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DISCLAIMER FOR PUBLICATIONS/MARKET INFORMATION (ONLINE OR PRINT)

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 In particular, you should be aware that information may be incomplete, may contain errors or may become out of date.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 you act upon it, and
Potatoes South Africa and its employees, agents and consultants do not accept any 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 of such information,
whether or not caused by any negligent act or omission.

Any expressions of opinion, claim and statement 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 to which such consent is given.
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EXECUTIVE SUMMARY

1. Aphid monitoring. Aphid landing rates in crop borders were higher up to 7 (12) m into potato fields compared to
the field interior. Further, roads leading through fields and central pivots also create an edge effect, i.e. show
higher landing rates of aphids than the interior of the field, increasing the risk of PVY spread. Results of the long-
term aphid monitoring trial (2007-2009) showed that weekly samples from bucket traps in the field (pooled across
six sites) were highly correlated with weekly suction trap abundance. Greater variation was observed in the
correlation between suction trap abundance and the abundance at individual field sites. The results suggest that
suction trap aphid abundance can be a good predictor of cereal aphid abundance in the field in the Christian
region.

2. ldentification of potential crop border plants to reduce PVY incidence. Non-colonizing aphid species are
responsible for a high incidence of primary PVY spread in potato. Therefore, a crop border has to be suitable for
colonizing as well as non-colonizing species. Aphid species that do not colonize potato but largely colonize
Poaceae (e.g. grasses, maize, wheat) were important vectors of PVY in the Christiana region. Maize and wheat,
which were identified as potential border crops in a small-scale field trial in Pretoria, could therefore be used as a
border crop in a seed production region such as Christiana.

3. List of aphid vectors occurring in potatoes and weeds. Based on the monitoring trials, literature and field
surveys the list of aphids occurring in the study region and their status as PVY vectors and transmission
efficiency has been updated. More than 40 species, 18 of which are vectors of PVY, have been recorded in the
yellow and green bucket traps during the short-term field trials. Based on previous and the current study at least
54 species, 28 of which are vectors of PVY, have been recorded in the Christiana region (species that could not
be identified to species level have been grouped together at genus level). The list highlights that mainly non-
colonizing aphid species are of importance in the transmission of PVY in the study region. It further shows which
species should be the focus of management strategies, e.g. selection of crop border plants based on aphid host-
plant preferences.

4. List of alternate hosts of virus and vectors. Many aphid species recorded in the Christiana region during the
short-term trials have a broad host range, i.e. they occur on plant species of more than one family. A list has
been complied of important plant families and host plants, some of which may serve as virus reservoirs. Weeds
and volunteer potatoes may be sources of virus inoculum and viruliferous aphids. Of the plants belonging to 10
families and 25 plant species collected in the vicinity of seed potato fields 12 species tested positive for PVY.
This highlights the importance of weed management within potato fields. On the other hand, the threat from
annual weeds as carriers of PVY is considered to be of lesser importance because annual plants in regions with
cold winters die back and true seeds do not carry PVY, i.e. emerging seedlings from infected plants are PVY-
free.

5. Transmission characteristics. The PVY transmission efficiency for Macrosiphum euphorbiae and Myzus
persicae was low, possibly due to the PVYN™N strain used. The mean relative efficiency factor values based on
the results of this and published studies will be included in the calculation of vector pressure. Mean values will be
used because relative efficiency factors may vary between studies.

6. Monitoring of the pea leafminer, Liriomyza huidobrensis. During the short-term trials high numbers of L.
huidobrensis were recorded in the bucket traps. The study was therefore extended to determine if yellow bucket
traps could be used as a monitoring tool for L. huidobrensis abundance in potato fields, as well as to examine
landing patterns of the leafminer in large potato fields. Results show that yellow bucket traps can be used as a
monitoring tool as landing rates in yellow traps were 4-9 times higher than in green traps. The landing pattern of
the leafminer was mainly random, suggesting that a crop border would not to be useful for the management of
this species.
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1. INTRODUCTION

Viral diseases constitute a major challenge to the profitable production of potatoes globally. Potato virus Y (PVY)
incidence is increasing world-wide, including South Africa. The need for virus-free seed potatoes entails a much
higher level of management than would be required for processed potatoes (Mowry, 1994), and control strategies
need to be developed in a region-specific manner (Ragsdale et al., 2001). The successful management of the non-
persistently aphid-transmitted PVY requires multiple tactics to reduce virus incidence. Potato virus management
strategies are preventative (reduction of virus inoculum) or therapeutic (reduction of the numbers of aphid vectors)
(Mowry, 1994, Caldiz et al., 2002, Radcliffe et al., 2002). Effective management strategies include amongst others
spatial and temporal isolation of seed potato crops, reduction of virus inoculum (e.g. crop borders and weed control)
and aphid monitoring (Ragsdale et al., 2001).

Plant borders consisting of a non-virus host plant have been suggested as an effective management strategy to
reduce incidence of PVY in seed potato crops, the rationale being that aphids lose the ability to transmit PVY when
feeding on a non-virus host plant before moving into potato fields (e.g. DiFonzo et al., 1996). This requires that aphid
landing rates are higher in crop borders compared to the interior of a field (edge effect). Although it has been shown
that aphids tend to land more frequently in field borders, little information is available on edge effects in large fields.
We examined aphid landing patterns within fields and tested whether aphid landing rates in large potato fields are
higher at the edges compared to the interior with a view to establishing whether crop borders could be useful in
managing PVY in the study region. To enhance the edge effect and thus the attractiveness of crop borders to aphids,
the choice of crop border plants is important because of host-plant preferences of aphid species.

Widespread incidence of PVY is linked to high aphid vector populations, migration of winged aphid vectors from
mature potato crops, other crops, and weeds to new potato crops. The spread of PVY is, therefore, related to aphid
flight patterns and numbers (abundance). Aphid monitoring provides support for making decisions with regard to the
nature and timing of control measures in a specific location/region. Therefore, accurate prediction of the spread of
PVY depends amongst others on reliable estimation of aphid numbers. Monitoring is usually done using a
combination of yellow bucket traps and suction traps. It is influenced by a number of factors, including
location/region, potato cultivar, aphid species, and climate. The aim of this study is to correlate yellow bucket and
suction trap counts to assess the efficiency of suction traps as a monitoring tool in a seed potato-producing region in
South Africa.

Another important factor influencing the spread of PVY is the amount of virus inoculum available. In this respect the
objective was to determine which plants other than potato may serve as a virus source in the study region.

During the short-term monitoring trials in Christiana the pea leafminer Liriomyza huidobrensis (Diptera: Agromyzidae)
was found in high abundance in the bucket traps. This leafminer is an important pest of a wide variety of vegetable
crops and ornamental plants in many parts of the world. It originates from South America and was first recorded in
South Africa in 2000; locally, it is mainly a pest of potato. Damage to the foliage leads to a reduction of
photosynthetic rate due to leaf puncturing caused by oviposition by the adult females and mining of the leaf
mesophyll by the larvae. Liriomyza huidobrensis is difficult to control due to its ability to develop resistance to many
insecticides. The first aim of this additional study was to evaluate if yellow bucket traps could be used as a
monitoring tool not only for aphids but also for L. huidobrensis abundance in potato fields. The second aim was to
examine landing patterns of L. huidobrensis in potato fields to determine whether adults land more frequently at the
edges or randomly within large fields. Should L. huidobrensis land more frequently in the edges, a trap plant could
potentially be used as a crop border for its management.

Project team

Dr M.P. Robertson (University of Pretoria)

Dr M. Warren (University of Pretoria)

Ms M.L. Fourie (University of Pretoria; white, female, MSc student)
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2. OVERALL OBJECTIVES OF THE POJECT

The overall objectives of the project are:
1. Aphid monitoring
> Required to establish which aphid species occur in the Christiana region in order to determine potential
vectors and important host plants
» Important for a number of control aspects

Short-term trials (2006)

a) Determine aphid species richness and abundance (aphid numbers) in the Christiana region

b) Rank aphid abundances and virus transmission efficiencies of the identified species to aid the long-
term goal of determining cumulative vector intensity

c) Analyse field samples to assess the potential usefulness of crop borders to reduce PVY incidence
¢ Examine aphid landing patterns in large (20-40 ha) seed potato fields to determine whether aphid

landing rates are higher at the edges compared to the interior

d) Evaluate if yellow bucket traps could be used as a monitoring tool for L. huidobrensis abundance in
potato fields and examine landing patterns of the pea leafminer in large potato fields to determine
whether adults land more frequently at the edges or randomly within large fields

Long-term trial (2006-2009)
e) Correlate yellow bucket and suction trap counts to assess the efficiency of suction traps as a
monitoring tool

2. ldentification of potential crop border plant species to reduce PVY incidence
> Required to determine the effectiveness of crop borders to reduce PVY incidence

a) Determine aphid host-plant preference of crops as potential border plants in a small-scale field trial.

