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Abstract

This thesis has two focuses. The first problemnigthe olive industry in the
Eastern Cape is the growers’ perceptions of botatwhe industry will provide them
and what a pest management program might entasl s€bond focus is the biology of
olive pests in the Eastern Cape in terms of unaedsnhg their populations and their
natural enemies on private farms, with future hapiesnderstanding how Integrated
Pest Management strategies can be developed $ocrtbp.

Eastern Cape private farmers, small-scale farmerd workers from
agricultural training institutions were interviewegharding the history and cultivation
of the local olive crop. Only one commercially Vialolive grove was identified;
other groves were small, experimental pilot verdurehe introduction of olives to
small-scale farmers and agricultural training sdbowas generally a top-down
initiative that led to a lack of sense of ownershiq the trees being neglected. Other
problems included poor human capital, poor financiapital; lack of adequate
support; lack of knowledge transfer and stabilitgck of communication and
evaluation procedures of the project; miscommuiooatand finally, olive pests.
Apart from hesitancy to plant at a commercial sctile main problem facing private
farmers (Varnam Farm, Hewlands Farm and Springvaten) was pests.

Therefore an investigation of pests from privatenwas conducted ranging
from collection of cultivated and wild olive frugnd flea beetle larvae for parasitism,
trapping systems both for fruit flies and olivedlbeetle adults.

A survey of olive fruits yielded larval fruit fliesf the families Tephritidae
(Bactrocera oleagRossi),B. biguttula(Bezzi) andCeratitis capitata(Wiedemann))
and Drosophilidae rosophila melanogaster(Meigen)) from wild olives ©.
europaea cuspidatéWall. ex G. Don) Cif.) but none from cultivatedives (. e.
europaeal.). Braconid wasps (Opiinae and Braconinae) wesged only from fruits
containingB. oleaeandB. biguttula This suggests th&. oleaeis not of economic
significance in the Eastern Cape, perhaps becaiseadntrolled to a significant level
by natural enemies, bl. biguttulamay be a potential economic pest. A survey of
adult fruit flies using ChamP traps baited with aomiim bicarbonate and spiroketal
capsules and Sensus trap baited with methyl eugemblQuestlure confirmed the
relative importance oB. biguttulaover B. oleae ChamP traps were over 50 times



better than Sensus traps for mass trappirig) diguttulabut both were ineffective for
trappingB. oleaeandC. capitata

Six indigenous flea beetles of the genusrgopistes Motschulsky
(Chrysomelidae: Alticinae) were found, three ddssdi by Bryant in 1922 and 1944
and three new species. Their morphology was inyatstd by scanning electron
microscopy and mutivariate morphometric analysise Teaf-mining larvae are pests
of wild and cultivated olives in South Africa arftr¢aten the local olive industry. At
Springvale FarmA. oleaeBryant andA. sexvittatuBBryant preferred the upper parts
of trees, near new leaveBseudophanomeris inopinatyBlkb.) (Braconidae) was
reared from 23Argopisteslarvae. The beetle larvae might not be controlieda
significant level by natural enemies because ttee saparasitism was low. The olive
flea beetles showed no attraction to traps comtgimarious volatile compounds as
baits.

The lace bugPlerochila australisDistant (Tingidae), was sometimes a pest. It
showed a preference for the underside of leavetheriower parts of the trees. A
moth, Palpita unionalisHiibner (Crambidae), was reared in very low numizers
without parasitoids. A twig-boring beetle larvaatdidoid parasitoids and seed wasps

of the families Eurytomidae, Ormyridae and Eupebmidvere also recorded.
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Chapter 1 General Introduction

1.1 Olives in South Africa

The cultivated oliveOlea europaea europada is a member of the family
Oleaceae that produces edible fruit. It originatedoutheastern Asia, from where it
reached the Mediterranean regions (Costa 1998, blegwi998, Copelaneét al.
2004). The African wild oliveQlea europaea cuspidat@Vall. ex G. Don) Cif., is
found throughout southern AfricdDlea capensid.., O. exasperatalacq and O.
woodianaKnobl. are also found in southern Afri¢@reen 2002). Cultivated olives
are a significant crop, because their oil and fiuitre fundamental food in early
European civilisations and much of their wealth wasived from trade in olive oil.
Many cultivars are available worldwide but the mpspular are Mission, Kalamata,
Manzanilla, Barouni and Frantoio (Costa 1998). Misss the most popular cultivar
in the Western Cape because of its suitabilitypi@cessing for both table olives and
olive oil.

In 1903 an Italian nurseryman, Ferdinando Costéated an olive industry in
South Africa, at Rosebank and Plumstead, with tharlP/alley as its centre (Costa
1998). The South African olive industry is now o€ years old and there are more
than 50 commercial olive farmers in the WesterneCapoducing approximately 90%
of South Africa’s total olive production and appirmately 430 tons of olive oil and
3500 tons of table olives (Western Cape Investnagt Trade Promotion Agency
(WESGRO) 1999, 2005/2006). The annual value of ittdustry is about R150
million, and annual development is worth R25 miiliavhich is very small compared
to global plantings in countries such as Califorrgpain, Italy and Greece. For
example, Californian total production in 2005-200&s estimated to be 110 000 tons
(Crop Production Report 2007). Even though SoutticAh olive production cannot
be compared to other countries, it can still exptivies and olive oil to countries such
as Switzerland, the United Kingdom and the Unitedes.

An olive-growing industry was initiated in the East Cape (Hattingh 1998,
Naki 1998, Zifo 1998, Tamba 2000, Feni 2000), wHiek within the natural range of
the wild olive, O. e. cuspidatalnitially 4000 trees were to be planted at Déhne
Agricultural Institute near Stutterheim (Naki 1998pd plans were announced in the

local newspapers for establishing a nursery andtaady planting 400 000 trees and



creating 20 000 jobs at various sites in the prowi(Siqoko 1999). Former Eastern
Cape Agriculture and Land Affairs Member of the Exive Council (MEC) Max
Mamase suggested a transfer of trees to selectad auch as Binfield (between Alice
and Hogsback), and six community-based olive grgwiitot sites were initiated in
the Eastern Cape (Feni 2000). The idea was aijutidtive with an Italian company,
Agri Consultants (Hattingh 1998) and aimed to e¥gabs in the Eastern Cape.

Independently, cultivated olives were also plaraddw years later by private
farmers at Springvale Farm, Varnam Farm, Hewlandsnf- and Carlisle Bridge
Farm.

1.2 Olive pest and their control

South African olives growers are fortunate in tthegre are few pests on local
cultivated olivesThey include olive fruit flyBactrocera olea¢dGmelin.), which is the
most common olive pests in the Mediterranean, Afamd Europe; the olive flea
beetlesArgopistes oleaéBryant), A. capens (Bryant) andA. sexvittatugBryant);
and the olive lace bug®lerochila australis Distant 1940,Neoplerochila dispar
Duarte Rodrigues 1982 amkoplerochilasp. (Annecke & Moran 1982, Apenteng &
Wallade 2005). Other pests that are not yet coreileerious threats are olive psylla,
Euphyllura olivine (Costa); black scalesSaissetia oleae(Olivier); red scale,
Aonidiella aurantii(Maskell); ross scalé,indingaspis rossfMaskell); oleander scale,
Aspidiotus hederagvallot) or A. nerii (Bouché); olive mitesDxyenus maxwel(iK.);
Mediterranean fruit flyCeratitis capitata(Wiedemann); Natal fruit flyCeratitis rosa
Karsch, seed waspEurytoma spp unidentified leaf roller moths, unidentified ste
borer beetles and several different species of texna (Crovetti 1996, Costa 1998).

Wild olive trees act as a reservoir for some oséhpests.

1.2.1 Olive fruit fly

Olive fruit fly, B. oleae(Diptera: Tephritidae), is a major pest of cultec
olives and is found in areas such as the Mediteemanthe Canary Islands, Pakistan,
the Caucasus, Egypt, Eritrea and South Africa (Akeek Moran 1982, El-Hakim &
El-Sayed 1983, Haniotaket al. 1991, Karamanlidoet al. 1991, Crovetti 1996). The
larvae feed solely on olive fruits and cause preneafruit drop and yield reduction. It
has been reported in Greece thaB.ifoleaeis not controlled, crop losses may reach

80% in oil-producing areas and 100% in areas whalée varieties are produced



(Broumas 2002), accounting for 20-30% of the t@atek productionBactrocera
oleaewas detected in California in October 1998 in lthhs Angeles area and spread
to the rest of southern California in 1999, to ®entral Valley in 2000, to Marin,
Napa, Sonoma, Solano counties in 2001, and to &hakDorado and Lake counties
in 2002 (Riceet al. 2003, van Steenwyt al. 2002, Vossen & Varela 2003).

Spraying registered insecticides is a method fatrofling B. oleaethat has
been used world-wide for years and it has been effigient for ensuring good yields
(Haniotakiset al. 1991, Manousis & Moore 1987). However, insectisithave been
found to pollute the environment, cause human diesgand kill desirable insects such
as pests’ natural enemies (Neuenschwander 1982p 8hal. 1986, Desneux et al.
2007), and pesticide residues were detected ire adiv (Montiel-Bueno & Jones
2002), posing a human health risk. It was also ntedothatB. oleaehas gained
resistance to some insecticides such as organophiesp (Stasinakiet al. 2001,
Hawkesa 2005 & Skourag al 2006).

Since then the control methods have moved to mmappihg systems, the use
of natural enemies, the sterile insect techniqud)(@nd manipulation of pests’
genetics (Kapatos 1989) with the aim of eliminatihg use of insecticides (Broumas
2002, Dimouet al 2003). Mass trapping systems has been givenadmerisideration
due to the availability of potent baits and visatifactants. The mass trapping method
includes traps treated with chemosterilants, foodex attractants (Economopoululos
1979, Raspi 1982, Haniotaket al. 1991, Broumaset al. 2002, Montiel-Bueno &
Jones 2002). Large numbers of traps are placediive groves, and achieve a
satisfactory level of control through the capturelarge numbers of adult flies
(Montiel-Bueno & Jones 2002). Traps show variationefficiency depending on
parameters like trap design, trap density, deployragtractant type and formulation,
insecticide used in toxic traps and method of @agitbn, size of the grove, biological
factors (pest population density, tree size, veriguit size, fruit load), degree of
orchard isolation, other cultural practices (irtiga, pruning, fertilization) and
number of years the method has been applied irsahee orchard (Broumast al.
2002). Raspi (1982) has also shown that some tapshave a negative effect on
beneficial insects.

Compared to Mediterranean countriBs,oleaeis not a major problem in the
Western Cape (Annecke & Moran 1982). The reasorhigrwas that the olive fruit
fly has a large number of natural enemies, inclgdBracon celer Szépligeti
(Braconidae) Opius africanus Szépligeti (Braconidae)O. lounsburyi Silvestri

((Braconidae), Achrysocharella formosaWestwood (Eulophidae),Cirrospilus



variegatusMasi (Eulophidae) Eupelmus aferSilvestri (Eupelmidae)Halticoptera
daci Silvestri (Pteromalidae) ansilus silvestriiKieffer (Diapriidae). The possible
advantage of investigation for natural enemie8.obleaein sub-Saharan Africa has
long been appreciated (Silvestri, 1913, 1914, 19F8urteen species of parasitic
wasps were collected by Silvestri from fruits inézswithB. oleaein Eritrea in 1914,
and ten were taken to Italy, although none of tHessame established after release
(Neuenschwander, 1982; Wharton, 1989). The most-kmelwn parasitoid is a
braconid wasp,Psyttalia concolor (Szépligeti) (= Opius concolo)), which was
repeatedly introduced into Italy, Greece, Frang®its and Portugal and eventually
became established. With the realization that eeitiative natural enemies nBr
concolorwas providing satisfactory control in most Mediggrean areas, interest in
obtaining new natural enemies was revived in th&$9Greathead sought parasitoids
in 1975 (Greathead 1976) but no fruiting specin@Slea species were encountered
in Kenya and searches in Ethiopia produced ingefficresults. Neuenschwander
(1982) was much more successful in his search lige dly parasitoids in South
Africa, but unfortunately the material shipped tor&pe could not be cultured and

thus no species were established.

1.2.2 Olive flea beetle

The larvae of olive flea beetles (Coleoptera: Chmyslidae: Alticinae),
namely Argopistes olea€¢Bryant), A. capens (Bryant) andA. sexvittatugBryant)
(Annecke & Moran 1982), are leaf miners that cadamage to olive leaves and
occasionally to fruits (Costa 1998). The adults&femm long and are recognized by
their yellow colour with dark, longitudinal stripes the elytra. Adults were described
and illustrated by Bryant (1922, 1944), but thecd@sions were not particularly
comprehensive and the sexes were not distinguiShedidescriptions were improved
by Taylor (1945) and Myburgh (1952) but in Myburgli1952) publication the names
of two taxa appear to have been transposed underpthotographs. The larvae have
not been described and the biology of these beisthesry poorly known (Annecke &
Moran 1982).

1.2.3 Olive lace bug

The olive lace bugPlerochila australisDistant (= Teleonemia austral)s

(Tingidae: Hemiptera), causes damage to cultivatetiwild olives. They damage the



leaves by inserting their fine mouthparts to suci cell contents (Pinhey 1946,
Myburgh 1951, Whitehead & Myburgh 196HBlerochila australisis found in the
Ethiopian region, Mauritius, Zimbabwe and Southigdr(Pinhey 1946, Hill 1983,
Stonedahlet al. 1992). Heavy infestation leads to complete lealorcisis and
eventually the leaf abscises. Two other specMspplerochila disparand an
unidentified Neoplerochilaspecies, have also been found on cultivated oliveke
Eastern Cape (Apenteng & Wallade 2005)

1.2.4 Olive pest control

Various methods were suggested to control eithiee dlea beetles or olive
lace bug in the Western Cape, including winter Wp of overwintering adult
beetles with lead arsenate; spraying with a mixtdilead arsenate and fixed nicotine,
oil, benzene hexachloride, DDT, Parathion, Malathibletasystox and Gusathion;
and trapping of the pests (Lounsbury 1918, Mallg24,Myburgh 1952, Whitehead &
Myburgh 1961). Some of the control methods werendbuo be successful in
controlling adult and larval olive flea beetles lmtihers not (Whitehead & Myburgh
1961). Currently some commercial farmers both i& Western Cape and Eastern
Cape use the recommended chemical Azinphos-meflodta 1998, Nekt al. 2002)
against olive flea beetles and demeton-s-methyloxydemeton-methyl for olive lace
bugs. Some commercial farmers in Olyvenrivier lal[@/estern Cape) use Organo-Z
by simply spraying regularly followed by a cultur@ntrol method i.e. the use of
home-made repellents (Eglington 2004) that arerddito be effective.

Costa (1998) raised concern about insufficientasdeon these pests in South
Africa, and more recent literature indicates a nfwdurgent attention to ensuring
effective protection of olive crops for the benefithe commercial olive industry and
small-scale olive growers in South Africa. This ludes the exploration of tools

besides pesticides.

1.3 Motivation

An olive-growing industry has been initiated in thastern Cape, and some
sites have potential for producing table olives alde oil. A number of pests affect
the cultivated olives, which presents an opporjutit survey both olive pests and

their natural enemies to ensure good quality famid oil production in the Eastern



Cape. The area lies within the natural range ofwiid olive, which may act as a
source of both pests and their parasitoids. The® gdrovides an opportunity to

monitor these pests on other host plants duringthige olive fruiting season.

1.4 Scope

This thesis presents an investigation of olivedmstand of olive pests and
some of their natural enemies in the Eastern Gajple future hopes of understanding
how Integrated Pest Management strategies canvatoged for trees grown for both

private and small-scale production in the EasteapeC

1.5 Aims

In pest control, there is a need to focus on bleghfarmer and the crop. The
application of Integrated Pest Management, i.etelbniques for control of pests in
the field, requires a thorough understanding of itheect pests and their natural
enemies, therefore | aimed to:

* investigate olive growers’ perceptions of theivelicrops, especially those in
the olive pilot project

* monitor seasonal trends of insects populations ath loultivated and wild
hosts in Springvale Farm throughout the active eolfwuiting seasons by
identify the species of parasitoids present indhg&tes at different times and
ranking their relative abundance

» compare rates of parasitism at all of the sitesrevbéve fruit was collected

* investigate a better control method for fruit fli®s placing a practical number
of traps in an olive grove to capture adults

» clarify the species’ names and differentiate theesef the olive flea beetles

* report on parasitic wasps reared from olive fleatleelarvae collected in the
Eastern Cape, with an interest in their biologamitrol potential

» characterize the spatial distribution of olive fleeetle eggs, larvae and adults
and of olive lace bug nymphs and adults on olieegrto identify and predict
the best trapping positions on a tree

» test the attractiveness of some volatile compoudestified from cultivated
olives that may be attractants of adult olive thegetle under field conditions,
with a view to developing practical management gofar adult olive flea

beetles.



Chapter 2 A case study of olive growing in the
Eastern Cape: perceptions of provincial

development initiatives

2.1 Abstract

In 1999 an olive project was initiated in the East€ape that involved small-
scale farmers and three agricultural research ramuirtg institutions with the hope of
alleviating poverty and creating jobs. There weteolive-growing sites, many based
in the former homelands of Ciskei and TranskeieRjvoves were on private farms,
six on small-scale farms and four at agriculturaining institutions. The status and
impact of the olive project was unknown in all theeas, so each grove was
investigated by site visits, and by conducting nvitavs with all of the community
members, representatives from the agriculturahingi schools, and private farmers
within the province. Generally, small-scale farnml aagricultural training schools
applied a top-down approach to implementation fedt to the olive trees being
neglected. The main problem facing the private &asmwas olive pests, while the
small scale farmers and the agricultural trainimgtitutions reported problems
including lack of a sense of ownership; poor humapital (skills, knowledge, and
capacity to work); poor financial capital (servickck of knowledge transfer; lack of
stability of support; lack of communication and lexion of the project;
miscommunication of the time-scale of the projectd pests. One privately owned

grove is commercially productive.

2.2 Introduction

The olive industry in the Western Cape is succés$ll private farms
contributing 90% of South Africa’s total table aivand olive oil productions, with a
10% growth in demand each year for table olivesl, 200 annually for oil (Joubert
2002, Anonymous 2004). Such growth enhances théh@dtican economy, which is
a national priority for redressing past social mégs.

The Eastern Cape has one of the highest ratesveftgan South Africa and

the bulk of the people are unable to secure ailiwet for themselves and their
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families (Poverty and Inequality Report (PIR) 199B)e poverty is believed to have
been brought about by land dispossession durimen@dlrule and apartheid in South
Africa (Kariuki 2004). There is now a crucial netderadicate poverty and promote
sustainable rural livelihoods. The provincial goveent has responded to this issue
by emphasizing and encouraging small-scale andgnuefarming projects that were
initiated through land reform and reallocation ¢ida 2001). Land reform is
believed to offer an exceptional opportunity to gete socio-political and economic
transformation in rural South Africa through theistribution of land to the landless,
tenants and farm labourers, which will ultimatebdress the imbalances of land
ownership in South Africa (the Eastern Cape Memiethe Executive Council
[MEC] of the Department of Agriculture and Land aiffs 2000).

It was planned that the provincial government woplevide grants to
previously-disadvantaged South African citizens acocess land specifically for
agriculture. Minister Max Mamase, then the MEC loé Department of Agriculture
and Land Affairs, believed that such a policy ofdaeform would offer local people
a suite of benefits (Department of Agriculture &gic Plan for 2004—2007), as
follows. Land reform would overcome the legacy odsp racial and gender
discrimination, and stimulate growth through agitiere. This policy would expand
opportunities for promising young people who pref@rremain in rural areas and
empower beneficiaries to improve their economic andial well being. Farming
would improve nutrition and disposable incomeshef tural poor who wished to farm
on any scale. This policy was intended to enaliedtpresently accessing agricultural
land in communal areas to make better productiweaigheir land (Mamase 2000,
2002).

In 1998/1999 the Eastern Cape MEC of the Departroémtgriculture and
Land Affairs initiated several projects aimed atvgnby alleviation in the Eastern
Cape, including projects involving goats, chicomgmp, sugar beet, pineapple and
olive-growing (Anonymous 2002a, 2002b). The oliveees were planted on
community farms and at agricultural research amehitng institutions, and were
“initially imported from Italy and kept in the Paarea” (Naki 1998).

Olives are currently grown on 14 sites (Tamba 26@hi 2000), mainly in the
former homelands of Ciskei and Transkei (Malan &ttiHgh 1976). Five are on
private farms, six on small-scale farms and thiteaggicultural training institutions
(Fig 1). The small-scale community farmers weréhim former ‘homelands’ of Ciskei
(Binfield; Ncera Farm, Ncera Village 6; Peddie (Pan Location) and Enoch

Sontonga Rehabilitation Centre) and Transkei (Quhbg areas were known to have



been neglected under the previous government,hese tcommunities are referred to
by the current government as under-resourced (8&€2001). Ncera Developmental

Trust is a public company that is referred to asarerging farm and it consists of

previously disadvantaged farmers who are aiminga@e a change from subsistence
to commercial agriculture.

In 2001 the status of the olive tree project onlsstale farms was reported to
be good and Tamba (2000) claimed that few probleatsbeen reported. The Daily
Dispatch newspaper reported in 2002 that the Ba§ape olive trees were growing
well and that the Deputy Director of Extension, i€df Nariman Khayltash, said that
there was consideration of establishing of a nyrféidoda 2002). In 2002 an olive
production workshop was held at Dohne after thgeptchad started, sponsored by
the National Department of Agriculture (DepartmehAgriculture 2002).

At about this time, several private farmers aroudhamstown planted
commercial olive trees to assess their viabilitiie3e projects were independent of
the provincial government project, and provide aparison case from a different
part of the province. This chapter assesses thasstd all of these olive-growing
initiatives, investigates the perceptions andwatés of the various groups of growers,
and highlights the challenges faced in the planrang delivery of a significant

community olive pilot project.

2.3 Materials and Methods

2.3.1 Growing areas

A snowballing convenience technique (Kumar 2003)ere respondents were
asked to suggest other areas and communities éicaplanted olives in the Eastern
Cape, was used to find olive growing areas anedouit participants. The search for
new sites stopped when respondents consistentlyioned only about areas that had

already been visited or which were outside the ipe®:

2.3.2 Status assessment of olive trees

Each site was visited at least once, and the grasiined and photographed.
Any off-colour appearance of leaves was noted &odting for the presence of pest
(which affect the leaves) was done in all the ar@dise leaves are important organs
for nutrient storage and their condition often cltéerizes the elements that are

lacking in a tree (Costa 1998).



