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ABSTRACT

Onion thrips, Thrips tabacis Lindeman (Thysanoptera: Thripidae) is an important pest of horticulture crops 
throughout the globe. However, there is a paucity of studies on its behavioral ecology in relation to herbivore induced 
plant volatiles (HIPVs). An attempt was made to study behaviour of T. tabaci towards HIPVs and healthy plant 
volatiles. Olfactometer bioassays revealed that T. tabaci significantly preferred HIPVs from conspecific infested 
onion to volatiles from healthy onion plants. Gas chromatography-Mass spectrometry (GC-MS) analysis of HIPVs 
and volatiles from healthy onion plants revealed substantial changes in their volatile profiles. Our study provides 
empirical data on signals HIPVs may provide herbivores and suggests that the role of HIPVs, mostly generalized as 
defense, may vary based on the interaction and must be studied closely to understand their ecological roles. It also 
provides basis for the development of kairomone based management strategies against this devastating pest.
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Insect-Plant interactions are mainly guided by the host 
plant chemistry and the response of herbivorous insects to 
the herbivore induced plant volatiles (Bruce et al. 2005). 
Herbivore induced plant volatiles (HIPVs) are specific 
volatile organic compounds that a plant produces in response 
to herbivory (Holopainen and Blande 2013). A large number 
of herbivore induced chemicals with important ecological 
roles have been identified and characterized in several insect-
plant interactions (Demoraes et al. 1998, 2001, Pichersky 
et al. 2006, Penaflor and Bento 2013). Thus, during host 
location, herbivores mainly depend on olfactory cues and 
HIPVs are important mediators of insect-plant interactions 
(Demoraes et al. 2001, Bruce et al. 2005, Dicke and Baldwin 
2010). Several studies confirmed the differential behavioral 
responses of insect pests to HIPVs and their multiple 
functions at different trophic levels (Rodriguez and Frost 
2010). Further, these interactions can be manipulated to 
formulate effective pest management strategies like push–
pull technology where semiochemicals are used to repel 

pests from crops (Push-using repellent or non-host stimuli) 
and at the same time attract them into trap crops (Pull-using 
attractant or host stimuli) (Samantha et al. 2007).

Onion thrips (Thrips tabaci L.) (Thysanoptera: 
Thripidae) is an economically important pest of onion. The 
management options to control this pest mainly involves the 
use of insecticides with fewer alternatives, emphasizing the 
need of novel management options that can help to tackle 
insecticide resistance and resurgence problems that are 
common among sucking pests (Shiberu and Mahammed 
2014). In this context, exploitation of host plant volatiles 
or behaviour-modifying compounds such as anti-feedants, 
oviposition deterrents, attractants, repellents, and mating 
disruption is gaining attention as a valid pest management 
strategy worldwide in several crops as the these tactics  
reduce insect feeding or egg laying without killing pests 
has intuitive appeal, because, such compounds are safer to 
non-target organisms (Mensah and Moore 2011).  Therefore, 
an attempt has been made to understand the behavioural 
responses of onion T. tabaci to its preferred host plant, 
Onion (Allium cepa L.).

MATERIALS AND METHODS
Adults of T. tabaci were collected from onion fields 

(2012–13) at the Indian Institute of Horticultural Research 
(IIHR), Bengaluru (12o58’N; 77o35’E) and used in all the 
behavioral studies. Thrips were collected during early hours 
of the day using a glass aspirator. 

Laboratory study on host preference was conducted in 
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served as test sample. Sample was stored in glass vial in a 
freezer (-20°C) until further use.

