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Producers in the Western Cape province of South Africa are looking towards a push-pull strategy to reduce 
oviposition damage to plums by western flower thrips (WFT). White clover, Trifolium repens L., a favoured host 
plant of WFT, was investigated as a possible trap crop to provide the “pull” element. The attractiveness of 
collected volatiles of white clover flowers and of unopened (balloon stage) and open plum (Prunus salicina Lindl. 
cv. Sapphire) blossoms to WFT females was determined, using a Y-tube olfactometer. E-β-Farnesene, a known 
attractant for WFT, was included as positive control. Clover flower and open plum blossom volatiles exhibited 
statistically significant attraction of 69% and 71%, respectively, to WFT females. E-β-Farnesene and balloon 
stage plum blossom volatiles attracted 63% and 65% of WFT, respectively. When compared directly, 69% of WFT 
females chose the arm with the plum blossom volatiles over the clover flower volatiles. The clear preference 
shown by WFT for plum blossom volatiles indicates the use of a semiochemical to deter WFT from the plum 
blossoms would be required to enhance the efficacy of white clover as a trap crop in a push-pull strategy.

Deciduous fruit producers in the Western Cape (South Africa) are looking for alternatives to 
pesticides to reduce fruit damage by western flower thrips (WFT), Frankliniella occidentalis 
(Pergande, 1895) (Thripidae), particularly oviposition damage (pansy spot and pitting) on plums, 
Prunus salicina Lindl. (Rosaceae). Western flower thrips overwinters on weeds and other plants 
in and around orchards, with adults moving into plum trees when the blossoms emerge, usually 
during August and September (Allsopp 2010). Female WFT lay eggs in the blossoms before the 
petals even open, which renders the application of contact insecticides during flowering ineffective 
(Allsopp 2010). By the time the plums are fully developed, very few WFT are present on the trees 
for the rest of the season. Increasing consumer demands for residue-free, sustainably produced 
fruit are also driving the search for alternative, eco-friendly pest management strategies. 

Extensive research has been conducted on semiochemicals that attract WFT, to enhance 
the efficacy of monitoring traps and to attract WFT predators (Roditakis & Lykouressis 1996; 
Manjunatha et al. 1998; Koschier 2008; Broughton & Harrison 2012; Muvea et al. 2014; Teulon et al. 
2017; Reitz et al. 2020). E-β-Farnesene is a component of many flower volatiles that has been shown 
to be attractive to WFT (Manjunatha et al. 1998; Pow et al. 1999; Koschier et al. 2000; Bennison 
et al. 2003). Methyl isonicotinate is another non-pheromone semiochemical that attracts a range 
of thrips species, including WFT. According to Teulon et al. (2017), it is used in conjunction with 
coloured sticky traps to improve trapping efficiency for indoor and outdoor crops. Further research 
is required to explore its potential for mass trapping, increasing the efficacy of thrips predators, 
lure and kill, lure and infect, trap cropping and push/pull strategies. 

