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Disclaimer

In compiling the information contained in this publication, Potatoes South Africa has used its best endeavours to ensure that the
information is correct and current at the time of publication. However, no representation is made or warranty given as to the completeness
or accuracy of such information. In particular, you should be aware that information may be incomplete, may contain errors or may
become out of date.

Information provided is not intended to convince or influence the user thereof to come to a particular conclusion, and decisions made
based on such information are the sole responsibility of the user of that information. You should therefore verify all information before
acting upon it, and Potatoes South Africa and its employees, agents and consultants accept no legal liability for your decisions and
resultant consequences thereof. By using or relying on this information, you indemnify Potatoes South Africa and its employees,
consultants and agents from any loss or damage (including indirect, special or consequential loss or damage) resulting from the use of or
reliance on such information, whether or not caused by any negligent act or omission.

Any expressions of opinion, claims and statements of supposed facts in this publication do not necessarily reflect the views of the staff or
management of Potatoes South Africa. This publication and its contents are subject to copyright under the laws of South Africa and,
through international treaties, other countries. The copyright is owned by Potatoes South Africa, or in the case of third-party materials,
third parties.

You may use the information in this publication only for your own information, research or study. You may not copy, reproduce, transmit,
adapt or otherwise exercise the copyright (in whole or in part) of this publication for any commercial or other purpose without the express
written consent of Potatoes South Africa, and may only do so subject to the conditions under which such consent is given.
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EXECUTIVE SUMMARY

Monitoring the potato tuber moth with pheromone traps may give an accurate indication of the occurrence, and
therefore pest pressure, in specific potato fields at specific stages of the growing season. However, it was not
certain which traps were best suited to tuber moth trapping, while information regarding the placement of traps

and general handling of the traps and lures was lacking.

A comparative study with three different pheromone traps, evaluated in five potato fields, was conducted at ARC-
VOP Roodeplaat during 2015/2016. In addition, other aspects relating to the placement and handling of the traps
and the lures were investigated. Previously used lures were included in the study to establish the longevity of

individual lures when used under field conditions.

This study found that two trap types, i.e. the commercially available Delta trap and a self-made bucket water pan
trap, were equally effective when used to monitor potato tuber moth numbers in potato fields. In comparative
evaluations, it was found that a commercial funnel trap caught consistently fewer potato tuber moths than the
Delta and bucket water pan traps. Both the Delta trap and the bucket water pan trap are therefore recommended

for the monitoring of tuber moths in potato fields.

Modifications to some of the traps were evaluated in an effort to improve their efficacy. It was found that self-
made bucket water pan traps need a maximum of four access holes, and best results were obtained with a lid
made of an inverted plant pot saucer. Modifications to the funnel trap did not improve its effectiveness to a

comparative level of the Delta and water pan traps.

The placement of traps in potato fields was investigated. Delta traps placed on the soil surface were found to be
compromised by small animals and other larger arthropods, as well as soil splatter from rain and irrigation. Two
trap heights were therefore evaluated, i.e. 30 cm and 100 cm above soil level. No differences could be found in

the number of moths caught at these heights, in both actively growing fields and fields post-senescence.

It was found that pheromone lures may remain effective for the duration of a full season (three to four months).
Lures that were used for one season and then stored in an airtight container in a refrigerator remained effective

and caught the same number of moths the next season compared to traps with newly acquired lures.

Rough handling and the unintentional abuse of pheromone lures were also investigated. The physical handling of
pheromone lures with dirty hands, as well as the dipping thereof in soapy water, did not reduce their
effectiveness. Potato tuber moth pheromone lures can therefore be considered durable and long-lasting (at least

a full season) when used to monitor the potato tuber moth in potato fields.
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1. BACKGROUND TO THE STUDY
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2. INTRODUCTION

The potato tuber moth, Phthorimaea operculella (Zeller), is distributed in almost all tropical and subtropical
regions of the world. In South Africa, it is one of the most destructive potato pests, causing yield losses of
almost R40 million per annum (Visser & Schoeman, 2004). Insecticides have been shown to be effective (Visser
& Majola, 2012), yet the potato tuber moth remains one of the two most important potato pests to the potato
producer in South Africa, with the other being the potato leafminer (Visser, 2016). It was clear that an integrated
control approach, in which other options also play an important part, was needed to address the shortcomings
of the control strategies currently used by potato farmers. One such option was the use of pheromone traps to
monitor tuber moth numbers, as an indication of the first increases in a particular field, as well as pest pressure
during the growing season.