3. List of aphid vectors
» Required to determine species of importance in the transmission of PVY

a) Identify aphids that develop on potato and weeds in, and in the vicinity of, potato fields to establish
which aphid species occur in the study region in order to determine potential vectors and potential
important alternate host plants of PVY

4, List of alternate hosts of virus and vectors
» Required to reduce virus inoculum in and around potato fields
a) Test selected plant species recorded in the study region for susceptibility to PVY

5. PVY transmission by Myzus persicae and Macrosiphum euphorbiae
> Important for control aspects

a) Test ability of various aphid species to transmit PVY and determine transmission efficiencies of vectors
to incorporate results in the vector pressure index
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3. APHID MONITORING

3.1.  Aphid species richness and abundance (aphid numbers) in the Christiana region

This aspect was addressed by sampling in the Christiana region during September 2005, October 2005, December
2005 and January - March 2006. Aphids occurring in old potato lands, planted potato, maize and lucerne fields and
natural vegetation surrounding potato fields were sampled using sweep nets (Fig. 1). Hand searches were also
performed in these fields and gardens in the town. In addition, the aphid species caught in green and yellow water
bucket traps placed in and around potato fields were used as an additional source to determine which species occur
in the region.

Fig 1. Aphid collection in the field; (a) green bucket traps, (b) sweep netting.

Because yellow attracts aphids, i.e. such traps catch more aphids than green traps, they are generally used for aphid
monitoring because fewer traps are needed compared to green traps, which reflect aphid landing rates in potato
fields. However, in order to use yellow traps for monitoring the number of traps that are required needs to be
determined, i.e. how the trap catches correlate with aphid landing rates in the field. The relationship between yellow
bucket traps and green bucket traps (aphid landing rates within fields) was determined in a snap-shot trial. In
addition, a seasonal field trial was carried out to test the hypothesis that aphid landing rates in large potato fields (20
— 40 ha) are higher at the edges compared to the interior to determine whether crop borders could be useful in
reducing PVY incidence in seed potato fields. Furthermore, a long-term field trial is being undertaken to correlate
yellow bucket and suction trap counts to assess the efficiency of suction traps as a monitoring tool.

Seasonal snap-shot trial

Design

Three 32-40 ha circular potato fields that were planted in the first week of November 2005 were selected in the
Christiana region. Three transects of 16 plastic green bucket traps (inside diameter = 30 cm) were placed in a Y-
formation (Fig. 2). The green buckets were positioned in square groups of 4 traps spaced 5 m apart. Four groups
were positioned along the transect every 100 m except for the first 2 groups that were placed 5 m from each other,
with the first group 2 m from the edge of the field (distances from field edge: 2, 7, 12, 17, 117, 122, 222, 227 m). Two
yellow bucket traps were placed between the ends of paired transects (see Fig. 2), i.e. 6 yellow traps were
positioned, equidistant, along the circumference of each field. A small hole was made at the top of each bucket and
covered with gauze to prevent the bucket from overflowing with rain and irrigation water and the trap catch being
lost. Each bucket was half-filled with water and household detergent added to break surface tension. The buckets
were emptied on 30 January, 2 and 7 February 2006 and the samples stored in 70 % ethanol and later pre-sorted
and identified in the laboratory. Aphid catches in each trap were counted and identified to species or genus level
where possible.
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Fig. 2. Sampling design at a field for the January-February 2006 trial. Three fields were identified and
sampled on 30 January, 2 February and 7 February 2006.

Analysis

To determine that the sample design used was adequate to sample all likely aphid species near a potato field,
sample-based rarefaction curves of each potato field for each sampling date were used (EstimateS V5, R.K. Colwell,
http://viceroy.eeb.uconn.edu/estimates, see also Gotelli & Colwell, 2001). These curves plot the increasing number
of aphid species that were caught at a field when more water bucket trap samples are added. The programme
(EstimateS) randomly selects the next sample so that the effect of increasing the number of samples on the number
of aphid species caught can be assessed. When these curves converge closely at the highest observed number of
species, it implies that most of the species that occur at a field were trapped (Longino et al., 2002).

In order to determine which variables affect the number of aphids caught at a field in green and yellow traps,
Analysis of Variance (ANOVA) was used. This analysis shows whether the included variable contributes significantly
to explaining aphid abundance. For the yellow traps a factorial ANOVA with the terms sampling date (sample), site
(1-3), direction of transect (transect) and their interactions was used. For the green traps a generalised linear model
ANOVA with Poisson error structure and log link function was used including the significant terms only after
performing a main effects ANOVA (McCullagh & Nelder, 1989). The included terms were site (1-3), direction of
transect (transect), distance from the edge of the field and their interactions.
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Table 2. List of aphid species recorded in the vicinity of potato fields in the Christiana region, their host plants and ability to transmit PVY. Collection method (traps = green/ yellow water
bucket traps in potato fields; suction trap = trap positioned near Christiana, host plant names are given for hand searches)

