react vigourously by drop-
ping off the leaf to hang on a silk thread., In its continual pursué¢ of
the host, the parasite would invariably be in contact with the thread.
Almost immediately, it would descend along the thread causing the host
larva to drop further down, whereupon reaching it the parasite would ra-

pidly pounce over the host and oviposit. This ‘attack’ behaviour was also

witnessed when the host was crawling or resting on the vertical surface
of glass jars. As the parasite ran into it, the larva immediately became
dislodge to a lower position aided by the silk thread which soon provided

a lead for the parasite. The chances of oviposition occurring by such

means of 'silk-tracking' was certainly greater than in the case where the
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host larva remained still at the bottom of a container. Under the latter
situation, the parasite may run into the host several times without any
ovipositing unless the contact stimulated wriggling.

That some host movements were needed to attract follow-up action
from the parasite towards successful ovipositions was strongly suggested
in the above behavioural response. The importance of these movements was
further indicated from observation on the direct attraction of several
other female parasites towards a host larva when the latter was actively
*fighting back' during the process of being oviposited by a female in the

immediate vicinity.

5.5.2 Comparative egg deposition by A.plutellae on dead and living
host larvae
In this study, a total of 131 oviposition attempts with recovery
(through dissections) of 129 eggs was observed for 18 female parasites
that were encleosed for 15 mins with 36 living and 36 dead larvae in
‘oviposition jars' (Plate 2.1). All were, however, found associated with

the living hosts (Table 5.5.1). That none was recorded for the dead larvae

was perhaps further evidence to the need of host movements in stimulating
parasite oviposition as suggested by the observaticnal studies on ovi-

position behaviour (see 5.5.1).

Table 5.5.1 Frequency of ovipositional attack and egg deposition by
Apanteles plutellae Kurdj. on dead and living 2nd-instar

host larvae of Plutella xylostella (L.). (Host:pzrasite =
12¥: 3; exvosure time = 15 minutes).

Oviposition frequency No. of eggs deposited on
Replication

Living hosts Dead hosts Living hosts Dead hosts

1 8 0 g 0

2 30 0] 26 0

3 25 0 30 0

4 11 0 13 0

5 28 0 28 0

6 29 0 23 0

Total 131 0 129 0

*Equal number of living and dead larvae were provided together for each
test.
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5.5.3 Relation between ovipositor insertion and the number of
eggs laid by A.plutellae

From previous observation (see 5.5.2) it was noted that 131
oviposition attempts yielded a total of 129 eggs suggesting that probably
only 1 egg was deposited by one insertion of the parasite's. ovipositor.

An attempt to confirm this relationship was made with 10 female parasites
to each of which 10 host larvae were separately provided. Each host

was dissected after the required number of ovipositor insertions have been
achieved. As shown in Table 5.5.2, it was evident that normally only 1
egg was deposited by 1 insertion of the ovipositor. 1In scme instances
egg deposition was noted to be unsuccessful, while on very few occasions

2 eggs may, however, also be laid.

Table 5,5.2 Relationship between the frequency of ovipositor
insertion by Apanteles plutellae Kurdj, on the Z2nd
larval host instar of Plutella xylostella (L.) and
the number of eggs deposited.

Insertion Frequency Female Parasite i
Actual Cumulative 1 5 3 I 5 6 7 8 9 10
No. of eggs deposited
1 1 1 1 1 1 1l 1 1 2 0 1
2 3 2 3 1 1 1 1 2 2 2 1
3 6 3 3 3 1 3 3 3 2 2 3
4 10 3 b 2 3 5 4 L 3 4 6
5 15 2 5 2 5 5 7 9 5 5 5
6 21 L 6 7 7 6 6 6 8 5 6
7 28 5 7 8
8 36 11 4 9
9 b5 12 9 7
10 55 10 7 6
Total 53 22 53 18 - 51 22 25 22
Mean 0.98 1.05 0.08 0.82 0.93 1,05 1.14 1.05 0. 82 1. 03E

®rotal = ¢, Mean = 1

5.5.4 Effect of multiple oviposition on parasite development and
host mortality
As with many other parasites (Shin, 1970; Askari et al, 1977:
Kunnalaca & Mueller, 1979) multiple oviposition in &.plutellée.was
fairly common, especially when few hosts were offered to a parasite. In

A.marginiventris (Kunnalaca & Mueller, 1979) the multiple stings




118

were observed to affect both the parasite development and host mortality.
Whether such a situation also occurred with A.plutellae has not been
reported. Studies were therefore made to investigate into this, wherein
DBM larvae were subjected to different extent of multiple oviposition

and reared on B.rapa leaves until parasite emergence or death of the hosts.

From the findings it was evident (Table 5.5.3) that excessive

'stings® or ovipesition of an individual host could lead to the latter's
death. This effect increased rapidly with higher number of ovipositions;

a 100% host mortality being effected when the oviposition rate reached 10
and beyond, Conversely, the parasitism (%) declined proportionately (Table

5.5.3).

Tatle 5.5.3 Effect of multiple oviposition by Apanteles plutellae
Kurdj. on host mortality and its own development.

Larvae of Plutella xylostella (L.)

No. of " "
. : s Died prior to
gzt?z; Total With parasite emergence avasite emer-
per host (No.) Male Female Malz;iigale Total gence
(No.) (%) (No.) (%)
1 30 13 15 0.87 28 93.3 2 6.7
2 15 2 9 0.22 11 73.3 4 26.7
3 15 3 4 0.75 7 L6.7 8 53.3
L 15 L 3 1.33 7 46,7 8 53.3
5 29 3 3 1.00 6 20.7 23 76.3
7 15 2 1 2.00 3 20.0 12 80.0
10 15 0 0 - 0 0.0 15 100.0
13 15 8] 0 - 0 0.0 15 100.0

Presently, it is not clear how the death of the host was brought
about. Although it first appeared to be due to direct physical injury,
other causes, particularly biochemical, could not be ruled out. Only more

.
detailed investigations, however, could enlighten further on this aspect.

5.6 FACTORS INFLUENCING THE SEX RATIO OF A.PLUTELLAE

"A balanced ratio of the sexes in the progenies of a ﬁarasite is

generally considered to be critical for any effective regulation of its
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host population. Where a disproporticnate increase of one s¢x occurs
over the other, wide fluctuations and instablility of the host may
frequently result. Apparently, the sex ratio may be governed by several
factors (Gifford & Mann, 1967; Bryan et al, 1969; Bryan et al, 1971),
some of which were examined here in relatjon to A.plutellae.

Comparative studies of both mated and unmated female parasites
showed that sex ratio of the progeny of A.plutellae is a funetion of
successful mating. As with Microplitis croceipes (Cresson) (Hym: Braco-
nidae) (Bryan et al, 1969) and M. demolitor Wilk. (Hym: Braconidae)
(Hafez, 1951), it was found to be capable of arrhenotokous parthenogenetic
reproduction when the female was not fertilized (Table 5,6,1). There was,
however, no reduction in the overall individuals produced where mating was
not permitted, as opposed to the situation observed for Apanteles flavipes
(Cameron) (Hym: Braconidae) (Gifford & Mann, 1967).

