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Abstract

Several plant characters are known to affect the searching behaviour and parasitization efficiechpgfamma

spp. (Hymenoptera: Trichogrammatidae). In this study, plant characters contributing to thteliowverpa
armigera(Hubner) (Lepidoptera: Noctuidae) egg parasitism levels on pigeogagar(us cajar(L.) Millspaugh)

were investigated. The efficiency dfchilonison pigeonpea was dependent on the plant structure on which the host
eggs were found. In a cage experiment, more than 55% of eggs placed on leaves were parasitized, while 1% of eggs
on calyxes and no eggs on pods were parasitized. In a filter paper bioassay, parasitoids were deterred by acetone and
hexane surface extracts from pigeonpea pods but showed no response to water extract. The searching behaviour of
the parasitoids was not affected by different solvent extracts from the surface of pigeonpea leaves. In a four-armed
airflow olfactometerT. chiloniswas repelled by volatiles from pigeonpea pods but showed no response to volatiles
derived from hexane extract of pod surfaces. Volatile infochemicals and hexane surface extracts from pods of two
wild CajanusspeciesC. scarabaeoidefd..) Thours andC. platycarpugBentham) van der Maesen, were similarly
deterrent toTl. chilonis The movement of the parasitoids on pigeonpea pods and calyxes was inhibited by long
trichomes and wasps were trapped by sticky trichome exudates. Parasitoids walked significantly faster on leaves
than on pods. The walking speed on both pods and leaves increased significantly after washing with hexane. The
results presented in this paper show that the plant growth stage and the plant structures prefériatinera

for oviposition are the least suitable férchilonis contributing to the low parasitoid efficiency on pigeonpea.

Introduction asitism levels remain low with less than 1% of eggs
parasitized (Romeis & Shanower, 1996). This differ-
PigeonpeaCajanus cajar(L.) Millspaugh) is one of ~ ence in the level of parasitism on different plants may
the major grain legumes of the tropics and subtropics be partly caused by plant volatiles. In an airflow olfac-
with the largest production in India (Nene & Sheila, tometer, femald. chiloniswere repelled by volatiles
1990). A key pest on pigeonpea throughout the Old emitted from pigeonpea plants in the reproductive
World is the pod boreelicoverpa armigergHiibner) ~ growth stage while they were arrested by sorghum
(Lepidoptera: Noctuidae) (Lateef & Reed, 1990). volatiles (Romeis et al., 1997a). This suggests that
In India, high levels of egg parasitism, mainly pigeonpea fields are less preferredichogramma
caused bylrichogramma chilonisshii (Hymenoptera: ~ spp. searching for hosts.
Trichogrammatidae), have been reported frém When the parasitoids land on a plant, trichomes
armigeraeggs collected from some host plants such and their exudates may reduce the wasps’ walking
as sorghum, maize or cotton. But on pigeonpea, par- Speed or even trap them, thus, inhibiting their ability
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to locate a host (Rabb & Bradley, 1968; Treacy et (Armes et al., 1992). Only fertile eggs, recognized
al., 1985, 1986; Keller, 1987; Kauffman & Kennedy, by a horizontal brown ring which develops after ap-
1989; Kashyap et al., 1991). Five trichome types proximately 12 h, were used. Eggs wer@4 h old
have been identified from pigeonpea (Shanower et al., and killed with UV-irradiation (60W, 50 min, 30 cm
1996). Type A is a glandular trichome which secretes distance) or untreated. This short UV-irradiation does
a sticky exudate at the tip, while the Type B glan- not affect the acceptance and suitability of the eggs
dular trichome is a globular sac which releases its for T. chilonis(Romeis et al., 1997b). UV-irradiated
contents only after the cell wall is ruptured. Two un- eggs have the advantage that no larvae emerge from
segmented non-glandular trichomes (Types C and D), unparasitized eggs and destroy the experiment.

and a very small glandular trichome (Type E) with no

visible secretion, have also been described. There arePlant material. Plant material was collected from
large differences in the distribution, density, length greenhouse-grown, short-duration pigeonpeas (geno-
and orientation of trichomes between leaves and re- types ICPL 87, ICPL 84052, ICPL 86012}, platy-
productive structures (pods, buds, and flower-calyxes) carpus (accession ICPW 68) an@. scarabaeoides
(Romeis et al., 1996a; J. Romeis, T. G. Shanower (accession ICPW 82).

& A. J. Peter, unpubl.). On reproductive structures,

trichomes are longer than on leaves, and the exudate-Effect of host egg location on parasitizationThis
secreting Type A trichomes are much more common. experiment was conducted to compa@rehilonispar-
Reproductive structures are preferred oviposition sites asitization efficiency amongf. armigera eggs laid

for H. armigerawith less than 20% of eggs found on  on different pigeonpea plant structures. For each test,

vegetative plant structures (Romeis, 1997). four pigeonpea (ICPL 87) plants were artificially in-
All five trichome types have also been found on fested withH. armigeraeggs with a moistened brush.
C. platycarpus(Bentham) van der Maesen ar@l A replication consisted of 40 eggs on each of the

scarabaeoidegl.) Thours, wild relatives of pigeon-  following plant structures: pods, calyxes (buds and
pea (Shanower et al., 1996). Significant differences flower-calyxes), upper and lower leaf surfaces (10
in the distribution, density and length of the trichome eggs on each plant structure on each of the four plants).
types have been detected between the tl@anus  The four infested plants were kept in one cage (160 cm
species; the most important finding is the general ab- x 75 cmx 100 cm) in the greenhouse. Between 2000
sence of Type A trichomes on pods and calyxe€of  and 3000 femald. chiloniswere released per cage.
scarabaeoidetShanower etal., 1996; J. Romeis, T.G. After 24 h, the eggs were collected and kept inTrie
Shanower & A. J. Peter, unpubl.). These w@ldjanus chogrammarearing incubator until blackening of the
species have been recognized as a potential source oparasitized eggs. The percentage of eggs parasitized
resistance tél. armigeraor diseases (Pundir & Singh,  on each plant structure was recorded. The experiment
1987; Saxenaet al., 1990; Shanower et al., 1997).  was replicated 10 times. The percentage of eggs para-

The following study was conducted to identify the  sitized was compared among the different plant struc-
plant characters which inhibit the searching behaviour tures using one-way analysis of variance (ANOVA) on
of Trichogrammaegg parasitoids on pigeonpea and to the angular transformed percentage data. Means were
determine if these characters are also present in wild compared using the least significant difference (LSD)
Cajanusspecies. at P=0.05.

Filter paper bioassay. This bioassay was designed to
Materials and methods evaluate the impact of plant surface extracts on the

searching behaviour of. chilonis A circle with a
Insect material. Trichogramma chilonidemales diameter of 6 cm was drawn on a WhatrifaNo. 1
were used in all experiments. The parasitoids were filter paper and divided into four quadrants. Plant
reared on eggs dorcyra cephalonic&tainton (Lep- extract (50ul) was pipetted onto two opposite quad-
idoptera: Pyralidae) at 26 2 °C, 50 £ 10% r.h., rants, forming a patch of approximately 2 cm diameter
L16:D8. The female parasitoids used in the experi- (3.1 cn?), and was allowed to dry completely for
ments were 1-2 d old, mated, inexperienced, and fed 30 min. An equal amount of pure solvent was placed
with honey agarHelicoverpa armigeravas reared on ~ on the two remaining quadrants as a control. Three
a chickpea-based diet at 22 2 °C, 70+ 10% r.h. H. armigeraeggs separated by more than 5 mm were
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attached to each patch using a moistened brush. Oneto the observer. The experiment was conducted us-
parasitoid was released in the middle of a petri-dish ing the hexane extract from the surface of pigeonpea
(6 cm dia.) which was then placed over the circle on (ICPL 87) pods at the natural concentration. Paper
the filter paper. This was then inverted so that light discs treated with pure hexane were offered simulta-
came through the filter paper, attracting the wasp to it. neously as a control. One parasitoid was placed at the
The parasitoid was removed after 30 min, and 5 days center of the filter paper and observed for 10 min.
later, patches containing black, parasitized eggs wereAfter 5 min, the filter paper was rotated. The num-
counted. The number of patches with parasitized eggsber of contacts and acceptance Walking onto the
were compared between treatments using2aest treated paper disc by one body length) was noted sep-
with a null hypothesis of equal distribution. In con- arately for test and control paper discs. A total of 48
trast to the method used by Romeis et al. (1996b), the parasitoids were tested for each of three treatments:
number of patches rather than the number of eggs par-paper discs dried for 40 min, 2 days and 4 days at
asitized per treatment was compar&dchogramma room temperature. The filter paper and paper discs
spp. search in the vicinity of the host after parasiti- were changed after observing three parasitoids. Ex-
zation, and therefore the chances of finding a second periments were conducted at 242 °C, 50+ 10%