No. Aphid species Common name Plant family Plant species Collection Vector of
(examples)? (examples) b Method® PVY
1 Acyrthosiphon kondoi Blue alfalfa aphid, Fabaceae, Lucerne, clover, Traps -
blue-green aphid Poaceae Aristida congesta
2 Acyrthosiphon lactucae (Lettuce aphid) Asteraceae Lactuca spp. (e.g. Lactuca sativa (lettuce)) Lactuca sp., suction -
trap
3 Acyrthosiphon pisum Pea aphid Fabaceae, Lucerne, clover, peas, beans, Lucerne, traps, Yes
Brassicaceae, Capsella sp., suction trap
Solanaceae tomato*
4 Acyrthosiphon spp. Traps -
5 Aphis craccivora Black legume aphid, Numerous families, Traps, suction trap Yes
cowpea aphid, Asteraceae,
groundnut aphid Brassicaceae, Capsella bursa-pastoris*,
Nyctaginaceae, Mirabilis jalapa®,
Portulacaceae, Portulaca oleracea”,
Solanaceae, tomato*,
Zygophyllaceae, Tribulus spp., Tribulus terrestris®,
preference for
Fabaceae beans, clover, groundnuts
6 Aphis fabae Black bean aphid Numerous families, - Yes
Asteraceae, Sonchus sp.,
Brassicaceae, Capsella bursa-pastoris®,
Fabaceae, beans, lucerne, peas,
Plantaginaceae, Plantago lanceolata*,
Polygonaceae, Emex australis®,
Portulacaceae, Portulaca oleracea®,
Solanaceae, tomato*, potato*, tobacco*, Solanum
nigrum®,
Zygophyllaceae Tribulus terrestris*
7' Aphis gossypii Melon aphid, Numerous families, Cotton, citrus, melon, coffee, ornamental Traps, suction trap Yes
cotton aphid plants,
Asteraceae, Sonchus oleraceus®,
Brassicaceae, Capsella bursa-pastoris®,
Portulacaceae, Portulaca oleracea®,
Solanaceae potato*, chilli pepper*, tomato*, tobacco*,
Solanum nigrum*
8 Aphis nasturtii Apiaceae, Nasturtium officinale, Traps Yes
Solanaceae potato*
9 Aphis nerii Oleander aphid Apocynaceae, Nerium spp., Vinca spp., Traps -
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No. Aphid species Common name Plant family Plant species Collection Vector of
(examples)? (examples) ab Method® PVY
Asplediaceae,
(occasionally:
Asteraceae,
Euphorbiaceae)
10 Aphis oenotherae Onagraceae Oenothera spp. Traps -
11 Aphis pseudocardui Asteraceae Cardus sp., Lactuca sp. Traps -
12| Aphis spiraecola Green citrus aphid, More than 20 families, Citrus, Conyza sp. Yes
spirea aphid e.g. Apiaceae, traps, suction trap
Asteraceae,
Caprifoliaceae, Tagetes minuta®,
Portulacaceae,
Rosaceae, Portulaca oleracea”,
Rubiaceae,
Rutaceae,
Solanaceae
tobacco*, potato*
13 Aphis spp. Traps Yes
14| Aulacorthum circumflexum Mottled arum aphid Numerous plant families = Ornamentals Traps -
15 Aulacorthum solani Glasshouse potato aphid, Numerous plant - Yes
foxglove aphid families,
Brassicaceae, Capsella bursa-pastoris®,
Asteraceae, Tagetes minuta*,
Solanaceae potato*, tobacco*
16 Brachycaudus helichrysi Leaf curling plum aphid Rosaceae, Plum, Traps Yes
Asteraceae, Chrysanthemum spp., Senecio spp., Conyza
canadensis™
Fabaceae
17 Brachycaudus rumexicolens Polygonaceae Emex australis* - Yes
18 Brevicoryne brassicae Cabbage aphid, Brassicaceae Cabbage, cauliflower, radish, Capsella bursa- | - Yes
mealy cabbage aphid pastoris*
19| Capitophorus hippophaes Elaeagnaceae, Elaeagnus spp., Hippophae spp., Polygonum | Traps Yes
Polygonaceae spp.
20 Coloradoa rufomaculata Green chrysanthemum aphid Asteraceae Chrysanthemum spp. Traps -
21| Diuraphis noxia Russian wheat aphid Poaceae Wheat, barley - Yes
22 Dysaphis (Pomaphis) spp. - Yes
23| Eriosoma lanigerum Woolly apple aphid Rosaceae Apple Traps -
24 Geoica lucifuga Poaceae Maize, sugarcane, rice Traps -
25| Hyadaphis coriandri Apiaceae, Carrot, coriander, fennel, Traps -
Lamiaceae, mint (Mentha longifolia),
A Final Report: Management of Potato virus Y (PVY) in seed potatoes Page 11
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No. Aphid species Common name Plant family Plant species Collection Vector of
(examples)? (examples) ab Method® PVY
Amaranthaceae, spiny pigweed (Amaranthus spinosus),
soybean
Fabaceae
26 Hyadaphis spp. Traps -
27| Hyalopterus pruni Mealy plum aphid Rosaceae, Apricot, almond, plum, peach, Reed, Yes
Poaceae common reed (Phragmites australis), giant traps, suction trap
reed (Arundo donax)
28 Hyperomyzus carduellinus Asteraceae Lactuca spp., Senecio spp., Senecio Traps -
consanguineus®, Sonchus spp., Sonchus
oleraceus*
29 Hyperomyzus lactucae Blackcurrant — sow thistle aphid Grossulariaceae, Ribes spp., Sonchus sp., Yes
Asteraceae Sonchus spp., Sonchus oleraceus* traps
30 Hysteroneura setariae Rusty plum aphid Rosaceae, Plum, Traps, suction trap -
Poaceae, barley, rice, millet, sugarcane, sorghum,
Cyperaceae wheat,
Cyprus spp., Cyperus rotundus*
31| Lipaphis pseudobrassicae Mustard aphid, Brassicaceae Brassica spp., Capsella spp., Capsella bursa- | Traps Yes
False cabbage aphid pastoris*
32 Macrosiphum euphorbiae Potato aphid More than 20 plant Roses, Yes
families, Traps
Asteraceae, Lactuca serriola®, Senecio consanguineus®,
Sonchus oleraceus®, Tagetes minuta®,
Capsella bursa-pastoris®,
Brassicaceae, Convolvulus arvensis®,
Convolvulaceae, Emex australis®,
Polygonaceae, Rosa spp.,
Rosaceae, potato*, chilli pepper*, tomato*, tobacco*,
Solanaceae Solanum nigrum*
33 Macrosiphum rosae Rose aphid Rosaceae, Rosa spp., Pyrus spp., Malus spp., Roses -
Dipsacaceae, Dipsacus spp.,
Valerianaceae, Centranthus spp., Valeriana spp.
Onagraceae
34| Melanaphis sacchari Traps -
35 Metopolophium dirhodum Rose-grain aphid Rosaceae, Rosa spp., Lucerne, suctiontrap ~ Yes
Poaceae barley, maize, wheat, oats
36 Myzus ornatus Violet aphid Numerous plant Potato*, Traps Yes
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No. Aphid species Common name Plant family Plant species Collection Vector of
(examples)? (examples) ab Method® PVY
Bignonaceae,
Lamiaceae,
Polygonaceae,
Primulaceae,
Rosaceae,
Violaceae
37 Myzus persicae Green peach aphid, More than 40 plant Traps Yes
Peach-potato aphid families
Asteraceae, Sonchus oleraceus®,
Brassicaceae, Capsella bursa-pastoris®,
Chenopodiaceae, Chenopodium giganteum®,
Polygonaceae, Emex australis®,
Rosaceae, Peach, Prunus spp.,
Solanceae potato*, pepper*, chilli pepper*, tobacco*,
Solanum nigrum*
38 Pemphigus populitransversus Poplar leaf-stem gall aphid Salicaceae, Populus spp., Traps -
Brassicaceae
39 Rhopalosiphoninus latysiphon Bulb-and-potato aphid Liliaceae, Bulbs in storage, e.g. tulip, - Yes
Iridaceae, Gladiolus spp.,
Solanaceae, Subterranean parts of e.g. potato*, some
Poaceae grasses
40 Rhopalosiphum maidis Corn leaf aphid Poaceae, Barley, maize, oats, rice, rye, sorghum, Traps, suction trap Yes
sugarcane, wheat
Cyperaceae,
Typhaceae
41| Rhopalosiphum nymphaeae Water lily aphid Aponogetaceae, Aponogeton, Traps -
Nymphaceae, Nymphaea,
Salviniaceae Salvinia
42 Rhopalosiphum padi Bird cherry - oat aphid Rosaceae, Prunus padus, Salvia sp., Yes
Poaceae, barley, maize, oats, rye, wheat, grasses traps, suction trap
Lamiaceae
43 Rhopalosiphum rufiabdominalis Rice root aphid Rosaceae, Apricot, peach, Traps -
Poaceae, rice, wheat,
Cyperaceaeg,
Solanaceae potato*, tomato*
44 Rhopalosiphum spp. Traps -
45 Saltusaphis scirpus Traps -
46| Schizaphis graminum “Greenbug” Poaceae Barley, maize, oats, rice, rye, sorghum, Traps Yes
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No. Aphid species Common name Plant family Plant species Collection Vector of
(examples)? (examples) ab Method® PVY
wheat, grasses
47 Sitobion africanum Poaceae, Bromus spp., Zea spp., Traps -
Cynodon spp., Eragrostis spp.,
Euphorbiaceae, Euphorbia spp.,
Moraceae Ficus spp.
48 Sitobion avenae Grain aphid Poaceae Cereals, - Yes
pasture grasses
49 Sitobion fragariae Blackberry — cereal aphid Rosaceae, Ribes spp., - Yes
Poaceae wheat, barley
50 Sitobion spp. Poaceae Wheat, Yes
traps, suction trap
51 Smynthurodes betae Solanaceae Potato*, tomato* - -
52 Tetraneura fusiformis Ulmaceae, Eragrostis spp., Unidentified weed, -
Poaceae Paspalum dilatatum, traps
Pennisetum clandestinum, sorghum
53 Therioaphis trifolii Yellow clover aphid, Fabaceae, Lucerne, clover, etc. Sonchus sp., lucerme, -
Spotted alfalfa aphid Asteraceae traps,
suction trap
54 Uroleucon sonchi Asteraceae Chicory, Lactuca spp., Sonchus oleraceus®, Sonchus sp. -

a Plant families and species from Millar (1990, 1994) and Blackman & Eastop (2007).

b Plant species marked with as asterisks are hosts of PVY.

¢ Species with no data have previously been reported from the Christiana region but were not collected during this study.
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Results and Discussion

The sample-based rarefaction curves revealed that the sample design was adequate to sample most to all aphid species
occurring in a potato field. Fig. 3a is one example of such an analysis. The programme determines the effect of
increasing the number of samples on the number of aphid species trapped. The graphs converge and flatten off
(asymptote) at higher sample numbers, indicating that most aphid species were sampled. However, more than a single
trap per field is required to achieve this. Approximately 18-20 green traps per field are required to estimate species
richness at a field.

Because yellow traps attract aphids, the minimum number of yellow traps that need to be used to obtain an adequate
sample of species richness needs to be determined. Again, sample-based rarefaction curves were used to determine
this. Fig. 3b suggests that 5-6 yellow traps appear to be adequate for sample representivity; this number requires
confirmation with a greater number of yellow traps per field.
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Fig. 3. Representative rarefaction curves (ICE, MMMeans) of species richness for (a) green traps (n = 48) and (b)
green and yellow traps (n = 6) for a single site on 30 January 2006.

The total number of species captured in green traps was higher than for the yellow traps (Fig. 4a). When these numbers
are corrected for sample size (48 green vs 6 yellow traps per field), yellow traps consistently trapped a larger number of
species per trap (Fig. 4b). However, the variation in average species richness per yellow trap was greater than for the
green traps that consistently trapped an average richness of 0.3 species (Fig. 4b). Although aphid richness is reflected in
5-6 yellow traps at a field, the actual number of aphids (abundance) landing in the field is much lower (by 6-7 times) than
the value suggested by the yellow traps. The yellow traps thus overestimate_the abundance of aphids actually landing in
potato fields.
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Fig. 4. (a) Total species richness and (b) mean species richness per trap for each site over three sampling days.
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Table 1. Analysis of Variance for abundance and the independent variables sampling day, site, transect
direction, distance from edge of field (m, for green traps only) and their interactions for 1. yellow traps and 2.
green traps. P values < 0.05 show that the variable contributed significantly to explaining the variation in
abundance.