Among mated females, the sex ratio was partly dependent on the

stage of the host larvae initially parasitized (see 5.3). More females
were obtained only when parasitism first occurred on the 1st and 2Znd host
instars (Table 5.3.1, Fig. 5.3.1). Such a situation was probably due to
the longer available period of host suitability which was needed for the
development of females. For the males, generally a shorter periocd was
sufficient (Figs. 5.1.1 & 5.6.1), henced, the higher proportions of males
when oviposition occurred on both the 3rd and 4th host instars.

Another factor that may influence the sex ratio in A.plutellae
is the number of ‘ovipositional attack' that a parasitized larva has
received, Table 5.5.3 clearly shows that hosts which survived & higher
number of 'attacks' would tend to produce more male parasites. Perhaps,
this is due to the available parasite nutrition becoming reduced through
initial competition, thus enabling any surviving male parasites to complete
their development more readily as these are generally smaller and protab-
ly requiring less nutrients for maturation.

Extremes in climatic condition may also influence sex ratio
in favour of more males as was observed in the study on bicclimatic effects
(see 5.4).

Although wide variations in the sex ratios of A.plutellae were
noted from laboratory investigétions, in contrast, this was not normally

observed in the field. This is evident from the long series of samplings
of both parasitized host larvae (Table 5.6.2) and parasite cocoons (Table

5.6.3) made over 3-5 plantings during assessments on the impact of

A.plutellae (see 4.2.2). A fairly balanced sex ratio was obtained; this

approximating 1:1 with the females being marginally more. Such a case was

also found for the sex ratiocs taken from series of solitary Avanteles (13
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Table 5.5.1 Resulting progeny of mated and unmated female
Apanteles plutellae Kurdj.

Emerging parasite

Female Mating No, host larvae
Host parasitized 2dults

No. - =etatus®  exposed**
Na. % Male Female Ratio
(M)  (F) (M:F)
1 + 100 38 38.0 26 12
2 + 100 L2 42,0 28 14
3 + %0 58 .4 38 20
4 + 135 65 48.2 Lo 25
3 + 88 31 35.2 20 11
6 + 100 99 99.0 73 26
7 + 100 86 86.0 Ll 42
8 + 100 81 81.0 59 22
9 + 100 7 4.0 36 38
10 + 100 82 82.0 55 27
Total: 10 + 1013 656 4.8 419 237 _
Range: 35.2-93.0 1.8: 1
1 - g0 L4 48.9 s 0
2 - 90 67 yoR 67 0
3 - 120 90 75.0 90 0
b - 60 15 25.0 15 0
5 - 150 s 30.0 45 0
6 - g0 51 56.7 51 0
7 - 90 34 37.8 4 0
8 - 90 51 56.7 =1 0
9 - 120 36 30.0 36 0
10 - 150 82 4.7 82 0
Total: 10 =~ 1050 515 49.1 515 0
Range: 25.0-74.4 A1l males

®(+) = mated, (-) = unmated

¥* 35th 1st and 2nd host instars were used.

species) bred from wild collected larvae, wherein a total of 1176 males
was recorded against 1172 females (Richards, 1940; Ford, 1943). From
these, it thus appears that A.plutellae, like all other solitary Apanteles,

somehow or other, is able to adjust its sex b2lance to a 1:1 ratio in
the field.
5,7 INFLUENCE OF FOODS ON THE SURVIVAL AND REPRODUCTION
OF A.FLUTELLAE
Female parasites that are synovigenic require feeding for the

continuous production of eggs throughout their effective adult life

(Doutt, 1964). The needs may, in some species, be supplied by honeydew .
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Table 5.6.2
B, T ——

Sex ratio of Apanteles plutellae Rurdj. emerging from host larvae
(Plutella xylostella(L.)) collected from unsprayed cabbage crops in
Tanah Rata, Cameron Hichlands,

No. of A. plutellae

Date . Sex ratio
Male Female Total (Male : Female)
20.‘12.7&1/ 14 19 33
27.12 10 9 19
3.1.79 22 26 48
10.1 34 37 71
24.1 17 21 38
31.1 13 16 2%
14,2 2 4 6
21.2 6 8 14
Sub=total 118 140 258 1: 1.2
7.6.793/ 9 11 20
13.6 4 5 9
27.6 22 26 48
4.7 26 21 47
11.7 21 1% 40
25.7 8 13 21
1.8 21 28 49
8.2 20 23 43
Sub-total 131 146 277 1: 1.1
9.8.79% 12 13 25
16.8 6 7 13
22.8 5 6 11
29.8 3 2 5
12.9 5 7 12
19.9 4 4 8
3.10 14 16 30
10,10 11 12 23
17.10 20 26 45
Sub-total 80 93 173 13 1.2
_2.11.793/ 12 18 30
7.11 17 21 38
22.11 B 12 20
28.11 9 10 19
5.12 8 S 17
12.12 13 18 31
16.12 12 15 27

Sub-total 79 103 182 _ 113 1.3
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Table 5.6.2 (continued)

Date No. of A. plutellae Sex ratié
Male Female Total {Male : Female)
9.1.80§/ 3 3 6
16.1 15 17 32
23.1 21 20 41
6.2 35 38 73
13.2 17 16 33
20.2 12 12 24
5.3 17 19 36
19.3 8 9 17
Sub=~total 128 134 262 1: 1.2
Grand total 536 616 1152 13 1.2

i, 2/y 3/y 4/ and 5/ = From 27th, 29th, 30th, 31st and 32nd crop
respectively.

or plant nectaries, both of which have been shown to contain free amino
acids. Currently, there is growing awareness of the essential role of
these in the longevity and fecundity of insect species, and in recent
years their importance to entomophagous forms (Braconidae in particular)
have been indicated by findings of several workers (Wolcott, 1942; Voute,
1646; Hagen, 1950, 1953; Gyoerfi, 1951, 1%62; Kopvillem, 1960; Leius,
1960, 1961a, b, 1963, 1967; Gulii, 1963; van Emden, 1963a, b; Hsiao &
Holdaway, 1966; Syme, 1966, 1974, 1975, 1977; Hassan, 1967; Koehler & Kolk,
1969; Judd, 1970; Esbjerg, 1972; Kevan, 1973). The present studies there-
fore seek to explore the response by A.plutellae to such adult foods. In
particular, emphasis was devoted to (i) search for natural food sources,
(1i) determining their effects on adult longevity and fecundity, and

(iii) identifying and confirming on the components responsible, such as

floral and extrafloral nectaries.

5.7.1 Longevity, oviposition pattern and rerroductive capacity of
A.plutellae when prevented or given access to honey solution

In the studies on the influence of foods on survival and repro-
duction of A.plutellae, several related aspects were considered. Initially,
the longevity, oviposition pattern and reproductive capacity of the para-
site were examined in reiation to full access to honey or without, using
freshly-emerged and mated adults. All the females were individually
confined within the ‘breeding jar® (Plate 2.1) until their death. In all

cases, water was provided through a wick. For treatments having access to
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Table 5.6.3

Sex ratic of Apanteles pilutellae Kurdj. emerging from parasite cocoons
collected from unsprayed cabbage crops in Tanah Rata, Cameron Highlands.

