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Repellency of o-pinene against stripped flea beetle, Hyllotreta

striolata(F).
Sundufu Abu James!, GONG Heng-Liang®, HUANG Shou-Shan'" (1. Lab. of Insect Ecology,

South China Agricultural University, Guangzhou 510642, China; 2. Sugarcane Research Institute of Guangzhou.
Guangzhou 510316, China). Acta Ecelogica Sinica.2003.23(2):303~307.

Abstract; Repellant allelochemicals could be the 21" century environmentally friendly plant protectants
applied in agricultural pest control. a-pinene, a monoterpene,was evaluated for repellent activity against
Phyliotreta striolata in a four-armed olfactometer, flight-chamber and field tests. In the laboratory,
repellency reached 95. 45% with a corresponding IIPC of 0. 05 in olfactometry; in the flight-chamber trial,
repellency and IIPC were 91.60% and 0.09, respectiviely. In the field. however. repellency and HPC
were reduced to 54.48% and 0. 46, respectively. Overall, dilution-dependent repellency was exhibited in
all methods; and increasing dilution elicited decreased repellency and hence protection.
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1 Troduction

Volatile phytochemicals apparently play an important role in tritrophic systems that include the host
plant, herbivore, and parasitoid (or predator). Knowledge of such systems which demonstrates that
allomonic volatiles are important means by which some plants are antixenosic towards potential guests is
well known!'). In particular, repellent activities of essential oils and their derivatives toward various
insects such as boll weevils, mosquitoes, red flour beetles, rice weevils, German cockroaches. houseflies

[2~4]

and mites have been extensively reported . We therefore report on the repellency of a-pinene, a

monoterpene, against stripped flea beetle (SFB), Phyliotreta striolata (F) (Coleoptera; Chrysomilidae),
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the result of which could be used as a promising alternative for protecting cruciferous plants from SFB

attack.

2 Materials and methods

Insect Adult Phyliotreta striolata, used in the laboratory experiments, was collected from cabbage
plants in the farm of South China Agricultural University.

Chemical The studied phytochemical.a-pinene [ (1R,5R)-2,6, 6-trimethylbicyclo (3. 1. 1) hept-2-
ene | . which is component of turpentine oil from pine tree (Pinaceae),was kindly provided by Dr. Gong
Hengliang of the Ginone Agrochemical Application Technical Research Institute of Guangzhou.

Olfactometry The olfactometer used in this study was initially designed by Vet er al.*5). A first
series of experiments was conducted to determine beetles repellence of odours from e-pinene (0..2 E.C)
diluted in series 200x. 400x and 800x, a vial with humidified air served as control. With the aid of an air-
pressure (sucked at — 15mmHg), four air streams of 300ml/min were introduced in the central diaper
region through the flow meters into each of the different arms of the olfactometer. Fifty adult beetles were
individually introduced into the chamber through the exit hole and could make two types of choice. The
first choice was made when a beetle reached the arbitrary transverse diagonal of one of the odour
compartment.

Before the first choice was made, a beetle was given 2 min. in the exposure chamber. at the end of
which it was regarded as unmotivated and not recorded. The remaining 8 min. was allocated for the second
choice that was recorded as the beetle staved in any of the odour compartments beyond the first choice
line. To neutralize any asymmetry in the experimental setup. the vials containing odour sources were
orientated after testing 10~ 15 beetles followed by thorough cleaning of the chamber with 99. 7% ethanol
absolutely and allowing the solvent to dry for 5~10 min. The experimental environment was at 25 C and
60%~70% RH.

Olfactory responses were analysed using one-variate T -test (SPSS software.version 10);the degree of

repellency was calculated based on the following formulal®!,

Degree of repellency = [1—(A/B)] X 100%

Where: A = number of beetles in treatment; B = number of beetles in control

The Interference Index of Population Control (IPC) for evaluating the effect of factors repelling
insects away from plants was employed*”). This index is calculated thus.

I1PC = NTr/NCk

Where: NTr = number of beetles recorded in treatment; NCk = number of beetles recorded in
control.