A Perspex four-arm olfactometer was used to determine 
the behavioural responses of adult T. tabaci to headspace 
samples of host plant volatiles (Pettersson 1970).  Prior to 
each experiment, all glassware was washed with teepol, 
rinsed with acetone and distilled water, and baked in an 
oven overnight at 160oC. Perspex components were washed 
with teepol solution, rinsed with 80% ethanol solution 
and distilled water, and left to air-dry. Experiments were 
conducted in an isolated room (25 ± 2°C, 60% RH) to avoid 
contaminant odours. The olfactometer had four glass side 
arms leading into a central arena, which was divided into four 
odor fields.  The central area was fitted with a filter-paper 
base (Whatman No. 1, 12 cm diameter) to provide traction 
for the walking insect. The olfactometer was illuminated 
from above with uniform lighting using a white fluorescent 
light bulb (10 watts) covered with opaque dome to make it 
diffuse and was surrounded by a black wall cage (60 × 60 
× 60 cm) to remove any external visual stimuli. 

The field collected individual adult T. tabaci starved 
for 2 h was introduced through a hole in the top of 
the olfactometer. After introducing the thrips into the 
olfactometer arena, each test insect was given 2 min to 
acclimatize in the olfactometer, thereafter the experiment 
was run for 15 min continuously. If the test insect is not 
responding with in 2 min, it was discarded. A total of 10 
such replications were carried out. For each replication a 
fresh, sterilized olfactometer was used. The olfactometer 
was rotated at 90o for every 2 min to eliminate any 
directional bias in the room. Air was drawn through the 
central hole at the rate of 900 ml/min. The central arena of 
the olfactometer was divided into four discrete odor fields 
corresponding to each of four glass inlet arms. Olfactory 
bioassays (both single choice and dual choice) were carried 
out to understand the response of adult T. tabaci to the host 
plant volatiles (collected from healthy as well as thrips 
infested onion plants) as per the procedures described by 
Kamala Jayanthi et al. (2012).  The first series of assays 
were carried out with both healthy and infested onion plant 
volatiles separately, with one treated arm and three solvent 
control arms in each replicate.  In the second series, dual 
choice assays were carried out to study the thrips response 
to both healthy and infested onion plant volatiles together.  
Here, each replicate involved two treated arms (healthy 
and infested onion plant volatiles) and two control arms 
(solvent blank). Test samples (10µl) were pipetted onto the 
filter paper strips and the solvent was allowed to evaporate 
prior to their placement in the treatment arm.  The filter 
paper strips with solvent (diethyl ether) served as controls.

Observations on time spent in the each olfactometer 
arm and number of entries made in to each olfactometer arm 
were recorded with Olfa software (F. Nazzi, Udine, Italy).  
The mean time spent and also mean number of entries made 
in treated/ control regions were compared using a paired 
t-test  (single choice) and analysis of variance (ANOVA) 
after conversion of the data into proportions and a log-ratio 

rectangular plastic boxes (50 cm L × 30 cm W and 15 cm 
H) that served as behavioral arenas with different hosts.   
Two layers of filter paper were provided at the bottom of 
each plastic box to absorb excess moisture from different 
host plant parts as well as for traction. Different plant parts 
of common hosts of T. tabaci like pods of french bean 
(Phaseolus vulgaris L.), leaves of onion (Allium cepa L.), 
and fruits of capsicum (Capsicum annum L.) were randomly 
placed inside the arena at a distance of 10 cm to each other. 
Twenty field-collected thrips were randomly checked for 
any admixtures under a stereomicroscope (Leica M205A) 
and after confirmation they were released in the centre of 
the arena.  A total of 50 replications were carried out in 
a complete randomized design (CRD). Observations on 
number of thrips settled on each host were recorded 24 h 
post-release of thrips. The data were subjected to one-way 
ANOVA (SPSS version 16). Means were separated using 
Fisher’s LSD test with α set at 0.05.