Aerial images of many of the groves were obtainsezinf Google Earth

(http://www.earth.google.com/

2.3.3 Stakeholders’ perspectives

Private farmers. Unstructured individual interviews were conducteidh
four private farmers. The fifth private farmer wad interviewed as it was impossible
to get in touch with him. The unstructured intewsewere used because the private
farmers could not be interviewed together as they busy schedules and because
they live far from each other. Most importantlye thnstructured interview gives the
interviewee and interviewer freedom in terms ofteat wording and structure of the
interview (Kumar 2005). Interviews and discussiovere audiotaped and/or written
up in the field during or immediately after the WworFollow-up questions were

usually done by telephone or e-mail.

Government Unstructured interviews were conducted with tledevant
agricultural extension officers. Additionally, al@phonic interview was carried out
with Mr Max Mamase, the MEC of the Department ofriéglture and Land Affairs
who initiated the olive-growing project. The emplasas to know what criteria were

used for choosing the project sites.

Training institutions: With the interviewee’s permission, unstructured
individual interviews (Binnset al 1997) were conducted with the relevant
institutional professionals and/or labourers, dejmn on their availability.
Telephonic and e-mail interviews were done withnpiesion where it was necessary

to verify written reports about the olive project.

Small-scale farmers Focus group interview methods described by Hope &
Timmel (1984) were used to understand the perceptiof small-scale farmers.
Interviewees’ dignity and privacy were considered dsking for permission from
them before conducting the interview (Denzin & Lot 1994). This approach to
interviewing was used because the people in theraamties were illiterate and old,
ages ranging from 55-65years, and group meetinge were culturally appropriate
than individual interviews. It also allowed respents to express themselves by
discussing issues together, including the groupldegKrueger 1994). The group

dynamics stimulated discussions that generated itepursue in greater depth. Field
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notes were taken and an audiotape was used wipndsnts’ permission to record
the discussions to improve the quality of the wnttnotes by replaying, and to
minimise loss of data.

Personal attributes such as education, genderaagemployment status of
farmers were obtained in the interviews. Formal cational achievement was
recorded to gauge the human capital consistencthefrespondents; gender was
included to understand the gender division of labaespondents’ ages were
important to see whether olive farmers were likldycontinue serving the olive
industry in the anticipated future; and employmstatus was included to indicate
alternative sources of income.

A discussion was held with twenty-two community niers in Peddie and
with eight community members in Binfield. The conmmity in Ncera Village 6 and
the chairman of the Ncera Agricultural Developmé&udrporation (Pty) Ltd were
interviewed together as they were based in the galawe. The discussions focused
on gaining a deeper insight into the ways in wthiluh development initiative and the
rural community interacted. The communities prodide preliminary understanding
of their perceptions during the first meetings avith the hope that the interviewer
will acquire the respondents’ honest views. Theorimiation was examined and
organised by the interviewer, and arranged intemis that were apparently
important to the community (Hope & Timmel 1984)skd on the written notes and
verbatim transcriptions of the recordings.

Two weeks after the first meeting, problem posingdes (illustrations
showing a familiar situation in the community: Figa 2 and 3) were presented to the
groups. Freire’s method was used to unlock the Ipmobposing codes (Hope &
Timmel 1984): the spontaneous feelings of the l@cahmunity about the situation
were gauged from an informal listening survey tt@npared their narratives to the

previously identified themes of concern (Hope & el 1984).

2.4 Results

2.4.1 Private farms
Springvale Farm (33°20'52"S, 26°11'48"E; alt. = 535 m; Figure 3M\€ 31
km from Grahamstown along the Alicedale road (Feglly. The average temperatures
in winter range from 13°C to 14°C and in summenfra5°C to 32°C. Mean annual
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rainfall is 580 mm, concentrated in early summet aantumn. Wild olives grow in the
river valleys on the farm (Fig. 3A).

In 1820 the farm belonged to the Wilmots and wadus grow mielies. The
present owners, the Rippons, bought it in 1915famied merino sheep (for wool),
cattle and occasionally goats. The farmers expeggrmproblems with the goats and
sheep and got rid of them with the help of manglstbieves.

The current farmer, Mr Craig Rippon, was motivatedstart olive farming
because of a love of olives, particularly tablevedi, and the beauty of the healthy
wild olive trees on the farm, and because he watttddrm something that would not
be stolen by stock thieves. He was inspired bynggeelive trees while visiting Spain,
realising that they could survive the aridity tief feature of the farm, like the wild
olives already growing on the farm. In addition, Rlippon believes that women in
Africa are the key to unlocking Africa's potentiahd olives would draw women into
the business of the farm, which was difficult tdhi@ve on a cattle and sheep farm.
Finally, Esingeni Bush Camp a tourism potentialletufor olive-related products
forms part of the farm, provides tourists with aslkddong course that covers subjects
like camping skills, fauna and flora, forest consgion, medicinal plants, astronomy
and orientation.

In February 2000 Mr Rippon started planting olivees in what were
previously lucerne lands where angora goats brkd.dlive groves now cover about
34 hectares. The cultivars planted were MissionnMailla, Coratina, Frantoio and
Nocellara del Belice, which are suitable for eitleole olives or oil production. In
2005 there were 540 Mission cultivar trees in orevg and 100 trees of Manzanilla
and other cultivars in other groves. In 2003 tleesrwere about 2.5 m tall. The farm
yielded 300 tons of olive fruit in 2005, 5 tons2806 and 110 tons in 2007 (Rippon
pers. comm., de Lange 2007). The farmer has sbld tdives in the local shops. The
only problems reported by the farmer were pesth sigcolive fruit flyBactrocera
oleaeolive flea beetled\. capens (Bryant) andA. sexvittatugBryant) and olive lace

bug, Plerochila australis

Hewlands Farm (33°28'38"S, 26°28'39"E; alt. = 247 m; Figure 3D4E
located near Salem, 19 km from Grahamstown (Fidyrd he average temperatures
are 7-9°C in winter and 25-27°C in summer. Thee farndreds of indigenous wild
olive trees on the farm.

In 1999 commercial olive trees were planted by Martd Tyson, the first

person to plant olive trees at an experimentalescdhfortunately he died soon
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afterwards, but Mr Tyson’s wife said her husbarattetl planting olives because of

his love for olives, particularly olive oil. Mr Jah Stander, the owner since 2004, was
not particularly interested in olive farming anccised on sheep, cattle and chicken
farming.

In 2007 there were about 350 olive trees of unknavixed cultivars. No fruit
was obtained, the trees are neglected, and vegstabth cabbages and potatoes have
been planted between the trees. The trees hadatyvaf pests in small numbers in
2005. The only problems reported by the farmer wasts such as olive fruit fly
Bactrocera oleaeolive flea beetled\. capens (Bryant) andA. sexvittatugBryant)

and olive lace bugRlerochila australis

Varnam Farm (33°19'26"S, 26°38'10"E; alt. = 443m; Figure 3B) in
Belmont Valley, 10.5 km from Grahamstown (Figure The average temperatures
and rainfall are similar to those of Grahamstowrldvdlives grow throughout the
indigenous vegetation on the farm.

The current farmer, Mr Dave Duncan, inherited therf from his father, Mr
James Duncan, who bought the farm in 1952. The dafmas been growing crops
such as spinach, cabbage, broccoli and flowershenfarm. He was personally
motivated to start olive farming as an experimgartly because there were wild
olives on the farm.

About 100 Mission and Kalamata olive trees werangd in 1999 and 2000.
Thus far no fruit was obtained from the trees. 02 there were practically no pests,
and the grove was not monitored further. The farraported no other problems with
the trees until 2007 (Table 3).

Carlisle Bridge (33°04'23"S, 26°22'57"E; alt. = 353 m; Figure 3&B1 km
north of Grahamstown (Figure 1). The climatic caoiodis are slightly drier and hotter
than those of Grahamstown. Wild olives grow on feren in places along the Great
Fish River.

The farm has been in the family of the current rnMr Keith Dankwerts,
for at least three generations. Mr Dankwerts farmredetable such as spinach,
cabbage, broccoli and flowers, and had a smalicbsproduction system. He wanted
to explore other crops, and after talking to Ciaigpon of Springvale, he planted a
few dozen olive trees as an experiment which wasliae network neighbourhood

influence.
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The olive grove was started in 2001 and there \wbreit 150 Mission cultivar
trees which were about 2 meters tall in 2005. 1872Mr Dankwerts harvested about
six 20-litre buckets of olives. According to therfer, the olive trees did not have
olive pests, so no control methods were appliedpékis were found on a visit to the
farm in 2005. The cultivated olives were also iasé proximity to indigenous wild
olive trees, which also bore no traces of pest2d@7 Mr Dankwerts complained

about birds feeding on the crop.

Farmerfield (33°30'00"S, 26°32'00"E; alt. = 250 m) is situate®alem was
a Methodist Mission Station on the west bank of Kariega River. The climatic
conditions are similar to Hewlands Farm, and wildes grow in the area.

The farm was established in 1838 by Reverend WillBhaw to encourage
the amaXhosa to receive religious instruction angrovide a livelihood. Farmerfield
was named after the Rev. Thomas Farmer, a prommgrigter in Britain in the early
19th century. In 1850, ownership was transferrethéoWesleyan Missionary Society
and later to the Methodist Church of South Afrielall 1993, Carlisle 2000).

In about 2000, an estimated 2000-3000 olive treesewplanted but were all
subsequently cut down which led to no pests problerperienced. This farmer was

not interviewed.

2.4.2 Agricultural research and training institutions

Olive trees were planted at agricultural researath ®aining institutions, the
main purposes of which were either to conduct agitice-related research or to train
pupils and students in agriculture. These instihgiwere considered disadvantaged
under the previous South African government but lkagosure to expertise in
agricultural practices in crop and/or animal fargniihe selection of these institutions
for participation in the olive-growing project waslecision made at a national level.

The only problems reported by either researcheddoarwokers were pests
such as the olive flea beetlds capeng (Bryant) andA. sexvittatugBryant) and

olive lace bugPlerochila australis

Dohne Agricultural Development Institute (32°31'38"S, 27°28'59"E; alt. =
870 m) is located on the north of Stutterheim (Fegl). It lies in a summer rainfall
area in a mist belt receiving 500 mm of rain atiguand is characterized by

particularly dry winters and wet, humid summers.eTarea experiences mean
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maximum temperatures of 23°C and mean minimum teatype of 16°C, and
extreme conditions with regular heavy frosts andess snowfalls during winter
because of its altitude (Eastern Dohne Central &uscl 2007,

http://dohne.eci.co.za/edgnSome wild olive trees grow in the area.

Dohne Agricultural Development Institute is a paft the Eastern Cape
Provincial Department of Agriculture (EC-PDA) thanders some technical support
such as soil analysis and evaluation of veld quaStutterheim is highly populated
and surrounded by commercial farms (cattle, fin@lea sheep and citrus) and
smallholdings (Swanepoel 2006).

Although it was reported that the first olive traeghe olive-growing project
were to be planted here in 1999 (Naki 1998), itldowt ascertained if this actually

happened. No pests were reported either.

Pandulwazi Boarding High School(32°39'18"S, 26°55'26"E; alt. = 707 m;
Figure 3G) is 25 km from Alice towards Hogsbaclg(fe 1). The climatic conditions
are similar to those of Alice and Binfield Farm, iefh is 4 km away towards
Hogsback. There were wild olive trees in the area.

The school is a historically black agriculturalimiag school. The trees were
tended by two black staff members who were 45-5@rg/@ld in 2005. Their sole
income was from the school.

About 300 olive trees of unknown cultivars werenpéal in 2001 on about one
hectare. The application of insecticides was delajee to the loss of the key to open
the chemical store room. Staffs tending the treeewnoved to other jobs for several
months, and could not cope with the backlog whey tieturned.

There were serious problems with pests observethignfield which were
related to the olive flea beetlds capens (Bryant) andA. sexvittatugBryant) and

olive lace bugPlerochila australis

Fort Cox Agricultural College (32°47'38"S, 27° 1'18"E; alt. = 445 m) lies
about 20 km east of Alice towards Hogback (FigureThe climatic conditions are
similar to those of Alice. The area had wild olivees.

This historically black college was established @80 near the site of a 19th-
century British fort. It has grounds of about 1 3%kttares along a perennial river.
The olives were grown by two black staff membergdag0-45 years in 2005,

employed and paid only by the college.
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In 2000 an unspecified area of olive trees of umkmaultivars was planted.
Only two trees survived in 2005 and were 0.5m thk; rest were either dead or eaten

by cows.

The University of Fort Hare (32°47'39"S 26°50'53"E; alt. = 513 m) is in
Alice (Figure 1). The climatic conditions includareean annual rainfall of about 570
mm per annum and mean annual minimum and maximuompdgatures of 3°C and
27°C. There were wild olives trees in the area.

This historically black institution played an impanmt role in the advancement
of Africa and, more particularly, in the educatiohthe greatest number of present
political leaders, including Nelson Mandela (exgident of South Africa), Seretse
Khama (ex-president of Botswana), Yusuf Lule (egswmient of Uganda), Robert
Mugabe (president of Zimbabwe), Ntsu Mokhehle (griminister of Lesotho),
Fwanyanga Mulikita (ex-prime minister of Zambia)daklijah Mudenda (prime
minister of Zambia). ANC alumni include Oliver TambGovan Mbeki, Chris Hani
and many others. PAC founder Robert Sobukwe andtiiak Freedom Party (IFP)
leader Mangosuthu Buthelezi graduated in the 1950s.

In 1999, 150 olive trees of unknown cultivars wplanted on an area of less
than one hectare (Brutsch pers comm. 2004, Apemgersy comm. 2004-2007).

No olive fruit has been obtained so far, but thease other pest problems
such as the olive flea beetlés capens (Bryant) andA. sexvittatugBryant), olive
lace bugPlerochila australisand a stem borer. No one was specifically allat&be
maintaining the olives but there were black staéfrmbers who were occasionally
directed to work there. The site was in good camwiin 2005 but needed to be

sprayed and fertilized, and there were no allocktiedur.

2.4.3 Small-scale farms

Binfield (32°40'26"S, 26°53'44"E; alt. = 709 m) is 14 kronfr Alice towards
Hogsback (Figure 1). The climate is like that ofcal The area experiences very cold
temperatures during winter with a mean maximum 4fCland mean minimum of
6.4°C and occasional snowfalls. Rain falls pred@mily in summer. There were wild
olive trees in this area.

Binfield is a rural area within the Nkonkobe Mumality in Ward 15
(Nkonkobe Municipality 2004/2005). The populatian Nkonkobe Municipality is

predominantly rural, with a rural:urban ratio ofpapximately 4:1 and Binfield is no
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exception. Generally, rural areas in Nkonkobe Miupaility are moderately more

densely populated than the urban areas with thalaopn ranging from 745 to 1277
in each village. About 74% of the population isheiit an income, and their income
ranges from R401 to R800; pensioners account f@d%1n this income range. The
average level of education of people in Ward 1%eiy low, with only 0.27% of the

population having matriculation or post-matric egfimn (Central Statistics Service
2001, Eastern Cape Municipality 2004/2005).

In 2000, 200 olive trees of unknown cultivars wetanted at Binfield. An
agriculture official based in Alice and colleagdesm the Provincial Department of
Agriculture in Bisho solved a labour problem at fi¢td by allocating 8 or 9 trees per
person, but nonetheless some of the trees wereatedl By 2007 no olive fruit has
been obtained, although the trees were reportedn bgood physical shape. An
unquantified problem was reported with pests but e@nsidered to be under control.
Locusts were also reported to be feeding on thevig points and spraying was
recommended to the extension officer responsibliis area by the Department of
Agriculture in Alice. The issue of irrigation equient for the olive trees was also
raised.

There were serious problems with pests observethignfield which were
related to the olive flea beetlds capens (Bryant) andA. sexvittatugBryant) and

olive lace bugPlerochila australis

Ncera Developmental Trust Farm(33°00'24"S 27°32'54"E; alt. = 357 m;
Figure 3H) is situated about 35 km SW of East Lontlawards Port Alfred (Figure
1). The climatic conditions in this area are sytitral, characterised by warm humid
to hot dry summers and relatively mild winters witarm days and cool nights. The
average temperatures are 7-9°C in winter and 28-2A° summer. The average
annual rainfall is 400-700mm, moderately erratiod amostly in the form of
thundershowers (Stylianou pers. comm. 2005). Wilees occur naturally here.

Ncera Developmental Trust Farm is in Ward 2 of BldfCity Municipality.
Ncera Developmental Trust is a public companydisteh the Provincial Department
of Agriculture as the sole shareholder (BuffaloyQiunicipality 2003/2004). The
commitments of this company are to assist smalesead emerging farmers by
providing advice, extension services, training, aather services related to
agriculture. The Ncera Development Trust is pdytialvned by the government. The
farm is situated on state-owned land of approxityaBi02 hectares. The olive

project aimed to promote black commercial farmingn attempt to de-racialise the
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agricultural sector and also to achieve more widksp development in rural South
Africa (Buffalo City Municipality 2003/2004).

In 1999 about 400 olive trees of two different, mown cultivars, were
planted on one hectare at Ncera Development Trodt i was anticipated that
planting would be expanded, but in 2007 no expanisaw occurred.

So far no fruit has been obtained and no probleme weported either pest
such as the olive flea beetlascapens (Bryant) &A. sexvittatugBryant) and olive

lace bugpPlerochila australisoccasionally.

Ncera Village 6(33°00'11"$ 27°33'12"E; alt. = 380; Figure 3J-K) is one of
twelve villages within 2 km of Ncera Developmenu3t (Figure 1). It has the same
climatic conditions as the Trust. In this area valive trees are widely distributed.

Title to this village was transferred to a Tribalu$t under the control of
Xhosa Chief Doyle Mpuhle Jongilanga and his indugasZulu word meaning
advisor, great leader, ambassador, headman, or andenof a group of warriors) in
1998. The people in this rural area (which falldemwWard 2) are unemployed, faced
with poverty and considered by the municipalityh@ave a low quality of life. The
population in this area numbers about 17 009 armtoxpmately 80.2% of it is
employed, mainly on pineapple farms and in soméofas situated in the western
side of the ward. Of Buffalo City’s population, 268e children (0-14 yrs), 38% are
youths (15-34 yrs) and 8% are 60 years and oldeng@s 2001). People are involved
in very small scale community projects such as gigs, poultry and sewing, but the
largest source of employment is a broiler chickesjget serving all twelve villages
under Jongilanga. The income of people workinchese projects is R4 801-R9 600
annually. Only 0.5% of people are educated duen&mlequate education facilities
(Buffalo City Municipality 2003/2004, Central Stsiics Service 2001).

In 1998, 200 olive trees of unknown cultivars wplented at Ncera Village 6.
Most trees died in 1999, apparently because ofrstdted problems, and thus far no
fruit was obtained.

No pest problems were observed due to the facithat the olive trees died.

Durban Location (Peddig) (33°12'17"S, 27°08'01"E; alt. = 321 m; Figure 3L)
is about 10 km from the N2 national road betweemgMgilliamstown and
Grahamstown (Figure 1). This village is boundedhsy Fish River to the south and

the Kieskamma River to the north. The climate igrabterised by variable moderate-
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to-low rainfall with an annual average 400 mm aeflly 60% of rainfall occurs in
summer, peaking in October and February. No wildedrees were seen in this area.

Durban Location is situated in Ward 11 in the Ndgus Municipality
(formerly known as Peddie district). The estimapegbulation distribution is fairly
evenly spread in all of the wards. Ward 11 hous@8& people (1 347 households)
with an average household size of 3.8 persons pasdiold. About 95% of the
population live in rural areas, with a shortagdasdic essential services such as water,
sewerage, electricity and community facilities (€eh Statistics Service 2001;
Ngqushwa Municipality 2005, 2006, 2007). Some 65%he population are youths
(15-34 years old) and the rest are older persons.people’s income sources in this
area comes from primary activities (13%) which fmening and mining, secondary
sector (18%) which is manufacturing, constructiord aitilities and tertiary sector
(69%).

This location is where the former Minister of Agritire Max Mamase was
born and possibly the olive trees were planted imsz#the MEC Max Mamase wanted
to give something back to his community.

In 2001 it was reported that the grove was covesedeeds and the area was
extremely wet, resulting to the death of the olirees (Tamba 2000). However the
trees were later replanted. The 141 olive treesigied two hectares in 2005. No
olive fruit was obtained so far from this area. Tdwmmunity also did not involve
themselves in taking care of the trees and thexefithe DoOhne Agricultural
Development Institute staff took over. It was lawwncluded by the National
Department of Agriculture that the community must encouraged. The fence
surrounding the olive grove was stolen. It was reggbthat MEC Max Mamase was
“Tired of the ongoing theft in the province”, arftht he said that, “the voltage of the
electric wire protecting the Binfield olive treelqdi project near here would be
increased” (Feni 2000). In 2005 no fence was icqla

Other than the fence being removed, the problerasrebd were related to the
olive flea beetled\. capens (Bryant) andA. sexvittatugBryant) and olive lace bug,

Plerochila australis

Enoch Sontonga Rehabilitation Centre(32°56'17"S, 27°28'12"E; alt. = 323
m; Figure 3M-N) in Qongqotha village, 10 km fromnigi Williamstown (Figure 1).
The area is characterised by mild winters with terafures of about 14°C and dry,

hot summers of about 30°C. There were no wild diiees in the area.
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Qongqotha village falls under Ward 40. This Rehglibn Centre was
formally known as Nontsapho Rehabilitation Centramed after President Lennox
Sebe's wife, Nontsapho during the Sebe governnezidagin Ciskei. Olive trees were
planted on about one hectare of the 12 ha EnockoSga school grounds. On this
farm, the Qongqotha villagers grow vegetables thay harvest and sell to earn a
living (Mxotwa 2000). This project was called Gwethiala, which means ‘eradicator
of hunger’, because it provided villagers with viedibes and the Eastern Cape Anti-
Poverty Foundation staff with an income (Anonyma0€3).

The MEC Mr Max Mamase chose this site to planticatéd olive to provide
disposable incomes for the rural poor (Mamase 20002001 unknown olive tree
cultivars were planted at Enoch Sontonga. The dies died, possibly because they
were waterlogged and had pest problems, althougimigation of an aerial
photograph (Figure 3M) suggests damage from a diras®o.

