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ABSTRACT

ongoing issue for exporters. Seventeen low-hazard volatile compounds 
were screened, for their potential as fumigants for controlling adults, 
nymphs and eggs of western flower thrips (WFT), Frankliniella 
occidentalis 
exposed to volatiles in glass jars with circulation fans. Higher mortality was 

against WFT included 2-propyn-1-ol, diallyl sulphide (the main compound 
of garlic oils), 2-methyl-(E)-butenal and ethyl acetate. Of these, 2-propyn-

three were tolerated by the plant material and are worth further investigation.
Keywords: broccoli, chrysanthemum, Frankliniella occidentalis,

INTRODUCTION

regulations of the importing country. Detection of quarantine pests can lead to compulsory 
fumigation treatment with methyl bromide or destruction of produce. This project is part 

country. Effective low-hazard fumigants are required to replace current ozone depleting 
and highly toxic fumigants. 

Frankliniella occidentalis Pergande, WFT) lives primarily in 

It is also found on outdoor crops such as onion, apples, sweet pepper, peas and cucumber. 

Previous work on onion thrips showed that adults and nymphs were killed with ethyl 
formate (Vapormate™) but eggs laid in leek plant tissue were not killed (van Epenhuijsen 

against WFT. However, ethyl formate has been shown to be phytotoxic to leek leaves, 
while another low hazard compound, ethyl acetate, was both effective against thrips and 

A large number of low-hazard compounds have potential as fumigants for fresh 

A range of these materials was selected for testing against WFT to identify compounds 
with promise for development as a low-hazard fumigant for preshipment treatment of 
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MATERIALS AND METHODS
Fumigant compounds

TABLE 1: Compounds used in toxicity and phytotoxicity trial.
Trt 
no. Label name

Rate used Chemical
formula Chemical group Supplier

1 Untreated control - - - -

2
acetic acid¹

C2H OH Alcohol

Merck KgaA, 

Chemicals, UK
2-propyn-1-ol C H4O Alcohol

4 Propionaldehyde C H6O Aldehyde

Propylene oxide CH CHCH2O Epoxide UK

6 Ethyl formate C H6O2 Ester
Merck-

Schuchardt,

Acetone (CH )2CO Ketone Merck KgaA, 

Trans-2-pentenal C H O Aldehyde Sigma-Aldrich
Pty Ltd Australia

9 Ethyl acetate C4H O2 Ester UK

Diethyl ether C2H OC2H Ether Merck KgaA, 

11 Allyl acetate 6.1 C H O2 Ester

12 Tert-butyl-
methylether C H12O Ether

P-anisaldehyde C H O2 Aldehyde UK

14 Trans-anethole C H12O
Aromatic

unsaturated ether

Diallyl sulphide C6H S Organosulphur 
compound

Merck-
Schuchardt,

16 Manuka oil² NA Essential oil
Tairawhiti 

Pharmaceuticals,

Acetaldehyde CH CHO Aldehyde Sigma Chemical 
Co, USA

2-methyl-(E)-
butenal C H O Aldehyde

Sigma Aldrich 

¹Mixture made up. 
²Ketones removed.
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Application method

Each treatment was replicated four times throughout the trial. 
The chemicals were applied using a dispensing pipette onto a piece of cotton wool 

sealed with a rubber bung and kept closed for the duration of the trial. The cotton wool 

the jars were used to circulate the volatile. The wire cable was pulled through a rubber 
bung that closed a second hole in the lid. Electrical bullet terminals were used to connect 
and disconnect the parallel-wired fans. 
Plant materials

Chrysanthemum plants (Chrysanthemum morifolium
Auckland) were ordered in advance at different stages and grown-on to produce open 

The pieces of plant material were suspended inside the jars, in a mesh-wire cage 

treatment, the lids of the fumigation chambers were taken off, and the plant material 
was taken out of the jar and aerated in the fume hood for 2 min. 
Phytotoxicity testing

 for 2 h. Where no phytotoxicity was observed from a treatment, 
, and subsequently by a third test at 

. Any phytotoxicity was noted.

plastic weigh trays and covered with plastic sheets. Flowers and broccoli were assessed 
for reduced shelf life. Any signs of burning of the leaves and petals were noted over a 

Toxicity to WFT

plants for 4 days to enable thrips to move on to the chrysanthemum plants. Flowers were 

addition, for the 6 h treatment, between four and seven adult thrips were collected and 

Resources available for this trial did not permit more detailed exploration of application 
rates for each compound tested, therefore effective rates from previous ethyl formate 

 and equivalent amounts were used 

were chosen once the effect of the phytotoxicity was known (Table 1). WFT infested 

treated for each treatment.

enable the eggs laid in the plant tissue to hatch.
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intervals were estimated using generalised linear models with binomial distributions, 

Hempstead, UK).