Sex pheromones are used as attractants to lure the male moth to a specific location, which is usually inside a
pheromone trap. Pheromone traps are designed to contain and/or kill the moths, after which counts can be
made of the number of moths caught over a certain period of time. Depending on the number of moths caught,
it can give an indication of whether the moth is present in a specific area, and also to what extent and how wide-
spread the moth occurs at a specific growing phase of the crop (Shirai & Nakamura, 1995). This in turn can give
valuable information regarding the pest pressure of the moth, and is usually used to determine whether
corrective action, e.g. spraying, is warranted. Pheromones are also used in the mating disruption of pests
(Carde & Minks, 1995; Raman, 1988; Van Steenwyk & Oatman, 1983) and in mass trapping (Raman, 1984).
However, this study focused only on the use of pheromone traps as a monitoring tool for tuber moths in potato
fields.

The earliest mention in the literature relating to tuber moth pheromones was by Adeesan, Tamhankar and
Rahalkar (1969), who identified the sex pheromone gland in female moths. Following that, the pheromone itself
was synthesised, by two independent researchers in 1976 (Voerman & Rothschild, 1978). Persoons, Voerman,
Verwiel, Ritter, Nooijen and Minks (1976) demonstrated that the tuber moth pheromone is in fact a combination
of two components, which they called PTM 1 (trans-4,cis-7-tridecadien-1-ol acetate) and PTM 2 (trans-4,cis-
7,cis-10-tridecatrien-1-ol acetate). Extensive testing of combinations showed that a ratio of 1:4 was more
attractive than any single component. Raman (1984) experimented with more combinations of the two
components and found a ratio of 9:1 to be most effective. Voerman, Minks and Persoons (1977) reviewed the
research that led to the elucidation of the tuber moth pheromone. These and other studies in the 1970s and
1980s, e.g. Roelofs, Kochansky, Carde, Kennedy and Hendrik (1975), laid the foundation for all current
formulations of the tuber moth pheromone. Extensive studies to evaluate the tuber moth pheromone under field
conditions included those by Bacon, Seiber and Kennedy (1976), Persoons et al. (1976), Voerman and
Rothschild (1978), and Raman (1982).

Aspects regarding the use of potato tuber moth pheromones, i.e. its efficacy under South African conditions and
the relation between catches and environmental and seasonal conditions, have been studied by Visser (1996)
and Visser and Schoeman (2004). General guidelines, i.e. the placement of traps and the use of thresholds,
have been discussed by Visser (1995) and Visser and Majola (2011). Trap design and other factors relating to
the potato tuber moth have also been studied (Kennedy, 1975; Raman, 1984), while McNeil (1991) reviewed
the use of pheromone traps in general. Daiber (1989) demonstrated the use of tuber moth pheromone trap
catches inside and outside potato stores.

Pheromone traps that are commercially available for the South African potato farmer include the Delta and
funnel traps. The Delta trap makes use of a sticky liner to trap and kill the moths, while the funnel trap mostly
relies on the funnel design to contain the moths, after which they are killed by a volatile insecticide placed inside
the trap. A few potato farmers have successfully used self-made water pan traps, in which soapy water is used
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to trap and kill the moths (Visser, 2004). The Delta and funnel traps have never been evaluated against the
potato tuber moth under South African conditions, while the water pan trap has been demonstrated to be an
effective trapping system under South African field conditions (Visser, 1993).

Standard protocols or recommendations regarding the use of potato tuber moth pheromone traps were never
available for the South African potato farmer. The efficacy of the three available traps, i.e. Delta, funnel and
water pan traps, was also never compared in relation to their usage in potato fields. This study evaluated and
compared the three potato tuber moth pheromone traps available to the potato farmer in South Africa, as well
as other aspects regarding the handling of the traps and the pheromone lure itself.
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3. OBJECTIVE

3.1 Toinvestigate different pheromone trap designs for their efficacy in capturing potato tuber moths in potato
fields.

The abbreviation “IC trap” or “IC bucket” is used to indicate the specific type of water pan trap — the “IC”
stands for “ice cream” (see materials and methods).

Sub-objectives (see materials and methods for details):

IC bucket traps (water pan traps) versus Delta traps

IC bucket traps (water pan traps) versus bucket funnel DDVP traps
IC bucket traps (water pan traps) versus bucket funnel water traps
Height of traps: 1 metre versus 25 centimetres (Delta traps)
One-year-old versus newly acquired pheromones

23-year-old versus newly acquired pheromones

Abused versus non-abused pheromones

Number of entry holes in IC bucket traps (4 versus 12)

Placement of lids on IC bucket traps (pan versus hat)

TSm0 a0 oW
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4. MATERIALS AND METHODS

Pheromone lures

Potato tuber moth pheromone lures are rubber capsules impregnated with female PTM 1 and PTM 2 volatile
components (see the introduction section for more information). They are approximately the size of a human
thumbnail and usually orange in colour (Figure 2). The placement of the lures in traps is demonstrated in Figure
1 A to C. Pheromone lures are sold in sealed aluminium packets to prevent the volatile components from
escaping. After being removed from the packets, the pheromone lures in this study were attached to a section of
bending wire and temporarily stored in glass vials to prevent their unnecessary handling and misuse (Figure 2).