Variable df F/Log likelihood P

1. Yellow traps (% variation explained = 48, df = 26)

Sampling day 2 6.39 <0.01
Site 2 10.85 <0.001
Transect Direction 2 0.84 0.442
Sampling day*Site 4 3.12 <0.05
Sampling day*Transect 4 2.28 0.09
Site*Transect 4 1.73 0.17
Sample*Site*Transect 8 1.30 0.28

2. Green traps (% variation explained = 7, df = 360)

Site 2 -660.35 <0.001
Transect Direction 2 -655.25 <0.05
Distance from edge 7 -657.96 0.09
Site*Transect 4 -655.46 0.11
Site*Distance from edge 14 -668.711 <0.01
Transect*Distance from edge 14 -661.52 0.14
Site*Transect*Distance 28 -673.84 <0.03

Sampling date, site, transect direction and their interactions contributed 48 % towards explaining the variation in yellow
trap abundance (Table 1.1). This value is a high amount of explained variation for biological data. Variations between
sites and over sampling days contributed the most to the explained variation. Aphid abundance decreased over time,
most likely as a result of deteriorating weather conditions (cool, cloudy conditions prevailed at the time of sampling).
Aphid abundance was higher at one site than the remaining two sites for two of the sampling dates. For the green traps,
less variation (7 %) in abundance could be explained by the included terms than for the yellow traps. Again, differences
between sites were apparent and contributed the most to the explained variation (Table 1.2).

Seasonal short-term trial

Design

For the seasonal short-term field trial three 20-40 ha circular potato fields planted in the Christiana region in January
2006 were selected. To determine aphid species richness and abundance, and to develop a monitoring programme,
yellow and green bucket traps were used. Four transects each consisting of 16 plastic green bucket traps were placed in
cross-formation in fields (Fig. 5). Green bucket traps were positioned in groups of two traps and placed at increasing
distances (2, 7, 12, 17, 117, 122, 222, 227 m) from the field edge. Four yellow traps were positioned, equidistant, along
the circumference of each field.
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/Yellow bucket trap

o

\Green bucket trap

Fig. 5. Sampling design of a field for the March-May 2006 seasonal trial. Three fields were identified and
sampled weekly over 7 weeks.

The bucket traps were emptied in weekly intervals over a seven-week period commencing 20 March 2006. Insect
samples were transferred separately from each trap to 70 % ethanol and stored for later pre-sorting and identification in
the laboratory. Aphid samples of each trap were counted and identified to species or genus level by L. Muller and M.
Fourie (University of Pretoria), assisted by lan Millar of the National Collection of Insects (NCI), Biosystematics Division,
ARC-Plant Protection Research Institute (ACR-PPRI). Leafminer samples were identified by Dr M. Mansell (USDA).

Analysis

Analyses of variance (ANOVAs), using log transformed data, were used to examine differences in insect abundance
between sites, weeks, and distance from edge of fields.

Results and Discussion

Aphid abundance differed between sites, sampling weeks and distance of green traps from the edge of fields (Fig. 6).
Aphid abundance was highest at Site 1, followed by Site 2, and Site 3 had the lowest abundance (Fig. 6a). Overall aphid
abundance varied between weeks: it decreased from Week 13 to Week 14 and thereafter increased from Weeks 15 to
17 (Fig. 6b). Aphid abundance was very low in Weeks 18 and 19 because of cold weather conditions; these two weeks
were therefore excluded from subsequent analyses. Overall, more aphids landed in the edges of fields than towards the
field interior (Fig. 6¢).The trend for aphid abundance over the weeks was not the same for all sites. Site 3 had a
considerably lower abundance than Sites 1 and 2 in Weeks 16 and 17 (Fig. 6d).
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Fig. 6. Relationship between aphid abundance and site (a), week (b), distance of trap from edge (c), and
interaction between week and site (d) for green bucket traps

The most abundant PVY vector species or species groups landing in in the potato fields (green bucket traps) were Aphis
spp. and R. padi. (Table. 3)

3.2.  Rank aphid abundances and virus transmission efficiencies of the identified species to aid the
long-term goal of developing a vector pressure index

A total of 17101 individuals were collected, sorted and 17034 identified to species or genus level. The number of aphid
species collected in the Christiana region in the yellow and green bucket traps in the seasonal trial increased from 35
(week 16) to more than 40 (week 19) (more than 40 species because aphids that could not be identified to species level,
e.g. Aphis species, were grouped together at genus level). Combining data from the short-term field trials, previous
surveys, suction trap, and hand samples, at least 54 species occur in the vicinity of potato fields. Of these, 28 species
are known vectors of PVY (Tables 2, 3).

The field trials together with PVY transmission experiments and published data will be used to calculate the vector
pressure index based amongst others on abundance of aphid vector species and the efficiency of a particular species to
transmit PVY. A list of species collected in the Christiana region together with transmission efficiencies of vectors is
given in Table 3. The most abundant species in the seasonal trial were the yellow clover aphid Therioaphis trifolii (1438
individuals), Tetraneura fusiformis (1282 individuals) and the bird cherry oat aphid Rhopalosiphum padi (1171
individuals). Of these, only R. padi is a known vector of PVY. This species ranked as the most important vector of PVY
based on abundance and PVY transmission efficiency in the Christiana region.

fjg

b S Final Report: Management of Potato virus Y (PVY) in seed potatoes Page 18
aartappels



Table 3. List of aphid species, their mean abundances (pooled) for 30 January, 2 and 7 February (Weeks 5 and 6, snap-
shot trial) and Weeks 13 to 19 (seasonal trial) in 2006 at 3 potato fields each and maximum transmission efficiencies 2».

Snap-shot trial Seasonal trial Maximum
No.  Aphid species Greentraps  Yellow traps Greentraps  Yellow traps transmission
(144) (18) (192) (12) efficiency®
1 Acyrthosiphon kondoi Shinji 126 9
2 Acyrthosiphon lactucae (Passerini)
3 Acyrthosiphon pisum (Harris) 407 31 14
4 Acyrthosiphon spp. 148 8
5 Aphis craccivora Koch 113 43 8 1 4
6 Aphis fabae (Scopoli) 24
7 Aphis gossypii (Glover) 34 21 7 31
8 Aphis nasturtii Kaltenbach 7 2 50
9 Aphis nerii Boyer de Fonscolombe 18 26 51 16
10 Aphis oenotherae Oestlund 67 17 3 1
11 Aphis pseudocardui Theobald 1
12 Aphis spiraecola (Patch) 23 2 7 5 Not reported
13 Aphis spp. 1261 8555 6.7
14 Aulacorthum circumflexum (Buckton) 2
15 Aulacorthum solani (Kaltenbach) 5
16 Brachycaudus helichrysi (Kaltenbach) 1 12.5
17 Brachycaudus rumexicolens (Patch) Not reported
18 Brevicoryne brassicae (L.) Not reported
19 Capitophorus hippophaes (Walker) 1 11 6 3.1
20 Coloradoa rufomaculata Wilson 2
21 Diuraphis noxia (Mordvilko) 7
22 Dysaphis (Pomaphis) spp. 1.8
23 Eriosoma lanigerum Hausmann 1
24 Geoica lucifuga (Zehntner) 3 17
25 Hyadaphis coriandri (Das) 1
26 Hyadaphis spp. 1
27 Hyalopterus pruni (Geoffroy) 9 13.9
28 Hyperomyzus carduellinus Theobald 2 1
29 Hyperomyzus lactucae (L.) 2 1 174
30 Hysteroneura setariae (Thomas) 12 5 103 5
31 Lipaphis pseudobrassicae (Davis) 48 28 10
32 Macrosiphum euphorbiae (Thomas) 8 2 2 29
33 Macrosiphum rosae (L.)
34 Melanaphis sacchari Zehntner 14 14 15 4
35 Metopolophium dirhodum (Walker) 25 4 10
36 Myzus ornatus Laing 3 8 1 Not reported
37 Myzus persicae (Sulzer) 15 53 2 711
38 Pemphigus populitransversus Riley 20
39 Rhopalosiphoninus latysiphon (Davidson) Not reported
40 Rhopalosiphum maidis (Fitch) 70 48 336 87 Not reported
41 Rhopalosiphum nymphaeae (L.) 1 92 2
42  Rhopalosiphum padi (L.) 199 289 1064 107 11.5
43 Rhopalosiphum rufiabdominalis (Sasaki) 1 18 1
44 Rhopalosiphum spp. 1
45 Saltusaphis scirpus Theobald 20 2
46 Schizaphis graminum (Rondani) 4 37 1 Not reported
47 Sitobion africanum Hille Ris Lambers 57 5
48 Sitobion avenae (F.) 1.8
49 Sitobion fragariae (Walker) 10
50 Sitobion spp. 1 92 1 Not reported
51 Smynthurodes betae Westwood
52 Tetraneura fusiformis Matsumura 100 16 1205 77
53 Therioaphis trifolii (Monell) 129 53 1244 194
54 Uroleucon sonchi (L.)

a Species with no values for trap catches have been reported from the Christiana region but were not collected in the yellow or green bucket traps during the

short-term field trials. ® Excluding immatures and damaged specimens which could not be identified. ¢ Vector transmission efficiencies from Ragsdale et al.
(2001), Radcliffe (1982) and Boukhris--Bouhachem et /. (2007).
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3.3. Analysis field samples to assess the potential usefulness of crop borders to lower PVY
incidence

Overall, more aphids landed in the edges of fields than towards the field interior in the seasonal field trial (Fig. 6c).
However, a clear edge effect was discernible only in one out of the three sites (Fig. 7a). Aphid landing rates tended
to be higher at edges of fields for up to 7 (12 m) compared to the interior in Site 1 for traps placed in transects
through fields (NW and SE transects) (Figs 7c, 8a). However, the number of aphids landing in traps placed in
transects (NE and SW) at edges along roads (ca. 6 m in fields from road edge, leading through fields and towards
centre pivots) were largely independent of distance and no clear trend was discernible for aphid abundance in traps
along the road (Figs 7e, 8a). Similar trends were observed for R. padi (Figs 7b,d,f), although the edge effect was less
pronounced. However, for some species, such as Aphis spp., no pattern was apparent as these landed randomly in
potato fields.

