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Disclaimer

Information contained in this document results from research funded wholly or in part by
the Potato Industry Development Trust upon request of Potatoes South Africa acting in good
faith. Opinions, attitudes and points of view expressed herein do not necessarily reflect the
official position or policies of the Potatoes South Africa. Potatoes South Africa makes no
claims, promises, or guarantees about the accuracy, completeness, or adequacy of the
contents of this document and expressly disclaims liability for errors and omissions
regarding the content thereof. No warranty of any kind, implied, expressed, or statutory,
including but not limited to the warranties of non-infringement of third party rights, title,
merchantability, fitness for a particular purpose or freedom from computer virus is given
with respect to the contents of this document in hardcopy, electronic format or electronic
links thereto. References made to any specific product, process, and service by trade name,
trade mark, manufacturer or another commercial commodity or entity are for informational
purposes only and do not constitute or imply approval, endorsement or favouring by
Potatoes South Africa.

Vrywaring

Die inligting vervat in hierdie dokument is die resultaat van navorsing wat ten volle of
gedeeltelik befonds is deur die Potato Industry Development Trust op versoek van
Aartappels Suid-Afrika, handelend in goeder trou. Menings, sienings en standpunte hierin
vervat reflekteer nie noodwendig die amptelike standpunte of beleid van Aartappels Suid-
Afrika nie. Aartappels Suid-Afrika maak geen aansprake, beloftes of waarborge oor die
korrektheid, volledigheid of toereikendheid van die inhoud van hierdie dokument nie en
ontken uitdruklik aanspreeklikheid vir foute en weglatings oor die inhoud daarvan. Geen
waarborg van enige aard, hetsy geimpliseerd, uitdruklik, of statutér, insluitende maar nie
beperk tot die waarborge van nie-skending van derdeparty-regte, titels, verkoopbaarheid,
geskiktheid vir 'n bepaalde doel of vry van rekenaarvirus word gegee te opsigte van die
inhoud van hierdie dokument in gedrukte formaat, elektroniese formaat of elektroniese
koppeling daaraan. Verwysings na enige spesifieke produk, proses en diens by wyse van
handelsnaam, handelsmerk, vervaardiger of ander kommersiéle kommoditeit of entiteit is
slegs vir inligtingsdoeleindes en vorm of impliseer nie goedkeuring, onderskrywing of
begunstiging daarvan deur Aartappels Suid-Afrika nie.
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SUMMARY

During the past five years potato farmers have had serious problems with escalating virus
incidence in all potato production regions. Seed producers struggled to keep within the virus
limits allowed for certified seed and table producers experienced lower yields because of virus
infections. The most important option to limit virus infections is to control the vector, i.e.
aphids. All potato producers use extensive spraying programs to limit pest pressures in their
fields, including aphicides against virus transmitting aphids. However, because of the ongoing
virus problems, the efficacy of aphicides became suspect during the past few years. Various
factors may influence the effectiveness of an aphid spraying program, i.e. the choice of
aphicides, timing of applications, correct application methods and weather conditions. All
these factors can be accommodated to optimize the field efficacy of aphicides. However, one
unknown factor that can not be adjusted is the direct efficacy of the insecticide itself. Only
laboratory and field studies designed to evaluate the aphicides under controlled environments
can elucidate the current status of aphicides. Therefore, this study was initiated to evaluate
registered aphicides in laboratory bioassays, as well as in two field trials. All the insecticides
showed excellent control when used at the recommended field dosages in the laboratory. The
melon aphid, Aphis gossypii, seemed to be more difficult to control when the dosages were
lowered. However, all the insecticides still gave good control against the green peach aphid
Myzus persicae and the potato aphid Macrosiphum euphorbiae, even at 50% of the
recommended field dosage. Results from the field trials showed that the insecticides were
also effective under field conditions when using the recommended field dosages. It is
concluded that all foliage applied insecticides as well as soil-applied insecticides against
aphids on potatoes in South Africa are still effective. Other factors need therefore be
investigated to find the reason for the high incidence of potato viruses plaguing the seed
industry.