Field trial layout and experimental design

Five potato fields were used during the course of the study. Three field trial plots were especially planted for the
study, each approximately 20 x 50 m, and approximately 500 m from one another. These plots were only sprayed
with a fungicide and not with any insecticide. In addition, two potato fields (approximately 100 x 50 m) that were
sprayed weekly with both fungicides and insecticides were also utilised in some of the evaluations. For certain
comparisons there were thus three repetitions, while other evaluations were repeated only twice, and indicated
as such separately in the graphs.

For each evaluation or comparison, two traps were utilised. Each trap was positioned at a fixed “monitoring
station”, at the end of one side of the field, approximately two metres inside the field. The two traps were
therefore positioned in the same field, but approximately 46 metres apart. This was further apart than the 30
metres in previous studies with pheromone traps (Roelofs et al., 1975). This increased distance was chosen to
prevent inter-trap interference and therefore distorted results. The distances between traps used in this study
was approximately the same as those used by Raman (1982), and as recommended by Wedding, Anderbrant
and Jonsson (1995). To incorporate possible variability of moth numbers between the two sides where the traps
were placed (positional effects), the position of the two traps were exchanged each morning. Each trap was
therefore exposed equally to the same side of the field. This was in accordance with the methods used by
Voerman and Rothschild (1978). One evaluation lasted six days (traps rotated five times), after which the trap
catches were counted and the traps removed and cleaned. This was in accordance with Roelofs et al. (1975)
who counted moths after four days. A monitoring station, with two traps next to each other for demonstration
purposes, is illustrated in Figure 16.

Trap heights

The traps that were evaluated and compared in this study were placed at a height of 30 cm above soil level. This
was in accordance with Roelofs et al. (1975). However, a height of one metre was also evaluated with the Delta
trap in this study (Figure 11). The Delta traps were mounted with thin binding wire on a 40 mm PVC pipe of
different lengths, to accomplish the heights of 30 and 100 cm (Figure 10 and Figure 11). The experimental
design was the same as those where the different trap types were compared, but only two fields — one in an
active growing phase and the other post-senescence (all foliage dead) — were available for the evaluations.

Trap descriptions
The three potato tuber moth traps used in this study are illustrated in Figure 1.

IC bucket water pan trap

The water pan trap is illustrated in Figure 1A. A water pan trap can be constructed with any container that can
hold water, with the pheromone lure placed just above the water level. However, in an effort to standardise the
container for use as a potato tuber moth water pan pheromone trap, it was decided on a five-litre plastic bucket,
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similar to the five-litre ice cream buckets sold commonly in grocery stores in South Africa. The trap in this study is
therefore referred to as the “IC trap” or “IC bucket’, with “IC” being the abbreviation for “ice cream”.

The IC bucket trap was constructed by cutting four or 12 V-shaped holes into the upper sides of an empty five-
litre ice cream bucket (Figure 6 and Figure 7). The three sides of the triangle formed by the “V” were
approximately 5 cm in length. This opening formed the access holes for the male moths to enter the trap on their
way to the lure inside. The lure was suspended from a piece of bending wire that was loosely attached around
the trap, as indicated in Figure 3. The moths become trapped in the water while circling the lure.

Soapy water was added to the bucket to a level of approximately 5 cm (Figure 1A). The concentration of the
soapy water was half a teaspoon of dishwashing liquid per five litres of water. The height of the pheromone lure
was adjusted with the bending wire to suspend approximately 1 cm above the water surface (Figure 6 and Figure
7). From the observations of this study, as well as those of Ono and Ito (1989), male tuber moths do no fly
robustly and erratically upon reaching a pheromone lure, but rather walk in a haphazard manner around a lure. A
decision was therefore made to bring the lure closer to the water, and to use a height of 1 cm instead of the 2.5
cm used by Bacon et al. (1976). The lid for the top opening of the trap was either a piece of hardboard (Figure 9),
or a 30 cm plastic flower pot saucer (Figure 4 and Figure 5). A weight, usually half a brick, was used to keep the
lid in place.

The IC bucket trap was placed on two to three layers of stacked bricks (Figure 8 and Figure 16). This was done
to elevate the trap to the same height as the Delta trap (approximately 30 cm), and to prevent excessive soil
splatter due to rain or irrigation (Figure 9). Soil splatter enters the trap easily through the access holes and
causes the water to become cloudy, which interferes with the visibility of moths in the trap.

The number of moths caught in the traps was counted each morning. When the number of moths increased to
high levels, or when it became difficult to count the moths due to visibility (cloudy water), the contents of the trap
were decanted through a sieve to facilitate counting (Figure 8).