Onion seedlings of 35-40 days old were transplanted 
into plastic pots (27 cm H × 27 cm top W × 22 cm base 
width) and placed in a glass house at IIHR experimental 
farm. Forty days after transplantation, the plants were 
artificially infested with thrips (150-200 thrips/ plant/ pot) 
collected from the field continuously for 10 days and placed 
in plant cages having a aluminum sheet base covered with 
glass on all the three sides as well as top and with fine muslin 
cloth on one side (0.55 m L x 0.55 m W x 0.55 m H) to 
prevent thrips escape. For comparison, the healthy onion 
plants were also maintained in thrips proof plant cages as 
described above. Daily, healthy plants were sprayed with 
water using pressurized hand sprayer to prevent settling of 
thrips if any entered the cage accidentally. Ten days after 
releasing the thrips, both the plants (viz. artificially infested, 
healthy) along with the pots were brought to the laboratory 
for volatile collection using air-entertainment. Before 
volatile collection, all the necessary glassware and aluminum 
plates were washed with aqueous teepol detergent, rinsed 
with distilled water followed by acetone, and then dried in 
a hot air oven at 120°C for 2 h. The Porapak Q tubes (50 
mg, 60/80 mesh) of 5 mm diameter and 5 cm length are 
used for collection of volatiles. These tubes were eluted 
with redistilled diethyl ether and heated at 120°C for 2 h in 
hot air oven to remove contaminants. Autoclaved polythene 
bags were used to cover the onion plants. The polybag was 
inserted upside down to enclose the whole plant and made 
completely air proof by tying at the base of the plant with 
rubber band and the gaps were sealed using glass wool. 
Both inlet and outlet of the volatile collecting tubes were 
inserted in to the bag.  Air purified by passage through an 
activated charcoal filter, was pumped into the bag at 600 
ml/min through the inlet port and the air was drawn out at 
800 ml/min through Porapak Q glass tube.  All connections 
were made with polytetrafluoroethylene (PTFE) tubing with 
brass ferrules and fittings. The volatiles from onion plants 
were entrained for 48 h and the Porapak Q filters were 
eluted with 750 µl of redistilled diethyl ether, providing a 
solution which contained the isolated volatile compounds 
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(10.50 ± 1.44) compared to the arm treated with healthy 
onion plant volatiles (3.85 ± 0.18) (Table 2). The GC-MS 
analysis exhibited stark difference in the profile of volatiles 
emitted by healthy and thrips infested onion plants (Table 3).

Onion thrips, T. tabaci is a devastating pest of vegetable 
crops all over world and understanding its host preference 
will certainly provide important clues about its ecology 
and management (Nault et al. 2014). Our host preference 
studies indicated that T. tabaci preferred onion to other hosts.  
Several studies earlier reported that although T. tabaci has a 
wide host range, its preferred association with host plants, 
viz. onion, leek and tobacco do exist (Nault et al. 2014, 
Brunner et al. 2004). Further, T. tabaci population tested 
in the present study was collected from onion fields only 
and the previous host feeding experience would have been 
reason for the observed host feeding preference on onion as 
the process of host selection also depends on internal state 
of insect like prior experience (Hansson 1999). Evidence 
of host association within different genetic lineages of T. 
tabaci populations with their cultivated hosts has been 
reported (Nault et al. 2014). Similarly, differences in host 
use patterns and differential responses to host plant quality 
were reported in several thrips species (Baez et al. 2011).

It is well understood that plants respond to insect 
herbivores by synthesizing and releasing specific volatile 
compounds (HIPVs), which provide important host-location 
cues for natural enemies of herbivores (De Moraes et 
al. 1998).  Further, these HIPVs may repel conspecific 
individuals that may help them to prevent overcrowding 
(De Moraes et al. 2001).  Present study investigated the 
response of onion thrips, T. tabaci to herbivore induced 
onion plant volatiles in comparison to healthy plants. 

The behavioral and olfactometer assays revealed 
attraction of T. tabaci infested onion plant volatiles to 
conspecific thrips compared to volatiles from healthy plants 
as evidenced by amount of time spent and number of entries. 

transformation using Fisher’s LSD test with α set at 0.05 
(SPSS version 16).