Pest problems were related the olive flea bed&tlesapens (Bryant) andA.

sexvittatugBryant) and olive lace bulerochila australis

Qunu Farm (31°48'35"S, 28°36'24"E; alt. = 751m; Figure 3041 the
premises of ex-president Nelson Mandela, is 32 é¢mthswest of Mthatha on the road
between Butterworth and Mthatha (Figure 1) (Sm@B89). Qunu village is assumed
to have a climate similar to Mthatha, which is etaerised by mean temperatures of
4,5°C in July and 21,7°C in February with averagidydnaximum range of 12,5°C to
21,7°C, and minimum of 4,2°C to 16,3°C. An annuarage of 650 mm of rain falls
from October to March, with the peak in Februarpy® African Weather Bureau,
1997). Qunu is situated in a narrow, grasslanceyalbverlooked by green hills and
there are no wild olives or any other trees.

Qunu Farm supports the surrounding community wideds and fresh
vegetables such as maize, sorghum, beans and pwsnfiki survival. The local
people were in the 40-80 year old age group. Tienzonity consist of a few hundred
people who live in huts with mud walls and a woogeie in the centre holding up a
peaked grass roof. These rondavels are generadlypgd together in homesteads
some distance from the fields.

In 2000, 250 olive trees of 200 unknown cultivaRickson 2000) were
planted at this site. They were reported to beaadgcondition (Anonymous 2001)
but had pest problems. The leaves were completdlgw, showing no sign of good

health and there were weeds between the treeso(Cadta and John Scrimgeour
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pers. comm. 2004). Carlo Costa’s recommendation® e spray insecticides and
apply fertilizer. Thus far no olive fruit have beeltained.

The pest problems observed which believed to haen ltaused by the olive
flea beetlesA. capeng (Bryant) andA. sexvittatus(Bryant) and olive lace bug,

Plerochila australis

2.4.4 Farmers’ profiles

Most respondents from Ncera Village 6, Binfield @&etddie were old enough
to draw pensions (Table 1). The private farmersthedraining institution employees
were middle aged (Table 1).

A high proportion of respondents in Ncera Village Binfield, Durban
Location, Fort Hare Farm, and Phandulwazi High $thwever attended school
(Table 1). The private farmers all had more thany&frs of formal education, and
were self-employed, relying on their farms for imm The small-scale farmers
depended solely on government old-age pensionsitendmployees in the training

institutions were paid by their employers.

2.4.5 Stakeholders’ perceptions

Private farmers. All of the private farmers had positive percepsicof the
olive trees. Most viewed the crop as experimemntdlf@ad not planted enough trees to
be commercially viable. Three of the private farsneeported that their biggest
problem was pests like olive flea beetles, lacestargl, where there were commercial
olive fruits, olive fruit fly. They did not seem giularly concerned about a lack of
governmental support or training, and appearecely on their experience of other
crops, common sense, and advice from Mr Craig Ripf@ocommercial farmer in

Springvale Farm) in some cases.

Government officials During a telephonic conversation, MEC Mr Max
Mamase said, “A climatological book was used whittowed that the areas were
suitable for olive growth”.

The local government officials reported perceivihgir involvement in the
olive growing project as an opportunity to createsj for the local people in terms of
empowerment and business access to comprehensie al markets. By 2007,

some officials associated with the project had ,deéed others were promoted or had
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moved to new posts. An official from Durban Locati¢Peddie) said that the
introduction of the olive project was top-down apalitically directed. In 2007 he
said, “Nothing is happening with olives. They hadeen neglected and for the past

two years, 2006 and 2007, no one has been ontéhtosiheck them”.

Agricultural training institutions . The rationale, aims, and objectives of the
olive pilot project in agricultural training ingtitions was seen by the institution staff
as an opportunity for pupils and/or students tenegbout olive farming at an early
age using a hands-on approach. However, a variefyrablems were described,
including a lack of sense of ownership, lack oforeses, lack of capacity, and
inconsistency of effort.

Ownership The lack of a sense of ownership became evidéenvall of the
trees at Fort Cox Agricultural College died. Thees had not been watered since they
were planted, had not been maintained by being/egdrtor pest and diseases, and not
protected from local cows, which ate them.

ResourcesThere was a lack of financial capital or supgorbuy some of the
equipment required for this project. The workerPhandulwazi High School said
“We do not have the fertilizer to apply on the elivees”.

Capacity Workers stated that they did not have the knogdetb prune the
trees. Interviewee A from Fort Hare reported, “Eh& no one who knows how to
manage the olive trees and we have been promiagtng but so far we have been
waiting for six months and we still lack knowledge”

Discontinuity There was discontinuity in management. For examfhe
workers at Phandulwazi were moved to other tasksafo or three months and by the
time they returned the weeds and grass was too tlmmgaintain. At Fort Hare the

olive trees did not have any permanent staff memdsponsible for them.

Small-scale farmers The introduction of the olive tree pilot projegas seen
by the community as a positive idea and they hgt Bxpectations for the long-term
success of the project to the extent that the 8lishfand Peddie small-scale farmers
were passionate and excited about the projechdBinfield and Peddie communities
there was 100% participation, particularly in atiexy meetings held prior to and
soon after project initiation. The community viewtbe introduction of the olive trees
as providing opportunities for them, potentiallgliding employment opportunities,

stipends from the government (for maintaining tiees) and hunger eradication.
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Farmers reported that several factors affected itmglementation of the
project, including a lack of ownership that intéest with a lack of knowledge
transfer and a lack of stability of personnel; latkadequate support such as poor
financial capital; poor human capital (skills, kredge, and capacity among aged to
work); lack of communication with officials and dwation procedures; and
miscommunication of time-scales of the project. 8se of these above factors the
small-scale farmers became disillusioned.

Ownership In Peddie a lack of sense of ownership was cdeayeofficials of
the Provincial Government Department of Agricultukethe beginning of the project
when the trees were to be planted, the provind&kegment paid eight people to
plant the olive trees on behalf of the people imtian Location. This gave the people
the perception that they were not involved in ggmbthat was supposed to uplift and
employ them, and led to the theft of the fenceeAthe trees were planted not even
one community member was involved in the mainteaanfcthe olive trees, and the
Provincial Department of Agriculture and the mupdadity rescued the project by
transferring employees from other divisions to ladter the trees, perpetuating the
alienation.

However, at Binfield and Ncera Village 6 communityembers showed
ownership of the project by being involved in clegrthe area where olive trees were
to be planted.

Support The farmers at Binfield felt they owned the potjbut they felt there
was lack of adequate support from the Departmeigoiculture such as supervision
and training, evaluation of how the crop was penfiog, and provision of fertilizers.
The Binfield farmers asked to be supplied withgation systems and fertilizers, and
for the size of the local dam to be increased sy tan be able to maintain the olive
trees.

Capacity There was a lack of human capacity such as skilts knowledge
about the olive project. Interviewee B in Binfidid “We do not know how to prune
the olive trees and the provincial government psaito send someone to teach us.
We have been waiting and now are faced with dsloment because the trees were
falling on top of the gardens that were in betwésn trees”. Some basic training
about the olive cultivation including pest and pesintrol was done by the
Department of Agriculture but the training was ieqdate.

The training in Peddie for example comprised tvaifatf the Department of

Agriculture, not the community. There was no knayge transfer to the communities
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because the two people trained were moved to @keartments before they could
teach the people in the community.

However, the Ncera Village 6 farmers felt that glowernment supported them
but the olive trees failed because they did not tgéod care of them. Interviewee C
said, “We never visited the place as often as veellshbecause we were so busy with
other things but we do want the olive project”.

Communication The people in Binfield were frustrated by a laock
communication with the government. “The governmihd us to write all of our
needs concerning the project and we have doneosmasy times. In return there is
no response whether they have received our comglamnot and/or what they are
going to do about them? For example, small-scalmdes in Binfield asked for an
increasing of the dam close to the olive treeshatmoment the Binfield community
doesn’'t know whether the government is working dwe tproblems or not”
(Interviewee A). Interviewee B said, “We are tiretl being asked by Mr G. [the
extension officer in the area] to write down ouedg and any other complaints about
the olive project so that he can report them toDbepartment of Agriculture in Alice
Town, because nothing comes after we have writtgnto now we are waiting for
feedback”. The people said the olive pilot project to disillusionment, with distrust
of government officials.

Discontinuity Staff of the Department of Agriculture trainedtliben were
moved to other Departments. The person who attead&rdining course in Ncera
Village 6 left in 2004 for another company, but2007 he returned to the olive
project. Other officials died or were promoted tdmenistration posts, and not
replaced.

Miscommunication When there was communication from the govenrment
officials, the information was miscommunicated. Afl the interviewees in Binfield
pointed out that “someone” from the provincial gowaent said that there had been a
mistake, that the trees that were planted weréealales and they needed to plant
males next to the females. This has created midtesause all the people now said
the government was not reliable. The Binfield comityuraised a question: who is
going to take care of the new “male trees” if te® planted do not even produce
fruit?

Time-scale Many people complained that the delivery timetlué product,
which is approximately 4-5 years was unrealisticidhg for them. Interviewee D of
Binfield stood up and said, “Four or five yearsaisong time to wait when you are

hungry”. Interviewee E said, “We are used to crepsh as cabbages and have maize
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or potatoes, which tend to be ready in a monthhteet months’ time and we are
assured that we will eat. These trees have noupeatlfruit even during the expected
period”.

DisappointmentsFarmers were told that there would be fruit oe trees in
five years but when the time came and there wasuitoband no one was available to
inform them about what was happening. Disillusied Interviewee D to say, “We
have been struggling with the maintenance and nemagt of this olive project and
we are old and going to die without benefiting. @hildren lack the interest because
they have seen us struggle and they cannot tak& ove

Immediate needs such as foo@lhis was a major concern in all the
communities. Binfield farmers were told to planbgs in between the olive trees so
that they could get food whilst they are workingtbe olive trees. For a short time
they did this, but then stopped. Their reasonssfopping were that the roots of the
trees were competing with their crops, and becthuserops needed air and they did
not get it between the trees, so they did not predurherefore the farmers’
immediate needs were not met. At Binfield and Darbacation people complained
that the basic needs for survival were not metatriglinfield they felt that they have
been working for five years for “mahala” (meanirgmng).

EmploymentAt least eight people were employed and paidhieygovernment
in the process of planting the olive trees in Peddihich encouraged some people in
Durban Location because their sons were employ#dhke payment stopped after the
job, leading people to complain that now they apelanger involved on the olive
project. Interviewee F said that there was no naditim for them to work because
they did not get anything, while people who ardrtglcare of the trees at Fort Hare
Farm, Phandulwazi, Fort Cox Agricultural College darEnoch Sontonga
Rehabilitation Center were employed and paid by fihstitutions. Olive tree project
disseminated community divisions.

When farmers stopped tending their trees in PealdéeBinfield, government
officials solved the problem by dividing the trem®ongst the farmers. This brought
community division and that affected olive tree m@ement because some farmers
sprayed while others did not. Interviewee C askéthy would | spray and waste my
energy if my neighbour is making a home for thetgi#&'s

Accusation While farmers recognised some of the negativee@spof the
project’s implementation, Interviewee D said, “Pleopere in Binfield are also very

lazy”. However, Interviewee E intervened and séidhe olive trees do not have value
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to us because we have been working on these ofies ind haven't gained anything.

Why should anyone continue?”

2.5 Discussion

2.5.1 Status of olive groves in the Eastern Cape

MEC Max Mamase indicated the project site selecfioocess was based on
climatic suitability and temperatures at the stusifes were generally within
recommended climatic conditions. Obvious factorst there either observed during
site visits or raised in interviews include tempere, rainfall, humidity, irrigation,
altitude, wind and solar radiation. For olive protlon, mean monthly temperatures
should never drop below -3°C and summer shouldrpeudd hot with mean monthly
temperature between 22°C and 30°C (Costa 1998}a@b398) and du Preez (2005)
state that the days of traditional growing of olitrees under dry conditions are
vanished, and advise that to optimize productiod goality of any fruit type,
physical soil analysis needs to be done to knowwiser holding capacity. This
apparently did not happen at Durban Location andcBnSontonga Rehabilitation
Centre, where soil conditions were blamed for teatld of trees. The Binfield farmers
complained about not having water for the olive$realthough the original plan was
to grow about half of the trees without irrigatifidattingh 1998). In South Africa
olive trees grown above 300 m altitude and allsites were at altitudes above 300 m,
except for Hewlands Farm which was at 247 m.

Windbreaks may be essential to support newly pthirtees and make sure
fungus diseases are checked (Costa 1998). The gyatvBurban Location, Enoch
Sontonga Rehabilitation Centre and Qunu are instaads that are very exposed to
wind (Figures 3L, M, O), which may have hampereeirttestablishment. Planting
distances, row orientation, pruning and trainingtsgns affect light interception and
distribution, and the olive trees at most sitesen@renly spaced except for trees that
had died. The trees at the University of Fort Hasxe a bit clustered and the rows
were orientated unusually which may create diffiesl for orchard management
(Figure 3A-P).

The olive growing project on small-scale farms weported to be in good
condition two years after its inception, and fewlgems were noted by 2001 (Tamba
2000). Subsequently it became evident that theeqtidot project was more of a

success in some areas than in others, and a rangeolblems was raised by
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respondents in 2005 (Table 2). In 2005 the leatesewgeral sites often appeared
yellow, which might be related to diseases, peats] inadequate moisture or
nutrients. In this case it was reported to be laickutrients, specifically, a nitrogen
deficiency (Tamba 2000). This also showed a laciesburces and knowledge of the
crop. In other areas the project seems to havedf&ilr logistical reasons.

Of the five private olive sites, only one site wemmmercially successful:
Springvale Farm produced 300 tons of olive fruiinfr 34 hectares in 2005, 5 tons in
2006 and 110 tons in 2007 (de Lange 2007). Thergiheate olive groves were
either still experimental and produced only littieno fruit, or no longer pursued olive

production at all.

2.5.2 Farmers’ profiles

The respondents from Ncera Village 6, Binfield deddie were too old to
maintain the olive orchard (Table 1). One of theliviewees in Binfield said “We are
worried that we are too old and going to die withbanefiting from these olives”.
The private farmers and the training institutionpdmgees were mostly middle aged
(Table 1) and have a good chance of benefiting ftbeir projects. The younger
farmers also had more time to benefit from theipexience and to hand it on
subsequent generations, which was far less cemaithe case of the small-scale
farmers.

The respondents in Ncera Village 6, Binfield, Durbaocation, Fort Hare
Farm, and Phandulwazi High School were not educatetl many were illiterate,
while the private farmers were generally educatettitiary level. Some respondents
therefore had better access to and understandingnfofmation than others.
Educational level was important in this study assitikely to guide the farmers’
interpretation of educational pamphlets, booksiasttuctions on containers.

The employment status of the respondents variediderably between the
groups was a key difference to the success of @ioves (Table 1). The private
farmers were self-employed, and regard farming jab,aand relied on their farms for
their living, while small-scale farmers dependetelsoon government pensions and
the employees of training institutions were beirgdpby their employers. The
differences on the source of income might have gereffect on the input that each

respondent was prepared to make on their olive.tree

27



2.5.3 Agricultural research and training institutions

Basing an olive pilot project at agricultural resdaand training institutions
was an excellent idea, especially given the exgeeni staff and energy of students.
At a school level, school gardens have a role munimg a realistic understanding of
agriculture, nutrition and living skills in childne However, the implementation of the
idea hindered its goals. Many of the problems faaethe agricultural institutions
were similar to those experienced by small-scalméas. Generally the institutional
staff showed little sense of ownership of the mbjéacked academic and financial
capital and resources, and was not able to giveistemt and continuous attention to
project management, leading to neglect of the trébe lack of ownership showed
when the trees at Fort Cox Agricultural College diéd because there was no
irrigation or spraying programme or protection freows. The staff consistently did
not value their ‘ownership’ of the olive pilot peat. This problem seemed to span the
entire management hierarchy, because the realbocafiworkers at Phandulwazi for
two to three months was not a low-level decisionFért Hare the olive trees did not
have any permanent staff member responsible fon.tAdese results suggest that a
top-down approach to project implementation thabbpbly originated at the
provincial agricultural offices that did not considthe needs and capacity of the
institutions.

ResourcesThere was a lack of financial and technical suppithe worker in
Phandulwazi said that they lacked fertilizer foe thlive trees. There was a lack of
academic capacity, because workers felt that tleeydcnot prune the trees because
they did not know how. Empowerment was incompletxabise workers were
promised training that never materialised. Thisgasts inadequate planning of the
project. Adequate planning of any project is neagsgor an excellent outcome
(Robinson 1981).

2.5.4 Small-scale community farms

The primary problem faced by the olive growing prtjwas alienation of the
beneficiaries. Except at Binfield, communities wand interested in the trees, which
were either ignored or maintained by staff emplopgdthe implementing agency.
The top-down approach also characterised a small-sorigation project aimed at
sustainable rural development 30 km west of Pe(@8ishuta 2005). Many papers
have shown that the failure of development projectsommonly due to the lack of

involvement of local people in the decision-makprgcess, or a failure to recognize
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their greatest needs (Schuftan 1996, Younis 196lleBs 2000, Perez 2002, Simpson
et al. 2003). A bottom-up approach is best because itdblwcal empowerment and
promotes community participation, leadership andn@&whip of problems and
solutions (Mannion 1996, de Beer and Marias 208Bhpsoret al. (2003) stated that
the Queensland government had their own agendhddrRemote Town Internet Cafe
Project and that made the individuals in the comigueel left out from decisions
and ownership of the project. Younis (1997) rembdestrong sense of ownership and
management of forests in Scotland with bottom-ufatives.

A current lack of sustained governmental supposo atompromised the
actualization of the project’s specific goals. Rolgswithout being aware of it, the
government created dependency in the recipients.faimers felt that, besides the
trees, they should get supervision, feedback, armtenresources from the
government. There was a lack of financial suppoiftuy equipment required for this
project, the equipment that was donated did ndagenough to assure success.

There was also a lack of technical capacity. Somsicbtraining in olive
cultivation and pest control was offered througk Department of Agriculture at
Dohne, but the training was apparently ineffectiyayticularly in terms of its
audience. Government staff were trained insteatheffarmers themselves. Many
small-scale farmers were old, and perhaps unlitelyass on the expertise they were
earning by persisting with farming unassisted. Hagly been trained directly, the
project would have been jump-started. Instead, Ifiéd promises of training led to
disillusionment. For projects to be successful sustainable there is an essential need
for developers to impart genuine skills directlyer®z (2002) stated that lack of
resources and training make food management plaustiil. Community capacity is
defined as sharing skills and resources to achaueomes that are not possible
without assistance. Labonte (1999) also listeddineensions of community capacity
which were skills and knowledge, leadership, effjcanorms of trust and reciprocity,
social networks, and a culture of openness anailegr Due to the abovementioned
issues, the small-scale farmers were faced witliudimned and also demotivated to
continue with the project.

MEC Max Mamase was reported as saying, “A prunioggany would be
established and its members sent for a three-miwathing period to the Western
Cape where similar projects were already up andingn Mamase said the trainees
would also learn harvesting and processing tecksiqas well as managerial skills”

(Feni 2000). Although it promised job creationstholution perpetuated alienation of,
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and failed to impart knowledge to, the growersalfio created another promise that
risked not being kept.

When there was communication between farmers acal [government, the
information sometimes did not produce feedbackseues were miscommunicated.
To advise that the trees were all females andrtfaé plants needed to be procured
was not true because olives are monoecious, havatg perfect and imperfect
flowers (Martinet al. 1994, Costa 1998). When this error was uncovetedeated
mistrust because all of the people now said thatgbvernment was not reliable.
Simpsonet al. 2003 stated that such failures of project canteresacks that go
beyond the borders of a project, and have a nepatifect on the self-worth and
future potential of the community.

The National Department of Agriculture acknowledgttt there were
problems surrounding the issue of knowledge ane®iige, but emphasised the lack
of collaboration with, or involvement of, horticutists, entomologists and other
scientists in the province (Tamba 2000). For examile omission of horticulturists
led to the loss of knowledge of the olive cultivatanted at all of the sites (Tamba
2000). It was later concluded that the project siagply not research-based (Tamba
2000).

This lack of research was illustrated in the choafecrop for poverty
alleviation. From the government’s point of viewethnticipated time for the olive
project to reach maturity was five years. This wather unrealistic for poor farmers
who were mostly pensioners working on an unfamitieop that is known to yield
erratically (Neuenschwander 1982). This shows la ddcesearch or poor advice prior
to the initiation of the project and inadequateppration of the project. Planners need
to be practical about timeframes required to achifflective community engagement
on projects. However Lee (2003) says there is oot $érm solution to key poverty.

Perretet al. (2000) and Odeyenait al. (2006) have shown that rural farmers in
the Eastern Cape cultivate crops for home consemptiot for income. At least the
extension officers offered an immediate solutiortiie problem by suggesting that
farmers should plant vegetables between the olieestas an interim crop while
waiting for the trees to reach production. An aetit the Daily Dispatch reported
that, “To make maximum use of the land, Mamase @adgttables could be planted in
between the olive trees” in Binfield (Feni 2000pwtver, an orchard and vegetable
garden system does not yield staple foods andaoif fasmers cannot afford to buy the
missing staples, the system cannot be considersdstainable self-consumption

subsistence strategy (Perez 2002). This is bedheserchard’s potential to become
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an income-generating source is at risk from so nfaators, including frost and hail;
a high potential for substantial loss of harvest tlu post-harvest problems such as
lack of storage facilities; poor resources for, draning in, preservation of the
product; inadequate road and rail network support rharketing; no money for
distributing the product; no targeted market; ane problem of accumulated debt
which means that farmers who make money in a pdaticseason will spend it
instantly and will not ensure food or financial sety for subsequent months. The
small-scale farmers and some of the training m$tihs such as Binfield and Durban
Location had exactly the same experience, sinoghhd no infrastructure to support
successful orcharding and lacked logistical andllettual resources and training to
solve the problems.

Some of the people’s children were employed in Redtthe beginning of the
project and that created a sense of expectatisnsthined and further jobs. The drop
in the number of people interested in the projeas wiearly linked to expectation of
jobs. In the Daily Dispatch newspaper, MEC Max Mamannounced that, “his
department will plant over 400 000 olive treeshia hext two years, which will create
more than 20 000 jobs” (Siqoko 199®). the Daily Dispatch in 1998Ir Mamase
anticipated, “about 300 workers could be employadpruning, harvesting, and
maintaining orchards which could result in morentd®00 jobs” (Siqoko 1999). He
later told “about 30 potential olive farmers thastaft from dagga growing to hemp
production must also be expected”. Local Econonggdlopment (LED) projects that
were conducted in the Free State from 1999 to 200ich were required to recognise
plans to ensure job creation and poverty allewgtishowed a similar problem
(Marais & Botes 2006). Not even one out of morentd@0 jobs created during the
LED project lasted long; however the job holdersenal depending on the available
social grants. Government officials need to be avedithe impact that these kinds of
promises have on target communities when they atenret, leading to negative
attitudes and raising barriers between them anddhenunity for future projects.