Delta trap
The Delta trap is illustrated in Figure 1B. It is preconstructed from corrugated plastic and sold as a one-piece flat

sheet that folds and fits into a sturdy triangle. A sticky liner (Figure 12), usually sold separately, is placed inside
the Delta trap and act as the containing and killing agent of the moths. Male moths are lured to a pheromone lure
that is placed in the middle of the sticky liner (Figure 1B and Figure 12). In the process of approaching the lure,
the moths become entangled on the sticky liner. In this study lures were reused, and therefore they were not
stuck unto the sticky liner, but rather placed on a plastic glass vial stopper or lid (Figure 1B and Figure 12).

Delta traps are usually suspended with thin binding wire on branches of trees. However, this is not possible in
potato fields, and other options had to be investigated. In this study, the Delta trap was originally placed on two to
three layers of bricks, as with the IC bucket trap. However, it was soon realised that small animals like rodents
and geckos, and even larger soil-dwelling insects, were finding their way into the traps and negatively impacting
on the trap catches. The Delta traps were therefore mounted with thin binding wire on a 40 mm PVC pipe,
approximately 30 cm above soil level (Figure 10). Some manufacturers supply binding wire with Delta traps for
mounting purposes.

The number of moths caught in the traps was counted each morning. When the number of moths increased to
high levels, e.g. more than 100 moths (Figure 13), the sticky liner was replaced with a new one. This was done in
an effort to prevent negative influences on moth catches due to the build-up of too many moths and scales on the
sheet.
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Bucket funnel trap

The bucket funnel trap is illustrated in Figure 1C and Figure 14. It is constructed from robust plastic that forms an
enclosed bucket with only one access channel via a funnel. It consists of a bucket and a detachable lid that also
contains the funnel (Figure 1C). The pheromone lure is attached to the roof, either with a slip-on extension that
forms part of the roof, or placed loosely in a small container that may also form part of the roof. In this study
experiments were conducted by modifying the way in which the lure is placed in the trap, as well as using two
killing agents, i.e. soapy water and a volatile insecticide, inside the bucket (dichlorvos blocks, also known as
DDVP strips).

The first modification of the trap was to lower the lure, on a thin binding wire, to just below the narrowest end of
the funnel (called “funnel with pheromone hanging” in the graphs). The second modification was to place the lure
on the floor of the bucket (Figure 15) (called “funnel with pheromone on the floor” in the graphs). These
modifications (lowering of the pheromone lures) were done to investigate whether the moths would enter the
bucket more frequently than with the original design where the lure was situated in the roof of the bucket (Figure
1C). The evaluations with the pheromone lure on the floor of the bucket were done with dichlorvos blocks as the
killing agent (also placed on the floor of the bucket, Figure 15), and the evaluations with the pheromone lure
‘hanging” with soapy water as the killing agent. In both evaluations, the control evaluation was with the
pheromone lure in the roof of the bucket (Figure 1C).

The traps were placed on two to three layers of bricks, with the access area approximately 30 cm above soil
level. The number of moths caught in the traps was counted each morning, and processed in the same way as
for the IC bucket and Delta traps.

Evaluation of old pheromones

In an effort to establish the longevity or effectiveness of a pheromone lure over time, one-year-old lures, as well
as a few 23-year-old lures, were compared to newly acquired lures. The one-year-old lures were used for two
months in a potato field and then placed in a refrigerator for 10 months. The 23-year-old pheromone lures were
acquired from an entomologist in Peru in 1992. They were used for two to three months in a potato field and then
placed in a refrigerator, in an airtight glass container, for 23 years.

Evaluation of abused pheromones

To establish whether the physical handling of pheromone lures influences their efficacy, three lures were
“‘abused” in the following manner: Firstly, they were massaged and squeezed between the fingers for
approximately 10 minutes, then they were placed in the back pocket of a pair of trousers for three hours while
being worn by an individual. Thereafter they were washed in soapy water for a few minutes and then submerged
in the soapy water for 12 hours. The latter was to simulate the possibility that the lures may accidently fall into the
soapy water that is used in some bucket traps. The effectiveness of these lures was then compared with the
effectiveness of the lures that were not physically handled at all.

Modifications to the IC bucket water pan trap

Two modifications to the IC bucket water pan trap were evaluated. Firstly, four access holes were compared with
12 access holes (Figure 6 and Figure 7). Secondly, an investigation was conducted into whether the orientation
of the plant pot saucer lid would influence the trap catches. The lid was placed upside down on the bucket
opening, called the “hat orientation” (Figure 4 and Figure 5), while the right side up is called the “pan orientation”.
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5. RESULTS

IC bucket traps (water pan traps) versus Delta traps

No significant differences could be found in the number of moths caught with the IC bucket trap and the Delta
trap (Figure 18). In the controlled field evaluations, 443 moths (49 % of all moths) were caught with the IC bucket
trap, while 457 moths (51 % of all moths) were caught with the Delta trap. Data for the three fields varied slightly
(Figure 17), but the overall data (average over the three fields) clearly shows that either trap is useful in
monitoring the potato tuber moth.