The overall number of aphids landing in fields not only tended to be higher at the edges of fields and roads leading
through fields, but also to increase towards the centre of fields (Fig. 8b) since roads and pivots create further edge
effects. The same principle as for the crop border, i.e. that aphids are attracted to the bare soil — green field
boundary, seems to apply.
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Fig. 7. Relationship between aphid landing rates and distance of green bucket traps from the field edge (Site
1). The traps were placed within the potato field; all transects combined: (a) all species, (b) Rhopalosiphum
padi; NW and SE transects: (c) all species, (d) Rhopalosiphum padi; transect traps placed in the field at a
distance of ca. 6 m from the road leading through the field (NE and SW transects): (e) all species, (f)
Rhopalosiphum padi.
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The strength of the edge effects was not the same at all sites and sampling weeks and depended on factors such as
aphid abundance, aphid species, and trap position. Wind direction can influence aphid landing patterns. However, no
relationship was apparent in the seasonal short-term field trial between aphid landing patterns and wind direction.
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Fig. 8. Frequency plots of aphid abundances in green bucket traps in transects placed in a cross formation
in the 40 ha field, Site 1 (a) and the 20 ha field, Site 3 (b). The larger the circle the higher the number of
aphids caught in traps.

In conclusion, although edge effects were apparent, patterns within and among sites were not always consistent. To
enhance the effectiveness of a crop border, a crop border plant should be selected that is attractive to both potato-
colonizing (feed and reproduce on potato) and non-colonizing aphid vectors. However, roads and centre pivots can
create further ‘edge effects’, and this should be considered when devising management plans.
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3.4.  Evaluation of the usefulness of yellow bucket traps as a monitoring tool for L. huidobrensis
in potato fields and its landing pattern in large potato fields

The number of leafminers landing in yellow traps was 4 to 9 times higher compared to the green trap catches (Fig.
9), indicating that yellow bucket traps can be used as a monitoring tool; however, a threshold has to be determined
first. In contrast to the aphid landing pattern, L. huidobrensis landed mainly randomly within fields and no edge
effects were discernible (Fig. 10). However, neighbouring potato fields and burn-off of these fields may influence the
number of L. huidobrensis present in field borders. In general, a crop border does not seem to be useful for the
management of the pea leafminer.
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Fig. 9. Mean abundance of the pea leafminer L. huidobrensis in green and yellow bucket traps per sampling
date for the snap-shot trial.
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Fig. 10. The relationship between landing rates of the pea leafminer L. huidobrensis and the distance of traps
from the edges of fields (pooled for all three sites, seasonal trial).
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Long-term trial (2006-2009)

3.5. Relationship between yellow bucket and suction trap counts and assessment of the
efficiency of suction traps as a monitoring tool

Design

To correlate yellow bucket and suction trap counts continuous long-term monitoring trials were undertaken in the
Christiana region from January 2007 until March 2009. For each trial, six yellow bucket traps were placed around a
potato field at each of six sites (Fig. 11). An earlier component of the project determined that six yellow bucket traps
per site were sufficient to obtain representative samples of the species in the area. At each site, the six traps were
spaced evenly around the fields and placed in the crop 2 m from the edge. The sites contain plants of a similar age
and, where possible, fields of a similar size were selected. The yellow bucket traps were cleared weekly on the same
day that samples were taken from the suction trap. The contents of each yellow bucket trap was sieved through fine
gauze and stored in 70% ethanol. All aphids were separated from other insects and counted in the laboratory at the
University of Pretoria. Aphid species were identified by M. Fourie and L. Muller with the assistance of I. Millar.
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Fig. 11. Map showing the approximate position of each of the six sites where aphid monitoring was
undertaken using yellow traps in relation to the suction trap (purple square).

Analysis

The mean number of aphids captured each week at each of the sites was plotted and compared with the number of
aphids collected using the suction trap. Data were also pooled across sites to yield overall weekly trends in numbers
of aphids captured in yellow bucket traps. Pearson correlations were calculated between the pooled weekly aphid
data and the data collected by the suction trap. The species composition of samples taken from the suction trap was
compared with that of the yellow bucket traps in the fields.

Results and Discussion
More than 53000 aphids have been sorted and more than 32000 aphids 60 species have been identified (yellow

bucket & suction traps) to species or genus level. Results suggest that, overall, the number of aphids (abundance)
from suction traps can be a good predictor of aphid abundance in the field. The total number of aphids (abundance)
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from yellow bucket traps in the field (pooled across six sites) was highly correlated with suction trap abundance (r =
0.70) (Fig. 12). Greater variation was observed in the correlation between suction trap abundance and the
abundance at individual field sites. Correlations between suction trap abundance and yellow bucket trap abundance
at sites 3, 5 and 6 were weak (r = 0.37 - 0.50). However, correlations between suction trap abundance and yellow
bucket trap abundance at sites 1, 2 and 4 was much stronger (r = 0.72; 0.63; 0.70).
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Fig. 12. Correlation of aphid abundance in yellow bucket traps (pooled across six sites) with suction trap
abundance (r = 0.70).

The most important PVY vector species/species group in the Christiana region are the cereal aphids Rhopalosiphum
padi and Sitobion spp, which do not colonize (do not reproduce on potato), and Aphis spp., some of which colonize
potato and are also able to transmit PLRV (Fig. 13). Over the trial period, the most abundant species/ species groups
caught in the suction trap were R. padi (5939 individuals), Aphis species (1535) and Sitobion species (630
individuals). In addition, the yellow clover aphid, Therioaphis trifolii, occurred in high numbers (1193 individuals); it is
not known if this species is a vector of PVY. The most abundant PVY vector species caught in yellow bucket traps
were Aphis species (8135 individuals), R. padi (6039) and Sitobion spp. (2581). M. euphorbiae and M. persicae were
caught in low numbers only.
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Suction trap

Rhopalosiphum padi

B Aphis spp.
Thenoaphis trifolii

B Sitobion spp.
Rhopalosiphum maidis
Femphigus populitransversus

m Hyalopterus pruni

B Macrosiphum euphorbiae
Meiopolophium dirhodum
Tetraneura fusiformis
Schizaphis graminum
Acyrthosiphon pisum
Acyrthosiphon spp.

Yellow bucket traps - all sites
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m Aphis spp.

Thencaphis frifoli

m Sifobion spp.
Tetraneura fusiformis
Hyalopterus pruni

m Hacrosiphum euphorbiae
Myzus persicae

Fig. 13. Proportion of aphid species that contributed 99% to each of the suction and yellow bucket trap
catches. Yellow bucket trap catches were pooled across six sites.

In both the yellow bucket traps and the suction trap, the cereal aphids R. padi and Sitobion spp. peaked in October
2008 (week 41 to 46/47) and R. padi again in February/March 2009 (week 7 to week 12; Fig. 14). There was no clear
relationship between bucket trap and suction trap catches for Aphis spp. A peak in yellow bucket trap catches
occurred in December (week 49 to 51) whereas suction trap catches peaked in February/March 2009 (week 7 to
week 12). Trap catches of M. euphorbiae and M. persicae were too low to make any deductions.
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Fig. 14. Aphid abundance of the most common PVY vectors in yellow bucket trap (pooled across six sites)
and suction trap samples.
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4. IDENTIFICATION OF POTENTIAL CROP BORDER PLANT SPECIES TO REDUCE
PVY INCIDENCE

Design

In addition to determining aphid landing patterns in crop borders in the short-term field trials, a field trial was
undertaken using crops as potential border plants to evaluate aphid crop preference under natural aphid infestation
conditions. The following five crops were planted in a randomized block design at the Research Farm of the
University of Pretoria on 8 March 2006: potato (Solanum tuberosum L., Solanaceae, ‘BP1’), lucerne (Medicago sativa
L., Fabaceae, ‘Standaard’), wheat (Triticum aestivum L., Gramineae, ‘Kariega’), maize (Zea mays L., Gramineae,
‘CRN 3505") and soybean (Glycine max (L.) Merr., Fabaceae, ‘Moekwa’) (Fig. 15). The crops were selected based
on discussions with potato growers. Each treatment was replicated six times, i.e. six blocks. Within a block, each
crop was randomly assigned to one of the five 5 x 5 m plots. The distance between plant rows within a plot was 0.5
m and the distance between plots 1 m. Maize and soybean were planted 20 cm apart and potatoes 60 cm apart
within each row.