Some small-scale farmers recognised the communify&st in the
unfruitfulness of the olive project because Intewee D in Binfield said, “People
here in Binfield are very lazy”. The response tidg comment drew foreshadowed a
possible division in this community. It is vital toe practical about impediments
encountered in community development such asisglitnd conflict in communities
(Gilchrist 2003). Putnam (1993) also warns thategomnent activities that neglect or
undermine community cohesion can create a straipremiously sound community

groups and worsten conflicts that may already exist
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One thing that was fairly clear was that insectg@agere a minor problem for

the olive growing project, especially since thesrgvere not bearing fruit.

2.5.5 Private farms

The main problem of private farmers in the East@ape was olive pests such
as olive flea beetlesA(gopistesspp.) and olive lace bug®lérochila australi} that
affect the olive leaves (Table 2). A simlar repads mentioned for both wild and
cultivated olives in the Western Cape (Myburgh 198hitehead & Myburgh 1961,
Annecke & Moran 1982, Swain & Prinsloo 1986, Cok#88, Ellington 2004). One
farmer from Springvale Farm also mentioned olivaitffly (Bactroceraspp.), but
other subsistence nor commercial farmers had neraxe of this pest because their
trees have not borne substantial amounts of fBiitilar results has been reported in
many other Africa countries (Lesotho, South Afriddemibia, Kenya, Eritrea), and
other places such as the Mediterranean region Et\uth Africa, southern Europe,
Canary lIslands), the southern Palearctic and EaréBurkey, the Middle East,
Caucasus, Pakistan) (Christenson & Foote 1960,dkiri & EI-Sayed 1983, Crovetti
1996, Copelancet al 2004, and California (Rice 2000, Collier & vane&twyk,
2003).

2.6 Conclusion

This survey of the literature and farmers’ peraapdi contributed to the
understanding of the status of the olive crop i Hastern Cape, It has shown that a
top-down approach to community development and ppveeduction is not
successful. It has also been demonstrated thahairge participation in a particular
project requires that unique consideration in imwa all citizen groups in the local
community, including poor people, in strategic pisng and decision making to be
considered. Exclusion of the full involvement ofhmmunity memebers participation
will otherwise remain basically an objective rathiean an achievement. In general,
studies on community development-based projectestigated by various authors
have shown to not work for poverty alleviation (psonet al 2003, Marias & Botes
2006 and Harvey & Reed 2006, Bowen 2007). The tfzat projects do not work is
not necessarily due to lack of good ideas butdertain extent with lack of emphasis
on principles, which later hinder the feasibilitiytbe projects. Having examined the

social issues and general requirements of oliveagement illustrated by the olive
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pilot project in the Eastern Cape, this thesis msges to entomological research

focused on Springvale Farm, where the full spectofipests could be found
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Table 1: The profiles of small-scale farmers in Meera Village 6, Binfield and Durban Location conmities, private farmers and

workers from agricultural training institutionstime Eastern Cape. n = sample size.

Gender Average/actual Median % of
Men Women age of respondent:no. of years at respondents in
(years) school (and relation to their
range) source of income.
Private farmer$§
Springvale Farm (n 100% 44 (0-18) 6
=1)
Belmont Valley (n 100% 46 (0-15) 8
=1)
Varnam Farm (n 100% 50 (0-12) 8
=1)
Small-scale farmers
Ncera Village 6 (n 80% 20% 65.2 0 160
=5)
Binfield (n 37% 63% 55.8 0 100
=8)
Peddie (n 36% 64% 63.7 0 100
= 22)
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Gender Average/actual Median % of

Men Women age of respondent:no. of years at respondents in
(years) school (and relation to their
range) source of income.
Agricultural training
institutior?
Fort Hare University (n 100% 49 0 ¢
=1)
Fort Cox Agricultural (n 100% 39 0 §]
College =1)
Pandulwazi High School 100% 55 0 §]
(n=1)

a: respondents were self-employed and relied anifeyincome
b: respondents were not employees relied on sléigge pension fund.

c: respondents were institution employees relied/ages
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Table 2: An overview of the issues affecting theveolpilot project on each

olive grower in the Eastern Cape.

Private farmers Agricultural research anfmergent farmers

training institutions

Have ownership Lack ownership Lack ownership
Have capacity Lack capacity Lack capacity

Have knowledge of bothLack knowledge of bothLack knowledge on both

crop and pests crop and pests crop and pests
Resourced Resourced Under-resourced
Communication Lack of communication Lack of comnuariion
Consistency Inconsistency Inconsistency
Financially independent Financially dependent Fanglty dependent
Have no expectations Have no expectations Havectadpens
Pest problems Pest problems Pest problems
One farm that has beared\o fruit was beared No fruit was beared

fruit out of three
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Commercial sites Umtata

1. Springvale Farm
2. Varnam Fam

3. Hewlands Fam Qunu
4. Catlisle Bridge
5. Farmfield

SOUTH AFRICA

Agricultural Training Institutions
6. University of Fort Hare fam 28
7. Pandulwazi Boarding School
8. Fort Cox Agric ultural College
9. Dohne Agricultural Development Institute

Community farms
10. Enoch Sontonga Rehabiltation Centre 1
11. Durban Location, Peddie /

12. Binfield Butterworth /
13. Ncera Agricultural Development Trust

14. Ncera Vilage 6 4
15.Qunu i

Bedford

z

0 5 10
Kiometres

Figure 1: Map showing commercial, agricultural sesé and training

institutions, and community olive farms in the EastCape, South Africa.

37



MovAK

Figure 2: Problem posing code drawings demonsgaf&) how the olive
growing project was possibly introduced to the camity in the Eastern Cape and

(B) the outcome of the olive growing project.
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Figure 3 A-C: Springvale Farm. A. Aerial photographcommercial groves
and wild olive site. B. Aerial photograph of theoge where most work was focused.
C. Martin Villet, Nolwazi Mkize and Kalamata culéiv olive trees about 2.5m tall.
(Picture taken by Carlo Costa, 2005); D-E Hewlafdsm. D. Aerial photograph
showing plantings of different ages. E. Unknowrntigal olive trees about 1.5m tall.
(Aerial photographs were from Google Earth, Pidueken by Martin Villet, 2004).
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Figure 3 (continued). F. Aerial photograph of VamB&arm, Mission cultivar
olive trees 2m tall. G. Aerial photograph of Cddi8ridge Farm, unknown cultivar
olive trees 2m tall; H-l. Ncera Developmental Tr&strm. H. Aerial photograph. I.
Unknown cultivar olive trees about 1.5m tall; JHcera Village 6. J. Composite
aerial/satellite photograph. K. Unknown cultivaivel trees about 1m tall. (Aerial

photographs were from Google Earth, Pictures tékedohn Scrimgeour, 2005);
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Durbanilocation, Peddie

Figure 3 (continued): L. Aerial photograph of Dumb&ocation, Peddie,
unknown cultivar olive trees. M-N. Enoch SontongehRbilitation Centre. M. Aerial
photograph. N. Unknown cultivar olive trees about thll. (Aerial photographs were
from Google Earth. Pictures taken by John Scrimgez05).
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Chapter 3 A survey of fruit-feeding insects
and their parasitoids occurring on wild olives,
Olea europaeaubsp.cuspidata,in the Eastern

Cape of South Africa.

3.1 Abstract

Fruits of wild olives,Olea europaeaubsp.cuspidata(Wall. ex G. Don) Cif.,
were collected in the Eastern Cape, South Africaind 2003-2005 to quantify levels
of fruit-infesting pests and their parasitoids. Temecies of Tephritidadactrocera
oleae(Rossi) and. biguttula(Bezzi), were the most abundant insects recovaned
were reared from most samples. Fruit infestatidasrdy theBactroceraspp. were
generally below 8% and over half of the infestagiarere under 1%. When parasitism
occurred in samples with flies, levels ranged frome 83%. Several species of opiine
braconid waspsPsyttalia concolor(Szépligeti),Psyttalia lounsbury{Silvestri), and
Utetesafricanus(Szépligeti) and one braconine wagpacon celerSzépligeti were
reared from fruits containinB. oleaeand/orB. biguttula Chalcidoid parasitoids and
seed wasps included seven species of Eurytomidas/toma oleae, Eurytomsp.,
and Sycophilasp.), Ormyridae @rmyrus sp.), Torymidae Nlegastigmussp.), and
Eupelmidae Eupelmus aferand E. spermophils One species of motiRalpita
unionalis (Hubner) (Crambidae), was recovered in very lownbars and without
parasitoids. The survey results indicate that ffliss might not become economic
pests of the developing commercial olive industryhe Eastern Cape, and the small

numbers present may be controlled to a considetad by natural enemies.

3.2 Introduction

Cultivated olivesOlea europaeasp.europaed.., have a variety of pests, one
of the most serious of which is the olive fruit,fBactrocera oleag¢Rossi) (White &

Elson-Harris 1992; Tzanakakis 2003). This fly oscur sub-Saharan Africa (Lesotho,
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South Africa, Namibia, Kenya, Eritrea), the Mediterean region (Egypt, North
Africa, southern Europe, Canary Islands), the ssuthPalearctic and Eurasia
(Turkey, the Middle East, Caucasus, Pakistan) g#mson & Foote 1960; El-Hakim
& El-Sayed 1983; Hancock 1989; White & Elson-Harfi892; Crovetti 1996;
Tzanakakis 2003; Copeland et @D04), and in 1998 it was found in California,
where its rapid spread has threatened the stdteésindustry (Rice 2000; Collier &
van Steenwyk 2003). The fly causes significant dgm#o olives produced in
Mediterranean countries (Fimiani 1989, Crovetti@R9For example, reports of crop
loss in Greece from uncontrolled population8obleaerange from 20-30% (Dimou
& Koutsikopoulos et al. 2003) to as high as 80%iifproducing areas and 100% in
areas where table varieties are produced (Broui®2)2 Improved control measures
are therefore a priority for the international elimdustry. It has been proposed that
B. oleaeis not native to southern Europe but rather AfiicaAsia (Silvestri 1915;
Nardi et al. 2005). Although the fruit fly can obadamaging levels in commercial
olives in South Africa, it appears to be a lessioser pest there than in the
Mediterranean region, and it has been suggested niral enemies may be
responsible for this difference (Annecke & Morar829Costa 1998).

Hoping to find natural enemies of this pest, Silke€1913; 1914; 1916)
searched for parasitoids &. oleaein sub-Saharan Africa and recovered fourteen
species of parasitoid wasps from fruit collectedEnitrea. He returned to Italy with
ten species but was unable to rear them in Eumme although small numbers were
released, none of them established (Neuenschwab@&?). The North African
braconid, Psyttalia concolor (Szépligeti), was repeatedly introduced from North
Africa but it did not establish widely in Europehiwh was attributed to unsuitable
climatic conditions (Raspi & Loni 1994). Neuensemaer (1982) searched in South
Africa, where wild olive treesO. europaea cuspidatédWall. ex G. Don) Cif.
(formerly O. e. africana(Mill.) P.S. Green (Green 2002)), are widely distied
(Figure 1) and serve as reservoirs Boroleae His survey of natural enemies in the
south-western Cape was productive but he couldestblish a culture with the
specimens ofBracon celer Szépligeti that he shipped to Europe. Exploration
conducted in Ethiopia and Kenya in 1975 was unprtide (Greathead 1976). More
recently, Copeland et al. (2004) carried out a gfdead survey of insects associated
with fruits of Oleaceae in Kenya and fouBdoleaeonly in fruits of O. e. cuspidata

Since the establishment Bf oleaein California several years ago new explorations
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for its natural enemies have been made in SouticaA{Western Cape, Eastern Cape,
Gauteng, Northwest, and Mpumalanga provinces), N@amiKenya, North Africa,
Reunion Island, northwestern Pakistan, India andthseestern China (KAH,
unpublished information) for possible introductiato California. In South Africa the
olive fruit fly and its parasitoids were found iregter abundant in the Western Cape
surveys than in the Eastern Cape, but in both po@g a more diverse group of
parasitoids was found than in Kenya and Asia. Bhoiggested that more extensive
surveys in South Africa were worthwhile, especiaince the climate in parts of
South Africa is very similar to that of Californisg that any new parasitoids would be
climatically well adapted if imported.

Although there is a mature olive-growing indusmy/est Cape, olive culture
was only recently initiated in the Eastern CapetijHgh 1998; Zifo 1998; Tamba
2000), which is also within the natural range & thild olive, O. e. cuspidataThis
provided an incentive to monitor the insects omediin the East Cape throughout the
olive fruiting seasons, which has not previouslgrmelone in this region (Figure 1).
Sampling was concentrated on wild olives becausst miothe commercial plantings

in East Cape were not yet producing fruit.

3.3 Materials and methods

Ten sites with wild olives were located in East €dpr periodic inspection
from August 2003 through June 2005; fruit was atéld whenever it was present.
Nine of the collection sites were situated inlamdthin 50 km of Grahamstown
(Figure 2), between the subtropical and Meditemangimatic regions. The average
temperature of this region is 12.5 - 15°C in winfelay to July) and 20 - 25°C in
summer (December to February), and the annual 66ta60 - 750 mm of rain falls
year-round. In contrast, Ncera Village 6 is close the coast (Figure 2) and
experiences warm humid to hot dry summers andivelgtmild winters with warm
days and cool nights (Weather SA [=South Africd)e average temperature is 7 -
9°C in winter and 25 - 27°C in summer, and the ah@®0 - 700mm of rain is
moderately erratic and mostly in the form of thuistéeewers (A. Stylianou, pers.
comm 2005). Wild olives were also collected on dage at Goudini Spa (Worcester)
in the Western Cape. The Worcester site, which laeated about 850 - 950 km to
the west of the Eastern Cape sites, has a Medigaraclimate and commercial olives

have been grown in the vicinity for many decadedss Bite also differed by being
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located in a region with substantially more wildlanultivated olives than the Eastern
Cape locations.

In close proximity to naturally occurring wild oke, cultivated olives were in
production at one site (Springvale Farm) in thet&asCape. Commercial olives had
also been recently planted at several other Eastaqpe sites (Hewlands farm,
Varnam farm, and around Ncera) but at the lattesdrees were young and had not
yet borne fruit. Cultivated olives were sampledSaringvale Farm to provide a
comparison with wild olives; sampling was timed docur before applications of
insecticide against olive flea beetlédgdopistesspp.).

Green (unripe), partially ripened and fully ripaifs were collected together
directly into plastic bags from trees at randonongl with some that had recently
fallen, and kept in cooler boxes while in the fielthey were promptly taken to the
laboratory (25°C; 16 L: 8 D photoperiod) where grdriit was separated from ripe
and ripening fruit to provide more resolution te thissessments of insect populations.
The fruits were transferred to sieves with holegdaenough to retain them but allow
fruit fly larvae exiting the fruit and parasitoide pass through. The sieves were
placed in screened emergence boxes (for ventilatiat had a 2-3 cm deep layer of
dry sand at the bottom that absorbed liquid driggiom rotting fruits and served as a
pupation site for mature fly and parasitoid larvBeery two or three days fly larvae
and pupae were retrieved, counted and transfeoedell-ventilated Petri dishes
maintained at the same environment, and reared puopation concluded and
emergence occurred. The flies and parasitoids éma¢rged were counted and
identified. Flies, their parasitoids, and seed wabpat emerged directly from the fruit
were also retrieved and identified.

Percentage infestation was based on the numbBaadifoceraadults reared
and the number of olives collected, using a corsam assumption of one fly per
olive. Percentage parasitism was based on the rnuoflaelult parasitoids reared and
the number of adult flies reared, also assumingatalt parasitoids occurred one per
fly. Whenever fly parasitoids were reared, theimibers were included with the
counts of flies to obtain estimates of total infisin by the flies. Voucher specimens
have been deposited in the Albany Museum, Grahamstind the South African

Museum, Cape Town.
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3.4 Results and Discussion

Over 62,000 wild olive fruits were collected in 2amples from 11 sites
beginning August 2003 and continuing through Jud@52 Two thirds of the fruit
sampled was green (mean weight of 0.237 g per) fanil one third ripe (0.246 g per
fruit mean weight). Collections sometimes consisté entirely green or ripe fruit,
while others included both types that were subsattyusorted and divided into green
and ripe lots in the laboratory. Flies were redreth 16 collections at eight sites and
parasitoids were obtained from eight collectionsoair of these sites (Tables 1-3).
Fruiting of wild olive trees in East Cape Provineas highly variable and in 2004
they bore few or no fruit throughout most of theynce. The following year there
was a substantially larger crop, but the fruitimgson began several weeks earlier.
For example, fruit was available at Hewlands FanmAugust 2003 and February
2005, but none in March 2004. However, in both 2804 2005 large fruit crops were
obtained from wild olive trees at one exceptiorigd,sSpringvale Farm, where the
fruiting season ran from April to August in 2004daftom March to June in 2005.
Many trees on this farm were located adjacent $tream, and these trees produced
heavier crops than trees located further away ftbm stream. Four species of
parasitoids were reared at Springvale in 2004, ibu2005 only one species was
recovered. In contrast to the wild olive samplesflies or parasitoids were recovered
in 2004 or 2005 from samples of nearly 8,000 cattd olive fruits from Springvale
Farm collected on six different dates in May, Juhdy and August 2004 and May
and June 2005. The residual effects of applicatafrinsecticides against flea beetles
in the orchards may have prevented attack or ssftdedevelopment of flies. Thus,
all olive rearing results discussed hereafter pettawild olive samples.

In addition to wild olive samples, one collectiof fouit was taken from
Jasminum multipartitunfHochst.) at Ncera Village 6 that was growing nexivild
olive trees; this species is also a member of @ingil§ Oleaceae, and its fruit closely

resembles that @. e. cuspidata

3.4.1 Fruit flies

Two BactroceraspeciesB. oleaeandB. biguttula(Bezzi), were collected. In
the East Cape samplds, biguttulawas three times as abundantBaleae(421 vs.

142 adults reared). OnB. oleaewas reared from the single sample from Worcester
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(n=49). Bactrocera oleaavas reared from 13 collections at 6 sit®shiguttulafrom
14 collections at 7 sites (Table 1Bactrocera oleaavas the only fly obtained from 7
of the samples/subsamplé, biguttulawas the only fly in 9, and both species were
reared from 10 samples/subsamples. Apart from abwceptional infestations of
14% (Hewlands, ‘green’ wild olives on 20 Aug 20@8)d 22% (Grahamstown 1820
Monument, ‘ripe’ wild olives on 31 May 2005), ledsan 8% of wild olive fruits in
any sample were infested by flies, whether greenper fruit, and more than half of
the infestation rates were below 1%. Mean sampiesiation rates were 2.6 and
1.8% forB. oleaeand B. biguttulg respectively. It is possible that rearing was not
100% efficient and that some flies and parasitdigsl without emerging, so rearing
results may have underestimated true infestatioelde Three sites with olives
obtained only in early season (consisting of grigaits collected in February 2005)
yielded no flies at all. Sample dates from whiliasf were obtained ranged from 29
March to 20 August; this range was the same foh ldctroceraspecies. The
Worcester sample from West Cape, collected on hBalg, 2005, was an exception.
When numbers of flies were combined across yeessings ofB. biguttulaexhibited
a peak between 120-150 Julian days, which was aeumonth earlier than the peak
for B. oleae However, onlyB. oleaewas reared from the Springvale site in 2004,
which was the only site with flies that year. Altlgh our data suggest thBt
biguttula may be prevalent slightly earlier in the seasom tBa oleae data from
additional years are needed to confirm this pokiyibi

Even though twice as many green fruits were cal@as ripe ones, sorted
collections consisting of ripe fruits tended to Igianore flies than green fruits,
probably because they had been available longeinfestation. More than three
times as many. oleaewere reared from ripe fruit than from green; thi§edence
was even more pronounced fBr biguttula,with seven times as many reared from
ripe fruit. Both flies showed similar ranges of infestationelisvin collections of green
fruit (means of 1.1 and 1.3% f&. oleaeandB. biguttulg respectively) buB. oleae
had a slightly higher mean infestation rate in ripgts thanB. biguttula(4.1 vs.
2.3%).

Munro (1924) reported th&. biguttulapupates inside fruit of other wil@lea
species when these were held in the laboratorynbiatd that in the field larvae drop
into the soil. It is not clear to what extent ptipa in smallerO. e. cuspidatdruit

might occur in the field. In contra®®, oleaelarvae typically leave the fruit to pupate
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in laboratory and in the field. There is evidententense predation of soil-pupating
insects likeC. capitataand certain moths by ants and spiders in citrabasds in the
Grahamstown area (Bownes 2002), and fruit fly largach a®. tryoni (Frogatt),B.
dorsalis (Hendel) andAnastrepha ludeng§Loew) are attacked by ants, rove beetles
and spiders (Newell & Haramoto 1968; Thomas 199bgmwthey leave their fruits,
particularly in summer. IB. biguttulapupae are differentially protected within fruits
in the field, it seems possible that the differentenumbers oB. biguttula and B.
oleae at the same sites in the Eastern Cape could bty ghre to differential
predation on pupae.

Known only from southern and eastern Afri&, biguttulahas previously
been reported from fruit dDlea woodianassp.woodianaKnobl., O. capensissp.
capensisL. and Chionanthus foveolatuk. in South Africa (Munro 1984) an®.
woodiana ssp. disjuncta P.S. Green in Kenya (Copeland et al. 2004). In 2005
however, Copeland (pers. comm) reared ®uvobiguttula from 22 fruits of O. e
cuspidatafrom collections in Kenya. In our study. biguttulawas reared in large
numbers fromD. e. cuspidataand one specimen was reared from a single collectio
of 131 J. multipartitumfruits, the latter a new host recor&vidence of fruit fly
attacks on). multipartitumfruits was also seen on preserved specimens iSetmar
Schonland Herbarium (Rhodes University, Grahamsjowhen the plants were
identified.

A single female Mediterranean fruit fleratitis capitata(Wiedemann)was
reared from one sample of green fruit. Medfly bagn reported to attack but not
develop in cultivated olives in West Cape (Costa8)9Several overripe samples also

produced a fedrosophila melanogastgiMeigen).