Flight-chamber experiment A second series of tests was conducted to determine the repellence
potential (degree of degree of repellence) by a-pinene diluted serially (200X . 500X . 1000X , 1500 X,
2000 X% ) of the Chinese vegetable (Brassica campestris 1. var. wutilis). All tests were carried out at room
temperature and lasted for 24 hrs. Viable seeds were sown in 9-cmm diameter Petri dishes; after
germination (unto the two-leaves stage), the seedlings were thinned to two per dish. The treatments were
in 4 replicates with 6 Petri dishes in each replication. Treatment with distilled water served as control. In
all experiments, groups of 6 dishes were distributed every 10cm in a rectangular design within a white-
cloth tent cage. QOverall, 72 female beetles were introduced into the seedlings, with each treatment dish
receiving 3 beetles. Since adult beetles chew small holes through the under surface of leaves, the number
ol round shot-holes was chosen as a measure of protection afforded by the chemical. Summary statistics

was computed using the SAS package (SAS Inc., version 6.12) and the degree of protection and IIPC
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calculated as stated above.

Field experiment The experimental plots were located at the plant protection experimental site,
South China Agricultural University . Guangzhou. China.

Three 8m X 1. 5m plots were laid out as replication. The treatments consisted of a-pinene in serial
dilutions [ 200 x (2. 5ml}. 400 % (1. 25ml}, 600 X (0. 625ml )] and water (500ml) as control; each
treatment replicated 3 times, assigned in a randomized block (replicates) were separated from one another
by 0. 5m.

One-quarter of a 33m? quadrat was used as the basic sampling unit through out the study. For
population census. each of the 4 sub-plots (2 X 0. 5m) of the 3 plots (replicates) was divided into 3
quadrats. Direct counting of beetles was made twice a day (10:00 a. m and 4;: 00 p. m) for three
consecutive days. Data were subjected to ANOVA followed by separation of the means that used the
Fisher's LLSD test (8AS Inc. , version 6. 12).

3 Results and discussions

Pesticides developed on the basis of active molecules obtained from natural products are considered to
be more biodegradable, non-mutagenic, and non-toxic to homeotherms, and harmless to predators and
parasites, than those synthesized directly on the basis of petrochemical derivatives'®’, A few of them are

9] Natural products such as plant

also reducers or inhibitors of insecticide detoxifying enzyme in insects
extracts and essential oils have been screened and identified to contain bioactive agents as repellent against
insect pests!?l. The present study demonstrated that a-pinene, amonoterpene,possess a strong repellent
property against P. striolata. Results from the olfactmetry revealed that.at both choices, the beetles
significantly showed preference for the compartment with humidified air over those with serial dilutions of
the stimulant (table 1). Au understanding of odour dispersion is a requisite for an accurate interpretation of
odour-induced behaviours!'”). As odour molecules disperse from a source, the odour concentration in the
air declines with increasing distance. With the test stimulant serially diluted (200x, 400x and 800x}, the
number of beetles expected within the various compartments should positively correlate with an increase in
serial dilution. However, such a trend was not observed at the first choice level. The observed trend might
be highly correlated with the sector of the entry tube via which the beetle first approached the chamber
floor. In contrast, the number of beetle in the odour compartments demonstrated positive trend with
increasing dilutions at the second/final choice level; this result is in consonance with the degree of
repellency and IIPC calculated. The stimulant diluted 200x elicited 95. 45% repellency at the second/final
choice level as compared to 59. 09% and 40. 91% for 400x and 800x respectively. IIPC revealed that at the
first choice, with a-pinene diluted 200x, 400x and 800x, the population of SFB was decreased 0. 61, 0. 78,
and 0. 39 times respectively, and, at the second choice level, the decrease was 0. 05, 0.40, and 0. 58.
(verall. the interference of w-pinene evidently decreased the population of SFB (0. 002) as against the
control and the stimulant diluted 200x being relatively the most effective.