IC bucket traps (water pan traps) versus bucket funnel traps (dichlorphos/DDVP as the killing agent)

The IC bucket trap caught significantly more moths than the bucket funnel trap (Figure 19). This was the case for
both modifications of the bucket funnel trap, i.e. where the pheromone lure was placed in the roof and on the
floor of the bucket. Approximately 90 % of all moths were caught with the IC bucket trap in both sets of
evaluations, indicating that the bucket funnel trap, using dichlorphos/DDVP as the killing agent, is inferior when
compared to the self-made IC bucket water pan trap.

IC bucket traps (water pan traps) versus bucket funnel traps

The IC bucket trap caught significantly more moths than the bucket funnel trap (Figure 20). This was the case for
both modifications of the bucket funnel trap, i.e. where the pheromone lure was placed in the roof, and also when
the pheromone lure was suspended lower down inside the bucket. Approximately 87 % of all moths were caught
with the IC bucket trap in both sets of evaluations, indicating that the bucket funnel trap, using soapy water as
the killing agent, is inferior when compared to the self-made IC bucket trap.

Height of traps: 1 m versus 25 cm (Delta traps)

Using the Delta trap, it was shown that the height of the trap did not make a difference to the number of moths
caught per trap. Data from two fields — one with actively growing potatoes (Figure 10 and Figure 11) and the
other with potatoes post-senescence (all foliage dead) — showed that both traps caught approximately 50 % of all
moths in the relevant fields (Figure 21).
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FIGURE 1. The three pheromone traps that were evaluated in this study.
A: Self-made IC bucket water pan trap; B: Delta trap; C: Funnel trap.
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FIGURE 2. Potato tuber moth pheromone lures FIGURE 3. The self-made IC bucket water pan
attached to bending wire inside glass vials to trap, as used in this study.
facilitate handling.

FIGURE 4. The IC bucket water pan trap, FIGURE 5. The IC bucket water pan trap,
illustrating the placement of the pot saucer as a illustrating the placement of the pot saucer as a
lid for the trap. lid for the trap.

FIGURE 6. The IC bucket water pan trap, with FIGURE 7. The IC bucket water pan trap, with 4
12 access holes. The number of moths in the trap access holes. The number of moths in the trap is
is not an indication of its effectiveness. not an indication of its effectiveness.
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FIGURE 8. The IC bucket water pan trap, FIGURE 9. The IC bucket water pan trap, with a
illustrating the moth-collection process. hardboard lid, illustrating soil splatter against the
trap.

: B “ ‘
FIGURE 10. The delta trap, illustrating a mount FIGURE 11. The delta trap, illustrating a mount
at a height of 30 cm on a 40 mm PVC pipe. at a height of 100 cm on a 40 mm PVC pipe.

FIGURE 12. The sticky liner that is placed inside FIGURE 13. The sticky liner that is placed inside

the delta trap, illustrating the placement of the the delta trap, illustrating a catch of
pheromone lure. approximately 100 moths.
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FIGURE 15. The funnel trap, illustrating the
placement of the lure and DDVP insecticide strip
inside.

Ly )
\“I G - . »

FIGURE 16. The delta trap (left) and the IC bucket water pan trap (right), illustrating a monitoring station for
the comparative experiments. Two traps were never placed at the same station while the experiments were
running — this is for illustration purposes only. The same monitoring station was “constructed” at the opposite
end of the field (approximately 50 m away); the two traps were alternated every morning to take into account
varying conditions between the two monitoring stations.

|
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One-year-old versus newly acquired pheromones

It was demonstrated that pheromones that were used in the field for two months and then kept in a refrigerator
may still be usable the next season. Tests with two such pheromone lures, in two different potato fields, showed
that one still managed to capture 44 %, and the other 51 %, of all the moths captured in those fields (Figure 22).

23-year-old versus newly acquired pheromones
Pheromone lures that were kept in a refrigerator for 23 years still managed to catch an average of 22 % of all
moths captured in the experimental fields (Figure 23).

Abused versus non-abused pheromones

Pheromone lures that were “abused” prior to use still proved to be as effective as non-abused pheromone lures
(Figure 24). Of the 139 moths caught in the three experimental fields, the abused pheromone lure caught 69
moths, while the non-abused pheromone lure caught 70 moths.

Number of entry holes in IC bucket traps (4 versus 12)

In both potato fields where the IC bucket trap was assessed, there were no differences between moth catches
when using traps with four and 12 access holes respectively (Figure 25). In the first field, 115 moths were
captured, and in the second field 63 were captured. An equal number of moths was captured in each field, with
each of the traps. This indicates that the number of access holes can be limited to @ minimum of four.