OPSOMMING

Die meerderheid saadprodusente het die afgelope vyf jaar met toenemende virus-infestasies
te doen gekry. Plantluise as virus-vektore word jaarliks deur alle saadprodusente beheer met
gereelde spuitprogramme wat gemik is om die vektore te verhoed om virusse na gesonde
plante oor te dra. Omdat virusbesmettings jaarliks voorkom, en in sommige gevalle toeneem
ten spyte van spuitprogramme, kom die effektiwiteit van sommige insekdoders teen plantluise
onder verdenking. Die meeste faktore wat ‘n invioed het op die normale werking van
insekdoders kan deur goeie bestuurspraktyde aangespreek word. Die effektiwiteit van die
doder self is egter slegs toetsbaar deur gekontroleerde laboratorium- en landproewe. Hierdie
studie was geloods om die effektiwiteit van al die plantluisdoders teen drie plantluisspesies
onder laboratorium- en veldtoestande te evalueer. Al die geregistreerde plantluisdoders het
uitstekende beheer gegee met die aanbevole dosisse in laboratoriumtoetse. Die meeste
insekdoders het effens swakker beheer getoon teen die katoenplantluis met verlaagde
dosisses. Al drie plantluispesies het egter goeie beheer getoon, selfs toe die dosis na 50%
van die aanbevole dosis verlaag was. Die resultate van die veldproewe het ook getoon dat die
insekdoders nog goed werk onder veldtoestande. Die finale afleiding is dat alle blaar-
toegediende sowel as sistemiese grond-toegediende plantluisdoders nog goed teen drie
plantluisspesies in Suid-Afrika werk. Daar moet na ander redes gesoek word vir die hoé
virusvlakke in saadaartappels in Suid-Afrika.
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INTRODUCTION

Potato farmers have had serious problems with increasing levels of potato viruses over the
past years. Virus incidence seemed to increase uncontrollably every year, especially the
potato leaf roll virus (PLRV). Seed producers struggled to keep to the prescribed low levels of
virus incidence in their certified fields, while table producers experienced severe yield losses.
The origin of the virus inoculum is unknown in most cases. However, the vectors of the two
most important viruses, i.e. aphids, are well known and efforts are made every season to
control them before they can transmit viruses to healthy plants. Despite intensive spraying
programs aimed at aphids, the virus problem has not diminished. One factor that may play a
role in the seemingly inability to control the virus and its vectors is the efficacy of the
insecticides against the aphids. The current status and efficacy of insecticides used against
aphids in South Africa is unknown. Farmers report contradictory observations or they usually
do not know if a specific insecticide works or not. Aphids are too small, and sometimes occur
in too low numbers to do any meaningful on-farm evaluations of insecticides. The inability of
insecticides to control aphids could be attributed to various factors. Some of these include
application methods, e.g. conventional tractor sprayers, tractor boom sprayers, centre pivot
applicators and aerial application. Other factors could include the physical preparation of
insecticides and mixtures, additives and various operator mistakes when using insecticides.
All these factors can be addressed and are mostly monitored by either the agents selling the
insecticide or the agrochemical companies. However, the one factor that only researchers can
address is the efficacy of the different insecticides. When an insecticide is registered on a
specific crop against a specific pest, scientific proof is given relating to its efficacy by the
agrochemical companies. These studies take years to complete and cost hundreds of
thousands of Rands. Apart from self imposed quality control in the manufacturing process, a
company, once a registration is granted, never has to prove or retest his product again. The
company has proven the efficacy of his product at time of registration, and according to them,
the product should work because its composition always stays the same. However, they are
well aware of the process of resistance that may develop in certain insect populations. This is
why they always add a disclosure on the label that exonerates them from any consequences
resulting from insecticidal resistance that may develop against their product. Therefore the
only logical step is for an independent organisation, such as a research institution, to evaluate
all registered insecticides.

The aphid species

According to Blackman & Eastop (2000), 15 aphids species are known to attack potatoes
world-wide. The current status for the South African potato aphids is not known. The
catalogue of Millar (1994) is not up to date. The 15 species listed by Blackman & Eastop
(2000) are;

Aphis fabae* (black bean aphid)

Aphis frangulae

Aphis gossypii* (cotton aphid, melon aphid)

Aphis nasturtii* (buckthorn aphid)

Aphis spiraecola

Aulacorthum circumflexum*

Aulacorthum solani* (glashouse potato ahid)
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Macrosiphum euphorbiae* (potato aphid)

Myzus ascalonicus

Myzus ornatus*

Myzus persicae* (green peach aphid, peach-potato aphid)
Pemphigus sp.