Chemical composition of Porapak Q elutes were 
analyzed by GC-MS/MS using Varian 3800 apparatus 
equipped with coupled MS/MS [Saturn 4000]. A capillary 
column (DB-5ms) of 30 m length and 0.25 mm ID and 0.25 
mm film thickness was used to examine samples. Oven 
temperature was programmed at 50-200°C with ramping 
at 3°C/min for 60 min. Helium was used as carrier gas at a 
flow rate of 1/mL. MS was in full scan mode (70 eV) and 
AMU ranged from 50 to 350. Two micro liter sample were 
injected in split mode (1:20) with injection temperature at 
270°C. Compounds were identified by GC retention time, 
mass spectrum and KOVATS index using NIST 2007 and 
Wiley library as reference.

RESULTS AND DISCUSSION

Host preference
Studies to understand the host preference of T. tabaci 

revealed that of three common hosts, viz. French bean, 
onion, bell pepper, thrips exhibited significant preference 
for onion (P < 0.0001; F = 128.15; df = 147). The number 
of thrips settled on onion (7.08 ±0.38) was significantly 
more compared to bell pepper (3.94 ±0.33) and French 
beans (0.44 ±0.90) (Fig.1).

Olfactometer bioassays
Results of the four-arm olfactometer bioassay revealed 

that T. tabaci spent significantly more time (5.24 ± 0.76 min, 
P = 0.01) in arm treated with thrips infested onion plant 
volatiles (HIPV) compared to untreated control (2.37 ± 0.21 
min). There was no significant difference between treated 
arm and untreated control with respect to time spent by T. 
tabaci for healthy onion plant volatiles (4.10 ± 0.68 min 
in treated arm and 2.93 ± 0.23 min in control arm). There 
was also no significant difference for the number of entries 
made by T. tabaci between treated arms (with healthy onion 
plant volatiles 10.00 ± 1.19; with HIPVs 7.50 ± 0.93) and 
control arms (9.13 ± 0.96 and 7.40 ± 0.93, respectively) 
(Table 1). The dual choice bioassays clearly indicated that 
T. tabaci spent significantly more time in arms treated with 
HIPVs (3.89 ± 0.49; P=0.01, F = 6.24; df = 27) compared 
to the arms treated with healthy onion plant volatiles (2.03 
± 0.39). Similar trend was exhibited with respect to number 
of entries where T. tabaci visited significantly (P=0.01, F 
= 5.28, df = 27) more times to the arm treated with HIPVs 

Table 1  Olfactometer bioassays of T. tabaci showing preference for HIPVs

Treatment Time spent (Min + SE) Significance No. of visits Significance
Treatment Control Treatment Control

Healthy onion plant 
volatiles

4.10+ 0.68 2.93 + 0.23 NS 
(N = 10)

10.00+ 1.19 9.13 + 0.96 NS 
(N= 10)

Infested onion plant 
volatiles (HIPVs)

5.24+ 0.76 2.37 + 0.21 P = 0.01 
( N =10)

7.50 + 1.00 7.40 + 0.93 NS 
( N= 10)

 HIPVs: Herbivore induced plant volatiles.

Table 2	 Olfactory responses of T. tabaci to different host plant 
volatiles (Dual choice bioassays)

Treatment Plant volatiles Significance
HIPVs Healthy

Time spent 
(Min + SE)

3.89+ 0.49 2.03+ 0.39 P = 0.01
( N =10)

Visits
(No. + SE)

10.50+1.44 3.85 + 0.18 P = 0.01
(N = 10)

  HIPVs: Herbivore induced plant volatiles.
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Table 3  GC-MS profiling of volatile chemicals from healthy/thrips infested onion plants

Retention time 
(RT- min.)