Trap crops or companion plants adjacent to the crop can also lure WFT away from the main crop 
to where it can be controlled (Cook et al. 2006). In addition, these plants can provide resources for 
natural enemies and interspecific competitors (Reitz et al. 2020). A cultivar of verbena (Verbena 
officinalis L., Verbenaceae) and another of chrysanthemum (Dendranthema sp., Asteraceae) 
were effective lure or trap plants for use in integrated management of WFT on ornamentals 
in greenhouses in the United Kingdom (Pow et al. 1998; Bennison et al. 1999; Bennison et al. 
2003). A study by Pearsall (2000) concluded that none of the naturally occurring ground covers, 
particularly dandelion (Taraxacum officinale), were effective as trap crops under nectarine trees 
in British Columbia, because they were often not flowering when the nectarines started to bloom 
and not sufficiently attractive to lure the WFT away from the nectarine blossoms. Dandelion 
cover crops also did not reduce WFT density in apple blossoms or fruit injury significantly in 
apple orchards in central Washington, USA (Cockfield & Beers 2008). Tyler-Julian et al. (2014) 
evaluated common sunflower, Helianthus annuus L., (Asteraceae) as the pull component with 
Ultraviolet (UV)-reflective mulch and foliar applications of kaolin as the push component for 
managing flower thrips in field-grown bell pepper. They concluded that sunflower was not effective 
in reducing thrips numbers on the crop and that there was no evidence of a synergistic action 
between the UV-reflective mulch or kaolin and the sunflower companion plants in reducing thrips 
on the bell pepper crop. The companion plant Bidens alba (L.) (Asteraceae) was investigated as the 
pull element in a push-pull system with UV-reflective mulch and foliar applications of kaolin as 
the push component for managing Frankliniella spp. in field-grown tomatoes (Tyler-Julian et al. 
2018). Male thrips were attracted away from the tomato crop by B. alba, where they were exposed 
to predation by Orius insidiosus (Say) (Hemiptera: Anthocoridae). This companion plant was, 
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however, not successful in attracting female WFT away from the 
crop. Despite this, they concluded that a push-pull system with 
B. alba companion plants as the pull element and UV-reflective 
mulch and kaolin applications as push elements effectively 
suppressed WFT in tomato. 

Logically, a trap crop for WFT in or adjacent to plum orchards 
should be more attractive to WFT than plum blossoms and 
should flower before the plums, since WFT enter blossoms 
even before the petals are fully opened (Allsopp 2010). Mainali 
& Lim (2011) found that WFT preferred complex floral shapes 
to simpler geometric patterns. Female WFT preferred flowers 
closer to the ground (up to 25 cm in height) when they began to 
move into nectarine orchards during spring in British Columbia 
and were attracted to highly scented flowers (Pearsall 2000). 
In the Western Cape, verbena and chrysanthemum planted 
outdoors do not flower early in spring when plum blossoms 
appear. Felland et al. (1995) reported that WFT was abundant 
on white clover, Trifolium repens L. (Fabaceae), while Pearsall 
& Myers (2000) found that white clover and alfalfa (Medicago 
sativa L.) supported higher numbers of WFT than a range of 
ground covers, including dandelion (Taraxacum officinale 
Weber), red clover (Trifolium pratense L.), chickweed (Stellaria 
media (L.)), common groundsel (Senecio vulgaris L.) and hairy 
vetch (Vicia villosa Roth). White clover produces flowers close 
to the ground and occurs in and around many orchards in the 
Western Cape, making it a suitable candidate for investigation as 
a trap crop for WFT. 

To the best of our knowledge, this is the first report on the 
attractiveness of white clover and plum blossom volatiles to WFT. 
A Y-tube olfactometer was used to test the attractiveness of the 
volatiles from white clover flowers, balloon stage (unopened) and 
opened plum (Prunus salicina Lindl. cv. Sapphire) blossoms to 
WFT females. E-β-Farnesene was included as a positive control 
to confirm that the olfactometer setup functioned properly.

A custom-made air entrainment kit, obtained from 
Rothamsted Research (Harpenden, United Kingdom), was 
used to capture the flower volatiles, according to the technique 
described by Blight (1990). Six month old, whole white clover 
plants grown in black plastic pots (15 cm diameter) and shoots of 
three-year old plum trees grown in 25-L ceramic pots were used 
for volatile capture. Plum trees were grown in pots for three years 
to ensure that they were well established and produced sufficient 
blossoms. For the first bioassay, volatiles were collected over a 
48 hour period from clusters of clover flowers and shoots with 
either unopened (balloon stage) or fully opened plum blossoms 
to ensure a sufficient concentration of volatiles. A detailed 
description of the methods used was presented in Allsopp (2016). 

Observations during this study showed that the balloon 
stage in plum blossoms rarely lasted more than two days, while 
open plum blossoms began to lose petals after two to three 
days. Similarly, the clover flowers began to senesce after three 
days. Thus, the entrainment period for flower volatiles did not 
exceed 48 hours. The amount of volatiles collected over 48 
hours determined the number of replicates in the olfactometer 
bioassays.