Fig. 15. Aphid crop preference field trial at the Research Farm of the University of Pretoria, showing plots
with different crops planted in a randomized block design. Aphids were sampled using sweep nets, green
bucket traps and leaf counts.

Green bucket traps (winged adults) were used to estimate aphid landing rates, and leaf counts and sweep netting
(nymphs and wingless adults) were used to identify colonizing species. Firstly, aphids were trapped in green bucket
traps to determine whether different aphid species prefer different crops or whether they land randomly in an area
and select their host plant/ preferred crop after landing. One green bucket trap, filled with water to which liquid soap
had been added, was placed in the middle of each plot. The green bucket traps were kept at the canopy level of a
particular crop. Secondly, 10 randomly selected plants per plot were visually inspected and aphid numbers counted;
aphids were counted on four top, middle, and bottom leaves each, resulting in 720 leaves per crop per week. In

A/ Final Report: Management of Potato virus Y (PVY) in seed potatoes Page 27

potatoes
aartappels SA



addition, sub-samples of aphids were collected from these plants for species identification. Thirdly, aphids were
collected by sweep netting, using 10 sweeps across two rows, resulting in four rows per plot. (Fig. 15).

Aphids were counted and collected in weekly intervals from 19 April to 24 May 2006, when the trial had to be
terminated due to frost damaging the plants. In total 4320 plants per crop were visually inspected and sub-samples of
aphids collected for identification. In addition, 12 sweep net samples were taken and six green bucket trap samples
were collected weekly per crop over six weeks. Aphid identifications were done by M. Fourie assisted by I. Millar of
the Biosystematics Division of the ARC-Plant Protection Research Institute (ARC-PPRI).

Analysis

Total aphid abundance (logo (y+0.5)) was analysed with linear mixed model repeated measurement analysis over
six weeks using the REML procedure in GenStat® (Payne et al. 2012) with a fixed model of week+crop+weekxcrop
and plotxweek as random effect. Species that were characteristic for landing in and colonizing a crop were
determined with the similarity percentages (SIMPER) analysis using the Bray-Curtis similarity coefficient (Clarke
1993), with a cut-off of the cumulative percent contribution at 90 %.

Results and Discussion

Of the 8436 aphids collected, 3245 were adults, 4972 nymphs and 219 damaged individuals that could not be
identified. All undamaged winged and wingless adults collected during the trial were identified to species or genus
level where possible. Overall, 34 species or species groups were recorded. The green bucket trap samples
comprised 495 winged adults and 32 species or species groups, leaf count samples contained 982 wingless adults
and 9 species or species groups, and those from the sweep-net samples 1287 wingless adults and 11 species or
species groups.

Aphid landing rates in green bucket traps increased in lucerne from week 19, whereas the number of aphids landing
on the other crops fluctuated between weeks (Fig. 16a, Table 4). The highest mean number of winged aphids was
recorded in lucerne, followed by potato, soybean, wheat, and maize. The highest mean number of nymphs and
wingless adults were recorded on leaves occurred on maize followed by wheat, potato, and lucerne (Fig. 16b, Table
4). Very few nymphs and apterous adults were recorded on leaves of soybean. Based on the sweep net samples, the
mean number of nymphs and wingless adults remained relatively constant on the different crops, except for lucerne
(Fig. 16c, Table 4). Lucerne had the highest mean number of aphids, followed by wheat, potato, and maize; only a
few aphids were collected from soybean.

Table 4. Wald statistics generated from linear mixed model repeated measurement analysis for the effect of
sampling time and crop on aphid abundance.

Green bucket Leaf count (nymphs and Sweep net (nymphs and
(alate adults) apterous adults) apterous adults)
Wald Wald Wald
Effect statistic d P statistic df P statistic dad P
Week 31.25 5 <0.001 44.64 5 <0.001 15.00 5 0.013
Crop 40.40 4 <0.001 460.90 4 <0.001 578.70 4 <0.001
Week*Crop 48.88 20 <0.001 105.19 20 <0.001 2265 20 0.323

The most abundant aphids species/species groups that are vectors of PVY and that were characteristic of the crops
evaluated (Table 5) were, M. euphorbiae (536 individuals), pea aphid A. pisum (424), rose-grain aphid M. dirhodum
(303), R. padi (219), Sitobion spp. (60), and M. persicae (26). In addition, the blue alfalfa aphid Acyrthosiphon kondoi
and Tetraneura fusiformis) (283) were recorded in higher numbers. However, it is not known if they transmit PVY.
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Fig. 16. Mean (* S.E.M.) number of (a) alate (winged) adult aphids recorded in green bucket traps, (b) nymphs
and apterous (wingless) adult aphids sampled on four top, middle and bottom leaves each, and (c) nymphs
and apterous adults in sweep-net samples from lucerne, maize, potato, soybean and wheat over a period of
six consecutive sampling weeks.

Results on aphid landing in the different crops suggest that some species may be able to discriminate between plant
species and select their preferred host plant in the landing phase. Acyrthosiphon kondoi, A. pisum landed most
frequently on their host plant lucerne (Table 5) and M. dirhodum on maize. Other species, such as R. padi, seemed
less selective. However, landing patterns suggest that R. padi discriminated between potato and its host plants
maize and wheat.

Of the PVY vector species recorded, only two, M. euphorbiae and M. persicae, were characteristic for colonizing
potato. In the current study, Macrosiphum euphorbiae, preferred to land in maize plots (Table 5). It was the most
abundant species colonizing maize based on leaf count samples. This species was also characteristic for colonizing
potato based on leaf count and sweep net samples, and wheat based on sweep net samples. Myzus persicae
colonized potato. Numbers recorded were too low to determine the landing preference of this species.

Rhopalosiphum padi was a characteristic species landing in green bucket traps in lucerne, maize and wheat and for
colonizing maize and wheat based on leaf count and sweep net samples (Table 5).

Although members of the genus Sitobion, which includes many species colonizing Poaceae (cereals and grasses),
landed frequently in lucerne, maize, and wheat plots, they were only recorded in low numbers. Sitobion spp. were
characteristic for colonizing wheat based on sweep net samples. In addition, Sitobion avenae was recorded as a
characteristic species on wheat based on leaf count samples (Table 5).
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Table 5. Mean abundance (§i) of characteristic (taxa contributing most to within-group similarity) aphid

species/species groups in crops. Species are listed in order of their contribution to the similarity within a
method and crop with a cut-off of the cumulative percent contribution at 90%. Species data to calculate Bray-
Curtis similarities were fourth root-transformed (Y%%) to take species with low abundances into account.

Method Crop Aphid species/species group yi Contributing %
Green Lucerne Tetraneura fusiformis 11.00 58.18
bucket traps Acyrthosiphon pisum 217 13.34
(alate adults) Acyrthosiphon kondoi 2.00 8.00
Rhopalosiphum padi 0.67 5.74
Sitobion spp. 0.50 5.21
Maize Rhopalosiphum padi 1.83 37.35
Tetraneura fusiformis 1.33 19.06
Macrosiphum euphorbiae 1.83 16.63
Metopolophium dirhodum 0.83 15.01
Sitobion spp. 0.50 7.97
Potato Tetraneura fusiformis 14.00 96.34
Soybean Tetraneura fusiformis 9.00 92.48
Wheat Tetraneura fusiformis 7.67 69.75
Rhopalosiphum padi 117 18.19
Sitobion spp. 0.67 12.07
Leaf counts Lucerne Acyrthosiphon pisum 2.50 57.37
(apterous AcyfThOSiphon kondOi 31 7 31 70
adults) Maize Macrosiphum euphorbiae 67.67 39.95
Rhopalosiphum padi 23.83 26.52
Metopolophium dirhodum 32.00 25.93
Potato Macrosiphum euphorbiae 10.00 68.81
Myzus persicae 2.40 31.19
Wheat Metopolophium dirhodum 10.60 60.26
Rhopalosiphum padi 2.20 27.69
Sitobion avenae 2.00 7.51
Sweep net Lucerne Acyrthosiphon kondoi 125.50 57.02
(apterous Acyrthosiphon pisum 63.33 40.71
adults) Maize Rhopalosiphum padi 1.40 73.81
Macrosiphum euphorbiae 0.80 26.19
Potato Macrosiphum euphorbiae 3.67 89.61
Myzus persicae 0.83 7.77
Wheat Rhopalosiphum padi 2.33 35.95
Metopolophium dirhodum 3.17 28.74
Sitobion spp. 4.33 22.60
Macrosiphum euphorbiae 0.67 9.56