No. of A. plutellae emerging
Date Sex ratio
Male Female Total (Male : Female)
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9.8.792/
16.8
22.8
2%.8
12.9
1%.9
3.10
10.10
17.10

MWPR PO OOQm
OBH PR ORWMEAOD
W~ ON R OB

Y

1.2

Y
80}
[V
w
)3
*

Sub-total 15
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Sub-total 27 34 61 1 3 1.3

Grand total 66 Bg 154 1 : 1.3

1/, 2/ and 3/ = From 27th, 30th and 31st crop respectively.

honey (30%), the latter was similarly provided. In studies on fecundity
and pattern of oviposition, 30 2nd~instar DBM larvae were also provided
daily. This was continued until the female died. Following each exposure,
all the larvae were immediately dissected to determine the number of
parasite eggs deposited, Also, upon death of the parasite it was dissected
for counts of unlaid eggs in the ovaries, oviduct or vagina.

The developmental process of both matured and immatured eggs in
the ovaries of female parasites was also investigated. For this study

freshly-emerged females were immediately separated into 2 groups, the first
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fed with 30% honey and water and the second water only. Everyday 14 to
34 females in the 1lst group were dissected and the number of matured
and developing eggs (oocytes) determined under a binocular microscope.
In the 2nd group 22 to 43 females were dissected daily. In either case
host larvae were not provided to restrain oviposition.

For investigation on effect of partial starvation onllongevity
and survival of the parasite, newly-emerged males and females were sepa-
rated into different groups and with-held initially from feeding on honey
for different periods of 12 hrs, 1, 2 and 3 days, after which honey was
provided until their death. A total of 213 adults (144 males + 60 females)
was considered for the 1l2-hr group, 204 adults (116 males + 88 females)
for the l-day group, 184 adults (112 males + 72 females) for the 2-day
group, and 162 adults (105 males + 57 females) for the 3-day group.

Fig. 5.7.1 presenting the comparative survival of the parasite
in both the presence and absence of honey food source clearly showa that
both male and female A.plutellae were able to live longer when there was
access to honey. The vast difference observed points to the importance
of food in the survival of é,nlutellée. In general, where oviposition
opportunity was not provided, the mean longevities of females were slight-
ly greater than that of the males, However, the reverse was obtained
when egg laying by the females occurred (Fig. 5.7.1), suggesting that ovi-
position activity must have probably demanded substantial energy and could
shorten the lifespan.

Access to adult food in the form of honey has also been obser-
ved to affect both the ovipositional pattern and reproductive capacity
of the parasite. When fed on diluted honey, females deposited a much
higher mean number of eggs/day/female than those not given honey (Fig.
5.7.2). However, the mean number of eggs deposited declined gradually
with female age, until its death. When the percentage eggs deposited per
day was-considered, it was initially much higher in adults not given honey.
This was mainly because the females had shorter lifespan, henced reduced
number of eggs deposited; and being so, the percentage daily egg product-
ion when considered over the reduced total would inevitably be increased.

Pertaining to oviposition period, this was noted to vary remark-

ably between individuals, being 1 day in the shortest and 16 days in the

longest for the group given honey. In those not given food it varied

from 1 day to 5 days. Generally, larger females oviposited a larger num-
ber of eggs daily and had longer oviposition period. Individually, the
highest number of eggs deposited by a female (n = 39) was 829 eggs, and
the greatest number deposited in 1 day was 190 eggs. This was recorded

from only the females given access to honey. For those (n = 40) not
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given food, the maximum number was 261 eggs, while 125 eggs was the
highest number deposited per day. 1In general, the effect of honey on the
overall egg Dproduction of the parasite is better demonstrated in Fig. 5.7.3
which shows the accumulated number of eggs laid per female plotted asainst
time. This affords a direct comparison of the fecundity of the parasite
under both the absence and availability of food in the form of honey.
Under the latter situation about 494 eggs were depositéd while only 193
eggs were obtained in the former. Largely, this is attributed to the vast
difference in lifespans of females in the 2 groups since the total number
of eggs deposited by A.plutellae was highly dependent on its longevity:
more will be laid when the lifespan was increased. The relationship has

a regression equation of y = 35.57x + 34.99 when females had access to
honey and y = 49.28x - 25.50 when restrained from food (Fig. 5.7.4).
Furthermore, since egg deposition was less erratic and less variable for
females in the presence of honey, the food probably had some stabilizing
effects, perhaps by way of reducing the time spent in searching for food.

As with Orgillus obscurator Nees (Hym: Braconidae) (Syme, 1977), a starved

A.plutellae is likely to spend more time searching for food than consis-
tently searching and attacking more hosts.

When the relation between the number of matured egss deposited
and those remained in the ovaries of the dead female was examined, it was
seen that the latter was usually very few (Fig. 5.7.5). Likewise, the
number of developing eggs or oocytes was alse found to be negligible.
Such a condition was apparently maintained hy the develoving eggs being
continuously transformed into matured eggs which were rapidly released
through oviposition. This resulted in the percentage number of eggs

deposited against the estimated total number of ovarian eggs (= total

number of eggs deposited plus those remained in the ovaries) to be more
than 74.4% on average. Because egg-maturing process occurred continu-
cusly until eventual death of the female, more eggs could be expected for
each additional day of survival. Moreover, exploitation of the poten-
tial number of available eggs would increase further since the percentage
number of eggs deposited against the estimated ovarian eggs was observed
to rise with female age; these being W.1%, 59.1%, 78.5%, 86.5%, 93.7%
and o4.7% in females living for 2, 3, 4, 5, 6 and 16 days respectively,
Wwhen the same features (i.e. both matured and developing eggs
in the ovaries) were considered in females that were not allowed to ovi-
posit, it was noted that the fully-developed eggs increased in number to
about 125 eggs within the first 2 days of adult emergence (Fig. 5.7.6)
for both starved females and those given honey. This was maintained for
about 4 days in fed females, until after the 6th day when the number
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declined to about 90 eggs, suggesting that oosorption had probably set in.
It was not known whether there would be further decline had examination
been made beyond the 7th day of emergence. Developing eggs, on the other
hand, never increased (Fig. 5.7.6). These remained relatively constant
for 2 days and then declined, gradually in the fed females but rapidly

in the unfeds. In the latter, the oocytes degenerated to near completion
Just prior to death of the females which occurred in about 3 days. . This
was apparently due to lack of nutrients. Where honey was provided, suff=-
icient nutrients were available to sustain some developing eggs as well
as in rreventing total ocosorption of mature eggs. It appeared that the
number of matured eggs produced by the 2nd day was probably the limit
number (about 125 eggs) that might be produced by nutrients preserved at
the time of emergence. Even if additional nutrients were to become avail-
able as in the case of fed females, this limit number of eggs would still
not increase further as was evident in the present studies (Fig. 5.7.6).
Egg production could only be further increased when oviposition also occ-
urred to make way for other developing eggs that were awaiting to mature,
thereby raising the fecundity of the female (Fig. 5.7.2).

At the time of emergence, adult females have been observed to
possess some mature eggs (Fig. 5.7.6) whose development began in the 2-day
0ld pupae (Table 5.7.1). Since these were already fully-developed and
oosorption was only partial (Fig., 5.7.6), it thus explains why females
were able (Fig. 5.7.2) to deposit some eggs for a few days even if they
cannot find suitable diet. _Nevertheless, if food continues to be unavail-

able to beyond the 3rd day, adult females would in general die with only
Whether

a relatively small portion of the overall potential eggs deposited.
adult longevity would regain or still remain adversely affected should food
then become available after the initial starvation period has never been

reported, Present studies clearly revealed that longevity could only be

partially regained (Fig. 5.7.7).
reproductive capacity since fecundity in A.plutellae was shown to be closely
related to longevity (Fig. 5.7.4). In general, regain in longevity was

By inference, this would also enhance

greater as the initial starvation period was reduced. Nevertheless, even
starvation period of as short as 12 hrs can have adverse effect,

In all the above feeding studies, the partake of food was noted
to have a clear association with female reproduction. That it was not
entirely related to egg production alone was, however, evident from the
effect it had in increasing longevity of the males (Figs. 5.7.1 & 5.7.7).
Perhaps through a longer lifespan a greater aid is afforded to favour

mating so as to ensure the maintenance of a more favourable sex ratio.
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Table 5.7.1 Mean (# SE) nunber of fully-developed and developing eggs
in the ovaries and reproductive system of the pupae of
Apanteles plutellae Kurdj.

Cocoon Fully-develored egzs Developing eggs Overall
o *
age (days)® popy Right  Total  Left  Right  Totar tot8l
oOvVary oOvVary ovary ovary
1 0 0 0 12.8 13.7 26.5 26.5
+ 0.17 + 0.19 + 0.35 + 0.35
2 0.2 0.3 0.4 45.8 2 83.9 90.4
+0.06 +0.08  +0.13 + 0.11 + 0.98 + 0.19 + 0.19
3 27.9 28.9 56.8 38,0 38.9 76.9 133.7
+0.12 + 0,12 + 0,23 + 0.90 +0.80 + 0,16 + 0.28
4 32.6 30.3 62.9 31.5 32.1 63.6 126.4
+ 0.23 + 0.1  + 0,42 + 0.92 + 0.91 + 0.17 + 0.39

*he developing varasite pupae contained within these cocoons were
dissected for determination of the developing and fully-developed eggs.

5.7.2 Effects of various flcwers on the longevity of A.plutellae

Besides the effect of diluted honey, natural food sources were
glso investigated, in particular floral and extraflorazl nectaries. Six~
teen species of flowers were examined by enclosing 100 freshly-emerged
adult A,plutellae (x10 replications with 5 parasite pairs/replicate) to
each flower source in 'breeding jars' (Flate 2.1) under the laboratory
conditions (see 2b)., FEach cut flower stalk was maintained erect in
plugged glass vial containing water, and was changed daily. Water for
the parasites was also provided through a wick. As control checks, only
water was provided in 1 set while 17% honey plus water in another. All
treatments were examined daily and record made of any dead parasite.

. The results (Table 5.7.2) clearly show that parasites enclosed
with most of the flowers lived significantly longer than those provided
with water only. In a few, either one or both of the sexes were found to
be unaffected. The findings suggest that most of the flowers tested con-
tained some valuable food and could serve as natural fcod sources. However,
when compared to the 'honey' itreatment, all these were inferior. Even
the best flower source (Malastoma malabathricum) was only about half as
Tnis may be due to honey contzining more

effective as the *honey' treatrment.
of the essential nutrients or the physiology of the flowers adversely

affected through detachment (see 5.7.6). Nevertheless, in the field their

presence could still prove useful and desirable, at least as supplements
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Honey + water provided throughout (A )

Initial starvation period: 12 hours (B) y—y o'
o | day (C)
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. Figure 5-7-7Longevity of male and female Apanteles pitelioe Kurdj.
adults in relation to varying initiai starvation periods .
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Table 5,7.2 DMean longevity (+ SE) of newly-emerged adult ~panteles
plutellze rurj. exposed to various focds. Compzrisons of
paired means};g_and their significanceéfrelate to that
of individual flower source as measured against the

"water" control on "honey" treatment.

. ag: 2/
Sicnificance~ when measured against:

Focd source Days n
"Water" control "Honey" treatment
ralastoma )
malabathricum
Fale 6.14+0.63 50 bl i
Female 7.88+0.61 50 *e e
Crotalaria
striata
Male 4.04+0.31 50 - .o
Ferale 6.08+0.60 50 .. »e
Crotalaria
fiale 3.90+40.37 50 s .o
Female 3.42+0.35 5C b .-
Clecme
rutidcsperma
hale 4,52+0.72 50 e b
Female 4.58+0.57 50 .o ..
Hibiscus
rocsa—-sinensis
Male 3.0240.24 S0 .o .o
Female 3.22+G.22 50 . .o
Incerata
cylindrica
Fale 1.60+£C.09 S0 ns -
Female 2.00+0.10 50 .- -
Passiflora
foetida
Male 1.86+£0.14 50 b i
Female 1.76£0.13 50 .. e
Antiaconon
leptopus
Iale 1.44+0.11 50 ns -
Female 1.701001‘1 50 bdhs -
Wedelia sp.
Male 1.26+0.08 50 ns -
Female 1.58+C.10 S0 . -
Lupatorium
oderatum
lale 1.48+0.08 50 ns -
Female 1.46+0.07 50 ns -
Citrus
avrantifolia
Fale 1.20+C.06 S0 . -
Female 1.36+0.07 50 ns -
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Tarle 5,7.2 (cortinued)

Sicnificance when reasured

Food Source Lays n . .
acainst:
"Water'control "Honey treat-
ment

Aceratum conyzcides

lale 2.10+0.14 50 g .

Female 2,02+0.17 50 . .
Acacia auriculi-
formis

ale 2.30+0.18 50 .. »e

Femele 2.40+0.16 50 . .
himosa pudica

Fale 1.64+0.09 50 - -

Female 1.2840.07 S0 ns -
Ipomea rentans

I':ale 1.8010.13 50 bl il

Female 2.14+0.23 50 » i
Ipomea cairica

lale 1.86+0.18 50 b ..

Female 2.18+0.23 50 b s
Honey (17%)

Male 11.66+£0.60 279 . b -

Ferale 12.66x0.62 16€ . -
Centrol(Water zlone)

hale 1.40£0.09 233 - -

Female 1.32+0.07 g3 - -
1/ Fean difference d = *17*2  petween individual flecwer source and

P12
"y M

the "water" control, or "honey'" treatment. The latter was maae
i 2 .- Ll P ™
only for flcwers showing significant difference from the "water

ceontrel in both the sexes.

2/ * = significant at the 5% level, ** = significant at the 1% level,
ns = not significant. Against the "water" control a one-talled
test was employed, while a two-tailed test was used when measured
acainst "honey".



138

along with other non-flower sources such as insect honeydew and leaf
exudates, Moreover, under natural conditions there is also much greater

variety of choice, of which some may be substantially better,

5.7.3 Effects of C.striata and C.rutidosperma on the fecundity
of A.plutellae

Although most of the flowers could increase significantly the
parasite's lifespan, for them to enhance the effectiveness of the parasite
they must also be able to increase the parasite's ability to attack hosts.
Tests are thus conducted to ascertain their effect on fecundity or ability
to oviposit. For the study, flowers of two commonly-occurring plant
species / Crotalaria striata L. (Plate 5.7.3) and Cleome rutidosperma D.C. /
which had significant influence were used. The check treatments were
again honey (30%) rlus water, and water alone. For determination of the
eggs deposited, 30 Z2nd~instar larvae of DBM were provided daily to each
rarasite for 24 hrs, and on removal, immediately dissected for counts of

the parasite's eggs. This was continued until death of each female. For
each treatment, 9-40 females were evaluated.

The comparative data in Table 5.7.3 revealed that of the 2 flo-
wers studied only C.striata resulted in significantly higher preduction of
eges than the 'water' control, Although the total egg production was
lower than that of the 'honey' treatment, the difference was not signi-
ficant (P> 0.01). It was, however, significantly different (t0.05 =
\ 2,694) from the flower C.rutidosperma, which, although able to increase
the parasite's longevity (Table 5.7.2), still failed to produce any sig-
nificant effect on its fecundity or ability to oviposit., Of the 2 flo-

wering plants, evidently C.striata is more useful in the environment of

the parasite,

5.7.4 Comparative effects of the flowers, flower stalk's axil,
and leaves of C.striata on the longevity of A,plutellae

The effects of various parts (flowers, flower stalk's axil and
1eaﬁes) of C.striata on the longevity of the parasite were also evaluated
and compared. In this study, 30-100 adult parasi{és (15-50 males + 15~50
females) were used for each treatment. A treatment involving the flower
stalk's axil and the flowers together was also included. As in previous
studies, the control checks consisted of honey (17%) + water, and water
alone,

The results (Table 5.7.4) clearly show that except for the
flower treatment, other treatments involving flower stalks, flower stalk
+ flowers, and the leaves were significantly (P< 0.01) better than the

treatment with water alone, be they for males or females. However, all
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FLATE 5.7.3
Crotalaria striata L., a flowering plant evaluated as possible food

source for the adults of Apanteles plutellae Kurdj. (A. Mature plants,
B. Infloresence, C. Buds and extrafloral secretions, D. Close-up of a
secretion droplet from the axil of a flower stalk).
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TABLE 5,7.3 Mean fecundity (+ SE) of newly-emerged adult Apanteles
plutellae Kurdj. expcsed to varicus foods. Compariscons

of paired meansliZ/and their significance?/ relate to
that of individual flower source as measured against the
"water"control or "honey" treatment.

Significanceg/when measured

against: .
Food source No. of eggs N ‘"water"control "Honey treat-—
. ment
Crotalaria striataz/ 180.07+23,30 15 .o ns
3
Cleome rutidosperma—/ 86.85+ 59.39 g ns -
Honey (17%) 243.87+27.54 39 . -
Control(water alone) 71.83+10.31 40 - -

X o
2/ Mean difference d = "1 x2 between individual flower scource and

the "water" ccntrol, or "honey" treatment. The latter was made only
for C. striata which shewed sigrificant difference from the "water"
control.

2/ ** = significant at the 1% level, ns = not significant. Against
the "water" control a cne-tailed test was employed, while a two—tailed
test was used when measured against "hcney".

3/ According to the two-tailed test C. striata was significantly

different (to 05 = 2.694) froem C. rutidosperma.

the treatments were significantly less than that of honey, except the
treatment involving females for flower stalk + flowers. Of the remain-
ing treatments, that which contained the flower stalks were noted to be
generally superior to either the treatment for the leaves or flowers
alone, suggesting that secretions from flower stalks were quite impor-
tant as a food source to A.plutellae, This was especially so for the

females whose longevity was increased to almost that of honey treatiment,

particularly when flowers were also provided together. Evidently, all
the parts when present together, would probably contribute significantly

i
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towards the survival of the parasite.

5.7.5 Extrafloral nectar from flower stalk's axils as food of
A.plutellae
Plant nectaries constitute an important food source to parasites

(Doutt, 1964) and their abundance could have a favourable influence as

was observed by Allen and Smith (1958) for the braconid Apanteles
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TABLL 5.7.4 Fean longevity (+ SE} of newly-emerged acult Apanteles
plutellae XKurdj. expcsed to honey (17%), water and
variocus parts of Crotalaria striata L.

Food source(treatment) Lo?g:;igy Mean difference rand significancel/
MALES
Treatments: 5 2 4 3 1
Honey 17% (5) 11.8 - - - - -

,f Flower stalk axils(2) 6.3 S.5%% - - - -

* Pow syt ap wee oft L - -
Flowers> (3) 3.6 g.2es  2.7°° 2.6 - -
LeavesY (1) 3.1 870  2.2%% 3.1%* 0.5°° -
Water (6) 1.4 10.4%*  4.9°* 4.8+ 2,27°% 1.7+
FEFALES
Treatments: < 5 4 2 1 3
Honey 17% (5) 13.8 - - - - -
Flower stalk axils

+ flowers2/(4) 11.9 1.9"% - - - -

Flower stalk axils{(2) 5.6 B.2** 6£.3** - - -
Leaves (1) 3.9 9.9** 8.0°* 1.7T° - -
FlowersY (3) 3.3 10.57% 8.6°* 2.3°° 0.6 -
Water (&) 1.6 12.2%% 10.3%* 4.0°* 2.3vc 1.7°°

1/ ns = not significant, * = significant at the 5% level, ** = significant
at the 1% lewel.

2/ A total of 30 flowers were provided throughout.
3/ A total of 26 flowers were provided throughout.

4/ 3 leaves having a total of 9 leaflets were provided throuchout.
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medicaginis Mues. (Hym: Braconidae). Evaluation of different parts of
C.siriata has also indicated that extrafloral secretions produced by
leaves and flower stalk's axil could increase longevity of A.plutellae
(see 7.5.4). To confirm this, secretions of flower stalk's axil (Plate
5.7.3) were collected and further evaluated. directly as feeds to the
rarasites. These secretions were selected as the droplets were generally
larger and more easily collected. They were collected with micropipette
and then diluted with water into concentrations of strength 50% and 10%.
Together with undiluted nectaries, these were evaluated against undiluted
honey and honey diluted to 17%. Alsc included was a control treatment
with water alone. The test foods were provided through 'feeding wicks'
in glass vials to the parasites. As with the 'water control', a 'water’
wick was also included. Test parasites consisted of both newly-emerged
males and females. These were evaluated in groups of 10 per treatment

(5 pairs) and replicated 8 times,

The study shows conclusively that the secretion was responsible
for the increased longevity when parasites were enclosed with the flower
stalk's axil in the earlier study. Among the 3 concentrations evaluated,
that of 50% dilution had the maximum effect in both the sexes (Table 5.7.5).
In the males, this was almost comparable to 'honey' treatment. However,
for females the 'honey® treatments were significantly (P« 0.0l1) superior.
In either case, the ‘water' controls were immensely less, suggesting that
when detached portions were utilized the smaller differences observed (see

5.7.6) had been largely due to the lack of cyclic replenishment of the
nectar, '

5.7.6 Comparative effects of detached and intact leaves of C.striata

on the longevity of A.plutellae

One factor not accounted for in previous experiments described
here was that some flower species have a daily cycle of nectar production
(Park, 1930). If this was true for any of the species tested, the immed-
iate history of visitation to the flower by insects, relative to its nectar-
production cycle, would be critical. This is especially so with respect
to the time of picking when the investigations were made. Wykes (1950,
1951) has shown that either ringing could stop translocation, or nectar

secretion reduced by defoliation of the shoot. With combination of these

treatments, nectar production could stop entirely. This may also occur

when flowers of some plants are picked. However, when the picked flowers
were kept standing in 15-20% sugar solution, nectar secretions were main-
tained proportionately (Wykes, 1950, 1951) while longevity and fecundity
of parasitic test species [‘e.g. Hyssovus thymus Girault (Hym: Eulophidae);7

increased significantly (Syme, 1975). In determining whether nectar avail-
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1

TaBLi 5.7.5 lMean longevity (+ SE) of newly emerged adult ipznteles
plutellae hurdj. provided with various cencentrations
of honey and flower axil secretions of Crctalaria
striata as foods.(KNg.insects evaluated per treatrent per
sex = 40).

1

Fcod source . Days Sicnificance*
(P = 0.0j.)
FErALE
Flower axil secretion
(undiluted) 5.78+0.53 c
Flcower axil secretion
(50%) 8.23+0.69 b
Flower axil secretion
{(10%) 5.48+40.55 c
Honey (undiluted) 12.68+1.31 a
Honey (17%) 11.08+1.20 a
Control (water alone) 2.0 + 0.11 d
MALE '
rlower axil secretion
{undiluted) 5.65+G.52 cd
Flower axil secretion )
(50%) 7.35+C.68 b e
Flower axil secreticn
(10%) 4,28+0.46 d
Honay (undiluted) £.90+C.98 ab
Foney {(17%) 2.85+1.30 a
Control (water alcne) 1.95+0.12 e

*Ileans having the same alphzbets against them are net sicnificantly
different according to the New Duncan's MNultiple Range Test (Snedecor
& Cochran, 1967).

ability in C.striata could be adversely affected due to separation of
plant .parts, a study was made to compare the effects of detached and
intact leaves of the plant. Leaves were selected as they were not only

l readily available but had also earlier been found to produce extrafloral
secretions suitable as insect food (see 5.7.4)., In the study, the long-
evity of 50 parasite pairs was considered per treatment., To each repli-
cate of 5 pairs, 8 leaves (detached or intact, and possessing ca 24 leaflets)
A were provided along with a ‘'water wick'. Again, honey (17%) + water or
water alone acted as the controls.

From Table 5.7.6, it is evident that longevity of A.plutellae
enclosed on both intact and detached leaves was significantly (P<0.01)
higher than that of ‘water® control but less than the ‘*honey' treatment.

d Beiween both intact and detached leaves, the former was significantly
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TABLE 5,7.6 Mean longevity (+ SE)} of newly-emerged adult Apanteles
plutellae Kurdj. when provided with foods in the form of
honey (17%) and leaves (intact and detached) of 2/

Crotalarla striata L, Comparisons of paired means-*— and
their signlflcanc /’relate to that of individual food

source as measured agalnst the "water"” control or “honey"

treatment.
. 2/
. Significance~ when measured
Food source Days
against:
"Water'control "Honey"treat-
ment
Detached leag s
of C.strlata—
Male 2.52+0.19 50 s bl
Female 3.02+40.22 50 .o b
Intact 1eave53/
of _C_:_. striata—
Male 4.72+0.44 50 b e
Female 5.32+40.45 50 v e
Honey (17%)
Male 10.48+0.79 . 50 .. -
Female 12.3040.79 50 g -
Control{water alone)
Male 1.58+0.08 50 - -
- - t
1/ Mean difference 4 = Kz between individual food source and the
12
n n2

"water" contreol, or "honey" treatment.

2/ ** significant at the 1% level. Against the "water" control a
cne-tailed test was employed, while a two~tailed test was used
when measured against '*honey".

3/ According to the two-tailed test the intact leaves were signifi-
cantly greater (F< 0.01) than the detached leaves; d (females) =
4.586 and d (males) = 4.541.

(P<0.01) higher, suggesting that production of extrafloral secretions in
detached leaves was probably more rapidly depleted. With intact leaves
a higher level appeared to be maintained, probably through further prod-
uction in the daily cycle.

5.7.7 Survey of insects visiting C.striata

Since C.striata produces nectar that could enhance longevity
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(sce 5.7.2) and fecundity (see 5.7.3) of A.plutellae under laboratory
conditions, an investigation was conducted to determine if the plant would
also attract the parasite and serve as a food source under natural situa-
tion. This was studied in Serdang where potted and naturally grown bushes
of C.striata were periodically observed for visiting insects. Prior to
their collection for taxonomic identification, any insect noted would first
be closely watched on their behaviour, particular the feeding activity.
Such a2 study was initiated in 1979 and continued through to September, 1980.
From Table 5.7.7, it is noted that many arthropod species perio-

dically visited C.striata; the most common among these were Diptera and
Hymenoptera. Included in the latter was also A.plutellae. This species,
like many others, moved actively over the plant to feed on the flower
nectar as well as extrafloral secretions, in particular from flower axils,
The large number of insects observed feeding on the plant strongly sugges—
ted that C.striata is probably a good food source. Evidently, with sup~
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porting evidence obtained from previous studies (see 5.7.2 - 5.7.6), it is
now clear that C.striata would play an important role in the conservation

of A.plutellae.

5.8 ALTERNATIVE HOSTS OF A.PLUTELLAE

Although development of insecticide-resistant populatidn has
been suspected to be a contributory factor towards the abundance of A.
plutellae in the Cameron Highlands, contributions through reserveirs of
alternative hosts could not be totally discounted. To determine this, a

series of investigations was conducted, covering a number of aspects.

5.8,1 Ovivosition by A.plutellae on some common Lepidoptera

! In an attempt to identify alternative hosts of A.plutellae
locally, several lepidopteran species commonly found associated with DBM
on cabbages were evaluated for possible oviposition by the parasite.
These included Aerotis ypsilon Rott.(lep: Noctuidae), Crocidolomia
binotalis Zell. (Lep: Fyralidae), Hellula undalis F. (Lep: Pyralidae),
Spodoptera pecten F. {Lep: Noctuidae) and S.litura F. (Lep: Noctuidae).

The silkworm Bombyx mori L. (Lep: Bombycidae) was also tested for poss-
ible utilization as a mass-rearing medium, while DBM included for compari-

son.
In the study, early-stage larvae (1lst or/and 2nd instar) were

exposed in groups within 'oviposition jars' (Plate 2.1) to equal numbers
of male and female parasites for period of either 24 hrs or 48 hrs as

shown in Table 5.8.1. Immediately following exposure, the larvae were

dissected for egg counts.



~ TABLE 5,7,7 Arthropod species observed visiting the flowering plant, Crotalaria striata L. at Serdang,
' Malaysia (1979-80),

Visiting insect

Plant part Remarks
‘ Collection Collection collected from
Name File No.

Noe Date

HYMENOPTERA

Eurytoma sp.(Eurytomidae) M 2284 22.11.79 Cp.74/01/22 Pod Possibly parasitising Araecerus fascicu-

latus.

Macrocentrus sp.(Braconidae) M 2299 17.12.79 CP.74/01/29 Pod

Bracon sp. (Braconidae) M 2300 17.12.79 CP.74/01/29 Pod

Eurytoma sp.(Eurytomddae) M 2301 17.12.79 CP.74/01/29 Pod Possibly parasitising A, fasciculatus,

Bracon greeni Ashmead (Braconi~ M 2345 15.1.80 CP.74/01/26 Pod

dae)
o  Leptobatopsis Indica Cameron -, 4, 27.2.80  CP.74/01/26 Leaf
= (Ichneumonidae! .

Camponotus sp.(Formicidae) M 2484 28.2.80 CP.74/01/26 Leaf

Disophyrs?albopillosellus

Camoron (Braconidae) M 2489 28,2.80 CP.74/01/26 Leaf

Scelio sp.{(Scelicnidae) M 2491 28.2.80 CP.74/01/26 Leaf

Camponotus sp.(Formicidae) M 2501 15.5,80 CP.74/01/26 Leaf

Pison sp. (Sphecidae) M 2538 20.5.80 CP.74/01/26 Leaf Observed to feed on exudate.

Pison sp. (Sphecide) M 2550 22.5.80 CP.74/01/26 Flower

Pithitis sp. (Xylocopidae) M 2551 22.5.80 CP.74/01/26 Flower

Cdynerus sp.{bumenidae) M 2552 22.5.80 CP.74/01/26 Flower

Pison sp. (Sphecidae) M 2553 22.5.80 CP,74/01/26 Leaf _ '

Chelonus sp.{(Braconidae) M 2554 21.5.80 CP.74/01/26 Leaf Observed to feed on exudate.

Apanteles plutellae(Braconidae) - 15.1.80 - Leaf Cbhserved to feed on exudate.
- 16.1.80 - Leaf Observed to feed on exudate.
- 25.1.80 - Leaf OCbserved to feed on exudate.
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TABLE 5.7.7 (continued 1).

Visiting insect Plant part
ollected from Remarks
Collection Collectlon . ¢ ec
Name File No.
No. Date
CCLEOPTERA
Araecerus fasciculatus(Degeer) M 2283 22.11.79 CP.74/01/22 Pod
(Anthribidae)
C
olposcelis signata (Mots.) M 2477 27.2.80  CP,74/01/26 Leaf
(Eumolpinae)
QOenopia luteopustulata Muls,
(Coccinellidas) M 2478 27.2.80 CP.74/01/26 Leaf
LQggitarigg b rmaqi?gg Jacoby M 2482 27.2.80 CP.74/01/26 Leaf
alticinae
DICTYOPTERA
Megamareta sp.(Blattellidae) M 2496 8.5.80 CP,74/01/26 Leaf
LEPIDOPTERA
Etiella behri Zell.(Pyralidae) M 2279 19.11.79 CP.74/01/22 Pod
DIFTERA
Rivellia?basilaris{(Wiedemann)
(Platystomatidae) | M 2479 27.2.80 Cp.74/01/26 Leaf
D H T -
agus d°rsaiizae§“del( ePhrl= 'y 5488 28.2.80  CP.74/01/26 Leaf
Eumerus sp. (Syrphidae) M 2534 20.5.80 CP.74/01/26 Leaf Observed to feed on exudate,
Cosmina bicolor Walker
N - - - L
(Calliphoridae) 1 2535 20.5.80 CP.74/01/26 Leaf Observed to feed on exudate
Chysomya megacephala Fabricius M 2536 20.5.80 Cr.74/01/26 Leaf Observed to feed on exudate,
(Calliphoridae)
P
aragus crenulatus Thomson M 2544 21.5.80  CP.74/01/26 Leaf  Observed to feed on exudate.
(Syrphidae) 7
Cosmina bicolor Walker
(Calliphoridae) M a545 20.5.80 CP,74/01/26 Leaf Observed to feed on exudate,
."-'1_ b
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TABLE 5.7.7 (continued 2).

Visiting insect Plant part Remarks
collected from
Collection Collection
Name File No.
No. Date
HEMIPTERA
Aphis craccivora Koch(Aphididae) M 2289 5.12,79 CP.74/01/22 Leaf
Bemisla tabaci (Genn.)(Aleyrodidae) M 2556 8.5.80 CP.74/01/26 Leaf
THYSANCPTERA
Thrip M 2933 20.9.80 CP.74/01/26 Flowver
UNIDENTIFIED SPECIES
2 M 2481 27.,2.80 CP.74/01/26 Leaf )
? M2533 20.5.80 CpP,74/01/26 Flower Observed feeding on flower axll
: secretion and flower nectar,
? M 2539 21.5.80 CP.74/01/26 Leaf
? M 2540 21.5.80 CP.74/01/26 Leaf
? M 2541 21.5.80 Cp,74/01/26 Leaf
? M 2542 21.5.80 CP,74/01/26 Leaf
? M 2546 21.5.80 CP,74/01/26 Leaf Observed feeding on exudate,
? M 2549 22,5.80 CP.74/01/26 Flower
Braconldae M 2791 19.8.80 CP,.74/01/26 Leaf Observed feeding on exudate.
Hymenoptera M 2905 10.9.80 CP.74/01/26 Leaf Observed feeding on exudate,
Hymenoptera M 2906 183.9.80 CP,74/01/26 Leaf Observed feeding on exudate,
Aranea (Oxyopidae) M 2543 21.5.80 CP.74/01/26 Leaf
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TABLE 5.8.1. Ovipositional pattern and number of eggs deposited by Apanteles plutellae Kurdj. on the larvae of different
lepidopteran test species.

Test specles exposed No. of para- No. of test larvae containing the following number .~ iiﬁ:gi_ Eggs deposited
sites used of parasite eqgs®
Name Ins~ No, Period Male: Female 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 More No. % To- Mean No,
tar {Hours) than tal Per- Per Female
' 15 host Parasite
1. Agrotis 2nd 50 48 10: 10 43 0 1 2 2 0 1 0 0 0 0 1 0 O O 7 44.0 33 0.7 3.3
xEsilon
2'%2%—?-3 1st 63 24 9: 9 49 5 3 3 2 1 14 22.2 33 0.5 3.7
3'%‘&"9:151: 56 24 B8: B 35 9 4 1 1 3 2 0 0 0 1 21 37.5 61 1.1 7.6
binota  1st &, ,q 2: 2 4 3 0 2.1 6 60.0 13 1.3 6.5
1is 2nd
4. Hellula 1st& ., g 8: 8 10 2 2 1 2 1 1 9 47.4 28 1.5 3.5
undalis 2nd
;‘51;&10 48 4: 4 1 4 2 2 000 0 1 9 90.0 22 2.2 5.5
5. Plutella
xylostella 1st 70 24 10: 10 122117 7 2 3 2 0 2 0 1 0 1 © 1 0 1(24) 58 82.9 187 2.7 18.7
6. Spodop- 1st &
tera 41 48 8t B 25 7 6 2 1 16 39.0 39 1.0 4.9
=82 opa
litura
.S
Tt;f:gdﬁf’: 1st 35 24 5: 5 1911 4 0 0 1 16 45.7 24 0.7 4.8
Eecten

*Where the number of parasite eggs 1s more than 15, this is indicated in the bracket.




From Table 5.8.1 2ll the leridopieran species exnosed were

otserved oviposiied upon by A.pluiellsze, For [xM, the rean number of

eccs deposited per host or per female parasite was highest, indicating it
to be most preferred. All the other spvecies, however, appeared to be pot-
entially capable of serving as alternmative hosts to A.plutellae,.

5.8.2 Success in parasitism by A.plutellae in some common Lepidoptera

The previous study revealed that A.plutellae would readily
oviposit on a number of lepidopteran species. Whether such oviposition
would eventually result in successful parasitization was investigated.

The procedure was as described in the previous study, except that para-
sitized hosts were reared until pupation or death, or parasite emergence,

In the study, parasite emergence was recorded only from A.ypsilon
and C.binotalis (Table 5.8.2), indicating these to be possible alternmative
hosts, In the latter, out of a total of 135 exposed, only 4 adult para-
sites (3 males + 1 female) were obtained. Also, 2 late-stage larvae which
died just prior to their pupation (or varasite emergence?) were found to
contain the advanced parasite larvae upon dissection. For A.vpsilon, only
1 male parasite emerged out of a total of 50 hosts exposed.

In general, except for the above few successful parasitism, most
of the remaining larvae died within 2-7 days, apparently being adversely
affected by the parasite's oviposition or stinging. Only for H.undalis
and S.pecten were there some successful host pupation attained. Evidently,
significant host mortality could be inflicted by A.plutellae even if full

parasite development to reach successful emergence may not be achieved.

5.8.3 Ovipositional preference by A.plutellae between DBM and C.binotalis

Among the Lepidoptera successfully parasitized by A.plutellae,
the DBM seemed most preferred (see 3.3 & 5.8.2)., To confirm this, a
preference study was carried out between DBM and C.binotalis, using equa-
tion (2) (Murdoch, 1969; Cock, 1978), and in the same manner earlier em-
ployed for the preference study between the various larval instars of DBM
(see 5.2.2). However, in this study, oﬁly 2nd instar larvae of both test

species were compared. As before, each of the various combinations of the

two host larvae were exposed to a pair of freshly emerged parasite for

ol hrs and then dissected for counts of the total number of eggs deposited.
The combinations inclwded 2,4,6,8,10,12,14,16 and 18 larvae of C.binotalis
together with the corresponding mumber of DBM which made up a total of 20

larvae for each combination. Each test combination was replicated 4 times.

Following Murdoch's (1969) graphical display of preference
(Fig. 5.8.1) where the ratio of the hosts attacked was plotted against

the ratio at which they were present (i.e. illustrating equation (2)),
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TABLE 5.8.2 Evaluation of some common [epldopteran larvae as alternate hosts to Apanteles plutellae Kurdj.
(Exposure period = 48 hours).

Test {e. Test  Stage and no. No. of parasites Parasite cocoon .Pupation of test Mortality before test
est specles exposed used formed species species reaching pupation
No. Date Instar No. Male : Female No. Days after No. Days after No. %.
exposure exposure
Agrotls 1 6.8.80 2nd 50 10 10 1 14 0 - 50 100,0
ypsilon
ombyx 1 18.4.75 1st 100 8 = 8 0 - 0 - 100 100.0
mor ‘
- 2 24,4.75 2nd 80 7 3 6 O - 0 - 80 100,0
Crocidolomia 1 15.10.79 1st & 2nd 40 10 = 10 0 - 0 - - 40 100.0
binotalis 2 19.3.80 1st & 2nd 15 10 @ 10 1 7 0 - 15 100.0
3 20.3.80 1st & 2nd 15 10 @ 10 O - 0 - 15 100.0
4 21.3.80 1st & 2nd 15 0 . 10 1 7 0 - 14 93.0
5 27.3.80 1st 50 10 10 2 8 0 - 50 100.0
Hellula 128.12.79 1st & 2nd 7 5 : 5 0 - 0 - 7 100,0
undalis 2 10,1,80 st & 2nd 6 s 5 0 - 0 - 6 100.0
3 5.2.80 1st & 2nd 20 10 ¢ 10 0 - 3 7-8 17 85.0
Spodoptera 1 25.3.80 2nd 15 10 = 10 O - 0 - 15 100.0
litura 2 28.3.80 1st & 2nd 30 10 @ 10 0 - 0 - a0 100.0
Spodoptera 1 11.1.75 1st 50 2 3 0 - 21 23 - 26 29 58.0
pecten 2 18.1.75 1ist 80 7 5 o - 19 21 - 26 61 76.3
3 23.1.75 1st 100 8 9 0 - 47 19 = 23 53 53.0
4 18.2.75 1st 30 2 P 0 - 15 21 - 24 15 50.0
5 20.1.75 2nd 100 8 9 0 - 42 18 = 22 ' 58 58.0
6 21.1.75 2nd 100 a8 8 0 - 47 21 - 24 53 53.0
7 22.1.75 2nd 100 8 : 9 0 - 53 20 - 23 47 47.0
8 24.1.75 2nd 100 5 : 8 0 - 46 18 - 24 54 54.0
9 28.1.75 3rd 80 5 : 5 0 - 31 14 - 30 49 61.3
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P xylostella » C. binotalis s

Sy = 0-0735 s

Figure 5-8-}
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Parasitism of Crocidolomia binoralis Zell. and Plutelic xylostelia (\.-}
by Apanteles plurelice Kurdj. when the two host larvae of the 2nd-
instar were presented together. Ca and Pa are the respective
number of C.binotals and Paxylostella parasitised or " attacked 'y
and C and P the respective numbers presented.
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