Rhopalosiphoninus latysiphon* (potato clamp aphid)
Rhopalosiphum rufiabdominalis

Rhapalosiphum maidis

Smynthurodes beatae (potato tuber aphid, been root aphid)

Note: Aphis gossypii is not on the primary list of Blackman & Eastop (2000), but potato is
noted to be a host elsewhere in the book. Those species marked with an asterisk (*) are
known to be vectors of PLRV (Warren et al., 2005). Of the 15 species, it is mainly (in order of
importance) M. persicae, Macrosiphum euphorbiae and A. gossypii that are regularly found
attacking and spreading viruses to potatoes in South Africa.

Myzus persicae (Green Peach Aphid)

Winged and wingless forms approximately 1 to 2 mm in size. Wingless forms vary in colour;
whitish green, pale-yellow-green, grey-green, mid-green, pink, red or almost black. In colder
conditions populations tend to become a more deeply pigmented green to purple-red
(Blackman & Eastop 2000). Winged forms have a black central patch on the upper side of
their abdomens. Immatures of the winged forms are often pink or red, especially in autumn
populations. Except for curling young leaves of peaches in spring (from where they migrate in
very cold environments), these aphids usually prefer older or senescent leaves of plants. They
will therefore mostly be found on the lower third of plants. However, during long periods of
cool, cloudy weather, the aphids may move upwards to the upper parts of the plants
(University of California, 1986). They will also be more abundant on, and will peak sooner,
cultivars with a short growing season (Minks & Harrewijn 1987). They attack nearly all plants
(more than 40 plant families). This is the most important aphid virus vector, transmitting more
than 100 plant viruses. It is the most important vector of the PLR virus in potato and has a
world-wide distribution.

Macrosiphum euphorbiae (Potato Aphid)

Large aphids, approximately 2 to 4 mm. Wingless forms are spindle or pear-shaped. Usually
green, but sometimes yellow, pink or purple-red. They are often shiny. Eyes are distinctly
reddish. Legs and tube-like protrusions on the back of the body (siphunculi or cornicles) are
usually the same colour as the body (siphunculi may be darker at ends). Immatures rather
long-bodied, paler than adults, with a dark spinal stripe and a light dusting of whitish-grey wax.
This aphid (especially the pink forms) prefers the upper parts (Minks & Harrewijn 1987) of the
potato plant (upper third) and sometimes may infest apical growth points severely (Annecke &
Moran 1982). Primary host (overwintering host) is the rose plant. It feeds on more than 20
different plant species. Potato is the most favoured secondary host. Vector of more than 40
non-persistent and 5 persistent viruses. Less important than Myzus persicae in transmitting
PLR virus to potato. One of the reasons for this could be that they are capable of transmitting
PLRV in a non-persistent manner; loosing the virus soon after acquiring it (University of
California, 1986; Van Oostrum 2002). It has a world-wide distribution.
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Aphis gossypii (Cotton Aphid)

Approximately 1 to 2 mm in size. Wingless forms are very variable in colour. Larger individuals
(nearly 2 mm) are dark green to almost black. However, adults in crowded colonies at high
temperatures may be smaller - less than 1 mm long and very pale yellow to almost white.
Usually the aphids are an uneven green colour (dark and light green colours on the same
individual). Tube-like protrusions on the back of the body (siphunculi or cornicles) are dark.
Other crop plants attacked include cotton (major pest), cucurbits (major pest), citrus, coffee,
eggplant, peppers, okra and many ornamentals. Transmit more than 50 plant viruses. It was
found that populations collected on cucurbits were more resistant to insecticides than on other
plant species (Blackman & Eastop 2000). It has a world-wide distribution.

The insecticides

Only organophosphates, carbamates, an organochlorine and a chloro-nicotinyl are registered
against aphids in South Africa. No pyrethroids are registered against aphids in South Africa.
Applications of pyrethroids were shown to increase aphid reproduction and movement in
crops. However, in other countries, e.g. Scotland and the USA, pyrethroids are registered
against aphids and often in combination with other insecticides in mixtures. Cocktails, where
pyrethroids and carbamates are used in one tank spray, are also recommended and used
widely (Evans 2000). Pyrethroids only have a contact/stomach action and will not enter plant
material when sprayed (non-systemic and non-translaminar). The pyrethroids have a knock-
down effect that quickly kill aphids before they can transmit viruses. However, their efficacy is
debatable. The more effective insecticides are the systemic or translaminar insecticides like
the organophosphates and carbamates. Not all insecticides are used on a large scale by
potato farmers and some are in the process of being phased out. Monocrotophos has been
banned in 2005 by the South African Government and aldicarb will be phased out by 2014.
Only the most relevant and widely used insecticides were thus included in a final list.

An analysis of variance was performed on the all the data. Fisher’s protected least significant
difference test was performed on the number of leaves infested in plots treated with different
insecticides.

OBJECTIVES

Long term
To establish the efficacy of all aphicides against the three common potato aphids, i.e. Myzus
persicae, Macrosiphum euphorbiae and Aphis gossypii.

Short term
= Continue with bio-assays to determine potential insecticidal resistance in aphids
= Continue with the rearing process of collected aphids
= Continue with maintenance of pot plants in green houses to be used in bioassays
= Keep monitoring the field trials for aphid emergence and insecticidal applications
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MATERIAL AND METHODS

Aphid populations

The three aphid species that most commonly occur on potatoes are M. persicae, M.
euphorbiae and A. gossypii. In the project proposal these three species were identified for
evaluations against insecticides. Aphids were collected on a regular basis and were sent to
the University of Pretoria (UP) for further rearing (as per proposal). Some aphids were then re-
collected from the insectaries of the UP. Aphids were also kept at the ARC-Roodeplaat for
rearing and evaluation purposes.

Bioassays

Foliage-applied insecticides

Detached-leaf bioassays were performed whereby aphids were placed on leaves that were
dipped in insecticides. These leaves with aphids were then incubated in Petri-dishes with a
layer of water agar on the bottom of each Petri dish to keep the leaves from wilting. Normal
field-recommended dosages were used, as well as half dosages, 25% and 10% of the field
dosage. Mortalities of the aphids were then observed after 48 hours.

Field trial

Two field trials were planted in January 2009 and February 2010. The field trials were planted
in a randomized block design with four repetitions (Fig 1 and 2). Aphids arrived very late for
both trials and only one evaluation was possible before the potato plants went into
senescence. Applications of insecticides were done using a motorized knapsack sprayer with
a boom of two meters. An application volume of 500 | per ha was maintained with all
applications. Three days after the application, 25 random leaves per plot were inspected for
any live aphids. Soil insecticides were applied as instructed on the label.

RESULTS and DISCUSSION

All insecticides that were evaluated against the three aphid species showed complete control
when using the field recommended dosage. All the insecticides showed varying degrees of
control when the dosages were reduced to 50%, 25%, 10% and 5% (Figs. 3-5). The melon
aphid, A. gossypii, was more difficult to control when the dosages were reduced. Except for
demeton-S-M, M. persicae and M. euphorbiae always showed similar decreasing efficacy
trends for all insecticides. At 50% of the recommended dosage, the insecticides showed
remarkable efficacy of 70% control or better against the two most common aphids, M.
persicae and M. euphorbiae. The melon aphid, however, showed poor control at this dosage
against methamidophos, acephate and dimethoate.

Eleven insecticides, i.e. endosulfan, acephate, profenophos, dimethoate, methamidophos,
oxydemeton-methyl, pirimicarb, imidacloprid, fenamiphos, aldicarb and demeton-S-methyl,
were evaluated in two field trials. The results for the aphid counts can be found in Table 1 and
3 and the yield data in Table 2 and 4. On average, seven out of 25 randomly selected leaves
collected in the untreated control plots contained potato aphids (M. euphorbiae), while the
treatments contained an average of one or less. The aphid counts on the aphicide-treated
plots were not significantly different from each other, but were significantly lower than the
control (Tables 1 and 3). The yield for the 2009 field trial was on average between 28 and 33
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kg per plot and for the 2010 trial between 21 and 35 kg per plot. There were no significant

differences between any of the treatments or the treatments and the control.

! dimethoate control
Rep 1 | methamidophos acephate
P Rep 3
control dimethoate
acephate profenofos
~ endosulfan methamidophos
S profenofos endosulfan
=
D
=
(4°]
- control acephate
profenofos methamidophos
Rep 2 )
dimethoate control Rep 4
methamidophos endosulfan
acephate profenofos
v endosulfan dimethoate
< 12 Meter -

Figure 1. The 2009 field trial layout for evaluations of insecticides against
aphids. Each plot was 4x4 meters (not to scale in the figure).
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I imidacloprid fenamiphos
control oxydemeton-methyl
pirimicarb demeton-S-methyl
P aldicarb imidacloprid Rep 3
oxydemeton-methyl control
-~ fenamiphos aldicarb
s demeton-S-methyl pirimicarb
=
(1°]
=
2 oxydemeton-methyl imidacloprid
pirimicarb fenamiphos
imidacloprid aldicarb
Rep 2 fenamiphos pirimicarb ner 4
aldicarb demeton-S-methyl P
control oxydemeton-methyl
J demeton-S-methy!l control

< 12 Meter >

Figure 2. The 2010 field trial layout for evaluations of insecticides against
aphids. Each plot was 4x4 meters (not to scale in the figure).
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Figure 3. The percentage control of the three aphid species with profenofos,
methamidophos and endosulfan with lowering dosages from the field
recommended dosage. Vertical bars indicate standard errors of the means.
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Figure 4. The percentage control of the three aphid species with acephate,
demeton-S-M and fenamiphos with lowering dosages from the field
recommended dosage. Vertical bars indicate standard errors of the means.
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Figure 5. The percentage control of the three aphid species with dimethoate
with lowering dosages from the field recommended dosage. Vertical bars
indicate standard errors of the means.

Table 1. The number of leaves infested (n = 25) with the potato aphid using different
foliage applied insecticides. (2009 field trial).

R1 R2 R3 R4 Av
Control 10 3 9 7 7.3 a
Endosulfan 2 0 1 0 0.8 b
Acephate 1 0 0 1 05b
Profenophos 1 3 0 0 1.0b
Dimethoate 2 0 0 1 0.8 b
Methamidophos 0 1 1 0 050Db

Means followed by the same letter in each column is not significantly different at the 5% level

using Fisher’s protected least significant difference test. SEM = 0.76; LSD =2.3

Table 2. The total yield in kilograms of plots treated with different foliage applied
insecticides. (2009 field trial).

R1 R2 R3 R4 Average

Control 32.4 36.2 27.9 36.9 334 a
Endosulfan 36.5 29.6 33.7 31.8 329 a
Acephate 33.9 36 37.3 27.2 33.6 a
Profenophos 19.5 33.7 255 34.3 28.3 a
Dimethoate 26.1 37.1 38 18.1 29.8 a
Methamidophos 33.9 38.1 20.4 37.5 325 a

Means followed by the same letter in each column is not significantly different. SEM = 3.34;
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Table 3. The number of leaves infested (n = 25) with the potato aphid using different soil-
applied insecticides. (2010 field trial).

R1 R2 R3 R4 Av
Control 6 8 6 7 6.8 a
Imidacloprid 0 0 1 0 0.3b
Pirimicarb 0 0 0 1 0.3b
Aldicarb 0 3 0 0 0.8 b
Oxydemeton-methyl 1 0 0 1 05b
Fenamiphos 1 1 1 0 0.8 b
Demeton-S-methyl 1 0 2 0 0.8 b

Means followed by the same letter in each column is not significantly different at the 5% level
using Fisher’s protected least significant difference test. SEM = 0.45; LSD =1.3

Table 4. The total yield in kilograms of plots treated with different soil-applied

insecticides. (2010 field trial).

R1 R2 R3 R4 Av.

Control 34.1 23.1 19.7 25.2 255 a
Imidachloprid 18.9 25.4 19.7 22.2 216 a
Fenamiphos 30.7 22.6 28 25.5 26.7 a
Pirimicarb 36.8 19 17.6 25.2 24.7 a
Oxydemeton-Methyl 34.9 22.1 17 30.3 26.1 a
Demeton-Methyl 36.4 17.7 19.8 20.5 23.6 a
Aldicarb 29.2 37.9 34.5 40.7 35.6 a
Yields were not significant different P = 0,053, CV = 21%.
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CONCLUSIONS

Our conclusion is that all the insecticides evaluated showed excellent control when
used at the recommended field dosages. The melon aphid, A. gossypii, seems to be
more difficult to control when the dosages are lowered. However, all the insecticides
still gave good control against the green peach aphid (M. persicae) and the potato
aphid (M. euphorbiae), even at 50% of the recommended field dosage. It is concluded
that the registered insecticides against aphids on potatoes in South Africa are still
effective. Other factors need therefore be investigated to find the reason for the high
incidence of potato viruses plaguing the seed industry.
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