Placement of lids on IC bucket traps (pan versus hat)

There were no significant differences between IC bucket traps with the plant pot saucer lid in the pan and the hat
orientation. Both traps caught an average of approximately 50 % of the moths (Figure 26). When the lid was in
the hat position, the access holes were protected from wind, dust and rain, and the access holes were not even
visible to a person in the standing position (Figure 4). This, however, did not influence the number of moths
captured, compared to when the lid was in the pan orientation.
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Field 1 (251 moths) Field 2 (315 moths) Field 3 (334 moths)
® |C Bucktet (443 moths) Delta trap (457 moths)

FIGURE 17. The number of potato tuber moths caught over a period of six days, in three different potato
fields. The total number of moths caught with both traps combined, in each field, is indicated in brackets
following the field number, while the total number of moths combined for all three fields is indicated in brackets
following the trap type.

180 A
160 | 49% 51%
I

120 A
100 A
80 1

60

Number of moths

40 A

20 1

IC Bucktet (443 moths) Delta trap (457 moths)

® |C Bucktet (443 moths) Delta trap (457 moths)

FIGURE 18. The average number of potato tuber moths caught over a period of six days, in three different
potato fields (as indicated in Figure 17). The total number of moths combined for all three fields is indicated in
brackets following the trap type.
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FIGURE 19. The average number of potato tuber moths caught over a period of six days, in three different
potato fields, with DDVP as the killing agent. Two evaluation sets are indicated — one where the funnel trap’s
pheromone lure was placed in the roof of the lid (as shown in Figure 1C), and the other where the funnel trap’s
pheromone lure was placed on the floor of the trap (as shown in Figure 15).
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FIGURE 20. The average number of potato tuber moths caught over a period of six days, in three different
potato fields, with soapy water as the killing agent. Two evaluation sets are indicated — one where the funnel
trap’s pheromone lure was placed in the roof of the lid (as shown in Figure 1C), and the other with the funnel
trap’s pheromone lure suspended lower down, at the lower end of the funnel.
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FIGURE 21. The number of potato tuber moths caught with the delta trap over a period of six days, in two
different potato fields. The trap positions are illustrated in Figure 10 and Figure 11. The total number of moths

caught with both traps combined, in each field, is indicated in brackets.
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FIGURE 22. The number of potato tuber moths caught with the IC bucket water pan trap over a period of six
days, in two different potato fields. The control trap, with no pheromones, was placed in the middle of the field.
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FIGURE 23. The average number of potato tuber moths caught with the IC bucket water pan trap over a

period of six days, in three different potato fields. The control trap, with no pheromones, was placed in the
middle of the field.
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FIGURE 24. The average number of potato tuber moths caught with the IC bucket water pan trap over a
period of six days, in three different potato fields. The total number of moths combined for all three fields is
indicated in brackets following the pheromone description.
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FIGURE 25. The number of potato tuber moths caught with the IC bucket water pan trap over a period of six

days, in two different potato fields. The total number of moths caught, combined for both traps in each field, is
indicated in brackets following the field number.
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FIGURE 26. The average number of potato tuber moths caught with the IC bucket water pan trap over a
period of six days, in three different potato fields.
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6. DISCUSSION

Trap design

Various studies have been conducted to compare different trap designs to capture potato tuber moths. Voerman
et al. (1977) found a Delta trap design to be superior to other designs. Raman (1984) found that a modified
funnel trap with an insecticidal power inside may be effective for the mass trapping of male moths, but found no
differences in the efficacy between a water pan trap and the modified funnel trap.

This study compared three different trap designs, and found two to be equally effective under field conditions, i.e.
the commercial Delta trap and the self-made IC bucket water pan trap. The funnel trap evaluated in this study
(two modifications) caught consistently fewer moths than the bucket water pan trap. This was in contrast to the
findings of Raman (1984), who did not find any differences in the number of moths caught in a funnel and water
pan traps. Possible reasons for the varying efficacy of a given type of pheromone trap are discussed by McNeil
(1991), and these include seasonal influences, as well as male selectivity in different populations of the same
species. Another factor that was not investigated by any of the above-mentioned studies may be the
effectiveness of different traps under different population pressures, e.g. traps may only show differences in
effectiveness above or below certain population levels. Population levels in this study, when comparing the Delta
and water pan traps, were moderate to high (approximately 200 to 300 moths caught in a trap per week).

Pheromone traps, whatever the type, can be modified to suit different conditions and situations. The two
modifications of the funnel trap in this study did not increase its effectiveness. Modifications to the IC bucket
water pan trap showed that the number of access holes, when increase from four to 12, did not increase its
effectiveness. However, when the lid of the water pan bucket trap was changed from a flat piece of hardboard to
an inverted plant pot saucer lid (hat orientation), soil splatter into the trap, due to heavy rain and irrigation, was
reduced. Water due to heavy rains also did not manage to enter and fill up the trap, as was experienced with
traps covered with the hardboard lid. Although the plant pot saucer lid partially covered the access holes when
used in the inverted “hat” orientation (Figure 4 and Figure 5), there were no differences in the number of moths
caught when compared to the normal “pan” orientation. The inverted plant pot saucer lid is therefore
recommended to cover bucket water pan traps.

Trap height

Raman (1975), using a modified Delta trap, found varying results in height tests: one trial caught more moths at
30 cm, while another trial caught more moths at 100 cm. Ono and Ito (1989) caught four times more moths in
traps placed at 10 cm compared to traps placed at 70 cm. Raman (1984) found no differences in trap catches
using a modified funnel trap, from ground level to 80 c¢cm. This study showed no differences in the number of
moths caught in traps placed at 30 cm and 100 cm. This was in accordance with the findings of Voerman et al.
(1977). The varying results in the number of moths caught in traps placed at different heights may be due to the
influence of external factors on trap catches, such as the growing stage of the crop, weather conditions, and
wind speed/direction. In the experiments during this study, traps were evaluated in both actively growing fields
and in fields that were completely in senescence (no green foliage). In this study, the height of the foliage, and
therefore possible “ramps” from which the moths could launch themselves towards a highly placed trap, did not
play a role in the accessibility of the traps at 100 cm.

In previous studies (not discussed here) it was shown that the placement of traps in potato fields on and
between ridges did not influence the efficacy of the traps. It was also shown that traps placed between ridges
and then covered with a layer of potato foliage still managed to trap the same number of moths than traps placed
in the open on top of ridges. These observations, as well as the ease with which the moths were able to reach
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the pheromones inside traps at different heights, indicate the extreme volatility and dispersal properties of the
commercial synthetic pheromone compounds (PTM1 and PTM2).

Efficacy and longevity of potato tuber moth pheromone lures

Just like chemical insecticides, pheromone lures also contain active ingredients, i.e. PTM 1 and PTM 2
(Voerman & Rothschild, 1978). Although the ratio and concentration of these two components may differ in
commercially produced lures (Persoons et al., 1976; Raman, 1984), it is usually not indicated on the
commercially sold package. The effectiveness of these lures, however, is unmistakable and dramatic when
entering an infested potato field with a fresh lure; without exception, a few moths will always be flying behind,
following the person with the lure in hand. Voerman et al. (1977) even illustrated that the potato tuber moth
pheromone was much more attractive than virgin female moths in the field. The volatile components
(ingredients) that are impregnated in the rubber capsules are released constantly, yet are stable enough to last
for at least four months under high temperatures in potato fields (Voerman & Rothschild, 1978). Raman (1984)
found that the attractiveness of one formulation (9:1 ratio) was slightly reduced after 90 days of continuous field
use, but that a different formulation (1:1.5) remained effective for more than 90 days of use. The field
experiments in this study showed that pheromone lures may remain effective for many years when kept in a
refrigerator after usage. Although Raman (1984) found that storage at -5 degrees Celsius for two months did not
diminish its attractiveness, the packages of some pheromone lures indicate that lures should not be frozen.

Despite the scientific evidence, the typical recommendation from the manufacturers is to replace the lures every
four weeks when used under field conditions. This may simply be a sales pitch to sell more lures, because
scientific data to support these recommendations is lacking. The results from this study recommend that a
pheromone lure can be used for at least two seasons when kept in a refrigerator between seasons, e.g. two
periods of three months. The results of this study also found that handling the pheromone lures by hand, or
accidently submerging them in soapy water, did not influence their efficacy.

Voerman and Rothschild (1978) found a few moths caught in blank traps without any pheromone lures. Initially
the current study found the same phenomenon, but after discussions with a pheromone expert at the University
of Pretoria (Marc Bouwer), a decision was made to use thoroughly washed and cleaned traps, and to handle
blank traps with disposable latex gloves. These precautions resulted in no moths caught in blank traps.
According to the expert, insect pheromones are so volatile to the extent that they may also penetrate and adhere
to nearby plastic material. These aspects must form an important part of protocols in future studies where
pheromone lures and traps are to be evaluated and compared.

Water as the trapping and killing agent

Voerman and Rothschild (1978) used a 2 % detergent solution in their traps to help ensnare the moths that fell
into the water while circling the pheromone lure. In the current evaluations, a concentration of half a teaspoon of
dishwashing liquid in five litres of water was used. Other concentrations of dishwashing liquid were not evaluated
in this study, but it was observed that even a small ratio, e.g. only a few drops of dishwashing liquid, still caught
significant numbers of moths. Traps without any dishwashing liquid in the water usually caught no moths; in
those traps with one or two moths trapped on the water surface, they usually managed to escape while the traps
were being inspected. In traps with a high concentration of dishwashing liquid, e.g. a few teaspoons per five
litres of water, it was found that the water sometimes became murky and cloudy after a day or two, with resulting
poor visibility of the moths trapped in the water. Adding soap to the water, in small quantities, is therefore
mandatory when using water pan traps.
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Threshold values

A threshold value is a predetermined number of pest individuals, caught in a trap, over a specified period. This value is
then used to determine whether damage will occur or whether spraying must be initiated. For instance, when x number
of moths are caught over a one-week period, y % yield loss can be expected; or when x number of moths are caught,
spraying must proceed within a week. For the potato tuber moth, threshold values based on scientific studies have not
been done. Although Raman (1982) established that an increase in pheromone trap catches is correlated to an increase
in tuber damage, he did not investigate threshold values. The main reason for the lack of threshold values for the potato
tuber moth is that the primary target of the potato tuber moth is the leaves, while the secondary targets, the tubers, are
not equally accessible under different conditions and soil types. The specific number of moths in a field is therefore not
an indication of precise yield loss, but rather an indication of the pest pressure at the specific time. Each farmer should
therefore experiment with his/her own threshold values according to the history of individual fields. Treatment thresholds
should be calculated and adjusted according to catches and damage from the previous year on individual farms
(University of California, 1986; Visser, 1995). A general rule is that if more than 100 moths are caught in a trap per
week, spraying must be initiated within the next week (Ferro & Boiteau, 1993).
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1.

RECOMMENDATIONS AND PROTOCOLS

From the results of this study, the following recommendations can be made:

7.1

7.2

7.3

74

7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.12

713

7.14

The Delta trap and/or self-made bucket water pan trap is recommended for the monitoring of potato tuber
moths with pheromones.

The commercial funnel trap should not be used.

For the self-made bucket water pan trap, it is recommended that a trap be constructed using an empty five-litre
ice cream bucket, fitted with an inverted 30 cm plant pot saucer, to prevent soil splatter into the trap, and also
to prevent excess water (rain and irrigation) from entering the trap though the access holes.

The pheromone lure should be suspended 1 cm above the water level in the bucket water pan trap, held in
place with thin binding wire.

A soapy solution (maximum of half a teaspoon of dishwashing liquid per five litres of water) should be used in
the bucket water pan trap. Traps without soap in the water catch no moths, while too much soap may make the
water murky.

At least 5 cm of soapy water should always be maintained in a bucket water pan trap.

The number of access holes in the bucket water pan trap should be limited to four — increasing the number of
holes does not increase the efficacy of the trap, but may increase the amount of dust and soil splatter into the
trap.

Bucket water pan traps should be cleaned and refilled at least every seven days during summer to prevent
moths from rotting and disintegrating in the water.

Delta traps should not be placed at soil level — small animals like rodents and geckos, as well as larger
crawling insects, may contaminate the trap contents. Soil splatter makes the sticky liner useless when the trap
is placed lower than 30 cm.

The sticky liner in the Delta trap should be replaced when the number of moths reaches approximately 100, or
when dust and/or scales visibly contaminate the liner.

Although pheromone traps can be placed as high as 100 ¢cm, the general recommendation is approximately 30
cm above soil level.

Pheromone lures should be handled with care and according to label instructions, but accidental exposure to
soapy water and rough handling will not necessarily reduce their effectiveness.

The longevity of pheromone lures may vary according to manufacturing techniques, but evidence from the
literature, as well as this study, suggests that one lure may remain effective for at least three to four months.
When a lure is placed in a sealed container in a refrigerator after one season, it may even be usable for a
second season.

Potato tuber moths are mostly active at night, and traps should therefore be checked in the mornings, since

very few moths are trapped during the day.
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7.15  Pheromone traps can be placed anywhere inside potato fields. A distance of at least 50 m from the edge of the
field is recommended.

716 In large fields, e.g. larger than 20 hectares, it is recommended that one trap is placed in each quadrant of the
field.
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8.  CONCLUSIONS

In the past, farmers used different available traps and also made their own traps. The consequence was that
catches could not be compared or analysed with a “standard approach” or protocol. There was therefore a need
to investigate pheromone trap designs to inform the South African potato farmer as to the most suitable design to
use, thus leading to better and more accurate indications and predictions for tuber moth infestations.

The current study helped to elucidate many aspects regarding the most appropriate traps to use, as well as other
aspects regarding the monitoring of potato tuber moths with pheromone traps. Potato farmers can now utilise
pheromone traps to accurately determine the occurrence of the potato tuber moth in a more efficient manner,
and may use such traps as part of an integrated strategy to address pest pressure, to protect yields, and
ultimately to lower input costs.
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