Although data collected at the second choice level seemed reliable when using the 4-armed
olfactometer in behavioural assays, however, recent studies made used of the cumulative time spent among

L2 The cumulative time spent at the 4 compartments significantly

the 4 arm zones of the olfactomter
differ; SFB spent more time in the air compartment than in odour sources diluted 800x, 400x and 200x
with lesser time spent in the last odour {ield.

In the flight-chamber set-up., with different sets of dilution, the repellence potential of a-pinene
diluted 200x was maintained (table 2). This was also confirmed from results of the field trial (table 3).

Here, because of poor germination, the number of seedlings within the subplots (not recorded) was not

errar an
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Table 1 Response of adult stripped flea beetle, Phyllotreta striolata, to odour of a-pinene in an olfactometer

Concentration N 200 X 400 X 800 X AX P
1st choice 50 11 14 7 18 0.01"
Degpree of repellency 38. 89 22.22 61.11 —
TPC 0. 61 0.78 0. 39 —
2nd choice 45 1 9 13 22 0.0L"
Degree of repellency 95. 45 59. 09 40. 91 -
11PC 0. 05 0. 40 0. 59 —
Mean % time spent/field 50 6. 63 19. 91 29.53 43. 54 0.12°

N = Total number of beetles that expressed the first choice or both choices. * One-variate ¢-test (P <0, 05). Degree

of repellency and TIPC calculated from the formulae above

evenly distributed. This might be responsible for the non-significant differences amongst some treatments.
Comparatively, however, subplots with a-pinene diluted 200x had significantly fewer number of beetles.
Within the plots, the number of beetles recorded in plot 3 was lower because following treatment
application, most of the beetles made for the near by untreated plot. The degree of repellence and 1IPC
indicated similar trend with increasing dilution. This result appears 10 corroborate a recent survey which
recorded ecological effectivity of terpenocids that shows them universally to be concentration or dosage

dependent!''!, either as individual components or with respect to their total quantity.

Table 2 Degree of propection of B. compestris by a-pinene in a2 flight-chamber trial

Treatment 200X 500 X 10064 X 1500 X 2000 X Water(CK)
x 4.75+2.21¢c 7.75+1.93¢c 11.741+1.93 19.00+7.76bc 30.50+7.54b 53.7512.56a
Degree of repellency 91. 6 85, 58 78. 14 64. 65 43, 28 —
HPC 0, 088 0.144 0. 218 0. 353 0. 567 —

Mean (+ 8. E) shot-holes in the leaves, followed by the same letters are not significantly different at a= 0, 05

(LSD). Degree of Protection is computed similarly as the degree of repellency above.

Table 3 Adult stripped flea heetle, Phyliotreta striclata. in plots treated with a-pinene

Treatment 200 (2, 5ml) 400X (1.25ml) 800X (0. 63ml) Water (500ml)

iy 9.04+2.49b 14. 01+ 2. 90ab 19. 87+ 3. 85a 19. 861+ 4. 8la
Degree of repellency 54. 48 29. 46 0. 05 —
11PC 0. 455 0. 705 1. 601 —

Means followed by the same letter are not significantly different at a=0. 05 (L.SD).

Apparently, the effect of the monoterpene, a-pinene. on insects is well documented. They affect the
behaviour of a variety of insects and act as attractants, oviposition stimulants, or defenses!!?**1, Non-host
volatiles nonanal and a-pinene inhibited attraction of male Cherry Bark Tortrix, Enarmonia formosana, to
traps baited with synthethic pheromone and deterred oviposition by gravid female CBT!!!. Besides its
effect on insects, a-pinene and other monoterpenes are potent inhibitors of seed germination and growth of
several plant species!'®,

Repellent and/or deterrent chemicals may play a major role in the unsuitability of non-host plants as
food for insects. The elucidation of these chemicals is important not only for understanding the ecological
aspect of insect-plant relationships,but also for their potential in pest control. We believe that the result of
this study could contribute towards circumventing the problem of SFB resistance to synthetic insecticides,

particularly in the South of China where SFB infestation is a major problem.
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