Tetraneura fusiformis was characteristic for landing in all crops evaluated. It was the only aphid species that landed
in higher numbers in lucerne. In contrast to other aphid species, only winged individuals were collected during the
field trial. However, only very low numbers were collected directly off the plants. Tetraneura fusiformis is a root-
feeding aphid and an economically important pest on rice in India (Kuo et al., 2006). It is not known if T. fusiformis
feeds on potato or is able to transmit PVY, although it is known to feed on maize. However, maize was found not to
be an optimal host plant (Kuo et al., 2006). Further research is needed to determine the importance of this species as
a vector of PVY.
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Most aphid species landing in potato fields in Christiana do not colonize potato. Rhopalosiphum padi (bird-cherry oat
aphid) and Sitobion species are important aphid species that are vectors of PVY in the Christiana region. These
species are known to feed and reproduce on Poaceae but not Solanaceae (e.g. potato). Results on aphid landing
together with colonization of the crops evaluated in this study suggest that maize and wheat have the highest
potential as possible crop border plants in regions such as Christiana, where aphids colonizing Poaceae are
abundant. However, the selection of crop border plants for the Christiana region also needs to take Aphis spp. into
consideration as these were recorded in high numbers in this region. In regions where aphids colonizing Fabaceae
are abundant, lucerne might be a suitable crop border plant. However, lucerne might not be suitable as a crop border
in regions where Alfalfa mosaic virus (AMV; Lucerne mosaic virus), a non-persistently aphid-transmitted virus that
infects lucerne and potatoes (Mughal et al. 2003), is present. Soybean appears to be less suitable because cultivars
with a high trichome density, which reduces colonization by aphids, are preferentially planted in South Africa.
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5 LIST OF APHID VECTORS OCCURRING IN POTATOES AND WEEDS IN AND
AROUND POTATO FIELDS

In order to identify the most important aphid vectors it is important to determine which aphid species occur in the
study region, as well as how abundant a species is. Field surveys in the Christiana region commenced in September
2005. In addition to the short-term field trials, crops (potato, lucerne, wheat, and maize), weeds and indigenous
plants growing in ‘old fields' and surrounding vegetation were visually inspected for aphid infestations and
unidentified plants collected for later identification. In addition, sweep netting for collecting aphids, although less
reliable for establishing host plant records, has been used. Aphids were identified by I. Millar of the Biosystematics
Division of the ARC-Plant Protection Research Institute (ARC-PPRI). Plants other than crops were identified by Profs
J. V. van Greuning and B. van Wyk, Department of Botany, University of Pretoria.

Results and Discussion

More than 50 species (those that could not be identified to species level have been grouped together at genus level)
were recorded in the study region, 40 of which have been collected in yellow and green bucket traps in seed potato
fields (Table 2,3). Of the species recorded 28 are known vectors of PVY. However, only 18 of these have been
collected in the bucket traps in potato fields. The majority of vectors collected do not colonize potatoes, highlighting
that mainly non-colonizing aphid species, such as R. padi and Sitobion spp. are of importance in the transmission of
PVY in the study region. The study further shows which vectors are most abundant and should be the focus of
management strategies, e.g. selection of crop border plants based on aphid host-plant preferences. For example,
Aphis spp. collected with yellow bucket traps in high numbers in the long-term field trial during December 2008 and
the suction trap during February/March 2009 include a number of species that are known vectors of PVY. Because
Aphis spp. could not be identified to species level the importance of this group as PVY vectors in the Christiana
region might be underestimated.
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6. LIST OF ALTERNATE HOSTS OF VIRUS AND VECTORS

The spread of PVY is influenced by the amount of virus inoculum available. A number of weed species serve as PVY
reservoir and host plants of aphid vectors (Fletcher, 2001; Radcliffe & Ragsdale, 2002; Chatzivassiliou et al., 2004).
It is essential to identify not only alternate host plants of aphid vectors but also hosts of PVY that are responsible for
the spread of PVY in South Africa.

Methods

During the surveys conducted in the Christiana region in 2008 weeds, indigenous and cultured plants were collected
in the vicinity of seed potato fields to determine whether they carry PVY. Plants collected in the field were transferred
to the laboratory and the growth tips including the youngest fully expanded leaves were sampled and frozen at -70°C
until tested for the presence of PVY with reverse transcription polymerase chain reaction (RT-PCR). In addition, any
aphids observed on plants were collected and preserved in 70% ethanol for identification.

During the surveys conducted in the Christiana region, seeds from weeds and indigenous plants growing in ‘old
fields’ and surrounding vegetation were collected and propagated in the laboratory under insect-free conditions.
Plants were identified by Profs J. V. van Greuning and B. van Wyk, Department of Botany, University of Pretoria.
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Fig. 18. Examples of plants testing positive for PVY in South Africa.

For the controlled transmission experiments, second- to third-instar nymphs of M. euphorbiae reared on green
pepper (Capsicum annuum L., Solanaceae, ‘California Wonder 300 TMR’) and M. persicae reared on tomato
(Lycopersicon esculentum Mill., Solanaceae, ‘Rodade’) were used. Solanum tuberosum L. ‘BP1’ infected with an
unidentified strain of PVY and S. tuberosum infected with PVYN™N served as virus source plants. Recipient plants
were grown from seeds in the laboratory under insect-free conditions in a temperature-controlled room (see Table 6
for list of plant species.) Aphids obtained from cultures were given an acquisition access period (AAP) of 3 min on
cuttings from the virus source plants and then transferred in groups of five to seedlings of different virus-free plants
for inoculation access periods (IAPs) of at least 10 min. Plants were treated with chlorpyrifos (Chlorpyrifos®) and
imidacloprid (Confidor®) to remove insects after transmission experiments and to prevent reinfestation. Cuttings of
virus-source plants, sub-samples of recipient plants and aphids were frozen at -70°C or spotted on a positively
charged nylon membrane soaked in a 50 mM NaOH and 2.5 mM EDTA solution (La Notte et al., 1997) and allowed
to dry before testing for the presence of PVY. Recipient plants were tested at various time intervals after transmission
for the presence of PVY using conventional reverse transcription polymerase chain reaction (RT-PCR) or real-time
PCR.
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Results and Discussion

The spread of PVY is influenced by the amount of virus inoculum available. World-wide more than 14 different plant
families have been identified as hosts of PVY (Brunt et al., 1996; Chatzivassiliou et al., 2004). Several of these plants
occur in South Africa (Table 3). A number of weed species serve as both a PVY reservoir and host plants of aphid
vectors. Many aphid species occurring in the study region have a broad host range (Table 3). Therefore, it is
essential to identify not only alternate host plants of aphid vectors but also hosts of PVY that are responsible for the
spread of PVY in South Africa. Samples from 309 plants belonging to 10 families and 25 species were collected in
the vicinity of potato fields in March and May 2008 and analysed for PVY with RT-PCR.
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Table 6. Results of field-collected plants tested for PVY with RT-PCR.

No. Family Species Common name No. of
plants %
infected/  positive
tested plants
1 Amaranthaceae Amaranthus ?spinosus Thorny pigweed 0/ 1 0
2 Amaranthus thunbergii Red pigweed 0/3 0
3 Asteraceae Arctotis venusta Free State daisy 717 100
4 Bidens bipinnata Spanish blackjack 0/14 0
5 cf. Oncosiphon piluliferum 1/11 100
6 Conyza canadensis Horseweed flea-bane 11127 41
7 Felicia muricata Wild sunflower 0/ 1 0
8 Flavaria bidentis Smelter's bush 0/30 0
9 Lactuca ?serricola Wild lettuce 0/1 0
10 Schkuhria pinnata Dwarf marigold 0/6 0
1 Senecio cf. burchelli 0/5 0
12 Senecio consanguineus Starvation senecio 14 /15 93
13 Tagetes minuta Kakiebos 1/50 2
14 Taraxacum officinale Common dandelion 2/ 3 67
15 Verbesina encelioides Wild sunflower 0/35 0
16 ? Geigeria burkei or Senecio 0/7 0
barberonicus
17  Chenopodiaceae Chenopodium album 0/5 0
18 Chenopodium cf. murale 0/16 0
19 Fabaceae Medicago sativa Lucerne 0/10 0
20 lllecebraceae Pollichia campestris Waxberry 1/13 82
21 Papaveraceae Argemone ?ochroleuca Mexican poppy 2/18 1
22 Polygonaceae Emex australis Spiny emex 4/7 57
23 Sterculiaceae Hermannia tomentosa 5/5 100
24 Verbenaceae Verbena ?bonariensis 17117 100
25 Zygophyllaceae Tribulus terrestris Devil's thorn 2/ 2 100

Of the 16 plant species tested in controlled transmission experiments, five tested positive for PVY (Table 7). These
include Spanish blackjack (Bidens bipinnata), Conyza sp., Impatiens sp., Verbesina encelioides and green pepper
(Capsicum annuum). The latter, together with potato and tomato, was included as a control. The wheat and maize
plants (the same cultivars used in the crop border trials) and the lucerne plants tested negative for PVY. In addition,
none of the field-collected lucerne samples tested positive, suggesting that lucerne is a non-host.