The E-β-Farnesene was synthesized at Rothamsted Research, 
as stated in Al Abassi et al. (1998), with hexane as solvent. A 
concentration of 100 ng E-β-Farnesene/µl hexane was used, 
as this was demonstrated to elicit peak attraction to WFT by 
Manjunatha et al. (1998).

For the final bioassay comparing attractiveness of plum and 
clover volatiles with each other, entrainments were also done 
over 48 hour periods as described for the first bioassay, but using 
clusters of open and partially open clover flowers and plum 
shoots with both balloon stage and open blossoms.

For the bioassays of the attractiveness of flower volatiles 
compared to a control, clover flowers were collected in a field 

with mixed vegetation south of Stellenbosch, South Africa 
(33.92330°S, 18.87331°E). The flowers were collected every 
morning before olfactometer trials began and taken to the 
laboratory in a cooler box. A small, manual aspirator was used 
to collect individual WFT females in separate glass vials. For 
the final bioassay to compare the attractiveness of plum versus 
clover flower volatiles, WFT were collected in the same way from 
chrysanthemum flowers obtained from a commercial flower 
farm near Elgin, in the Western Cape (34.13601°S, 19.06642°E), 
since clover flowers were not available at the time. In both cases, 
WFT could move freely between different host plants and were 
therefore not restricted to one particular host species. Field 
populations of WFT were used rather than laboratory reared 
and adapted insects, as the reaction of wild females of variable 
ages was expected to be a better reflection of real orchard 
situations. As described in Allsopp (2016), vials with WFT 
females were placed in a fridge at 5 °C for 10–15 minutes to 
immobilize the thrips. Each of the females was examined under 
a binocular microscope to confirm species identity (according 
to Mound & Kibby 1998). Thrips were kept in the glass vials at 
room temperature for approximately 1 hour after removal from 
the fridge, before the bioassay was conducted.

The attractiveness of flower volatiles from white clover, balloon 
stage plum blossoms, fully opened plum blossoms and of E-β-
Farnesene to WFT females was tested separately and compared 
to a control (solvent). Detailed procedures for the tests were 
described in Allsopp (2016). For each test run, a sterile square of 
filter paper with 10 µl of the test odour was placed in the test arm 
of the olfactometer and a sterile square of filter paper with 10 µl 
of solvent (hexane or diethyl ether) in the control arm. To avoid 
positional bias, the position of the odour and control arm (right 
or left) was alternated every time a Y-tube was replaced. After an 
adjustment period of 2 min the behaviour of the WFT female 
was observed for a maximum of 5 min and the final choice of 
arm (odour or control) recorded. Females that did not move or 
make a choice within 5 min were discarded. The bioassays were 
done over a period of three weeks and 34 to 40 replicates were 
completed, with a single female constituting a replicate.    

To compare the attractiveness of volatiles from plum blossoms 
(i.e. balloon stage and open combined) directly with that of 
clover flower volatiles, the same procedure was followed, but 
each arm of the olfactometer contained a square of filter paper 
with 10 µl of either the plum, or clover flower volatile blend. 
After each replicate, the Y-tube was replaced with a clean one. 
The odours were alternated between the right and left arms 
of the Y-tube after each replicate to avoid positional bias. The 
bioassays were conducted over a period of three weeks and 35 
replicates were completed.

The data for each odour was compared separately to a ratio of 1:1 
using Chi-square (χ2) tests (PROC FREQ) with SAS software (2015). 
The data for the final bioassay (plum vs clover flower volatiles) was 
also compared to a ratio of 1:1 using the same method.

The numbers of WFT females choosing the odour arm and 
control arm for each of the four treatment categories are presented 
in Table 1. The arm with volatile compounds of clover flowers 
was chosen by 68% of WFT females, which was statistically 
significant (χ2 = 4.81, p = 0.02). The volatile compounds of plum 
blossoms in full bloom also produced statistically significant 
results (χ2 = 6.43, p = 0.01), with 71% of WFT choosing the odour 
arm. Even though not statistically significant according to the 
Chi-square analysis, 65% of WFT chose the arm with volatiles of 
the balloon stage plum blossoms (χ2 = 3.60, p = 0.06), while 63% 
chose the arm containing E-β-Farnesene (χ2 = 2.31, p = 0.13). 