3.4.2 Fruit fly parasitoids: Braconidae

Four species of fly parasitoids (Hymenoptera: Brédae, n = 83) were reared
from wild olive samples (Table 2). Braconids welgained from both green and ripe
fruit. Because of the possibility of fruit infetitan by either species @actrocerait
was not possible to be certain which species hdbegarasitoids. However, most of
the braconids (n = 66) were reared from samples fwhich onlyB. oleaeadults
were obtained, while only five individuals emerdeaim samples that produced only
B. biguttula.Twelve were reared from samples that produced thp#pecies. All the

samples that produced onB/. oleaeadults also produced braconids, whereas they
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were reared from just one of the samples that medwnlyB. biguttula Since three
times as many. biguttulawere reared from our samples Bisoleag this suggests
that the braconids may be more closely associat#d B: oleaethan with B.
biguttula.

The opiine braconidJtetes africanugSzépligeti) was the most commonly
reared species (n=69; 39 female, 30 male). It viraimed from seven samples and
parasitised 7-83% of the fly pupae with a mean @#te32% (samples with no
observed parasitism not included in calculatioRijfty eight individuals were reared
from samples that produced orB; oleaeadults six were from one sample that
yielded adults of both flies, and five came fromessample that produced oriy
biguttula A few individuals of the opiine braconidsyttalia concolor(Szépligeti)
and P. lounsburyi(Silvestri) were also obtained. Two fema®e concolorand one
female P. lounsburyiwere reared from three samples that produced Bnlgleae
The fourth speciesBBracon celerSzépligeti (subfamily Braconinae) was recovered
from two samples at one site (n=11, five females ik males, parasitism rates of 19
and 38%) that produceBl. oleaeonly from one sample and boBactroceraspecies
from the other.

Only half of the samples containing flies produbegiconids. In these samples
the total parasitism by all braconids ranged fre88%, and the mean number of flies
per sample was 40.5. The overall mean rate of piaet samples was 26%.
Braconids were obtained from only three of the sekast Cape sites where flies
occurred. Furthermore, a majority of these weraiolkd from just one of the Eastern
Cape sites, Springvale (n= 55, 83% of the totale@@rom East Cape sites). All four
species of braconids were reared from Springval20iv, but in 2005 onl. celer
was recovered, on just one sample date. The diy@resent at Springvale may have
been due to the consistent availability of fruithas site or the relative paucity of fruit
samples from most of the other sites; longer teunveys are needed to clarify this
point. There is insufficient information to accodar the relative lack of recovered
parasitoids during 2005 when olives were readilgilable at many of the sites in
contrast to 2004..

AlthoughU. africanuswas the most common parasitoid in our samplesast E
Cape, it was relatively uncommon in wild olives gd@d in Kenya (Copeland et al.
2004). WhereasP. lounsburyiwas rare in our samples, in Kenya it was dominant

wherever parasitoids were reared (Copeland .e2@04). Neuenschwander (1982)
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reared only 25 specimens from the Western CapeTleamusvaal. Psyttalia concolor
appears to be rare generally in the Eastern CapalaBy, only ten specimens were
recovered from wild olives in Kenya (Copeland et24104). The relative rarity d.
celerin East Capes comparable to Kenya (Copeland et al. 2004) buatrasts with
the results of Neuenschwander (1982), who rearedta®0 specimens d. celer
from cultivated olive samples in the Western Capd @ransvaal; it was the most
abundant parasitoid species reared in his study filimbers of olives were not
recorded). Possible differences in seasonality lionate at the time of collection,
differences in types of olives collected, rearingthhods and conditions, etc. make it
difficult to draw further conclusions from thesengmarisons among studies without

more detailed information.

3.4.3 Other Hymenoptera

Seven species in four families of chalcidoid wag are phytophagous on
the olive seed, parasitoids of seed wasps, orfawacases, parasitoids of olive flies
(Copeland et al. 2004; Neuenschwander 1982), weaeed from wild olives (Table
3). Eurytoma oleasilvestri was the most widespread and abundaritido& reared
in East Cape, followed by an unidentifi@tmyrus species (Ormyridae) and two
species oEupelmusEupelmidae). Eurytomids were reared from all hue¢ sites,
usually in very low numbers. With very few excepBotheir rates of occurrence were
less than 1%Eurytoma oleaavas found at six of the nine sites. Its peakdtsgon
rate was 6%, but its median infestation was on4.Another eurytomidSycophila
sp., was recovered from collections at two sitesgaeach in the Eastern and Western
Cape, at a rate of less than 0.6% of either santpleytoma oleaeand Sycophila
aethiopica (Silvestri) were reported from cultivated olives Bouth Africa by
Neuenschwander (198Furytoma oleaes phytophagous and develops on the seeds
of olives (Silvestri 1915, Neuenschwander 1982%ycophilaspp. are typically
parasitic (Noyes 2003) and ti8ycophilasp. may be a parasitoid of seed-infesting
chalcidoids, as postulated f8r aethiopicgWharton 2007).

Some of the other chalcidoids reared may have kathver primary or
hyperparasitoids of olive fly parasitoids or seeasps or both, but these details could
not be confirmed based on rearin@smyrussp. occurred at four sites in the Eastern
Cape at infestation rates below 0.5Bupelmus afeiSilvestri andE. spermophilus

Silvestri were obtained at low rates of infestatitire former in 3 samples from one
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site, and the latter in six samples from five siEBgpelmus afehas been recorded as a
primary parasitoid oB. oleae(Neuenschwander 1982An unidentified chalcidoid
was found at very low rates in two samples fromrgwale, and a single specimen of
an unidentifiedEurytomaspecies was reared from the same site. Most afethe
chalcidoid species were obtained from both greehrge fruits, although two thirds
of individuals reared were from green olive coliess and the overall emergence rate
was 0.04 % from green fruit vs. 0.02% from ripeitfru Aside from the single
unidentifiedEurytomaspecies, both sexes were obtained of each species.

From the single collection of wild olives at Wortars (West Cape), five
females ofMegastigmusp. (Torymidae) were reared in addition to specsnefit.
oleae Sycophilasp., Ormyrussp. andE. spermophilusThe rates of infestation of
most of these species were marginally higher thanild olives in the Eastern Cape
and that oE. spermophilusvas notably higher with a rate of infestation ofZB%.

Copeland et al. (2004) reared a diverse assemblfagkalcidoids from wild
olives collected in highland forests of Kenya. contrast, Neuenschwander (1982)
recorded them from only one of seven wild oliveletion sites in West Cape, but
reported significant levels of attack by seed wa@psytomaspp.) in commercial
olives. Costa (1998) reported that seed wasps weremon in wild olives but
infrequent in olive orchards, where they causeossridamage only occasionally.
Given the low rates of infestation we found in thastern Cape, seed wasps are of

guestionable concern as potential olive pestsdmnrdlyion.

3.4.4 Other insects

The jasmine moth, Palpita unionalis (Hubner) (Craiaé: Spilomelinae) was
reared from green and ripe fruits in very low numbat three sites. Seven
individuals were obtained from a total of 1,120itguat these sites, giving apparent
infestation rates of 0.09 to 0.80%. Most died agda or pupae, and no parasitoids
were obtained from moth larvae or cocoons.

Palpita unionalishas been reported to attack wild olives in South&drica
(Kroon 1999; Véri et al. 2002) and was also redreth Jasminum fluminenskéell.
in Kenya (Copeland et .a2004). The population densities Bf unionalisfound on
wild olive fruit in our study were relatively lovlout Mazomenos et al. (2002) reported
thatP. unionalisis considered to be in high numbers if it attaitiesfruit because it is

known to be a serious pest that feeds on youngeteand shoots afasminumsp.,
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Ligustrumsp. andO. e. europaeaConsidering the low numbers that were obtained in
this study,P. unionalisseems to be of negligible potential economic irtgoore to

olives in the Eastern Cape.

3.5 Conclusions

The irregularity of fruiting ofO. e. cuspidataluring our survey period, with
corresponding variability in numbers of insectsredaamong samples, suggests that
more extensive surveys over longer periods of timeneeded to better comprehend
the dynamics of fly and natural enemy populatiansvild olives. Neuenschwander
(1982) also noted the irregular fruiting of wildivas in South Africa. Greathead
(1976) was unable to find any wild olive fruits thg two months of searching in
Kenya in 1975.0lea e. cuspidataalso had irregulafruiting periods in Kenya
(Copeland et al. 2004). The unpredictable occureri®. oleaein wild olives at any
given site could be related to either non-fruityears or the unpredictable fruiting
period of wild olive trees (Copelaret al 2004). Although olive trees can generally
survive in dry conditions, the general occurrentérts only on trees nearer to the
stream at Springvale Farm supports the suggedtainfituiting requires more water
(Costa 1998). Certain other speciesGdea have a highly variable fruit production
known as “mast fruiting”, whereby a majority of pesies develop mature fruits only
in ‘mast’ years, thought to be a strategy for sting seed predation (Kelly 1994). A
better understanding of fruiting patternsQieawould assist further survey work, and
refine our understanding of the phenology of okssociated insects. Given the
unpredictability of fruiting, supplementing fieldbservations with laboratory studies
will help determine the relationship between flgf@rence, fly development and fruit
ripeness.

Detailed information about the population ecolodyotive fruit pests and
associated natural enemies has thus far been laleadaly from studies in southern
European olive groves (e.g., Corfu, Greece , Féatett al 1978). Therefore, a great
deal of research remains to be done so that Sofribafand other countries can
improve the management of these pests. The datemgesl in this study give a
preliminary view of olive flies and their parasiilsiassociated with wild olives in East
Cape. Though the sampling period was limited,résalts provide a foundation for
additional research which is still needed on theetation between olive fruit pests

and their natural enemies in different South Afniemvironments. Neuenschwander
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(1982) reported considerably higher levels of waltve fruit infestation in samples
from West Cape Province, with lesser levels in camuial olives, and attributed high
levels of parasitism in orchards to the regularilaladity of cultivated fruit. Given
the relatively low infestation levels of wild olisen the Eastern Cape, it is possible
that flies might not become economic pests of corarakolives in the Eastern Cape,
and the small numbers present may be controllea ¢onsiderable level by natural

enemies present in wild olives during a large pathe year
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Table 1:Bactroceraspecies reared from samples of wild oli@ea europaeaubspcuspidatafruit collected at seven sites in the
Eastern Cape and one collection from the Westepe C2003-2005.

Site Sample No. of Fruit Fly sp. no. Apparent
date(s) fruit maturity reared reared nfestation
rate (%)

Hewlands Farm

20/08/03 49 green B. oleae 4 8.16
B. biguttula 3 6.12

Springvale Farm
15/05/04 5042 green B. oleae 5 0.18
09/06/04 7112 green B. oleae 3 0.18
841 ripe B. oleae 19 3.80
12/07/04 6725 green B. oleae 4 0.16
2858 ripe B. oleae 5 0.59
12/08/04 677 ripe B. oleae 11 2.07
29/03/05 2800 ripe B. biguttula 36 1.29
27/04/05 1496 green B. biguttula 10 0.67
1957 ripe B. biguttula 110 5.62
31/05/05 4629 green B. biguttula 5 0.11
3216 ripe B. oleae 2 0.06
B. biguttula 89 2.77

22/06/05 1520 green B. oleae 6 0.39
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Worcester (West Cape)
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2
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Table 2: Braconidae reared frddactroceraspp. in samples of wild olivé)lea europaeaubspcuspidatacollected at three sites in the
Eastern Cape and one site in Western Cape, 20L-200

Site Sample date  No. fruit Fly spp. Braconid.sp No. parasitoids apparent
collected in sample reared emerged parasitis
rate (%)
Springvale Farm
15/05/04 5042 B. oleae P. concolor 1 11.1
P. lounsburyi 1 11.1
U. africanus 2 22.2
09/06/04 7953 B. oleae B. celer 5 38.5
U. africanus 18 45.0
12/07/04 9583 B. oleae U. africanus 19 67.9
12/08/04 677 B. oleae U. africanus 2 14.3
P. concolor 1 7.1
22/06/05 1353 B. oleae B. celer 6 19.4
B. biguttula
Grahamstown (1820 Monument)
31/05/05 1258 B. oleae U. africanus 6 7.8
B. biguttula

Ncera Village 6
25/04/05 626 B. biguttula  U. africanus 5 83.3

Worcester (West Cape)
12/01/05 1512 B. oleae U. africanus 17 25.8
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Table 3: Chalcidoid wasps reared from samplesOtéa europaeasubsp.cuspidatacollected at six sites in the Eastern Cape, South

Africa and one site in the Western Cape, SouthcAfriNo chalcidoids were reared from collectionsther sites.

No. of No. of highest apparent
Site sample date(s) fruits collected Speciesetba total no. parasitism rate (%)
Hewlands Farm 2 49 Eurytoma oleae 3 6.12
Springvale Farm 8 44560 E. oleae 101 1.38
Eurytoma sp. 1 0.02
Eupelmus afer 23 0.31
Eupelmus spermophilus 9 0.43
Ormyrus sp. 12 0.20
unidentified chalcidoid 5 0.07
Grahamstown
(1820 Monument) 3 7241 E. oleae 23 5.57
Eupelmus spermophilus 1 0.29
Ormyrus sp. 2 0.59
Ncera Village 6 2 4325 E. oleae 19 3.04
Eupelmus spermophilus 2 0.16
Ormyrus sp. 2 0.32
Brentwood Farm 2 1278 E. oleae 7 0.64
33 km N of
Grahamstown 2 1068 Eupelmus spermophilus 1 0.15
Ormyrus sp. 1 0.15
Sycophilasp. 4 0.59
Worcester 1 1512 E. oleae 31 2.05
Eupelmus spermophilus 201 13.29
Ormyrus sp. 17 1.12
Sycophilasp. 8 0.53
Megastigmusp. 5 0.33
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Chapter 4 Monitoring of adult fruit flies from

cultivated and wild olives

4.1 Abstract

Female and male fruit fly populations were monitbrn wild olives and
cultivated olives growing at Springvale Farm nedicédale, using Sensus traps
baited with methyl eugenol and quest lure and yeliticky “ChamP” traps baited
with ammonium bicarbonate and spiroketal capsul2df@4-2005. Three species of
tephritid fruit flies,Bactrocera oleaeB. biguttulaandCeratitis capitatawere caught;
the most abundant species vilasbiguttulg which is reported from traps for the first
time. The ChamP trap caught more flies than thes@etrap. Most of the fruit flies
caught were females. These studies imply Bhddiguttulais a potential pest for olive
crops in the Eastern Cape, and tBableaeandC. capitataare thus far not economic

pests in this area. ChamP traps offer better patdot mass trapping of these pests.

4.2 Introduction

Olive fruit fly, Bactrocera oleag¢Rossi), is a most important pest of cultivated
olives, Olea europaeasp.europaeal. (White & Elson-Harris 1994) particularly in
the Mediterranean region. The common method fotrotlimg B. oleaehas been the
use of toxic chemicals which created many enviramaieproblems such as negative
effects on beneficial species (Karamanlidetual. 1991). Research has shown that
some insecticide residues were detected in oliv@Raistrelliet al. 2002) andB. oleae
has gained resistance to some insecticides susfgasophosphates (Stasina&tsal.
2001). As a result, effective resources for itstemnare a major concern for the
international olive industry.

In Mediterranean countries, such as Portugal, Sgtaty, Cyprus, Turkey,
Jordan and Tunisia, control methods such as mappiflg systems were developed

with the aim of eliminating the use of insecticigBsoumaset al 2002, Dimotet al
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2003). The mass trapping methods consist of McPhaps treated with
chemosterilants (Broumaet al. 2002), color (visual) traps (Economopoulos, 1979,
Raspi 1982, Haniotakist al. 1983, Broumast al. 1985, Montiel-Bueno & Jones
2002), baited with food and/or sex attractants (blakis et al, 1983), have been
used for the development of effective pest managerot fruit flies. It has been
shown that combinations of either color trap witlhd attractants and combination of
sex attractants with color and food attractantseffiective (Delrio, 1981, Broumast
al., 1983) .Even though traps are used, they have bmgorted to be harmful to
beneficial insects that also respond to the luBrsymaset al, 1983; Kapatos and
Fletcher, 1983).

Although a great deal is known regarding the oliveit fly in Europe,
particularly in Greece (Broumas & Haniotakis 198Broumas et al. 2002,
Katsoyannos & Kouloussis 2003.), such as diffegatour trapping and identifying
pheromones for olive fruit fly, studies on othemtinents such as Africa are in a
relatively early stage. An olive-growing industrashbeen recently initiated in the
Eastern Cape; South Africa (Hattingh 1998, Zifo 899amba 2000) and Springvale
Farm is one of the successful areas (Chapter #)etefore provides the opportunity
to carry out the survey of olive fruit fly. Springle Farm is also in a region which is
within the natural range of the wild olivg. e.ssp.cuspidata which may act as a
source of olive fruit fly. There are also dipteralive fruit pests which are not yet
considered serious pests such Bactrocera biguttula (Bezzi) Munro (1924).
Currently there is insufficient information abobetcontrol of these pests as a result
this issue needs to be addressed. These studiesonttibute to the development
needed of an integrated pest management contrgigoof fruit flies which has not

been thoroughly explored in South Africa.

4.3 Material and Methods

4.3.1 Sampling site

Because olives are a recently developed crop ifcttstern Cape (Chapter 2),
Springvale Farm was the only site in the provindeesg both wild and cultivated
trees bore fruit. It is situated about 100 km SEsedhamstown. In 2004, in autumn

(March-May) the average minimum and maximum tenipeea were 1€ and 26C,
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respectively, and the mean relative humidity wa%9m 2005 the average minimum
and maximum temperatures were 'd8and 26C, respectively, and the relative
humidity was 97%. The annual 250-750 mm of raitsfgear-round (Weather SA).
The temperature and humidity were measured usthgrenohygrometer.

The cultivated olive trees were six years old, abb& m tall, and consist of
four cultivars (Mission, Manzanilla, Coratina, Ftaio and Nocellara del Belice) that
were mixed in some groves and not in others, odogpa total of 34 hectares. The
groves were regularly irrigated and sprayed witbeaticides for olive flea beetles
irregularly. The wild olive trees were growing nally, about 700 m from the
cultivated groves, and separated from them by geriof hills (Figure 2.3A). They
were up to 10-15 m tall and fruited best nearagh&adjascet stream during the two
years of the survey. The insecticides applied & dhltivated olive trees were very
unlikely to reach the wild olive trees becauseheaf intervening distance and hills and

the prevailing wind direction.

4.3.2 Trapping

Two types of traps were used: 10.2 x 10.2 cm yelanel “ChamP” sticky
traps (California Department of Food and AgricidtJCDFA]) and Sensus traps
(Quest Development, Brits, South Africa). “ChamRips were baited with spiroketal
capsules (1.7-Dioxaspiro [5.5] undecane) (VioryA.S.Chemical & Agricultural
Industry Research, Athens, Greece), which act lasgrange male sex pheromone,
and ammonium bicarbonate (AGRISENSE-BCS, Pontypiitl&.), a powerful food
attractant for both sexes. The Sensus fruit flp tima dry trap for monitoring the
presence of male and/or female fruit flies. Th@dravere baited with Questlure fruit
fly attractant capsules (active ingredient, proteyarolysate; Quest Developments,
Brits, South Africa) which is a food attractant footh sexes, and methyl eugenol,
which acts as a long-range male sex pheromone.

Ten Sensus traps and ten yellow sticky traps wargy lon the south side of
cultivated olives trees, inside the canopy, inipalar on the trees that were bearing
most fruit. The grove contained a mixture of Missi®5%) and Manzanilla (5%)
cultivars. Ten Sensus traps were placed on wiltkdliees. Grease was applied on the
suspending wire of the traps to prevent ants froereng and feeding on trapped

insects. Traps were checked every week, cleanedepiaced when necessary. The
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numbers of each sex of each species were notedveaek for 18 weeks (end of
March: autumn — beginning of August: winter) in 20@nd for 18 weeks (beginning
of February: summer — last week of May: autumn@®5. Note that the trapping
dates are different each year because of the irstensy of fruiting or non-fruiting of

olive trees in this region in particularly the widtlve, O. e. cuspidata

4.3.3 Statistical analysis

Data were analysed using chi-squared tests (Snede€ochran 1980) using
GenStat software (Payne, 2003).

4.4 Results

4.4.1 Trap and attractant efficancy

There were no seasonal changes of fruit fly on tetphes in 2004 as oni.
oleaewas caught on ChamP trap which wasOore. cuspidatan Springvale Farm. In
2005 three species of fruit fly were cau@htoleae(Rossi),B. biguttula(Bezzi) and
C. capitata (Wiedemann) (Figure 1, Table 1). There were sigaift differences
between the two ChamP traps baited with 1.7-Dioxasfb.5] undecane and
spiroketal pheromone and Sensus traps baited wiéstyre and methyl eugenol.
ChamP traps has a better potential for mass trgpgiB. biguttulaas it collected a
total number of 604 of which 540 fruit flies wa®rn O. e. cuspidatand 64 were
from O. e. europaedD.F. = 1,42 = 577.529; D.F. = 1; p > 0, 05) (Table 1, Table 2
Figure 2a). ChamP trap also caught onB.®leaeand 5C. capitata which could not
be analysed since their numbers were insignificasnt result this analysis was based
on B. biguttula Sensus traps were ineffectiveness as they cautgial number of 9
B. biguttulaonly 2B. oleaeand 7C. capitataand only orO. e. cuspidatgFigure 2b).
There were no significant differences with sexaand trap type but generalB;.
biguttulashowed a female to a male ratio of 1:1 with CharaP in spite of the plant

subspecies and with Sensus traps showed a 3:larationO. e. europae&Tlable 3).
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4.4.2 Fruit fly ecology

The annual number of generations Bf biguttulais unknown and if trap
catches show true population trends then possilty denerations oB. biguttula
have been demonstrated in this study. In week 2 twas a high peak &. biguttula
population, but in week 6 there was a sharp deeré@as5 weeks (Figure 2a). There
was also another second peak in week 1Bfdsiguttulauntil week 15 and in week
16 there was another peak until the end of the oseaBigure 3 showed that
temperatures and relative humidity favouidbiguttulaas the population increased

when temperatures and humidity were fairly stapdeticularly onO. e. cusipidata

4.4.3 Temporal variation

There was temporal variation in fruiting patterngidg the first season in
2004 and second season and in 2005 in Springvaie f@hapter 3). The fruit were
available for 18 weeks from March to August in 2004d in February to May in
2005. The increase of fruit flies on trap catches wot consistent with the phenology
of the host plants. At least one femdéle oleaewas caught only at the end of the
season in 2004 and it was caught from one ChanpPatrd none in the Sensus traps.
In 2005 three species of tephritil, oleae B. biguttulg andC. capitatawere caught
on both wild and cultivated trees aBdbiguttulawas the most dominant specig3 £
383.728; D.F. = 1; p > 0, 05; tabj& os = 3.841) (Table 4). The trap catchesBof
biguttula in 2005 occurred from May to June. The populatiénBo biguttula on
ChamP trap in 2005 (week 2-5) gradually increasedaihO. e. cuspidatandO. e.
europaea(Figure 3). In week 6 fruit fly populations decsed on both plant species
to a point where there were no fruit fly @ e europaeaA second increase after
week 6 was seen on bdih e. cuspidatandO. e. europaedut after week 9 no fruit
flies were caught o®. e. europaeand the fruit fly population peaked up on week
12. However the fruit fly population o@. e. cuspidatdluctuated until the end of the
season. A third peak was also shownCare. cuspidataluring week 8 to week 10.
Finally a fourth peak was observed from week 1@véek 13. However on Sensus
trap theB. biguttulawas only caught only from week 7 to week 13 angyam O. e.

cuspidata
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4.5 Discussion

4.5.1 Trap and attractant efficancy

ChamP traps baited with 1.7-Dioxaspiro [5.5] urader and spiroketal
pheromone offered better potential for mass trapmhB. biguttulaas it collected
540 fruit flies onO. e. cuspidatan 2005. Yellow traps baited with ammonium
carbonate and sex pheromone showed satisfactanjigras Italy, especially if the
olive harvest was good and the olive fly populaticas low (Montiel-Bueno & Jones
2002). The results obtained from this study wereexpected according to Riet al
(2003) findings using the similar ChamP trap baitgith ammonium bicarbonate
lures and spiroketal pheromone for attracgleae In our studies female and male
ratios showed 1:1 ratio of females and males ameé &ial (2003) reported that the
sex ratio ofB. oleaewas 3:1 when using ChamP traps. However massitigppnnot
represent the actual sex ratio; therefore onlyimganf flies from pupae should also be
considered. In Chapter 2 a similar sex ratio of Wwds found when rearin@.
biguttula andB. oleaefrom olive fruit in the same area Springvale FaAmormal
sex ratio would be 1:1 (Moore 1962).

Sensus traps baited with Questlure and methyl elgeare ineffective as
they collected a total number of 18 flies, and omtyO. e. cuspidatan 2004. This
may possibly for the reason that Questlure is &nlywn as an attractant of female
capitatg C. cosyraandC. rosa(Ware 2002). However methyl eugenol is known to
attract males of many species Rdctroceraand Ceratitis (Pardalaspi3 (White and
Elson-Haris 1992) and also to attract both sexakeofruit fliesCeratitis rosaandC.
capitata (Booysenet al. 2003, White 2004) but nBactrocerawere caught in the

traps.

4.5.2 Fruit fly ecology

In general, the seasonal activity of adBlltoleaein Springvale Farm indicated
relatively low population levels in spite of theapt subspecies. Low populationsBof
oleaewere also demonstrated when adults were rearegdiven fruit collected in the
same locality (Chapter 2 of the thesis). Neuensaolen (1982) also reported the
erractic occurrence d8. oleaeon wild olives in the Western Cape and there were

suggestion that natural enemies may be resporfsiblés lesser pest status in South
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Africa (Annecke and Moran 1982, Costa 1998). Treeealso high possibilities that
the ovarian development &. oleaewas inhibited to a greater extent during summer
conditions (Fletcheet al. 1978) which possibly will cause a low fruit flysgonse to
trap lures (Riceet al. 2003).

Relative humidity was high all throughout the studpching 100% and for
this reason it could not have had a negative infteeon fruit fly development (Figure
3). Tsitsipis & Abatzis (1980) reported that oleaeeggs hatched well at 100% and
95% relative humidity with temperature at 20°C. Dkigt al. (2006) also stated that
atmospheric humidity strongly influences the suaVivof fruit fly pupae and
demonstrated that all species i@eratitis rosa (Karsch), C. catoirii (Guérin-
Meneville) andB. zonata(Saunders) survived well at 100% RH.

Bactrocera biguttulas known to occur in South Africa on fruits of thrplant
species, all Oleacea@lea woodianaknobl. sspwoodianag Olea capensid. ssp.
capensisand Chionanthus foveolatysnd in Kenya or©. woodianassp.disjuncta
the only Olea or Chionanthusfound in coastal lowland habitats (Munro 1924,
Copelandet al. 2004, White 2004). This is first report &n biguttulabeing recorded
from traps hung orD. e. europaeaThe B. biguttula numbers trapped at this site
possibly indicate that it is a potential pest @re. europae@ Springvale Farm. The
biology of B. biguttulais unclear and unknown in Kenya and South Africd &
thought to be similar to that &. oleae If trap catches oB. biguttulaparticular using
“ChamP” traps, indicate the real population tretids there would be three possible
generations in 2005 (Figure 2a & 3): the first p&akn week 2 to week 6 marks the
end of the first generation; the second peak froeekv6 to week 10, the second
generation; and the third generation peaking afteek 10. After week 9 th&.
biguttula population onO. e. europaeavas very low and is possibly affected by
spraying the field with insecticides for olive fldeetles. There was a peak Bf
biguttula observed on week 12 which is a possible signttiexe either a movement
of flies from other host plants. However it has beeported that in Californi8.
oleaecan complete one generation in about 30-35 daysngperatures between 20-
30°C and in a year it can have three to seven ggaes depending on environment
and fruit availability (Riceet al. 2003, Vosseret al. 2005). The number of possible
generations foB. oleaeandC. capitatawere not shown in this study.

The fruit fly activities in relation t@. e. cuspidatavere different from the

reports of olive fly phenology from California and the Mediterranean areas
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(Economopoulo®t al 1982, Longo and Benfatto 1982, Ranedsal. 1982, Kapatos
and Fletcher 1984, Haniotakis 1986, Montiel-Buer@86l Riceet al. 2003). In
Springvale Farm the data showed relatively highltafly activity at the end of
summer to winter. In California the olive fly adubire present and active throughout
the year (Riceet al 2003). Tzanakakis (2003) also pointed out thateofruit fly is
adapted to develop best in autumn, when its laivadl is at its best condition for

larval growth.

4.5.3 Temporal Variation

The trapping data from commercial and wild oliveow@s showed the
inconsistent pattern d8. biguttulaphenology over two years as shown in Table 2,
given the fact that there were no fruit flies caugh2004. Munro (1984) also pointed
out that infestation oB. biguttulaoccurred from May to September and by October
all the flies had emerged. A similar pattern wasni in this study with infestation
rates where the infestation started in March uputoe in 2005 (Table 1, Chapter 3).
During this study also trap catches generally aeclfrom March to June. Temporal
variation ofB. biguttulawas probably due timconsistency of fruiting pattern of olive
trees in this region, especially the wild oliv@, e. cuspidatalt has been observed
that the fruiting season lasted from the end of dflajautumn) to the beginning of
August (winter) in 2004 which is expected (VenteN&nter 1996). However it was
from the beginning of February (summer) to the Veestk of May (autumn) in 2005.

Newell and Haramoto (1968) have shown that fryitpibpulation succession
generally follow cycles of host fruit production.oever in this study this may
possibly not be true sind® biguttulawas not caught in the traps nor reared on fruit
collected in the same area in 2004. It is concéévdbat B. biguttulain 2004
reproduced in unknown host plant as it is polyphag@unro 1984, Copelaret al.
2004, White 2004) and also because in 2004 wildeslibore little or no fruit
throughout most of the province. Munro (1984) adsates thaD. woodianawas a
preferred host plant followed liyhionanthudoveolatusearly in the season during the
study that was carried out in East London. Thetifrgipatterns orO. e. europaea
(mission cultivar) were fairly similar t@. e. cuspidatas it was from end of March to
July and showed two fruit fly generations till wegR. No fruit flies were caught on
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O. e. europaean week 9 till week 12 possibly affected by sprgyfor olive flea
beetles.

As far as temporal variation and ecology is conedrthese are preliminary
studies and to a large extent further researchesded to gain knowledge and
management of olive fruit flies in South Africa. Wever these studies provides the
basis for continued investigation on the fly bebavi phenology and a better
understanding of when and how to apply variousgisited pest management (IPM)
strategies such as trapping.
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Table 1: Actual numbers of fruit flies, classified sex, trap type and plant species, collected fspningvale Farm in 2005.

Species

Trap type B. biguttula B. oleae C. capitata

Female Male Total Female Male Total Female Male Total
Sensus
O. e. cuspidata 7
O. e.europaea O 0 0 0 0 0
Total 7 2 9 1 1 2 5 2 7
ChamP
O. e. cuspidata 309 231 540 1 0 0
O. e. europaea 32 32 64 4 0 4 4 0 4
Total 341 263 604 5 0 5 5 0 5




Table 2: One sample chi-squared test comparingtyyag versus one fruit fly
species. Number of comparisons = 2, D.F. = 1, tgbte3.841;2 = 577.529; D.F. =
1; p>0,05.

OBSERVED FREQUENCIES

Fruitfly species Sensus ChamP Total
Bactrocera biguttula 9 604 613
Total 9 604 613

Table 3: Chi-squared test f8actrocera biguttulatesting gender versus trap
type: 2 = 1.643; D.F. = 1, p > 0, 05; tabj@ = 3.841. The frequencies were not

significantly different.

OBSERVED FREQUENCIES

Female Male Total
Sensus 7 2 9
ChamP 341 263 604
Total 348 265 613

Table 4: Chi-squared test 8 biguttulaversus plant specieg? = 383.728;
D.F. =1; p > 0,05; tablgz = 3.841. The frequencies are significantly difer
OBSERVED FREQUENCIES

O. e. cuspidata O. e. europaea
Observed 549 64
Expected 306.5 306.5
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Figure 1. Total number of fruit fly per species sigs olive tree subspecies,
collected using ChamP and Sensus traps in Spriagtarm in 2005. The most

dominant species wd biguttulaand these flies were caught on ChamP traps.
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Figure 2: Total number oB. biguttula collected from (a) ChamP and (b)

Sensus traps on two different subspecie®.oéuropaeaon Springvale Farm in 2005

(from beginning of February to the last week of Mayhe O. e. europaed.. was

sprayed in week 9, indicated by an arrow with Ahiog-methyl for olive flea beetle

larvae.
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Chapter 5 The flea beetle genugrgopistes
(Coleoptera: Chrysomelidae: Alticinae) in
South Africa

5.1 Abstract

In South Africa, at least five species of flea lEe{genusArgopistesBryant
1922) are found on wild and/or commercial oliveBe3e can be serious crop pests.
Bryant (1922, 1944) described three of these spgediat their identity has been
confused in subsequent literature, making ideutiiin problematic. To resolve this
problem, the morphology of all five species wasd®d by SEM, principal
component analysis and discriminant function ansly#/e present photographs of
the sternites of both sexes, and the aedeagus pewinathecae of all species,
redescriptions of Bryant’s species and descriptiminthe other two, and a key to all
five species. An addition#irgopistesspecies collected from a light trap is presented.
The body length, elytra length, body width and ante length and pronotum length
were the most important variables used to disciteirbetween species. Male and
females were morphometrically distinguishable maumsing their pronotum length.
Males had a longer pronotum than females. The iGilzd#on function using
discriminant function analysis provided the corridentification for some species and
not for other species. However colour and pattérhe elytra and SEM photographs

clarified the incorrect classification.

5.2 Introduction

Wild and cultivated olivesQlea europea cuspidat@Vall. ex G. Don) and.
e. europaeal (Palgrave 2002), are host to at least five gggeof flea beetles of the
alticine genugArgopistesBryant in South Africa. These flea beetles feedhenleaves
(Myburgh 1952, Whitehead & Myburgh 1961, AnneckeMbran 1982, Swain &
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Prinsloo 1986)and sometimes the fruit (Costa 1998), and someiespean become
pests (Costa 1998, Eglington 2004). Adwdte the shape of ladybirds (Coleoptera:
Coccinellidae) but have stripes rather than sgotd,enlarged hind femora that allow
them to jump strongly when disturbed (Costa 1998n&i & D’Alessandro 2003).

Bryant (1922) described and illustrated adult®\obleaeBryant 1922 and\.
sexvittatusBryant 1922, but the descriptions were not pardidyldetailed, and the
sexes were not differentiated. A drawiafjthe male ofA. sexvittatusvas included
(Bryant 1922: Figure 4a). Bryant (1944) later dimxat A. capens Bryant 1944. In
this description, some morphological features wexreclarified, possibly because the
species was described in isolation. Taylor (194% Myburgh (1952) revised the
descriptions and Myburgh published photographshef adults ofA. oleaeand A.
sexvittatusbut appears to have transposed the names of tiveseHe did not provide
identification for a third species that he illus¢é@ In the process of resolving the
identity of these species, it was discovered tvatforms ofA. sexvittatusiescribed
by Bryant (1922) appear to represent two distipetcges, one of which is otherwise
undescribed.

This paper clarifies the species’ names and difttaes the sexes of these
beetles using characters of the sternites andniteyenitalia. Three more species

from South Africa are also described for the fiiste.

5.3 Material and Methods

Distribution of wild and cultivated olive trees wieeadult flea beetles are
found in the Eastern Cape Province, South Africguifes 1 & 2). Pinned material
was examined from the South African Museum, Capanlf¢SAMC) the South
African National Collection of Insects, PretoriaA($C) and the Albany Museum,
Grahamstown (AMNH). The SAMC and SANC material ud#s specimens
determined by G.E. Bryant.

Adult flea beetles were dissected under a stergostope, covered by a few
drops of insect saline solution. The aedeagus emsgthecae of several specimens of
each species were macerated in 10% potassium hgdrdar 4 hours or more,
depending on how delicate the specimens were, e tinsed twice in slightly

acidic water. The specimens were later placed % @&ohol for about 5 minutes and
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then air-dried and fixed with adhesive to scanneigctron microscope (SEM)
specimen stubs and coated with a thin film of mistgér of gold in an Edwards 306
vacuum coating unit. The specimens were examingld avUEOL JSM U3 scanning
electron microscope. The aedeagus and spermatheaaemeasured using the
analySIS Software Imaging System programmew.softimaging.nét

The width of the body (measured at base of elytt#), length of the body
(from the base of antennae to the apex of theaglylength of elytra (from base to
apex), pronotum (along the midlines), and anterk@agth (from base of antennae to
the apex of the flagellum) were measured using & \MiS stereomicroscope and
Olympus micrometer. Various dimensions of the agdsavere measured from SEM
photographs. The log—transformed measurements weatysed using Principal
Component Analysis (PCA) and Discriminant Functoralysis (DFA).

5.4 Results

Family: Chrysomelidae

Subfamily: Alticinae

5.4.1 Genus: Argopistes Bryant 1922

Nine named species oArgopistesoccur in the Afrotropical regionA.
sexvittatugBryant), A. oleagBryant),A. capensigBryant), A. nigra(Bryant, 1940) -
Uganda, A. hargreavesi(Bryant, 1926)- Uganda,A. 6-guttatus(Weise 1895) -
MadagascarA. brunneus(Weise 1895) - Madagascak, vosseleri(Weise 1919) -
Eritrea, andA silvestrii (Weise 1914) Nefasit, Eritrea. Bryant (1922) noted that
sexvittatushave been kept in the British Museum collectiorcgiri867 under the
manuscript namePseudococcinellasexvittata (Chevr). Taylor (1945) and later
Myburgh (1952) misinterpreted this to mean thats¢éhébeetles were formerly
classified under the gen&seudococcinella.

In general the presence of these beetles in Sofrtbathas been reported in
many areas of the Western Cape, such as the Bsiteile mountains (Bryant 1951),
Somerset West, Stellenbosch, Fransch Hoek, Groakddstein, Paarl, Wellington,
and Olifants River valley (Myburgh 1952), and mastently on the Mission cultivar
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in Olyvenrivier Valley, outside Ladismith in the &dh Karoo (Eglington 2004) and in
the Eastern Cape.

Principal Component Analysis of the external diniens indicated six
morphometric groups, and in particular that twaha flea beetles with black elytra
which was previously assigned Ao sexvittatusvere morphometrically distinct from
the striped form of. sexvittatusThis can be seen by drawing convex hulls on & plo
of the first two principal components (Figure 9hieh collectively captured 92.1% of
the variance. Most of the coefficients in the Eiggstor of the first component (Table
1) are very similar magnitude and sign, so thattkie can be interpreted as a general
indication of size. ThusA. lilliputianus sp. nov. was smaller than all of the other
species, whiléA. melanussp. nov. was slightly larger than the others. 3izes ofA.
sexvittatusA. oleaeandA. capensisvere not clearly different. The Eigenvector of the
second component (Table 1) emphasised the lengtiregbronotum, which is longer
in A. capensisand rather variable ii\. sexvittatusA. oleae and A. lilliputianus
(Figure 9).

Principal Component Analysis suggested thamelanussp. nov. males were
bigger than females (Figure 9) but this was notshfor all species. Generally in all
six species it has been demonstrated that femade® Iproportionally shorter
pronotums than males. When the aedeagal dimensieressadded to the analysis, the
groups became even more distinct, but these reawtsnot shown because new
specimens can be adequately differentiated in coemtospace on their external
dimensions alone. When the aedeagal dimension alene subjected to PCA, the
convex hull around Amelanussp. nov. was still distinct.

In thea posterioriassessment of the morphometric distinctness ofpkeeies
using Discriminant Function Analysis, the first tftonctions showed that 79% of the
specimens were classified correctly (Table 2), Whie sufficient for the analysis.
Only two specimens oA. melanuswere incorrectly classified using DFA (Table 2)
and 83% of the specimens were classified correétgopistes lilliputianuswas
always correctly classified using the external disiens both in PCA and DFA
(Figure 9, Table 2). The misclassified specimenseweo A. sexvittatusand one
each ofA. capensisandA. oleae these species are easily identified by their wolo
patterns, which were not included in the PCA or EH€A. Argopistes epomistusp.

nov. was not easy to identify using external dinems as two specimens were
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misclasified asA. sexvittatusor A. oleae(Figure 9, Table 2). However 50% of the
specimens were correctly identified.

These analyses lead to the conclusion that thereatateast six species of
Argopistesin our sample, and that they can be distinguishgidg their external
dimensions (Figure 9), the structure of their agdd&igures 10-33), and their
colouration (Figures 3-8). Three of these takalifliputianussp. nov. A. melanusp.

nov. andA. epomistusp. nov.) are previously unrecognised.

5.4.2 A. sexvitattus Bryant, 1922

Argopistes sexvitattuBryant, 1922: 475, Figure 4
Argopistes oleadyburgh, 1952: 1, Figure 2 [error]

Adult (Figure 3)

Male: 3.50-4.50 mm long, oval, convex (Figure Blead brownish-yellow,
eyes close togethegntennae 1.4-2.0 mm long, inserted close together, fiigt s
segments yellow and the next five dark brown, fasgement very long and almost
equal to the next three combined, last seven jasfightly broader and brown.
Pronotum 0.72-1.28 mm wide, brownish, “finely and closelynptured” (Bryant
1922), strongly oblique, wider at base, sides flygbbliquely converging, posterior
margin convex.Scutellum “black, triangular” (Bryant 1922)Elytra 2.95-3.54 mm
wide (Figure 3), “more finely punctured than pramat (Bryant 1922), variable in
colour: either (if pronotum is fuscous) flavous hwvitsutural margin black, lateral
margins broadly testaceous with inner margins mdyrdlack from base of suture to
apex, a narrow black vitta down middle of eachrelyt (Bryant 1922).Legs front
and intermediate pairs either entirely yellow sames moderately brownish; hind
legs with femora strongly thickened, black and bish at bottom, tibiae brownish
broadly dilated, deep grooves, with toothlike petigns at the edges, terminated by
two spursSternitegFigure 10): brown to dark brown “second to foustarnite much
contracted in middle” (Bryant 1922), fifth biggdvain other four, strongly incised and
deflexed, posterior margin with narrow paramediaisures AedeagugFigures 16-
18): thin, elongated (1.68-1.7 mm); ventral surface watrex slender, prolonged,

triangular; lateral compressions form deeply inddnsurfaces distal to apex; more
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pronounced protruding structures proximal to baganing resemble earlobes; lateral
surface gradually thinned towards the apex, sigbtirved, protruding structures at
base similar to ears; dorsal view with protruditrg&ures on sides similar to ears.
Female(Figure 3) 3.8-4.1 mm long, general size, colouration angshas in
male. Abdomen(Figure 34): curved, sternite equally spaced, $éstnite longer than
other four.SpermathecdFigure 35): short (0.8-0.9 mm), dark brown, ap&pump
pointed, triangular; proximally to base of pumpppuslightly curved, forming a V;
receptacle shortened and distally curved toward&ldpart of pump; spermeathecal

duct thick and shortened.

Diagnosis: The male and female fifth sternite @& sexvittatuss physically
similar to A. melanussp. nov. but the latter is obviously bigger thansexvittatus
(Figure 7) and can be distinguished by the colowt pattern of the scutellum and
elytra; the scutellum foA. melanuss flavous with black margins, whik. sexvittatus
has yellow elytra with six black stripes aAdnelanushas black elytra with no stripes.
The melanic variety oA. sexvittatushas its elytra and prothorax blue-black with a
broad testaceous border (Bryant 1922) therefaremelanussp. nov. cannot be

regarded as a variety Af sexvittatusince it has black elytra and a brown pronotum.

Material examined: Holotype: 1 male, Bathurst, 25 May 1949, Ac. PE 295
[SANC]. Allotype: 1 female, Bathurst, 25 May 194%;. PE 295 [SANC]; Paratypes:
SOUTH AFRICA: LIMPOPO: 1 male, 1 female, Chuniespo@24°11'59"S
29°29'36"E), 6 November 1965, P. Paliatseas [SANCfemale, GAUTENG: Pta
Monument (Pretoria) (25°39'44’S 28°09'55"E), 30 Olser 1967, M.W. Algers
[SANC]; 4 males, 2 females, Zebediela (24°17'4554£9°13'14.64"E), 1 February
1929, H.B. O'Dogherty Ac. P 4054 [SANC]; 1 male,fdmale, Vanderbijlpark
(26°41'23.76"S 27°49'33.84"E), 4 October 1965, Jckars, Ac. Col 87 [SANC];
FREE STATE: 1 male, Orange Free State, Ficksbu8g5219.13"S 27°52'37.84")
11 November 1966, A.L. Capener [SANC]; 7 males, édndles Bloemfontein
(30°19°00”S 26°48°'00"E), 6 November 1916, Ac. P 858etermined by G.E. Bryant
[SANC]; 2 females, Orange Free State, Bloemfon{8®°19'00"S 26°48'00"E), 6
November 1916, J.C. Faure, A 056755, Ag Dp S. 8#NIC]; Orange Free State, 1
female, Glen College of Agriculture (28°58’S 26°B)) 16 May 1920, A 056757,
Pseudococcinella sexvittata Chevr., determined by G.E. Bryant [SAMC];
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MPUMALANGA PROVINCE: 26 uncertain, Transvaal, Logk®am (25°25'00"S
29°23'00"E), 25 January 1993, E. Grobbelaar [SANEASTERN CAPE: 4 males, 1
female, Bathurst (33°29'00"S 26°50°00"), 25 May B94Ac. PE 295 [SANC]; 1
female, Steytlerville (33°19'58”"S 24°20'41"E), 25c@ber 1964, A.L. Capener
[SANC]; 1male, 4 uncertain, Alice, Fort Hare FarB2{47'39”S 26°50'53"E), 510m,
11 October 2004, S. Waladde [SANC]; 1 male, 7 femaMiddleburg (31°30'S
25°00’E), 9 November 1987, M. de Jager, Ac. P 8&ANC]; WESTERN CAPE: 1
uncertain, Cape Town (33°55'00"S 18°25'00"E), M&?cti917?, Ac. P 2483
[SANC]; 1 female, Cape Town (33°55'00”S 18°25'007B) December 1919, Ac. P
2483 [SANC]; 1 male, 1 female, Paarl (33°43'40.59&57°48.07"E), 20 October
1917, C.W. Mally, Ac. P 2483 Ag Dp S Afr [SANC];fémale, Paarl (33°43'40.59"S
18°57°48.07’E), 26 June 1917, C.W. Mally Ac. P 2488 Dp S Afr [SANC]; 1
female, Paarl (33°43'40.59"S 18°57°48.07"E), 26 dui®17, C.W. Mally, Ac. P
2483, Ag Dp S Afr [SANC]; 2 females, Malmesbury {33'47.61"S 18°43'57.28"E),
31 March, 1916, P.J.v.d. Westhuisen, Ac. C 2483FA&073, Ag Dp S Afr [SANC];
1 female, Sir Lowry's Pass (34°08'38.88"S 18°55888E), 26 October 1964, A.L.
Capener [SANC]; 3 females, Stellenbosch (33°55'8%57 18°51'30.80"E), 20
January 1981, C. Hochse, Ac. P 1956 [SANC]; 1 midialmesbury (33°27'47.61"S
18°43'57.28"’E), 29 January 1916, G.G.v.d. Westhujz& 056752, Ac C 2483,
Pseudococcinella sexvittat@hevr., determined by G.A.K. Marshall [SAMC]; 1 ima
and 2 females, Malmesbury (33°27°47.61"S 18°43'B7E), 29 January 1916,
G.G.v.d. Westhuizen, A 056752, Ac C 2483, deterohing G.E. Bryant [SAMC]; 1
male, 2 females, Malmesbury (33°27°47.61"S 18°42B7E), 22 March 1939, A
056751, detemined by G.E. Bryant [SAMC]; 1 fem&@éellenbosch (33°55'55.72"S
18°51'30.80"E), 3 September 1923, C.J. Joubert, 56784 [SAMC]; 1 female,
Stellenbosch (33°55'55.72"S 18°51'30.80"E), 2 MartB30, A 056753, Ac US
[SAMC]; NAMIBIA: 1 male, 2 females, N Grootfontein(33°00’00.13"S
18°11°'00.08"E), 1 October 1948, A.H. de Vries, At. 4903 [SANC]; 1 uncertain,
South West Africa/Namibia (4 km N Grootfontein) {32'00"S 18°07'00"E), 13
March 1987, R. Oberprieler [SANC]; 1 male, 2 fensald uncertain, Namibia,
Windhoek (22°34'12"S 17°05'01"E), 1919, Purch, AB0%6, determined by G.E.
Bryant [SAMC].
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Distribution (Figure 45a): South Africa (Limpopo, Gauteng, Frétate,

Eastern Cape, Western Cape provinces) and Namibia.

Host plant: Found on both cultivated and wild olive trees.

5.4.3 A. melanus sp. nov.

Adult (Figure 4):

Male: 4.0-5.0 mm long, round and conveitead flavous, testaceougyes
close togetherantennae 1.49-1.81 mm long, inserted close together, fikstrf
segments yellowish and last seven segments davkabrfirst segment very long,
almost as long as the three following together,ciwhare the same size, last seven
segments slightly biggeRronotum 0.55-0.87 mm wide, brown, wider at base; sides
obliquely converging, slightly rounded from baseajpex, posterior margin black,
slightly sinuate Scutellum triangular, flavous, margins blacElytra: 3.84-4.34 mm
long (Figure 4), glossy black; slightly puncturéatteral borders brownish, no vitta on
elytra. Legs front and intermediate pairs entirely yellowisiometimes with spots at
bottom, hind legs with femora swelling and blacljiae broadly dilated, deep
furrows, edged with toothlike projections, termeditoy two spursSternites(Figure
11): second to fourth sternite much contracted iddie; fifth bigger than others,
strongly incised, deflexed, posterior margin witlrnow paramedian incisures.
Aedeagus(Figures 19-21): 1.6-1.7 mm long, extensive, sftw@tl; ventral surface
with apex broad, shortened, triangular, bent fodydateral compressions form
deeply indented lateral surfaces distal to apess f@onounced protruding structures
proximal to basal opening resemble earlobes; latsuaface gradually thinned
towards apex, slightly curved, base with protrudstigictures similar to ears; dorsal
view with slightly protruding structures on sidesigar to ears.

Female(Figure 4): 4.1-4.2 mm long, smaller than malemeagal colouration
and shape as in male. Abdomen (Figure 36): sligiitshaped, margins on sternite
equal spaced, last sternite bigger than other fpermathecgFigure 37): shortened,
0.8-0.9 mm long, dark brown; apex of pump slighgbjinted; proximally to base of
pump, pump slightly curved; receptacle shortenéstaltly curved towards distal part

of pump; spermeathecal duct thick, shortened.
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Etymology: From the Greek worthelas meaning black.

Diagnosis: This taxon is not a variety @&f. sexvittatudvecause\. sexvittatus
variety has its elytra and prothorax blue-blackwétbroad testaceous border (Bryant
1922), whileA. melanussp. nov.has black elytra and a brown pronotulnmelanus
Sp. nov. is similar to A. sexvittatus(Bryant 1922) but it can be distinguished
externally by the size, colour and pattern of thetellum and the elytraA. melanuss
slightly bigger tharA. sexvittatugFigure 7); colour of the scutellum fér. melanuss
flavous with black margins anl. sexvittatudias yellow elytra with six stripes aiAd

melanushas black elytra with no stripes.

Material examined: Holotype: 1 male, Enoch Sontonga, 9 November 2004,

N. Mkize [SANC]. Allotype: 1 female, Enoch Sonton@November 2004, N. Mkize
[SANC]; Paratypes: SOUTH AFRICA: EASTERN CAPE: 1lmal female, Enoch
Sontonga (32°56’17"S 27°28'11"E), 9 November 200, Mkize [SANC];
WESTERN CAPE: 4 females, Stellenbosch (33°55'555728°51'00"E), 6 January
1988, K. Bothma, Ac. F.R. 2011/2012, E.G. Riley 99BANC]; 1 uncertain,
Malmesbury (33°27°47.61"S 18°43'57.28"E), 29 Jarnwh916, G.G.v.d. Westhuizen,
Ac c 2484 Ag Dp S. Afr, A 056758 [SAMC]; 1 femaltellenbosch (33°55'55.72"S
18°51'30.80"E), 20 January 1981, C. Hochse, Ac..A854 [SAMC]; 1 uncertain,
Stellenbosch (33°55'55.72"S 18°51'30.80"E), [no extluata], A 056759 [SAMC]; 2
males, 2 females, Stellenbosch (33°55'55.72"S 18%h&0”) [no other data], A
056759 [SAMC].

Distribution (Figure 45b): South Africa (Eastern Cape and Wasteape

provinces).

Host plant: Found on wild and cultivated olive trees

5.4.4 A. epomistus sp. nov.

Adult (Figure 5):
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Male: 4.2-4.5 mm long, round, conveklead flavous or testaceougyes
close together; antennde3-2.2mm long, inserted close together, first segnvery
long, almost as the three following together, whare the same size, first three
segments brownish and last seven segments yellplgishthree segments slightly
bigger than lattefPronotum 0.75-0.85 mm wide, flavous, strongly transverseaiest
at base; sides obliquely converging, slightly reeshdrom base to apex, deflexed;
posterior margin black, slightly sinuatScutellum triangular, yellow, margins dark
brown. Elytra: 3.6-4.0mm long, glossy black wigmall yellowish vittae near sutural
margin, lateral margins broadly testaceous, flavdase bending evidentlyegs
front and intermediate pairs entirely yellow witark-brow markings, hind legs with
femora strongly incrassate, black; tibiae broadikated, deeply sulcate, dentate,
terminated by two spursSternites (Figure 18): second to fourth sternite much
contracted in middle; fifth bigger than other fosirongly incised, deflexed, posterior
margin with narrow paramedian incisur@égedeagugFigure 22-24): 1.6-1.7 mm long,
extensive, shortened; ventral surface with apexadyrshortened, triangular, bent
forward; lateral compressions form deeply indensedfaces distal to apex; less
pronounced protruding structures proximal to baganing resemble earlobes; lateral
surface gradually thinned towards apex, slightlgved, with protruding structures at
base similar to ears; dorsal view with slightly fonoing structures on sides similar to
ears.

Female 4.2-4.5 mm long; general size, colouration andpghas in male.
Abdomen(Figure 38): slightly V-shaped, margins on sternédqual spaced, last
sternite bigger than other folBpermathecgFigure 39): 0.8-0.9 mm long, shortened,
dark brown; apex of pump slightly pointed; pumglistly curved proximal to its base;
receptacle shortened, distally curved towards Idpstet of pump; spermeathecal duct

thick, shortened.

Etymology: From the Greek wor@rouro, a shoulder plate, related to the

French wordepaulette a shoulder badge worn by military and naval effic
Diagnosis: This taxon could not be regarded as a varietyAokexvittatus

becauseA. sexvittatusvariety has elytra and prothorax blue-black withbrmad

testaceous border Bryant (192@hile A. epomistusp. nov. has black elytra and a
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fulvous pronotumArgopistes epomistusp. nov.is similar toA. melanussp. nov.but
it can be distinguished externally by the smaltagton the elytra. The elytra féx

melanusare black with no stripes, whilke. epomistusas stripes (Figures 4 & 5).

Material examined: Holotype: WESTERN CAPE: 1 male, 1 female,
Stellenbosch (33°55'55.72"S 18° 51'00"E), 6 Janud®88, K. Bothma Ac. F.R.
2011/2012, determined by B. Grobbelaar 1991 [SANC3ANC]. Allotype:
EASTERN CAPE: 1 female, Enoch Sontonga RehabiitatCentre (32°56’17"S
27°28'11"E), 9 November 2004, N. Mkize [SANC]; Phmees: SOUTH AFRICA:
EASTERN CAPE: 1 male, 1 female, Enoch Sontonga Rétaion Centre
(32°56°17"S 27°28'11"E), 9 November 2004, N. MkiERANC]; WESTERN CAPE:

1 uncertain, Stellenbosch (33°55'55.72"S 18°51'00"mo other data], A 056759
[SAMC].

Distribution (Figure 45c) South Africa (Eastern Cape and Western Cape

provinces).

Host plant: Found on wild and cultivated olive trees

5.4.5 A. capensis Bryant, 1944

Argopistes capensBryant, 1944: 817, Figure 2
Small green beetle (Ac. FR. 18#yburgh1952: 1

Adult (Figure 6):

Male: 3.9-4.4 mm long, round, convelead flavous, “almost hidden in the
prothorax, impunctate, eyes close together” (BryE%4); antennae 1.92-2.21 mm
long, “extending almost to middle of elytra, flawdirst segment very long, almost
as three following together” (Bryant 1944), the inéixree same size, last seven
segments short than previous and broa@@emotum 0.87-1.82 mm long, olive green,
“strongly transverse, widest at base; sides obljguenverging, slightly rounded
from base to apex, deflexed; posterior margin #lgisinuate” (Bryant 1944).

Scutellum olive green “small, triangular” (Bryant 1944lytra: 3.24-3.51 mm long;
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deep punctures arranged in striae; interspaces rmorkess broad; olive green
(brownish in preserved specimens), sutural bordeked than lateral margins, each
elytron with three longitudinal darker olive vittgdbrown in preserved specimens),
vitta in middle of elytron starts from pronotum aghoes not reach end of elytra, other
two vittae start at center of elytra do not reacthl ef elytra.Legs “front and
intermediate pairs entirely olive green; hind feewery strongly incrassate” (Bryant
1944) compared to othéirgopistesspecies, olive green and black at bottom, “tibiae
broadly dilated, deeply sulcate, dentate, termohdig two spurs” (Bryant 1944).
SternitegFigure 13): yellowish, second to fourth sternit@sch contracted in middle;
fifth sternite bigger than other four sternites,st@oior margin with V-shaped
paramedian notctAedeagugFigure 25-27): 1.5-1.6 mm long, substantial, stroed;
ventral surface with arrow-shaped apex, protrusainsase of apex, deeply indented
surfaces distal to apex forming cup-like structursigghtly protruding structures
proximally to basal opening resemble earlobes;eexér apex reflexed in lateral view,
distally slightly curved; dorsal surface with odtsianterior opening and further raised
forming parallel lines at base, deep creases bistal

Female (Figure 6): 3.9-4.4 mm long, general form and oolas in male.
Abdomen(Figure 40): V-shaped, margins on sternite equafigced, last sternite
bigger than other four, more wrinkled on sidgpermathecdFigure 41): 0.9-1.0 mm
long, shortened, dark brown; apex of pump poinsfidhtly rounded; pump slightly
curved distal to its base; receptacle shortenesfaltyi curved towards distal part of

pump, spermathecal duct thick, shortened.

Diagnosis: The elytron ofA. capensisis similar to A. sexvittatusBryant
(1922) but smaller, not so convex, paler and vittaé so conspicuoushe fifth
sternite of thisA. capensigBryant 1944) is similar to that &f. oleae(Bryant 1922)
andA. lilliputianus, which makes the three species to fall in the sgroap, but they
can be clearly distinguished externally by colond pattern of the elytra, pronotum,

head and the scutellum and internally feature gukeagus.

Material examined: SOUTH AFRICA: SOUTH AFRICA: Holotype: 1 male,
Bathurst, 25 May 1949, Ac. PE 295 [SANC]. Allotydefemale, Nutwood Farm, SE
Grahamstown (31°18'42.25"S 26°31'54.64’E), 12 Debem 1984, Mrs Stock
[SANC]; Paratypes: WESTERN CAPE: 1 female, Stelsuh (33°55'55.72"S
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18°51'30.80"E), 27 November 1926, R. |. Nel [SAMCI; female, Stellenbosch
(33°55'55.72"S 18°51'30.80"E), 31 March 1927 [SAMC] female, Stellenbosch
(33°55'55.72"S 18°51'30.80"E), 6 June 1943 [SAMC], female, Stellenbosch
(33°55'55.72"S 18°51'30.80"E), 14 October 1943, W.PHeerden [SAMC]; 4
females, Stellenbosch (33°%6.0”S 18°52'21.0"E) [SAMC]; 1 uncertain, Brandwag
18 km N Mosselbaai (34°10'55.59"S 22°08'03.20"E), Becember 1988, E.
Grobbelaar [SANC]; 1 male, Knysna (34°02'25.67"S(@B18.84"E), 1924, Ac. P.
3315, COM INST ENT COLL. NO 11186, determined b¥@Bryant [SANC].

Distribution (Figure 45d):South Africa (Eastern Cape and Western Cape

provinces).

Host plant: Found on wild olive trees only.

5.4.6 A. oleae Bryant, 1922

Argopistes oleaBryant, 1922: 474, Figure 3
Argopistes sexvittatugyburgh, 1952: 1, Figure 1 [error]

Adult (Figure 7):

Male: 3.4-3.8 mm long, round, conveklead “nearly hidden in prothorax,
base to between eyes black, finely punctured, feord clypeus flavous” (Bryant
1922); antennae 1.72-2.00 mm long, inserted close together, fiestes segments
yellow and last four dark brown; first segment veagg, nearly equal to three latter
segments, last seven dark and slightly broader thanprevious three segments.
Pronotum 0.60-0.81 mm long; black, yellow-brownish at estgéinely punctured,
strongly transverse, about three times as broddras sides obliquely converging,
slightly rounded from base to apex, deflexed; amteangles obtuse, fulvous;
posterior margin sinuate” (Bryant 1928cutellum“black, triangular” (Bryant 1922).
Elytra 2.70-3.45 mm long, glossy and “yellow with blackiwsal borders, lateral
margins black” (Bryant 1922) and on each elytraitta\at the centre that reaches
anterior end of elytron but not bottorbegs “front and intermediate pairs entirely

flavous; hind femora strongly incrassate, flavesenargin black, tibiae broadly
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dilated, deeply sulcate, dentate, terminated by $pors” (Bryant 1922)Sternites
(Figure 14): light brown to dark brown, second twrth sternites contracted in
middle; fifth sternite bigger than other four segse posterior margin with V-shaped
paramedian incisurededeagugFigure 28-30)1.48 mm long, thick, shortened, with
a well-developed denticle; ventral surface with poessions forming slightly
indented surfaces distal to apex, further leadimgnembranous window; extreme
apex reflexed in lateral view, distally curved dather curved at base; dorsal surface
with deep creases on both sides.

Female (Figure 7): 3.7-4.1 mm long, general form and colag in male.
Abdomen(Figure 42): curved, lines on sternite equallycguh last sternite bigger
than other fourSpermathecdFigure 43): 1.0-1.1 mm long, elongated, lightvano
apex of pump pointed, slightly round; far from pumyrved; receptacle elongated,
distally curved towards apex of pump; spermeathéget thin, elongated.

Diagnosis: Argopistes olea¢Bryant 1922) is similar té\. sexvittatusut can
be distinguished by the colour and pattern ofliggr@& pronotum, head and scutellum,
and by the shape of the aedead\rgopistes oleaés also similar toA. capensisas
indicated by the shape of the posterior marginhef fifth sternite, but they can be
distinguished by their general size, the colour pattern of the elytra, pronotum,

head and scutellum, and by the shape of the aesleagu

Material examined: SOUTH AFRICA: Holotype: 1 male, Bathurst, 25 May
1949, Ac. PE 295 [SANC]. Allotype: 1 female, Nutveb&arm, SE Grahamstown
(31°18'42.25"S 26°31'54.64"E), 12 December 1984 sNBtock [SANC]; Paratypes:
EASTERN PROVINCE: 4 females, Sterkstroom (31°349%026°33’'00"E). 12
August 1958, G. C. Morgan, Ac. PC 2993 [SANC]; 8lesa 6 females, Nutwood
Farm, SE Grahamstown (31°18'42.25"S 26°31'54.64"E), December 1984, Mrs
Stock [SANC]; 1 male, 1 uncertain, Bathurst (33TW¥S 26°50'00"E), 25 May
1949, Ac. PE 295 [SANC]; 1 uncertain, East Londona§ Reserve, Umtiza
(33°02'25.38"S 27°49'15.86"E), 25 November 1988tedmined by B. Grobbelaar
[SANC]; WESTERN CAPE: 2 males, 5 females, 1 undeytidnysna (34°02'25.67"S
23°04'18.84"E), 26 November 1983, R. Oberprielekli&]; 1 uncertain, Cape Town
(33°55’00”S 18°25'00"E), 1 March 1918, C.W. MallgANC]; 1 female, Constantia
(29°58'59.79”S 21°40°'00.06"E), 9 March 1918, Ac. B589, determined by G.E.
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Bryant [SANC]; 1 female, Bloubergstrand (33°46’0018°30’00"E), 12 December
1982, H. Geertsema Ac. PE 295 [AMNH]: 1 uncerta@ape Town (33°55'00"S
18°25'00"E), November 1814, A 056749, determined ®¥e. Bryant [SAMC]; 1
female, Cape Town (33°55'00"S 18°25'00"E), Decemib884, A 056750 [SAMC];
1 female, Cape Town (33°55'00"S 18°25'00"E), Noveanbl884, A 056750,
determined by G.E. Bryant [SAMC]; 1 female, 2 unagr, Cape Town (33°55'00"S
18°25’00"E), 15 March 1947, Alfi oleae Veruncosa,088314 determined by G. E.
Bryant [SAMC]; 1 uncertain, Cape Town (33°55'00"8°25'00"E), 5 April 1947,
Oleae veruncosa, A 058315 [SAMC]; 1 female, 1 utaier Cape Town (33°55'00"S
18°25’00"E), 5 April 1948, A 058314 [SAMC]; 1 unt¢am, Cape Town (33°55’'00"S
18°25’00"E), 26 March 1950, Bevils Paris, Aunt a@eaeruncosa, A0568316
[SAMC].

Distribution (Figure 45e): South Africa (Eastern Cape and Wastape

province).

Host plant: Found on cultivated and wild olive trees.

5.4.7 A. lilliputianus sp. nov.

Adult (Figure 6):

Male: 2.3-2.4 mm long, round, conveklead flavous, almost hidden in the
prothorax, eyes close together; antend&1.0 mm long, set close together, flavous,
first five segments brown, broad, last six yellowrower than previous segements.
Pronotum 0.35-0.42 mm wide, flavous, slightly transversedesit at base; sides
obliquely converging, slightly rounded from baseafiex,slightly deflexed; posterior
margin brown, slightly sinuaté&cutellum small, flavous, margins brown, triangular.
Elytra: 1.99-2.05 mm long, broad at base, flavous, somstimigh brown spots
apically and at base, sutural margins brown, bladd&ep punctured forming a
triangular-shape marking apically, adjacent to mltunargins strongly punctured,
brown lateral margind.egs front and intermediate pairs flavous; hind femuoeay
enlarged, flavous with brown margins, armed at apéik a solid blunt spur, tibiae
slightly dilated, sulcate, terminated by two snsplirs. Abdomer(Figure 15): margins

on first 4sternites equal spaced; fifth sternite bigger th#er four, posterior margin
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with indistinct V-shaped paramedian incisurdedeagugFigure 31-33): 0.8-1.0 mm
long, light brown, thick, shortened, with a well-developed denticlgrrawing
distally, very large membranous window; ventralface distal to apexsmooth,
forming slightly indented surfaces, further leaditogmembranous window; apex
reflexed in lateral view; dorsal surface with deepases on both sides.

Female 2.4-2.6 mm long, general form and colour as inlemAbdomen
(Figure 44): very curved, margins on sternite elgusppace, last sternite bigger than

other four.Spermathecanot examined.

Etymology: This species is named after a characteristic ofipui, the
mythical land in Jonathan Swift's boolgulliver's Travels where everything was

unusually small.

Material examined: Holotype: 1 male, Transval, D' Nyala Nature Reser
Ellisras District, Limpompo [SANC]. Allotype: 1 feate, Transval, D’ Nyala Nature
Reserve, Ellisras District, Limpompo (23°45'00"S°29°'00"E) [SANC]; Paratypes:
SOUTH AFRICA: LIMPOPO: 4 males, 1 female, Transv@l, Nyala Nature
Reserve, Ellisras District (23°45'00"S 27°49'00"EB50m, 13-14 January 1991, B.
Grobbelaar [SANC].

Diagnosis: Argopistes lilliputianugs similar toA. hargreaves(Bryant 1926).
Its head, pronotum and elytra are flavous with bramargins, whileA. hargreavesi
has its head and prothorax black with the basdal gastaneous in the middle, and
elytra that are castaneous with the apical thietlland the outer margins narrowly
black. The elytra ofA. lilliputianus are strongly and regularly punctured at the base
and adjacently to the margins, and thoseAofhargreavesiare very finely and
irregularly punctured. The legs @f. lilliputianus are brown with the femora dark
brown and armed with a blunt, dark brown apicalrsptnile those ofA. hargreavesi
are castaneous with the hind femora black and armibda stout, blunt, black apical
spur. The fifth sternite oA. lilliputianusis similar toA. oleaeandA. capensiswhich
places them in the same group of species, buhibeadistinguished externally by the
general size, colour and pattern of its elytranptom, head and scutellum, and by

features of the aedeagus.
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Distribution (Figure 45f). South Africa (Limpopo and Northernopinces

(specimens collected by Marizio Biondi).

1.

2(1).

3(2).

Host plant: Unknown; specimens wepmllected at light.

5.4.8 Key to adults of the Argopistes species in Southics

Fifth sternite of male with deep, narrow pardrae incisures (Figures 10, 11,
12). Female curved, sternite equally spaced, l@shise longer than other
four. Spermatheca (0.8-0.9 mm), dark brown, apexpafmp pointed,
triangular; proximally to base of pump, pump slighturved, forming a V,
receptacle shortened and distally curved towardstaldipart of pump;
spermeathecal duct thick and shortened ...........c..cccooiiiiiiiiiis 2
Fifth sternite of male with V-shaped paramediacisures (Figures 13, 14,
15). Female V-shaped, margins on sternite equplyed, last sternite bigger
than other four, more wrinkled on sides. Spermath@tgure 41): 0.9-1.0
mm, shortened, dark brown; apex of pump pointedht#y rounded; pump
slightly curved distal to its base; receptacle wed, distally curved towards

distal part of pump, spermathecal duct thick, sreat] .....................coeen 4

Elytra yellowish with sutural margins blackateral margins broadly
testaceous, with inner margins narrower and blacigrrow brown vitta down
center of each elytron that does not reach eithdr & elytron (Figure 3),
finely punctured. Apex of median lobe of aedeagusentral view long and
broad, but narrower than rest of aedeagus (FigbhE8) A. sexvitattugBryant)
Elytra glossy black, finely punctured. Top ofdadle lobe of aedeagus in

ventral view long and broad, but narrower than oéstedeagus ................... 3

Elytra with no stripes (Figure 4). Head @ndnotum brown. ............ccccccceen...
.................................................................................. A. melanusp. nov.
Elytra with one brief stripe adjacent to suturergin of each elytron (Figure

5). Head and pronotum brown to pale black. ........... A. epomistusp. nov.
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4(1).

5(4).

5.5

Median lobe of aedeagus apex in ventral velstantial and shortened,
arrow-shaped apex (Figure 25 & 27), distally toxapeep dented surfaces
forming cup-like structures, proximally to basaleamg, slightly protruding
structures resembling earlobes. Dorsal view outsideerior opening and
further raised forming parallel lines at base, aligtdeep crease (Figure 25).
Spermatheca duct shortened pump slightly curveidtipg towards receptacle
(FIQUPE 40 & A1) e e e e e et e e e eees
................................................................................ A. capensigBryant)

Median lobe of aedeagus apex in ventral vieth wiell-developed denticle . 5

Small, 1.99-2.6 mm long. Elytra brown, ofteith dark brown spots, sutual
margins dark brown and outer lateral margins brownm;vitta (Figure 8).
Median lobe of aedeagus with apex in ventral vieithva well-developed
denticle but narrowing down distally (Figure 31-33)A. lilliputianussp. nov.
Larger, 3.4-4.1 mm long. Elytra yellow to almhasange with outer sutual
margins black and lateral margins brown; a wideawitins down the center of
each elytron, reach prothorax but not the reaclotithe elytron (Figure 5).
Median lobe of aedeagus with apex in ventral vieithva well-developed
denticle (Figure 28). Spermatheca duct thin, eltedjareceptacle elongated,
with a very sharp curve pointing towards the pufigyre 43) ...........cccceeeee.
..................................................................................... A. oleae(Bryant)

Discussion

There are several characters that define and d$yrosgggest a close

relationship of the speceis éirgopistesin the Afrotropical region. The best-shared

character is their tendency to feed on plants ef family Oleaceae, in particular
olives (Weise 1895, 1914, 1919, Bryant 1922, 199810, 1944, Inoue 1991). The

distribution of the olive flea beetles, in parti@ub. sexvittatusis generally similar to

the distribution of wild olive O. e. cuspidatg§Wall. ex G. Don) in South Africa and

Namibia (Figures 2 and 45A). Other characters mheluhe adults’ external

morphometric, external and internal morphologidcailarities.
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The six species within the gendggopistescan be separated using body
width, body length, elytron length, pronotum lengtimd antenna length, but it was
difficult to appreciate this il\rgopistesusing Principal Component Analysis because
there was an overlap betwedn sexvittatusA. oleaeand A. capensigFigure 9).
However, this simply means that one character dameoused to discriminate
unambiguously between species but species can parased using all of the
important characters, including colour and pattdrtine elytra (Figures 3, 6, 7 & 8).

The other external differences were the obviouterifices in the coloration
and pattern of the elytra in all of the flea beztleemales’ coloration was the same as
conspecific males. There were also morphologiaailarities. The fifth sternites of
all of the males and females of these flea bebdes universal features: the abdomen
of males was curved, and the fifth sternite of malas bigger than the other four
sternites with an M-shaped posterior margin. Thapslof the last sternite was either
closed or opened. Using this taxonomic featuresehspecies are clearly separated
into two distinct groupsArgopistes oleae, A. capenssdA. lilliputianus sp. nov.
form a group with the posterior margin of the fifiternite with V-shaped paramedian
incisures, and an aedeagus that showed deeplytedlsarfaces on the sides in dorsal
view (Figures 13, 14, 15, 25, 28,3Bxgopistes sexvitattyé\. melanussp. nov. and
A. epomistusp. nov. form another group since the posterior margin hafirt fifth
sternite was strongly incised and the structurethef aedeagi were similar (Figures
10, 11, 12, 16, 19, 22).

The shape of the abdomen in females was eitheeduwy V-shaped and the
fifth sternite was bigger than the other four. Mwfogically, the females grouped
differently from the males. For example, An sexvittatus, A. oleae, A. lilliputianus
and A. epomistughe abdomerwas curved and on the sternites the margins were
equally spaced except for the last sternite, whigds bigger. In contrast, the
abdomenof A. capensisand A. melanussp. nov. were V-shaped and the sternite
margins were different in tha. capensisad margins that were equally spaced and
wrinkled on the sides bt. melanussp. nov.were slightly contracted in the middle.
Only the spermatheca @&f. oleaewas distinctive. The morphological characteristics
indicatedoverlapping similarities for both males and femalekich strongly suggest
a close relationship of these species. Cytogeaeticphylogenetic study of the whole

genus will help to resolve their relationships.
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Table 1: The first two Eigenvectors of the Printi@@mponent Analysis.
These two factors cummulatively summarised about%2of the variation. The most
important variables are in bold.

Variable Factor 1 Factor 2

Body length - 0.195628
0.48352

Elytra length - 0.312422
0.466831

Pronotum length - -0.903823
0.345406

Body width - 0.208707
0.474957

Antennae length - -0.060555
0.451273
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Table 2: This is a factor matrix of structure casénts, which shows the correlations of each \deiavith each discriminant function.
Rows are the observed classifications and coluimaptedicted classifications. Generally there lnsgh rating of classification of species and
has correctly classified 79% of the species. Oftadke six groups of species one was correcthgifiled and three foA. melanusfive for A.

sexvittatusone for bothA. capensigndA. oleaeand two forA. epomistusvere misclassified.

Actual species % Predicted identity
correct A. melanus sp. A sexvittatus A. capensis A. oleae A. lilliputianus sp. A. epomistus sp.
nov. nov. nov.
p =0.27907 p =0.23404 p =0.12766 p=0.17021 p=0.12766 p =0.8511
A. melanusp. nov. 83 10 1 0 1 0 0
A sexvittatus 73 2 8 1 0 0 0
A. capensis 83 0 1 5 0 0 0
A. oleae 75 0 2 0 6 0 0
A. lilliputianussp. nov. 100 0 0 0 0 6 0
A. epomistusp. nov 50 1 1 0 0 0 2
Total 79 13 13 6 7 6 2
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Figure 1: Distribution of cultivated olive$). europaea europaeh. in the

Eastern Cape, South Africa.
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Figure 2: Distribution of wild olivesQlea e. cuspidatgdWall. ex G. Don) in
Southern Africa (Palgrave 2002).
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Figure 3-8: Habitus (dorsal view) érgopistesspecies from South Africa. 3:

A. sexvittatugmale and female); 4A. melanussp. nov. (male and female); B:
epomistussp. nov. (male); 6A. oleae(male and female); 7A. capensigmale and

female); 8: Alilliputianus sp. nov. (male).
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Figure 9: Plot of loadings and scores for the fstl second eigenvectors of a
Principal Component Analysis carried out on 5 Jaga and 47 individuals. Each
species represented by the convex hull. There weésaa separation &f. melanusp.
nov. andA. lilliputianussp. nov. from all the specie&, melanusp. nov. was slightly
bigger than all the species and shows sexual dinnrpwhere males are generally
larger than females anA. lilliputianus sp. nov. to be the smallest. There was an

overlap of convex hull foA. epomistusp. nov. to the nearest species.
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Figure 10-15: SEM photographs of the male abdorh@nA. sexvittatus11:
A. melanusp. nov., 12A. epomistusp. nov., 13A. capensisl4:A. oleaeand 15A.

lilliputianus sp. nov.
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Figure 16-33: SEM photographs of the aedeagus nitrale lateral and dorsal
views, 16-18:A. sexvittatus19-21:A. melanussp. nov. and 22-24A. epomistussp.

nov.

120



100pm

100pm

100um w:2 100um & 100um

Figure 25-33: SEM photographs of the aedeagus nitrale lateral and dorsal
views, 25-27A. capensis28-30: A. oleaeand 31-33A. lilliputianussp. nov.

121



100pum

Figure 34-39: SEM photographs of the female abdoareh lateral view of
spermathecae. 34-3B. sexvittatus36-37:A. melanussp. nov., 38-39A. epomistus

Sp. nov.
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Figure 40-44: SEM photographs of the female abdoaranh lateral view of
spermathecae. 40-4K. capensis42-43:A. oleaeand 44:A. lilliputianus sp. nov.

(spermatheca not examined).
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Figure 45 (a-f): The general distribution map ofefispecies of olive flea
beetles in South Africa shows a similar trend tattbf wild olive trees. aA.
sexvittatusfrom the Limpopo province to Namibia; B: capensi€astern Cape and
Western Cape provinces; A&: oleaeEastern Cape and Western Cape provinces; d:
melanusEastern Cape and Western Cape provinces,; epomistugastern Cape and
Western Cape provinces and A lilliputians Eastern Cape, Western Cape and

Limpopo provinces.
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Chapter 6 Monitoring olive flea beetle larvae
and their parasitoids on wild and cultivated

olives

6.1 Abstract

A survey of natural enemies of larvae of olive-fiegdArgopistesBryant flea
beetle was conducted on a total of 320 larvae cteite from wild and cultivated
olives at five sites in the Eastern Cape, SouthicAfr Only 23 specimens of
Pseudophanomerigsopinatus(Blkb.) (Hymenoptera: Braconidae) were recovetzd:
females and 4 males from Grahamstown, and 10 fensld 7 males from Qunu.
Beetle larvae were not found in seven out of 14eys, and were often absent when
sites were resurveyed, and did not show consistesciations with either wild or
cultivated olives. The scarcity of parasitoids niydue to the erratic occurrence of

olive flea beetles during the study, and to inséiéi spraying of commercial olives.

6.2 Introduction

Leaf-mining beetle larvae of the gendAsgopistesBryant (Chrysomelidae:
Alticinae) are pests of cultivated and wild oliv€dea europaea europada andO.
e. cuspidataWall. ex G. Don) Cif.,in South Africa. The larvae mine on growing
olive leaves (Myburgh 1952, Whitehead & Myburgh 198nnecke & Moran 1982,
Swain & Prinsloo 1986) and some species are ecanpasts (Costa 1998, Eglington
2004) that have a high potential to threaten th&tSAfrican olive industry.

Bryant (1922, 1944) described three olive flea leegpecieArgopistes oleae,
A. sexvittatus and A. capessMuseum collections show that two species aradou
on cultivated olives i.eA. oleaeand A. sexvittatusThese olive flea larval identities
were never explored but literature shows that tinexe more concern of their control
methods. Several methods were suggested for clomiréirgopistesadults in South
Africa. Mally (1924) suggested trapping but thisswmaever implemented. Winter

spraying of overwintering adult beetles with leasemate was reported to be
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successful (Lounsbury 1918), and lead arsenate famtl nicotine, benzene
hexachloride, and DDT were used concurrently ascingdes in 1942, 1945 and
1948 respectively (Myburgh 1952, Whitehead & Mybur961). It was later
discovered that lead arsenate was a human stonegstmpwhile DDT often resulted
in increased populations of scale and related taselsen used without the addition of
other insecticides (Whitehead & Myburgh 1961). DEEBidues were also found in
milk and other foods, and in food chains of predaturds and other animals and
plants (Myburgh 1952, Pedigo 2002). Parathion, Rhid@m, Metasystox and
Gusathion were also tried, but showed no practioatrol, or gave poor control by
creating other problems like an increase of oligyllp (Whitehead & Myburgh
1961). Gusathion was found to be more effective tnay other insecticide. Currently
some private farmers both in the Western Cape amdteEh Cape use the
recommended chemical Azinphos-methyl (Costa 1998)ich they report to be
ineffective. Private farmers in Olyvenrivier ValléWestern Cape) use Organo-Z by
simply spraying regularly and using a home-madeltept (Eglington 2004).

As an alternative to chemical control, the search rfatural enemies of
Argopisteslarvae was initiated by Taylor (1945) but attematsrearingArgopistes
larvae in the laboratory were unsuccessful. Tafd@45) reported a few unidentified
species of chalcid egg parasitoids. A female oftiteezonid waspPseudophanomeris
inopinatus (Blkb.) was reared from olive beetle larvae cdbecin 1956 from
Stellenbosch, and described by Belokobylskij (200Q) the genusColastes
(Shawiana Hal. This species is poorly known in South Africacause the male is
unknown and there is no literature consideringgscultural importance. This paper
therefore reports parasitic wasps reared\oyopisteslarvae collected in the Eastern

Cape, South Africa, with an interest in motivatthgir biological control.

6.3 Material and methods

Samples ofArgopisteslarvae were collected during summer from cultidate
olive trees at Springvale Farm (33°20'52"S 26°11HE)8 Varnam Farm (33°19'26"S
26°38'10"E), and the farm of ex-president Nelsonndelanear Qunu(31°48'35”"S
28°36'24"E), and from wild olives at Springvale FarHewlands Farm (33°28’38”"S
26°28'39"E) and Grahamstown (33°19'10”S 26°31'04"Epringvale Farm was the

only site with both wild and mature cultivated se&he cultivated olive grove was
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regularly irrigated and irregularly (which was Aphos-methyl for olive flea beetle
larvae) with insecticides, but the residues coutd reach the wild olive trees.
Sampling was done before applications of inseaigitienever possible.

Fifty leaves containing third or fourth instaArgopisteslarvae, which were
about 7 mm long and 3 mm in diameter, were coltedtavailable from ten randomly
selected wild and/or cultivated olive trees fronthreastudy site. The larvae were
collected with their leaves from new shoots whesythad almost stopped feeding,
and were not removed from their mines. They wexedierred from the field (in well-
ventilated 2L plastic containers) to a constantremment room kept at about Z5
and a 16L:8D photoperiod. They were regularly sigopbWwith fresh olive leaves and
reared to adulthood in well-ventilated Petri dishBsad larvae were removed and
recorded, and moisture and droppings wiped awagréeent mould and diseases.
Any parasitoid species that emerged were identified recorded. The larvae were

not identified as taxonomic studies have not bemred

6.4 Results

6.4.1 Olive flea beetle larvae

Abandoned leaf mines were found on old leaves ah@®mle, Hewlands and
Varnam farms. The occurrence of olive beetle larwas erratic and a total of 320
larvae were collected from different sites (200niré&springvale Farm, 20 from
Varnam Farm, 50 from Grahamstown, & 50 from QunUakle 1). Larvae were
always present at Springvale on cultivated oliveki¢h were sprayed), but none
were found on unsprayed wild olives within 2000mtloé grove. At Varnam Farm
larvae were found only in small numbers in Jan095. Although no larvae were
found at Hewlands Farm, there were old leaf minebathO. e. europeandO. e.

cuspidata

6.4.2 Parasitoids

Only 23 specimens ofPseudophanomeris inopinatugHymenoptera:
Braconidae) were reared from olive flea beetle Wexte collected from Grahamstown

and Qunu (Table 1), showing rates of parasitish286 and 34%, respectively.
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6.5 Discussion

In previous studies in the Eastern Cape and We§lape, Argopisteslarvae
were found from September to November (Taylor 19%yburgh 1952), with a
second generation in the Western Cape in Januaybyih 1952). However, Taylor
(1945) reported no traces of olive flea beetlethenKat River area (33°45’S 26°36’E)
of the Eastern Cape. It seems that the unpredetaturrence of olive flea beetle is
not unusual.

The occurrence of. inopinatusmay be affected by the availability of
Argopistedarvae. Unfortunately, it is not know if the walsas alternative hosts. The
absence oP. inopinatusin Springvale was probably due to the sprayinghemicals
during the active season (Costa 19%8eudophanomeris inopinatissthe most first
record of the genu€olastesHal. from the Afrotropical region, particularly ithe
Eastern Cape, South Africa. It is unclear whethex species is indigenous or
introduced because mo&tseudophanomerispecies such aB. unicolor (Blkb.)
(Russian),P. pilosus(Blkb.) (Korean) andP. himalayicus(Blkb.) are found in the
Northern Hemisphere or in tropical and subtropar@as (Belokobylskij 1984, 2000,
van Noort pers. comm. 2004). Belokobylskij (2000ygested thaP. inopinatusis

closely related to the Palaearctic speélepilosus
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Table 1: Seasonal activity éfrgopistesolive flea beetle larvae and their parasitoidsvild and cultivated olive leaves.

Site Host Sampling Number Wasp reared Rate
plant date of beetle larvae E M of parasitism
collected (%)
Springvale O.e. November 50 0 0
Farm europaea 2003
January 50 0 0
2004
November 50 0 0
2004
January 50 0 0
2005
O.e. November 0 - -
cuspidata 2003
January 0 - -
2004
November 0 - -
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Site Host Sampling Number Wasp reared Rate
plant date of beetle larvae = of parasitism
collected (%)
2004
January 0 - -
2005
Varnam Farm O.e. November 0 - -
europaea 2004
January 20 0 0
2005
Hewlands O.e. November 0 - -
Farm cuspidata 2004
January 0 - -
2005
Grahamstown O.e. November 50 2 12
cuspidata 2004
Qunu O.e. November 50 10 34
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Site Host Sampling Number Wasp reared Rate
plant date of beetle larvae = M of parasitism
collected (%)
europaea 2004
Total: 320 12 11 46

131



Chapter 7 Preliminary studies of distribution
and trapping of olive flea beetles and olive

lace bugs on cultivated olives.

7.1 Abstract

Some pests can be monitored and even controlléthpping. This requires a
knowledge of where to trap, and is facilitated layting. This chapter reports the first
steps in developing this technique for the contbblive flea beetlesArgopistes
spp.) and olive lace bugPRlérochila sp.,Neoplerochilaspp.), which infest both wild
and cultivated olivesD. e. cuspidatandO. e. europaedn South Africa. The spatial
distributions of infestations of flea beetles aadel bugs were examined on trees in
three cultivated olive groves in the Eastern Capaid in the appropriate placement
of traps and sprays. Olive flea beetles preferteshing leaves near the top of the
tree, and most adults occurred from about 60 cim fitee ground to a height of about
280 cm, but showed no preference for the north aarths aspect of trees. No
interaction between height and aspect was eviddive lace bugs were found lower
on the tree, at heights of 20 cm to 60 cm. Using itiformation, traps placed at 1m
on the north aspect of trees were baited with uariolive leaf volatiles, including
trans-2-hexanal (~98%); hexanal; hexanol; 3-melthw&nol, 2,4-hydroxyphenyl

alcohol and Texas volatile. The volatile compouwese refilled in some traps.

7.2 Introduction

Olive flea beetles of the genuargopistes (Chrysomelidae: Alticinae),
including ArgopistesoleaeBryant andA. sexvittatuBBryant,A. capensiBryant, and
three species of olive lace bug (Tingida®lerochila australis Distant 1940,
Neoplerochila dispaDuarte Rodrigues 1982 and an unidentifiégloplerochilasp.,
are pests of wild and/or cultivated olives tre@ka europea cuspidat@Vall. ex G.
Don) andO. e. europaed.. in South Africa (Bryant 1922, 1940, 1944, Mybhr
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1952, Whitehead & Myburgh 1961, Costa 1998, Apept&iWallade 2005), but little
is known of their biology.

Monitoring systems are needed for all these pasi$,monitoring traps would
facilitate this. