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Abstract: Plants respond to insect attack by releasing complex blends of phytogenic volatile
organic compounds. Selection of a host plant by the leafminer Liriomyza huidobrensis is in-
fluenced by such volatile chemicals (allelochemicals) released by the host plant. In the case
of potato plants, the allelochemicals identified are mainly volatile monoterpenes and
sesquiterpenes. A potato plant that is already infested by other individuals of the same
species of insects shows a quantitative difference in emission of such allelochemicals, which
in turn plays an important role in the host preference behavior exhibited by the insect.
Olfactometer tests (using whole, potted potato plants as well as excised leaves) showed that
L. huidobrensis adults were more attracted to already infested plants for feeding and egg-lay-
ing than they were to uninfested plants, demonstrating that volatile chemicals from infested
plants function as kairomones in this insect–plant relationship. However, when the potato
plants were grown in soil treated with aqueous neem extract, this relationship was disturbed
and the insects did not exhibit any consistent feeding or egg-laying response to neem-treated
infested or uninfested host plants. This indicates that neem compounds disturb secondary
metabolite production in the potato plant, which in turn has an influence on insects that use
volatile plant allelochemicals as cues for host identification and location.

Results of this study can help in a better understanding of neem as an environment-
friendly botanical pesticide for use in sustainable agriculture.

Keywords: Solanum tuberosum; Liriomyza huidobrensis-infested potato plants; uninfested
potato plants; volatile profiles; behavioral analysis; insect–plant relationship.

INTRODUCTION

Plants respond to insect attack by releasing complex blends of phytogenic volatile organic compounds.
The function(s) of plant volatiles has been diversely demonstrated by different workers. Insect infesta-
tion induces plants to release volatile chemicals that serve as important foraging cues for parasitoids and
predators, thereby augmenting the plants’ defense [1–3]. This has been substantiated in a number of
cases, for instance, egg deposition induced elm leaves to emit volatiles that attracted specialized egg
parasitoids [4], while lima bean leaves infested with the spider mite Tetranychus urticae released feed-
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ing-induced volatiles that attracted the predatory insects Scolothrips takahasii [5] and Oligota kash-
mirika benefica [6]. Crucifer plants infested with Pieris rapae released larger amounts of methyl sali-
cylate and nitriles, and this was correlated with increased attraction of females of the parasitoid wasp,
Cotesia rubecula, to infested plants [7]. Such herbivore-induced volatiles (HIVs) can also be exploited
by heterospecific beetles [8] as well as by neighboring plants [9]. For example, uninfested lima bean
plants exposed to volatiles from lima bean plants infested by T. urticae were more attractive to the
predatory mite Phytoseiulus persimilis than were uninfested, unexposed plants [10]. Green June beetles
feeding on ripe peach attracted conspecifics to plants suitable for feeding and/or larval development
[11].

On the other hand, several workers have reported that HIVs serve to repel or deter feeding by con-
specifics [12–15]. Nocturnally released Heliothis virescens-induced volatiles by tobacco plants were
highly repellent to conspecific females [16]. It has been reported that 2-tridecanone and 2-undecanone
in glandular trichome exudates of tomato repel Colorado potato beetle [17], while (E,E)-α-farnesene,
present in glandular trichomes of wild potato, deters aphids [18]. 

Other studies found no evidence for volatile-mediated transfer of information between damaged
and undamaged plants [19–23]. 

Earlier studies by the authors have shown that host selection in the agromyzid leafminer
Liriomyza huidobrensis is influenced by volatiles released by the host plant and that abiotic factors,
such as level of soil nutrients, play a significant role in host preference by the insect through its effect
on volatile emission. The present study investigates the role of a biotic factor, namely, infestation by
conspecifics, in this insect–host plant interaction. Information transfer between uninfested potato plants
and those infested by L. huidobrensis has not been studied so far. It is not known whether HIVs from
L. huidobrensis-infested potato plants act as allomones or kairomones for conspecific adults. 

HIVs were collected from potato plants infested with L. huidobrensis and from uninfested potato
plants, and analyzed in order to determine how the composition of the volatile blend changed as a re-
sult of herbivore attack. The behavior of L. huidobrensis adults toward these same uninfested and con-
specific-infested potato plants was studied, with a view to correlating the exhibited preference to
changed volatile emission.

L. huidobrensis is a highly polyphagous leafminer, feeding on a range of economically important
Solanaceae, Leguminosae, and Cucurbitaceae [24–27]. Adult females cause damage to plants by punc-
turing leaves with the ovipositor. Punctures are used for feeding and to lay eggs in. Adult males feed
from punctures made by the females. Larvae mine leaves and feed on the chloroplast-containing spongy
lower mesophyll [28,29]. Fully developed larvae come out of the leaf mines, fall to the ground, and
pupate. Adults cut their way out of the pupal case, after a pupation period varying from 8 to 15 days,
depending on temperature [30]. 

Neem compounds have been well documented for their pest control property (e.g., [31]), and a
number of commercial formulations of neem are available. Neem has an antifeedant, growth-regulat-
ing, and insecticidal effect on a large number of insects (e.g., [32]). Soil-applied azadirachtin from dif-
ferent neem products had a systemic effect on the thrips, Ceratothripoides claratris, on potted tomato
plants in protected cultivation [33]. It has been demonstrated that treating cabbage plants with neem and
Melia extracts brought about small changes in the volatile profile of the plants and had a positive im-
pact on parasitoid attraction [34].

In the present study, the influence of a commercial formulation of neem on the behavioral re-
sponse of L. huidobrensis adults to conspecific-induced potato volatiles was studied.

Results of this study contribute to the increasing data on infochemical-mediated interactions of
insects with infested and uninfested host plants.
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MATERIALS AND METHODS

Insects 

Pupae of L. huidobrensis were obtained from the Central Science Laboratory in York, UK. On arrival,
pupae were placed in Petri dishes on moist filter paper discs at 20 ± 1 °C, 16 h light: 8 h dark, 70 % rel-
ative humidity in a controlled environment room. Adult male and females that emerged were released
into wooden cages with glass sides (56 cm length × 28 cm width × 45 cm height) and muslin cloth open-
ing. Two potted potato plants were placed in each cage for the insects to feed and oviposit upon. The
cage was lined with white blotting paper, and F1 pupae formed were collected from it with a soft camel-
hair brush and transferred to Petri dishes lined with moist filter paper until the adults emerged. Adults
were transferred to glass tubes covered with muslin cloth.

Plants

Potato cv. Anya were grown in plastic pots 17 cm height, 18 cm top diameter, and 13 cm basal diame-
ter, from seeds obtained from Sutton, UK. Tubers were sown in John Innes No. 3 compost (composed
of 7 parts loam, 3 parts peat, and 2 parts sand, and supplemented with 0.6 kg ground limestone, 3.6 kg
hoof and horn meal, 3.6 kg superphosphate, and 1.8 kg potassium sulphate per m3 of this mixture; con-
ductivity 500–700 µsiemens/cm; 250–350 mg/l total water-soluble N; 20–40 mg/l P; 300–400 mg/l K).
All plants were grown in a controlled environment at 20.4 ± 0.2 °C, 65–75 % relative humidity, and
16 h light : 8 h dark conditions. Plants used for the study were 2.5 weeks old. Infested plants were ob-
tained by placing two potted plants in a cage (as described above), with 20 adult L. huidobrensis for
24 h.

Headspace entrainment for studying the profile of volatile chemicals from infested
and uninfested plants

Entrainments were taken simultaneously from two 2.5-week-old potato plants (1 infested and 1 unin-
fested) in pairs. Potato stems and leaves of each plant were enclosed in a 40 × 25 cm, 3.2 L polyethylene
terephthalate (PET) oven bag (multipurpose cooking bags, Sainsbury’s Supermarkets Ltd., London)
[35]. A Teflon tube air inlet was pushed in through the open end of each bag and secured at the base of
the plant above soil level by a piece of gardening wire. Care was taken to avoid bruising the plant tis-
sue, which can lead to release of induced volatiles [36]. A top corner of the bag was cut off with scis-
sors. Air, at the rate of 1.2 l/min (Charles Austen Pumps Ltd., Surrey, UK) was purified by passing
through an activated charcoal (10–14 mesh) (BDH Chemicals Ltd., Poole, UK) sieve, passed through a
splitter, and equal amounts (600 ml/min) were released into each bag. The air was passed through the
bag + plant for 30 min before sampling started in order to help blow out residual contamination.

Replicated headspace samples were trapped on Tenax TA (50 mg, mesh 60–80, Supelco) held in
injector Optic liners (l.81 mm O.D., 5 mm I.D. 3.2 mm; see below) by plugs of silanized glass wool.
Before use, filled liners were washed with redistilled diethyl ether (5 ml) and baked under a slow flow
of purified nitrogen (225 °C, 2 h). Liners were then fixed to the corner of the bags using a twist of gar-
dening wire. The other end of the Tenax liner in each bag was attached through a system of ferrules to
an air pump through a flow meter each. A negative pressure of 300 ml/min was maintained flowing out
of each bag.

Each entrainment was done for 4 h. Each paired replicate was done at the same time of day, i.e.,
from 0800 and 1200 h, to avoid differences due to photophase effects and/or the diurnal rhythm of the
plants. The entrained Tenax columns were placed in a cleaned and baked glass tube, and the glass tube
was sealed in a flame. The tubes were stored in the freezer until analysis. 
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Analysis of volatiles by gas chromatograhy (GC) and coupled gas chromatograhy-
mass spectrometry (GC-MS)

Samples on Tenax were desorbed using an Optic 2 programmable injector (Anatune, UK) fitted to an
Agilent 6890N GC with flame ionization detector. Injector conditions were equilibrated (1 min) then
ramped from 40 to 220 °C at 16 °C/s whilst continuously operated in splitless mode. The nonpolar fused
silica capillary column (50 m × 0.32 mm I.D.) was coated with HP-1 (0.32 µm film). The carrier gas
was helium (constant pressure 18 psi), and oven temperature was held at 40 °C for 5 min then pro-
grammed at 5 °C/min to 150 °C, then at 10 °C/min to 250 °C and held for 13 min; detector tempera-
ture was 300 °C. Data were captured and analyzed using ChemStation Plus (Rev. A09.03). 

Solvent samples were initially analyzed on a Hewlett-Packard 5890 Series II linked to a Hewlett-
Packard 5971 Mass Selective Detector. The column used was a nonpolar fused capillary column
(30 m × 0.25 mm I.D.) coated with HP-1MS (0.25 µm film). The carrier gas was helium (constant
9 psi), and oven temperature was held at 40 °C for 2 min, then programmed at 5 °C/min to 150 °C, then
10 °C/s to 250 °C and held for 16 min. Injector temperature was 220 °C and detector temperature was
260 °C. Samples were injected (1 µl) in splitless mode (1 min), and data were captured and analyzed
by Enhanced ChemStation software (Ver. A.03.00). Spectral searches were done on the Wiley275 or
NIST98 databases. Samples in solution were also injected (1 µl) onto the Tenax TA packed in Optic lin-
ers, and these were analyzed after thermal desorption on the GC as above. Tentative identifications were
based on good matches with spectral library searches and available Kovats indices. Wherever possible,
identities were confirmed with authenticated standards, which were run on both the GC after thermal
desorption and the GC-MS. 

Whole-plant olfactometry

The host-selection response of L. huidobrensis to potted infested and uninfested plants was studied
using a whole-plant olfactometer, made of Perspex cylinders (28.7 cm internal diameter × 63.5 cm
height). The top and bottom of each cylinder had removable Perspex lids that could be tightly closed.
There was an air inlet 5 cm above the base, while an air outlet was located 5 cm from the top, on the
opposite side of the cylinder from the inlet. The outlet from each cylinder led through a tube through
an air flow meter to 1 of 4 odor chambers. The odor chambers joined a central arena into which the test
insects would be released. The insects were drawn into this central arena through a flexible plastic tube
connected to an electric pooter. This precluded the need to anesthetize the insects, and avoided any side
effects from the anesthesia that may possibly affect their response.

The central arena and odor chambers of the olfactometer apparatus were placed inside a light box
(66 × 56 × 66 cm) fitted with a curtain of thick, black cloth, which could be attached firmly to prevent
extraneous light from entering the box. Air was allowed to filter through an activated-charcoal filter
(10–18 mesh size), and regulated by an airflow meter, placed outside the light box. The airflow was ad-
justed to a rate of 1.0 l/min at the entrance. Light-induced preference was avoided by providing even il-
lumination through the use of two 12-W strip lights placed equidistant on the ceiling of the light box,
from which all other light was excluded. Light intensity, room temperature, and relative humidity were
kept constant for all runs. At the end of 30 min, the number of insects inside each odor arm was counted.
Insects remaining inside the central arena were recorded as nonresponders. 

All bioassays were carried out in the same conditions as those in which the pupae and adults were
maintained, i.e., at 20 ± 1 °C and 70 % relative humidity. The absence of any positional preference was
ensured by testing the beetles without any plants in the olfactometer odor tubes in a thrice-replicated
trial. No significant preference was obtained in this experiment. Additionally, in order to avoid any po-
sitional bias, the odor chambers were rotated by 90° after every replicate. 
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Olfactometers were dismantled and cleaned after every session in 50 % ethanol, soaked overnight
in 10 % unperfumed cleaning solution (Lipsol, Bibby Sterilin, UK), rinsed in tap water, distilled water,
and air-dried.

EXPERIMENTAL PROCEDURE

Two infested and two uninfested potted potato plants were placed in opposite cylinders of the olfac-
tometer, i.e., cylinder nos. 1 and 3 had infested plants while cylinder nos. 2 and 4 had uninfested ones.
The same individual plants used for the volatile entrainment were also used to study insect response,
hence a direct correlation between volatile composition of a plant and insect response to that plant could
be made. The top of the cylinder was closed and made airtight with thick paraffin wax. Air, purified by
passing through 10–18 mesh activated charcoal, was drawn through the cylinders at an equal and con-
stant rate of 600 ml/min for each cylinder. A netting at the mouth of the odor chamber prevented insects
attracted into the odor chambers from entering the cylinders. The central arena and odor chambers were
placed inside a light box with centrally placed, constant illumination. The cylinders were placed out-
side the light box equidistant from the odor chambers. Six mated male and female adults of L. huido-
brensis were released in the central arena. The number of insects in each odor chamber was recorded
after 30 min. Each run was replicated 10 times. 

Plant data

After every entrainment, the height of the plant, number of leaves, number of leaflets/leaf, fresh weight,
and dry weight were measured. 

Excised-leaf olfactometry

The host-selection response of L. huidobrensis adults was studied using same amounts of excised
leaflets from infested and uninfested plants. All experiments were carried out in a 4-arm Perspex ol-
factometer as described above for whole-plant olfactometry, using eight naïve females in each of six
replicates. The leaflets were placed directly in the odor chambers and not in Perspex cylinders. The dis-
tal ends of the odor chambers were stoppered using a rubber cork wrapped in aluminum foil. Fresh
leaflets were used in each replicate. 

Neem treatment

This part of the work was done at the University of Mauritius using potato cv. Mondial, and the local
strain of L. huidobrensis. Potted potato plants were grown as described above. Soil drenching was car-
ried out by spraying the recommended dose of Sicovep (2 ml/l) to 6 pots prior to being offered to 20
L. huidobrensis adults for 24 h as described above. Another set of 6 untreated pots was offered to 20
L. huidobrensis adults for 24 h, after which the soil drenching with Sicovep was carried out. Hence, in-
fested plants were obtained which had been treated with neem either before the infestation or after the
infestation by L. huidobrensis. Another set of 6 pots was left uninfested and untreated.

Leaves from these plants were excised and offered to L. huidobrensis adults in olfactometer tests
as described above. Ten adults were used in each of 10 replicates.

All insects were used only once in the olfactometer tests. All experiments were conducted be-
tween 0800 and 1200 h in order to correspond with entrainment studies and to avoid variations due to
response of plants and insects to photophase effects. 
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Data analysis

For the olfactometer experiments (excised leaves and whole plants), data was checked for normality and
subjected to a generalized linear model (GLM) with Poisson errors to identify factors of significance.
All analysis was done on the R software. Replicates and nonresponders were considered as blocks. Each
model was checked against the others using analysis of variance (ANOVA). Means were separated by
least significant difference (LSD) at P < 0.05. Plant morphology data and data for individual volatiles
were subjected to paired t-tests at 5 % probability.

RESULTS 

Significantly greater (P < 0.05) numbers of insects were attracted to infested leaves and plants than to
uninfested ones in the olfactometer test (Table 1). This greater attraction can be directly related to the
higher levels of volatile emission by infested plants as compared to that emitted by uninfested ones
(Table 2).

Table 1 Number of L. huidobrensis adults attracted to infested and
uninfested potato plants (mean ± s.d.).

Bioassay Uninfested plant Infested plant Non-responders

Excised leaves 2.8 ± 1.30 b 4.2 ± 1.30 a 1.0 ± 0.89 c
(n = 8; r = 6)
Whole plant 1.9 ± 0.57 b 3.5 ± 0.71 a 0.6 ± 0.52 c
(n = 6; r = 10)

All values are means of 5 replicates. Means followed by the same letter within a row
are not significantly different (p < 0.05).

Table 2 Volatiles identified from L. huidobrensis-infested and uninfested potted potato
plants and the area under their peaks (per g fresh weight of plant material).

Volatiles Mean ± s.e. peak area per g Ratio (I/U)
fresh wt plant materiala

Uninfested (U) Infested (I)

4,8-Dimethylnona-1,3,7-triene (DMNT) 3.5 ± 2.13 550 ± 401 158 (NS)
Methyl salicylate 4.9 ± 2.9 212 ± 108 43.5 (NS)
β-Caryophyllene 13.2 ± 4.1 136 ± 46.8 10.3b

Germacrene D 6.0 ± 1.9 147 ± 48.8 24.3b

Germacren-4-ol 23.1 ± 6.0 204 ± 61.8 8.8b

Unknown F 11.0 ± 3.5 88.2 ± 21.9 8.0b

aAll values are means of 4 replicates. RT = retention time (min).
bSignificant between uninfested and infested plants (paired t-test; p > 0.05).

The major part of the HIV blend was found to be constituted of the monoterpene, 4,8-dimethyl-
nona-1,3,7-triene (DMNT), the phenolic compound, methyl salicylate, the sesquiterpenes, β-caryophyl-
lene, germacrene D and germacren-4-ol, and an Unknown F (Table 2). Other peaks were too small to
be identified unambiguously and hence have not been reported here. The small amounts of volatiles
emitted could be due to the young age of the plants (2.5 weeks). Older potato plants produce a much
larger and varied volatile bouquet (Facknath and Wright, unpublished data). There was no qualitative
difference between volatiles released from L. huidobrensis-infested and uninfested potato plants, how-
ever, there were significant quantitative differences. Infested plants emitted significantly (P < 0.05)
larger quantities of volatiles as compared to uninfested plants (Table 2). The greatest increase in HIV
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emission observed in infested plants was in DMNT (>150 %), followed by methyl salicylate (44 %).
The lowest increase was in germacren-4-ol (9 %). While these increases were not significant for DMNT
and methyl salicylate (paired t-test, P = 0.13 and 0.07, respectively), probably due to considerable vari-
ation between replicates, each infested plant examined released more DMNT and methyl salicylate
compared with uninfested plants. Marked interplant variation in the release of volatiles has also been
reported in potato cv. Desirée [37]. Uninfested plants exhibited the same level of variation in volatile
emission compared with infested plants. 

Table 3 Response of L. huidobrensis adults to neem-treated, infested and uninfested
potato plants (mean ± s.d.).

Neem treatment Uninfested plant Infested plant Non-responders

Before infestation by 4.1 ± 1.20 a 4.3 ± 1.06 a 1.5 ± 1.43 b
L. huidobrensis

After infestation by 4.4 ± 1.07 a 4.7 ± 1.16 a 0.9 ± 0.88 b
L. huidobrensis

n = 10; r = 10. Means followed by the same letter within a row are not significantly different. 

In contrast to the untreated plants, the insects exhibited no specific preference for either infested
or uninfested plants treated with neem, irrespective of whether the treatment was applied before or after
infestation with L. huidobrensis. Equivalent numbers of insects were observed in the odor chambers
having uninfested and infested, neem-treated leaves (Table 3). It was observed that there were fewer
eggs and mines on plants treated with neem prior to infestation. 

DISCUSSION

L. huidobrensis-induced volatiles in potato plants

In the present study, analysis of collected plant volatiles showed that egg deposition and feeding by
L. huidobrensis led to leaf injury and thereby to increased emission of damage-induced volatiles from
the potato plants. The average total peak area of the HIVs was more than 20 times that of the uninfested
plants. Comparison between the volatiles released by infested and uninfested plants showed that the dif-
ference was purely quantitative in nature, with infested plants producing 8- to more than 150-fold more
volatiles than the uninfested plants. There was no qualitative difference in the volatiles, both sets of
plants releasing similar compounds. Similar results have been reported in bean plants infested by L. tri-
folii; with infested plants releasing larger quantities of volatiles than uninfested ones, with no qualita-
tive difference between treatments [38]. Higher emissions of DMNT and methyl salicylate (among
other volatiles) from L. huidobrensis- and L. sativae-infested bean plants have also been demonstrated
[39]. Quantitative differences in HIV emission have also been demonstrated in a number of other in-
sect–plant complexes, e.g., Brussels sprouts and cabbage induced by Pieris brassicae and P. rapae in-
festation [40,41], T. urticae-infested cucumber and lima beans, and corn induced by Pseudaletia sepa-
rata [42,43], and Lygus hesperus-infested alfalfa [44].

Insect infestation resulted in a surge of several of the individual components of the blend, with
different compounds changing to different levels. This differential surge changed the relative propor-
tions of the individual volatiles in the blend, for, e.g., DMNT increased from being about 6 % of the
total to 41 % of the total—a 7-fold increase. Methyl salicylate similarly increased from 8 % to being
about 16 % of the total. A 54 % increase in DMNT emission from cucumber plants following spider
mite attack has been reported [43], while another study [41] demonstrated increases of 2 and
10–17 times in HIV emissions from infested cabbages and nasturtium, respectively, compared to unin-
fested ones. Increased emission of germacrene D and other sesquiterpene emissions by P. paradoxus
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and A. alliariae plants, following herbivore attack have also been reported [45]. This has also been
shown for pine (Pinus densiflora) trees following attack by the cerambycid, Monochamus alternatus
[46]. Increased emissions of β-caryophyllene, (E,E)-α-farnesene, and hexyl butyrate from alfalfa plants
damaged by L. hesperus has been reported [44].

Role of HIVs in host plant selection by insects 

Several studies have shown that, once released, HIVs can be exploited by other organisms, such as con-
specifics and other herbivores as well as their natural enemies [8,45,47,48]. The Colorado potato bee-
tle was shown to be more attracted to conspecific-attacked potato plants, and this attraction was corre-
lated with levels of β-caryophyllene [49]. This was also seen to be the case in the present study, where
L. huidobrensis adults were observed to be more attracted to infested plants as compared to uninfested
ones, and to move toward the infested plants in the olfactometer. 

The monoterpene, sequiterpenes, and methyl salicylate identified from infested and uninfested
potato plants in the present study have also been identified in other plants. It can therefore be hypothe-
sized that a polyphagous herbivore such as L. huidobrensis that feeds on a large number of plant species,
may make use of volatile cues common to a variety of plants for the purpose of host recognition, loca-
tion, and selection. It can be further hypothesized that this behavior could have evolved as a means to
avoid a risky trial and error search for suitable host plants for feeding and development, as well as for
mates. The latter may well be important since no sex pheromone and no oviposition pheromone have
been discovered in L. huidobrensis so far. The authors suggest that aggregation of individuals on previ-
ously infested sites within a plant may further benefit the insect because, all parts of a host plant not
being equally suitable, responding positively to HIVs would profit an individual in finding an appro-
priate intraplant site. Previous studies have shown that Liriomyza spp. prefer older leaves (located lower
down on the plant) to the younger ones (located at the top of the plant) and tend to aggregate on the
lower older leaves for feeding and development [27]. The authors further suggest that the larger surface
area and fewer trichomes of older leaves as compared to the younger ones may initially attract the
Liriomyza spp. to feed and oviposit. The resulting increased emission of HIVs from these infested lower
leaves may attract more individuals to this canopy of the plant, leading to the often observed pro-
nounced greater infestation in older leaves lower down the plant compared to the lower infestation in
younger leaves present on the top of the plant.

Although the present study showed significant differences in the degree to which emission of in-
dividual volatiles increased, it is risky to attribute the increased insect preference observed to one or two
of the volatiles. As shown by several workers [50–52], insects respond to blends of volatiles rather than
single compounds. Moreover, the composition of the volatile blend emitted by damaged plants is spe-
cific for the plant species and the herbivore that damages the plant [53–57].

The present study was not designed to allow classification of the identified HIVs into constitutive
or induced. One study [58] suggested that, in cotton, β-caryophyllene is constitutive while DMNT is in-
duced. It has been reported that the C11 homomonoterpene, DMNT, is formed by a series of degrada-
tions with an overall loss of four carbons from the sesquiterpenoid nerolidol [59]. Constitutive com-
pounds, being a built-in protection for the plant, are released almost immediately on herbivore attack.
Induced compounds, being biosynthesized following stimulation by herbivore attack, can exhibit a time
lag between start of herbivore feeding and HIV release, being 12–24 h in the case of cotton [58].
Another study demonstrated that this time lag can be reduced by previously exposing plants to HIVs
from neighboring plants [60]. 

Effect of neem chemicals on insect response to HIVs

It has been reported that after absorption, neem metabolites were translocated to other parts of plants
via the xylem and phloem but with reduced biological activity [61]. Neem, applied as a soil drench, has
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been shown to have systemic action and thereby to have a negative effect on sap-sucking insects such
as thrips [33], as well as on endoparasitic plant nematodes [62]. Metabolites from neem cake were
shown to have been absorbed by roots and transported to another part of the root system where they re-
mained active as a nematicide, as also to various other parts of the plant [62]. Such systemic action al-
lows neem metabolites to persist for longer than the 5–7 days that foliar-applied neem extracts normally
do [63].

Melia extract sprayed on cabbage plants has been shown to significantly increase the total quan-
tities of 38 volatiles (out of a total of 49) produced by the plants [34]. However, in the same study, neem
sprays did not appear to have any significant effect on volatile emission. 

Plutella xylostella parasitoid, Diadegma mollipla, is able to detect and distinguish between
volatiles emitted by cabbage plants sprayed with two different neem formulations, and preferred un-
treated cabbage plants compared to those sprayed with a neem seed oil formulation [64].

In the present study, neem chemicals altered the response of L. huidobrensis adults to the potato
HIVs. The fact that there were fewer eggs and mines on plants treated with neem prior to infestation in-
dicates that the neem had a negative effect on L. huidobrensis. This corroborates an earlier study, which
demonstrated the systemic and translaminar action of neem, and other botanical extracts on L. huido-
brensis (Facknath, in press). It can be expected that, due to the lower degree of infestation the differ-
ence in quantities of volatiles emitted by infested and uninfested plants would be smaller, compared to
that between highly infested and uninfested plants. This in turn could explain the lack of preference ex-
hibited by the insects to these plants. Furthermore, given that the plants in the former case were exposed
to the neem extract for a longer period of time, a greater quantity of neem may have been absorbed by
the roots and taken up by the plants. This could also contribute to the lowered preference exhibited by
the insects to such plants. On the other hand, the neem chemicals in this treatment would have had a
longer time for breakdown before being offered to the insects, compared to those that were sprayed after
infestation, and then offered to the insects.

Under field conditions, spraying with neem could result in lowering the observed attraction of in-
fested plants to more individuals of the pest species, and an overall decrease in infestation.

The qualitative and/or quantitative changes in volatile profiles of neem-treated, infested plants
need to be investigated.

The antifeedant, growth-regulating, repellent, and insecticidal effects of neem are well known.
The results of this study add to the small, but growing, amount of data on the effect of neem chemicals
on volatile emission in plants and their influence on insect infestation.

CONCLUSIONS

Results obtained permit the following conclusions: 

• Potato plants respond to infestation by L. huidobrensis by releasing larger quantities of volatiles.
• L. huidobrensis adults prefer to orient toward potato plants that have already been infested by con-

specifics.
• The preferred orientation toward infested potato plants is likely to be due to olfactory cues.
• The fact that infested potato plants are more attractive than uninfested ones may help to aggre-

gate L. huidobrensis adults on host plants suitable for feeding and larval development.
• Neem chemicals alter the preference exhibited by L. huidobrensis adults to volatiles emitted by

conspecific-infested host plants.
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