RESULTS
Phytotoxicity

particularly noticeable at higher rates. Symptoms of damage included leaf damage from 

symptoms. In addition, there was a lack of clear distinction between chemical damage and 
the normal processes of tissue senescence. An off-odour was noticeable in some treatments, 

(trans-2-pentenal) and 11 (allyl acetate) the broccoli was exuding a transparent liquid. The 
broccoli treated with trans-anethole (trt 14) remained green long after the other treatments 
had gone yellow, but it also gave off a smell reminiscent of liquorice.
Toxicity to WFT
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After a 2 h exposure, mortality levels of WFT treated with 2-propyn-1-o1 and diallyl 

(adults, nymphs and eggs) after 2 h exposure to volatiles. The total 
number of WFT treated is also indicated.

No. WFT treated

Adults
2-propyn-1-ol (42, >99) 11

diallyl sulphide 9

2-methyl-(E)-butenal 42

6 ethyl formate 14

propylene oxide 49 44

11 allyl acetate 49 16

trans-2-pentenal 44

9 ethyl acetate 41

4 propionaldehyde

2 6

acetone (12, 44) 21 116

12 tert-butyl-methylether 16 14

acetaldehyde 16

1 untreated control 6 (1, 29) 21

14 trans-anethole (1, 22) 14

diethyl ether (1, 22) 12

p-anisaldehyde (1, 19)

16 manuka oil 4
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(adults, nymphs and eggs) after a 6 h exposure to volatiles. The total 
number of WFT treated is also indicated.

No. WFT treated

Adults

2-propyn-1-ol

4 propionaldehyde 16 1

9 ethyl acetate

diallyl sulphide

2-methyl-(E)-butenal

propylene oxide 14

11 allyl acetate 6

trans-2-pentenal 29 21

acetaldehyde

acetone 16
2 19 14

6 ethyl formate (62, 96) 11

12 tert-butyl-methylether 26

p-anisaldehyde 29 22

diethyl ether 22 22

14 trans-anethole 6 29

1 untreated control 6 (2, 19)

16 manuka oil 4 14

DISCUSSION

limit the range of treatment concentrations and durations due to restricted numbers of 

eggs, and higher mortality was achieved in the 6 h treatments than in the 2 h treatments. 

range of volatile aldehydes against Myzus persicae and Aphis fabae, found propanal, 
(E)-2-pentenal, and 2-methyl-(E)-butenal to be most promising but they also caused 
phytotoxic effects. These substances were effective against WFT in this trial.

more than 24 h. In the present trial manuka oil only gave low WFT mortalities. The 

with the logistics of fresh produce handling, so manuka oil may not be appropriate in 
this situation.

Compounds that resulted in high mortalities against WFT included 2-propyn-1-ol, 
diallyl sulphide (the main compound of garlic oils), 2-methyl-(E)-butenal and ethyl 
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tested. The other three did not cause noticeable damage to the plant material. These 
substances warrant further investigation on a wider range of fresh produce.

compounds. Otto & Daines (1969) state that humidity levels within the treatment jars 

For example, ethyl formate as a gas is highly absorbed by fresh produce, especially at 

metabolised to acetaldehyde and ethyl acetate in their tissues. Phytotoxicity of plant 

was more complex.
Different broccoli heads and different tissue types showed different symptoms, 

together with some lack of clear distinction between chemical damage and the normal 
process of tissue senescence. Observations indicated that some materials caused 

damaging included trans-2-pentenal, acetaldehyde, allyl acetate, 2-propyn-1-ol and 
trans-anethole.

The most insecticidal of these compounds was 2 propyn-1-ol. There appeared to be 
no consistent relationship between phytotoxicity and insecticidal activity. 
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P- Pimpinella anisum seed oil 
against the house dust mites Dermatophagoides farinae and Dermatophagoides
pteronyssinus

Frankliniella
occidentalis

garlic (Allium sativum) and clove bud (Eugenia caryophyllata) oils against the 
(Reticulitermes speratus Kolbe).

Frankliniella occidentalis and other thrips harmful 

formate and ethyl acetate for the control of onion thrips (Thrips tabaci Lind.). New 

propenyl and propyl alcohols and the bioassay of these and related compounds as 
fumigants against Anastrepha suspensa (Loew)
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