Twelve out of the 25 plant species sampled tested positive for PVY (Tables 7, 8). PVY is not transmitted through true
seeds, rendering annual weeds less of a threat (Radcliffe & Ragsdale, 2002). For example, in the current study 81%
of mature Conyza canadensis (horseweed flea-bane) plants tested positive when collected in March 2008, whereas
newly emerged plants (seedlings) of the same species from the same locality collected in May tested negative
throughout.
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Table 7. Results of hosts tested for susceptibility to PVY under controlled laboratory conditions by aphid-
mediated transmission, using a 3 min acquisition access period (AAP) followed by a 10 min inoculation
access period (IAP). Presence of PVY was determined by PCR.

Family Species No. of plants
infected/tested
PVY* (vector: Macrosiphym euphorbiae)
Amaranthaceae Amaranthus viridis 0/3
Asteraceae Arctotis ?venusta T. Norl. 0/2
Asteraceae Bidens bipinnata L. (Spanish blackjack) 215
Asteraceae Bidens pilosa L. 0/4
Asteraceae Conyza bonariensis (L.) Cronquist 0/1
Asteracae Verbena ?bonariensis L. 0/3
Fabaceae Glycine max (L.) Merr. ‘Maekwa’ (soybean) 0/1
Fabaceae Medicago sativa L. ‘Standaard’ (lucerne) 0/2
Balsaminaceae Impatiens sp. 110
Gramineae Triticum aestivum L. ‘Kariega’ (wheat) 0/3
Gramineae Zea mays L. ‘CRN 3505’ (maize) 0/4
Nyctaginaceae Mirabilis jalapa L. (beauty-of-the-night, vieruurtjie) 0/4
Solanaceae Capsicum annuum L. ‘California Wonder 300 TMR’ (green 2/4
pepper)

Solanaceae Lycopersicon esculentum Mill. ‘Rodade’ (tomato) 0/4
Solanaceae Solanum tuberosum L. ‘BP1’ (potato) (positive control) 0/4
PVYNTN (vector: Myzus persicae)
Asteraceae Verbesina encelioides(Cav.) Benth. & Hook. f. ex A. Gray

215
Asteraceae Conyza bonariensis (L.) Cronquist 0/2
Asteraceae Conzyza sp. 216
Balsaminaceae Impatiens sp. 0/3
Solanaceae Capsicum annuum L. ‘California Wonder 300 TMR'’ (green 0/2

pepper)

* Unidentified strain from Christiana

The findings of this aspect of the study highlight the importance of weed management within potato fields to reduce
the spread of PVY as not only the potatoes themselves but also weeds can serve as virus inoculum (Fig. 18).

A Final Report: Management of Potato virus Y (PVY) in seed potatoes Page 36

potatoes
aartappels SA



Table 8. Recorded host plants of PVY in South Africa and other countries that may serve as reservoirs of

PVY in South Africa

Family

Species

Asteraceae (daisy family)

Balsaminaceae
Brassicaceae
Chenopodiaceae (Amaranthaceae)
Convolvulaceae
Cyperaceae
llecebraceae
Nyctaginaceae
Papaveraceae
Plantaginaceae
Polygonaceae
Portulacaceae
Solanaceae

Sterculiaceae
Verbenaceae
Zygophyllaceae

Arctotis venusta Norl. (Free State daisy) ©

Bidens bipinnata L. (Spanish blackjack) e

Cichorium intybus L. (chicory) b

Cirsium arvense (L.) Scop. (Canadian thistle)

Conyza canadensis (L.) Cronquist be

Cotula australis (Sieber ex Spreng.) Hook. F. d

Lactuca serriola L. b

cf. Oncosiphon piluliferum (L. f.) Kallersjo ¢

Picris echioides L. ®

Senecio consanguineus DC &

Senecio vulgaris L. ¢

Sonchus oleraceus L. (sow thistle) ©

Tagetes minuta L. (Kakiebos)¢

Taraxacum officinale F. H. Wigg. aggr (common dandelion) ¢

Verbesina encelioides (Cav.) Benth. & Hook. f. ex A. Gray
(wild sunflower, wildsonneblom) ¢

Xanthium spinosum L. (spiny cocklebur) ®

Xanthium strumarium L. b

Impatiens sp. ¢

Capsella bursa-pastoris (L.) Medik. 4

Chenopodium giganteum D. Don. (tree spinach) ac

Convolvulus arvensis L. b

Cyperus rotundus L. b

Pollichia campestris Aiton (wax berry) ¢

Mirabilis jalapa L. (beauty-of-the-night, vieruurtjie)

Argemone ?ochroleuca Sweet (Mexican poppy) ¢

Plantago lanceolata L. b

Emex australis Steinh. (spiny emex) ¢

Portulaca oleracea L.

Capsicum annuum L. (green pepper) 2¢

Capsicum frutescens L. (hot pepper, chili pepper) 2

Lycopersicon esculentum Mill. (fomato) ae

Nicotiana tabacum L. (tobacco) 2

Solanum nigrum L. b

Solanum tuberosum L. (potato) ae

Hermannia tomentosa Schinz ex Engl. e

Verbena ? bonariensis L. &

Tribulus terrestris L. (devil's thorn) &

Sources: 2Brunt et al., 1996; ® Chatzivassiliou et al., 2004; ¢de Bokx & Huttinga, 1981; ¢ Fletcher, 2001; ¢ this study
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7. PVY TRANSMISSION BY MYZUS PERSICAE AND MACROSIPHUM
EUPHORBIAE

Methods

Controlled transmission experiments were carried out with M. persicae and M. euphorbiae from cultures kept at the
University of Pretoria. Solanum tuberosum ‘BP1’ infected with PVYN™ served as a virus source. Solanum tuberosum
‘BP1’ (tissue culture plants) served as recipient plants. Cuttings of virus-source plants, sub-samples of recipient
plants (before transmission) and aphids were frozen at -70°C to serve as controls. Single transmissions were carried
out with M. persicae and M. euphorbiae to compare transmission efficiencies with published values. Aphids were
given AAPs of 3 min or more on cuttings of the virus source plants and 10 min IAPs on PVY-free potato seedlings.
Plants not exposed to aphids or to non-viruliferous aphids served as negative controls. Cuttings of virus-source
plants and aphids exposed to potato cuttings with PVYNN served as positive controls. Plants were treated with
chlorpyrifos (Chlorpyrifos®) and imidacloprid (Confidor®) to remove insects after transmission experiments and to
prevent reinfestation. Recipient plants were tested at various time intervals after transmission for the presence of
PVY using reverse transcription polymerase chain reaction (RT-PCR).

Results and Discussion

Transmission experiments with aphids given acquisition access periods (AAPs) of more than 5 min on PVYNTN-
positive potato leaf cuttings confirmed results from earlier studies (e.g. Watson & Roberts, 1939) that transmission
efficiency decreases with longer acquisition access periods. Whereas 25% of potato plants exposed to aphids given
AAPs of 3 min tested positive, only 14% tested positive with AAPs of 5 min or more, using the same strain, potato
cultivar and aphids from the same culture. PVY transmission efficiency was very low (Table 19) compared to
published studies (Table 2; e.g. Ragsdale et al., 2001), possibly due to the PVYNN strain used. The relative
efficiency factor values will be included in the calculation of the vector pressure indices for different seed-potato
growing regions in South Africa.

Table 19. Potato virus Y (PVY) transmission efficiencies for Myzus persicae and Macrosiphum euphorbiae.

Aphid species Number of plants infected/ number of Transmission efficiency
plants tested
1. Myzus persicae 5/15 33.3%
2. Macrosiphum euphorbiae 2/59 3.4%
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8. CONCLUDING REMARKS

Aphid landing rates tended to be higher at edges of fields for up to 7 m compared to the interior. However, landing
rates tended to increase again closer to the centre of a field. Although edge effects were apparent, patterns within
and among sites were not always consistent and differed between species. A trap crop in the centre of large fields in
addition to crop borders could contribute towards reducing virus incidence.

In the Christiana region suction trap catches can be a good predictor of cereal aphid PVY vector abundance in the
field suggesting that the suction trap may be used as a surrogate for yellow bucket traps.

The spread of PVY is influenced by the amount of virus inoculum available. A number of weed species have been
identified that may serve as PVY reservoir and host plants of aphid vectors. The results highlight the importance of
weed management within potato fields to reduce the spread of PVY effectively because not only the PVY-infected
potato plants but also weeds can serve as virus inoculum.

Preferably, a crop border should be suitable for colonizing as well as non-colonizing aphid species. Maize and wheat
showed the greatest promise as a border crop, based on aphid abundance and species composition including both
colonizing and non-colonizing PVY aphid vectors. Further experiments should determine aphid host plant selection
behaviour of aphids for maize, wheat and potato based on landing preference, settling behaviour and reproduction to
improve the plant selection process for crop borders and thus their effectiveness.

Not all individuals of a vector species immigrating into potato fields are necessarily infected with virus. Future studies
should determine the proportion of infected individuals to improve the forecasting of virus risk.

Yellow bucket traps can be used as a monitoring tool for the pea leafminer, L. huidobrensis; however, a threshold
must first be determined. The landing patterns of L. huidobrensis in the fields were mainly random and a crop border
does not seem to be useful for the management of the leaf mining fly.
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