CAS No. Compounds Area %

Healthy Infested
4.196 111-27-3 1-Hexanol 1.33 0.00

4.476 15870-10-7 2-Methyl-1-heptene 1.78 0.00

6.024 95-47-6 o-Xylene 0.44 0.78

6.899 106-42-3 p-Xylene 0.52 1.11

7.414 638-02-8 2,5-Dimethylthiophene 0.00 3.44

8.694 106-51-4 p-Benzoquinone 1.52 0.00

8.683 75-08-1 Methyl hydsosulfide 0.00 3.43

9.033 505-23-7 1,3-Dithiane 0.00 2.40

11.441 3387-41-5 Sabinene 0.69 0.24

11.715 1585-17-7 1,2,3-Trimethylbenzene 0.00 0.35

12.131 108-95-2 Phenol 0.00 0.67

13.258 99-87-6 Cymene 0.00 0.38

14.177 124-18-5 Decane 0.81 0.00

14.396 20664-46-4 Octenal 1.36 0.00

14.871 39130-02-8 2-Butyloctanol 5.97 0.27

15.708 4057-42-5 (4E)-2-6-Dimethyl-4-octene 2.18 0.00

15.698 1955-39-1 2-Phenylbutenolide 0.00 0.48

16.507 112-40-3 Dodecane 2.00 0.17

16.791 41884-28-0 2-Isopropyl-5-methyl-1-hexanol 1.38 0.26

16.924 818-81-5 2-Methyl-1-octanol 9.94 0.72

17.195 112-53-8 Dodecanol 4.38 0.49

17.525 72437-68-4 Methyl pentyl disulfide 0.23 6.38

18.505 624-48-6 Dimethyl (2Z)-2-butenedioate 0.00 1.08

20.833 93-89-0 Ethyl benzoate 0.26 0.00

24.952 629-62-9 Pentadecane 0.61 0.28

26.443 68526-86-3 Isotridecyl alcohol 1.30 25.70

27.174 108-46-3 Resorcinol 4.59 2.76

27.371 19780-79-1 2-Hexyl-1-octanol 6.53 5.40

27.785 112-70-9 1-Tridecanol 3.04 1.65

28.189 39130-02-8 2-Butyloctanol 1.89 0.88

29.492 no CAS# 6,7-Dimethyl-2-benzofuran-1(3H)-one 2.01 0.00

31.161  88-84-6 β-Guaiene 0.00 0.70

31.38 93-15-2 Methyl eugenol 0.00 0.96

32.88 33922-66-6 2-Hexyl-5-methyl-3(2H)-furanone 0.00 2.81

34.693 18252-46-5 (Z)-CIS-α-BERGAMOTENE 0.69 1.82

35.437 28387-44-2 Germacrene-B 0.91 0.9

36.303 23676-09-7 Ethyl para-ethoxy benzoate 4.16 0.71

36.531 112-39-0 Methyl palmitate 1.44 4.27

51.297 22770-28-3 α-Glyceryllinoleate 1.86 4.788

made by T. tabaci between treated arms (with healthy onion 
plant volatiles/ with HIPVs) and control arms.  Further, 
the dual choice assays indicated that T. tabaci clearly 
preferred arm with HIPVs compared to healthy onion plant 

In single choice olfactometer bioassays the adult T. tabaci 
spent significantly more time in arm treated with HIPVs 
compared to healthy onion plant volatiles.  Nevertheless, 
there is no significant difference for the number of entries 
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densities of T. tabaci were more attractive than seedling 
damaged by lower densities (Silva et al. 2014).  Further 
studies to understand the influence of density of conspecific 
incidence on attraction/ repulsion of T. tabaci, natural 
enemies and the underlying phytochemical basis will help 
us to develop push-pull strategies against this devastating 
pest. Phytophagous insects that are outside the habitat of 
their host plants must first locate the area where host plant 
occurs for which they usually depend on either olfactory 
stimulus from host plant or combination of visual and 
olfactory cues. In the present study, onion thrips T. tabaci 
exhibited attraction to volatiles of onion plant infested by 
conspecifics indicating the HIPVs serves as olfactory cues 
to locate host plants.
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