egg in the same patch are greater than locating one inr.h.

another patch (Laing, 1937; Gardner & van Lenteren, To test if the plant extract affected the search-
1986). Experiments were carried out in an incubator at ing parasitoids before contact, the number of females

26+ 2°C, 50+ 10% r.h. making more contacts with the test discs than with
The following surface extracts were tested: the control discs was compared to the number of fe-
(A) Water, acetone and hexane extracts from pi- males making more contacts with the control discs

geonpea (ICPL 87) pods and leaves. than with the test discs using y?-test. The accep-
(B) Hexane extract from pigeonpea pods, 1 and 2 tance/contact (a/c) ratio was calculated separately for

days after treatment of the filter paper. test and control discs. A % 2 contingency-table

(C) Acetone extract from pods previously washed for the distribution of acceptance and contacts was
with hexane, and hexane extract from pods previously constructed and differences in the a/c ratios were com-
washed with water (after a drying period of 30 min).  pared using g¢?-test. The null hypothesis of equal

(D) Hexane extracts from pods of other pigeon- distribution was used for botp?-tests.
pea genotypes (ICPL 84052 and ICPL 86012),
platycarpusandC. scarabaeoides

The parasitoids do not respond to pure solvents QOlfactometer bioassay.A four-armed airflow olfac-
(Romeis et al., 1996Db). Each test was replicated a tometer was used in these experiments as described
minimum of 30 times. previously (Romeis et al., 1997a). The test material

Surface extracts were made by dipping plant parts was presented to individual chilonisin two opposite
in the solvents for 15 s. The volume of the hexane and treatment chambers.

acetone extracts was reduced under vacuum, the water  The following quantities of each test material were
extracts were lyophilized. Extracts were used immedi- placed in a single treatment chamber:

ately or stored in a freezer at6 °C for a maximum (A) Filter paper treated with hexane surface extract
of 24 h. The concentrated extracts were diluted so that from 20 pigeonpea (ICPL 87) pods-160 cn? pod

the amount of surface chemicals applied to the filter surface).

paper on the area of approximately 3.1%was equal (B) Filter paper treated with hexane surface extract
to (= natural concentration) or larger than the amount from 40 pigeonpea (ICPL 87) pods-820 cn? pod

of chemicals washed from an equivalent plant surface surface).

area. (C) Pods of ICPL 87, frozen, thawed and washed

To determine the extent to which volatiles mlght with hexane (20 podsx;]_GO cnt pod Surface).
be responsible for the observed effects of plant surface (D) Fresh pods of ICPL 87 after washing with

extracts on the behaviour dt chilonis the bioassay  hexane (20 podsy160 cn? pod surface).
was slightly modified. Instead of treating the filter (E) Fresh pods of ICPL 86012 (20 pods1.60 cnt
paper directly, treated paper discs with a diameter of pod surface).

2 cm were placed on the filter paper. With this design, (F) Fresh pods ofC. p|atycarpus (]_5 pods;
the edges of the treated patches were clearly visible ~160 cnf pod surface).
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(G) Fresh pods ofC. scarabaeoideg50 pods; on different plant structures, before and after hexane
~160 cn? pod surface). washing, were compared using Studetitsst.

The extracts used in tests A and B were collected
as described for the filter paper bioassay. For tests Observations oT. chilonison pigeonpea plant struc-

A and B, filter paper treated with hexane was used tures. The behaviour of. chiloniswas observed on

as a control. For all other tests, air humidified with single leaves, calyxes and flowers of pigeonpea (ICPL
wet tissue paper (Kimwip&s) was used as a control, 87) plants under the microscope and on whole plants.
since plant material increases the relative humidity in Parasitoids{ = 65) were individually placed on pods
the treatment chambers afdchilonisis arrested by ~ and observed to see what effect exudates secreted by
humidified air (Romeis et al., 1997a). Type A glandular trichomes had on the wasps. Ob-

Parasitoids were observed for 10 min beginning servations were made at 26 2 °C and 60+ 10%
when the parasitoid crossed a line, 5 mm around the r.h.
entry tube. The total time spent by a parasitoid in
each of the four flow fields was recorded using the
computer software package ‘The Obsef&(Noldus Results
Information Technology, 1993).

After every two to three observations the exposure Effect of host egg location on parasitizationThe
chamber was cleaned with 70% ethanol, and it was percentage dfl. armigeraeggs parasitized b¥. chilo-
rotated after every five observations. The behaviour of npjs differed significantly among the pigeonpea plant
at least 40 parasitoids was recorded for each test ma-structures on which the eggs were located(P1.3,
terial. All experiments were carried out at 262 °C P < 0.001). None of the eggs placed on pods were
and 50+ 10%r.h. attacked and only 1% of the eggs on calyxes, while

The number of parasitoids which spent more than significantly higher parasitism levels were recorded on
50% of the observation time in the flow fields con- eggs placed on the upper and lower leaf surface (55.7
taining plant volatiles was compared to the number and 59.7%, respectively) (R 0.05, LSD). The differ-
spending more than 50% of the observation time in the ence in the percentage of eggs parasitized on the two
control fields using g2-test with the null hypothesis  |eaf surfaces was not significant £P0.05, LSD).
of equal distribution. During the experiment, more eggs fell from leaves

than from the reproductive structures. While, out of

the 40 eggs exposed, 3H50.19 @& s.e.) eggs were
Walking speed. The walking speed dfF. chiloniswas collected from pods and 37# 0.80 eggs were col-
measured on freshly excised pigeonpea (ICPL 87) lected from calyxes, only 3548 0.96 eggs were found
leaves (upper and lower surface) and pods. After plac- on the upper leaf surface and 335L.44 on the lower
ing an individual wasp on the plant structure it was leaf surface.
covered with a glass petridish where the walking path
of the parasitoid was followed with a marker pen. The Filter paper bioassay. The acetone and hexane ex-
time was stopped when the parasitoid reached the mar-tracts from the surface of pigeonpea (ICPL 87) pods
gin of the plant structure or after 1 min. Five wasps were deterrent td. chilonis(Table 1, test 2, 3). A
were observed individually on each plant structure. similar response was observed for hexane extract from
The pods and leaves were then washed with hexane,pods which had previously been washed with water
dried for 30 min, and walking speed was measured (test5). Water extract (test 1) and acetone extract from
again using new parasitoids. A total of 60 females pods which had been washed in hexane earlier (test 4)
were observed on each, the upper and lower surfacedid not elicit a response in the parasitoids. The hexane
of 12 unwashed and hexane-washed leaves, and 50extract from pods (at natural concentration) continued
females on 10 unwashed and hexane-washed podsto deter the parasitoids up to two days after application
Fewer wasps were observed on pods as the waspdo the filter paper, though the effect became weaker
showed almost no movement. To evaluate the average(fresh extractn = 44, x2 = 206, P < 0.001; 1
walking speed, the path drawn on the petridish was day old extractz = 51, x2 = 13.8, P < 0.001;
copied on a paper, enlargeck4and measured with 2 day old extracty = 61, x2 = 9.7, P < 0.01).
a cartographic odometer. The experiment was carried The different tests were not compared with each other
out at 26+ 2 °C and 60+ 10% r.h. Walking speeds as they were conducted on different days. In contrast
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to pod extracts, leaf extracts did not significantly af- Observations oT. chilonison pigeonpea plant struc-

fect the searching behaviour of the parasitoids even attures. On leaves, parasitoids walked preferably on
higher than natural concentrations (Table 2). Hexane the margins and on the major veins on the lower leaf
pod extracts at natural concentration from two other surface. On whole plants, parasitoids easily walked

pigeonpea genotypes (ICPL 86012,= 40, x? = from leaf to leaf but were never observed walking
30.8, P < 0.001; ICPL 84052p = 53, x° = 11.8, onto reproductive structures. When placed on a flower
P < 0.001) and the two wildCajanusspecies C. petal, wasps walked around, turning whenever they
scarabaeoidesn = 57, x2 = 12.8, P < 0.001;C. touched the calyx and then flew away. As on pods,
platycarpusn = 64, x> = 6.2, P< 0.05) were also  the parasitoids had difficulties in walking on calyxes
significantly deterrent t@. chilonis due to the sticky trichome exudates. Out of the 65

Filter paper discs freshly treated with hexane ex- parasitoids placed on pods, 51 (78.5%) were trapped
tract from pigeonpea (ICPL 87) pods were contacted and killed by the exudates.
by the parasitoids significantly less often than control
discs (Table 3). Only 38% of the contacts with a test
disc lead to an acceptance, while control discs were Discussion
accepted to 71% after contact. When the paper discs

were tested 2 or 4 days after treatment, there was noSeveral pigeonpea plant characters were found to af-
significant difference between test and control discs in fect different stages of the host location proces3.of
the contact preference but the a/c ratio for test discs chilonis Plant volatiles were repellent, and trichomes
was still significantly smaller than for control discs. and trichome exudates inhibited the movements of the
While the a/c ratio for control discs did not change wasps on the plant. In addition, searching parasitoids
over time, the ratio for test discs increased with time ere deterred by surface chemicals.
after treatment. Trichogramma chiloniswas repelled by volatile
infochemicals emitted by pods of pigeonpea (ICPL
86012) and the two wildCajanusspecies. Earlier, it
Olfactometer bioassay. Trichogramma chilowisl has been shown for pigeonpea (ICPL 87) that the re-
not respond to volatiles derived from filter papers pellent infochemicals are only emitted by plants in
treated with the hexane surface extracts from either the reproductive growth stage and pods alone (Romeis
20 or 40 pigeonpea (ICPL 87) pods (Table 4, test 1, et al., 1997a). It is unlikely that the volatiles derive
2). Volatiles emitted by both frozen (test 3) and fresh from the exudates secreted by the Type A trichomes
(test 4) pigeonpea (ICPL 87) pods, although washed as fresh and frozen pigeonpea pods remained repel-
with hexane, were repellent to the parasitoids- lent after the exudates had been washed off with
chogramma chilonisvere also significantly repelled hexane. Frozen pods are considered to be physiologi-
by volatiles emitted from pods of pigeonpea (ICPL cally inactive so that no new exudates could have been
86012) (test 5) and the two wil@ajanusspeciesC. produced. Also, volatiles fror@. scarabaeoidepods
platycarpugtest 6) andC. scarabaeoide@est 7). which do not possess the exudate secreting Type A
trichomes (Shanower et al., 1996) were repellent to
the parasitoids in the olfactometer.
Walking speed. Walking speed was significantly It has been suggested that surface chemicals can
slower on pods than on leaves (Table 5). On unwashedmediate the behaviour of parasitoids and predators of
leaves it was significantly slower on the lower leaf herbivores (Eigenbrode & Espelie, 1995) but to our
surface as compared to the upper leaf surface. Onknowledge no such example has so far been reported.
unwashed pods walking speed was almost zero asKeller (1987) first discussed the possible impact of
the parasitoids were trapped by the sticky trichome surface chemicals oifirichogrammaspp. behaviour.
exudates. The surface extracts from pods of all thr€ajanus
Walking speed increased significantly, by 21% on species tested contained chemicals which were de-
the upper leaf surface and by 59% on the lower sur- terrent toT. chilonisin a filter paper bioassay. The
face, after leaves were washed with hexane (Table 5). chemicals on the surface of pigeonpea pods are soluble
On pods walking speed increased more than 14 timesin hexane and acetone but not in water, suggesting that
after washing, but was still significantly slower than they are apolar. No deterrent chemicals were detected
on leaves. in surface extracts from pigeonpea leaves. The deter-



280

Table 1. Number of patches containing eggs parasitizedThghogramma chilonison filter paper
treated with different surface extracts from pigeonpea (ICPL 87) pods or pure solvent

Test  Treatment n Concen- Patcheswita 1 x2 PP
tratior? parasitized eggs
1 Water-extract 25
30 15 0.6 ns.
Water 20
2 Acetone-extract 7
36 1.0 16.0 PR<0.001
Acetone 32
3 Hexane-extract 7
30 1.0 19.6 PR<0.001
Hexane 36
4 Acetone-extract
(after washing with hexane) 42
44 1.0 0.0 ns.
Acetone 42
5 Hexane-extract
(after washing with water) 6
4 1.0 32.7 PR<0.001
Hexane 48

@ Natural concentratior= 1.0 (see text)
bn.s. —not significant (B 0.05).

Table 2. Number of patches containing eggs parasitizedfighogramma chilo-
nis on filter paper treated with different surface extracts from pigeonpea (ICPL

87) leaves or pure solvent

Test  Treatment n Concen-  Patches with 1 XZ po
tratior? parasitized eggs

1 Water-extract 21
30 15 0.2 ns.

Water 18

2 Acetone-extract 42
65 1.0 1.1 ns.

Acetone 52

3 Hexane-extract 27
47 1.0 33 ns.

Hexane 42

4 Hexane-extract 31
48 1.5 33 ns.

Hexane 47

5 Hexane-extract 33
60 3.0 35 ns

Hexane 50

@ Natural concentratios= 1.0 (see text)

b 1.s. — not significant (B 0.05).
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Table 3. Number of contacts and acceptance of fenTalehogramma chilonisvith filter paper discs treated
with hexane surface extract from pigeonpea (ICPL 87) pods or pure hexand®)

Test  Treatment Contact Number of Discs X2 P

preferenc  contacts (c) accepted (a) alc ratio

1 Fresh extract 9 325 124 0.38
86.2 P<0.001
Hexane 35 464 331 0.71
2 2dold extract 22 473 220 0.47
95.2 P<0.001
Hexane 189S 456 354 0.78
3 4dold extract 22 519 302 0.58
29.2 P<0.001
Hexane 20s 517 383 0.74

@ Number of parasitoids making more contacts with either the test discs or control discs. Numbers are
compared using az-test(‘ P < 0.001; n.s. P~ 0.05).

Table 4. Response of femal€richogramma chilonigo volatiles deriving from hexane sur-
face extracts from pigeonpea (ICPL 87) pods, pods after washing with hexane, and pods
from pigeonpea (ICPL 86012) and two withjanusspecies in a four-armed olfactometer

Test Test material n  Longesttimein x2 PP
flow fields (no.§

1 Hexane pod extract (20 pods) 25
46 0.3 ns.
Hexane 21
2 Hexane pod extract (40 pods) 21
40 0.1 ns.
Hexane 19
3 Pods (frozen) washed 11
44 11.0 P<0.001
Humidified air 33
4 Pods (fresh) washed 12
40 6.4 P<0.05
Humidified air 28
5 Pigeonpea (ICPL 86012) pods 16
50 6.5 P<0.05
Humidified air 34
6 C. platycarpuspods 17
50 51 P<0.05
Humidified air 33
7 C. scarabaeoidepods 12
50 13,5 P<0.001
Humidified air 38

@Number of parasitoids which spent more than 50% of the observation time in the two test
fields or in the two control fields. Numbers were analyzed usipg-gest.
bn.s. —not significant (B 0.05).
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Table 5. Walking speed (mm/s) of femal&ichogramma chilonison pigeonpea
(ICPL 87) leaves and pods, washed with hexane and unwazhed.g.)

Leaf (60 females) Pod (50 females)
Upper surface  Lower surface
Unwashed 24014a 1.7+0.12b 0.04:0.01c
Hexane washed 280.15& 274+011& 0.58+ 0.04 b

Means followed by different letters within the same row are significantly different
(P < 0.05; Student's-test). Means followed by within the same column are
significantly different (P< 0.05; Student’s-test).

rence of pigeonpea pod surface extract¥.tohilonis Trichomes and trichome exudates are known to in-
was partly due to volatiles, as filter paper discs treated hibit the movement of small bodied insects (Obrycki,
with hexane pod extract were less often contacted than1986). The different walking speeds @f chilonis
discs treated with pure hexane. However, in the ol- recorded on the upper and lower leaf surface and pods
factometer, the parasitoids did not respond to volatiles of pigeonpea are due to differences in the types, ori-
derived from the hexane extract. Therefore, it is pos- entation and density of trichomes on these structures.
sible that the pigeonpea pod volatiles which repel  Leaves mainly possess short and erect non-glandular
chilonisin the olfactometer are different from the ones trichomes which are more densely spaced on the lower
deterring the parasitoids in the filter paper bioassay. than on the upper surface (see electron micrographs in
The latter may be less volatile than the ones emitted by Romeis et al., 1996a). The parasitoids prefer to walk
the pods. The contact chemicals from the pigeonpeaon the leaf margins and on the major veins of the lower
pod surface seemed to undergo a degradation processeaf surface. In contrast to the interveinal areas, veins
as the acceptance of treated filter paper discs increasednd margins are covered with long non-glandular tri-
over time. chomes which are appressed to the surface (Romeis et
The surface chemicals which affect the parasitoids’ al., 1996a), making walking easier on these structures.
behaviour are presently unknown. Plant surfaces con- A similar preference bylrichogrammaspp. has been
tain epicuticular waxes, chemicals produced internally observed on Brussels sprouts (Noldus et al., 1991) and
and leached into the leaf wax, and compounds ac- maize (Gass, 1988; Suverkropp, 1997), and has also
tively exuded to the plant surface including trichome been reported for other arthropods (Evans, 1976; Ayal,
exudates (Eigenbrode & Espelie, 1995). The chem- 1987).
icals responsible fofl. chilonis deterrence are un- Walking on pods is almost completely inhibited
likely to be present in the exudates secreted by the by the glandular and non-glandular trichomes which
Type A trichomes, as the surface extract fr@n are much longer than similar types found on leaves
scarabaeoidepods, generally lacking this trichome (Romeis et al., 1996a, unpublTrichogramma chilo-
type, was also deterrent. The contents of the Type B nis walking on the surface of pigeonpea pods and
glandular trichomes are also unlikely to be responsible calyxes are trapped by sticky exudates. The parasitoids
for the observed effect as these trichomes were not are smaller than the Type A trichomes on pods which
visibly damaged by the solvents. Type B trichomes reach an average length of 57 (J. Romeis, T. G.
are also common on leaves and leaf surface extractsShanower & A. J. Peter, unpubl.). Therefore, the ex-
were not found to deteF. chilonis Surface chemicals udates easily stick to the wings and the wasps cannot
from pods of all three€Cajanusspecies also affedd. clean themselves. The detrimental effect of trichome
armigeralarvae. Shanower et al. (1997) reported that exudates on trichogrammatids has been reported from
acetone extracts from pigeonpea d@dplatycarpus other plants such as tobacco (Rabb & Bradley, 1968)
but notC. scarabaeoidedad a feeding stimulant ef- and tomato (Kashyap et al., 1991). But the trichome
fect onH. armigeralarvae while water extracts from exudates may benefit. armigeraas eggs were found
C. scarabaeoidesontained an antifeedant. A better to adhere better on the reproductive structures than
knowledge of the surface chemistry will help to under- on leaves. After pods and leaves were washed with
stand interactions betwe&wajanusspp.,H. armigera hexane,T. chiloniswalking speed increased signifi-
andT. chilonis cantly. On pods, this was mainly due to the removal
of the sticky exudates from Type A trichomes. But
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