In the bioassay comparing the attractiveness of plum and clover 
flower volatiles to each other (Table 2), 69% of WFT females chose 
the arm with the balloon stage and fully opened plum blossom 
volatiles, which was statistically significant (χ2 = 4.83, p = 0.028).  
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The results of the olfactometer bioassays revealed that clover 
flowers and open plum blossoms are highly attractive to WFT 
females, while balloon stage plum blossoms were also attractive, 
but less so than the open plum blossoms. Although the degree 
of attraction of E-β-Farnesene was not statistically significant in 
this study, the 63% of WFT females that chose this odour was 
comparable to the results obtained by Koschier et al. (2000), 
where 64% of WFT chose E-β-Farnesene at a 10% concentration, 
while 65% chose the 1% concentration.

 In the field WFT are exposed to plum blossoms and clover 
flowers at all stages of development at a given time. For this reason, 
shoots with balloon stage and fully opened blossoms and clusters 
of open and partially open clover flowers were used to capture 
the volatiles for the final bioassay to compare the attractiveness 
of plum and clover volatiles directly. Significantly more WFT 
females chose the plum volatiles over the clover volatiles (Table 
2). Host selection by WFT is not solely determined by olfactory 
cues (Reitz et al. 2020), with WFT known to prefer more complex 
flowers (Mainali & Lim 2011). While the effect of flower shape 
in conjunction with flower volatiles was not evaluated in these 
bioassays, the clear preference shown by WFT for plum blossom 
volatiles indicates that the use of a ‘push’ element will probably 
be crucial to enhance the efficacy of white clover as a trap crop. 
This is in accordance with the conclusion by Pearsall (2000) that 
for a ground cover to be effective as a trap crop, it would have 
to be used in conjunction with the application of a powerful 
deterrent on the highly attractive nectarine blossoms.

UV-reflective mulches which disrupt the ability of thrips, 
including WFT, to find the host plant have been evaluated 
in push-pull management systems in field crops such as bell 
pepper (Reitz et al. 2003) and tomato (Tyler-Julian et al. 2018). 
Reitz et al. (2003) found that a UV-reflective mulch reduced 
the abundance of adult Frankliniella thrips (including WFT) in 
bell pepper early in the season. Tyler-Julan et al. (2018) showed 
that a UV-reflective mulch, combined with foliar applications 
of kaolin and stands of B. alba adjacent to the tomato field as 
a lure or companion plant, was effective in suppressing flower 
thrips, including WFT, on tomato. The use of such mulches 

during flowering to deter WFT in plum orchards in conjunction 
with a clover trap crop planted next to the orchard warrants 
investigation. The potential effects of the mulch on honeybees 
brought in for pollination should also be assessed.

Volatiles with repellent activities can be utilised for disruption 
of host finding and a number of such plant-derived compounds 
that repel or deter WFT have been identified (Mouden et al. 2017 
and references therein). The plant essential oils thymol, methyl 
salicylate and carvacrol, are known to affect WFT behaviour 
(Koschier 2008). They were shown to be a significant deterrent to 
WFT oviposition in plum flowers (Allsopp et al. 2014). A major 
challenge to the use of such essential oils as deterrents in pest 
management is the development of stable suspensions to provide 
sustained release of effective concentrations without phytotoxic 
effects, particularly in open cultivation like orchards (Isman 
2006; Reitz et al. 2008; Allsopp et al. 2014).

This study confirmed that white clover flower volatiles are 
attractive to WFT females, but those of plum blossoms were 
more attractive. Further bioassays are required to confirm the 
attractiveness of actual flowers. However, it seems likely that 
white clover would not be suitable for use as a trap crop until an 
effective deterrent is available that can be applied to the plums to 
provide the ‘push’ in a push-pull system. The potential of other 
flowering plants, including indigenous plants, as trap crops for 
WFT should also be explored. 
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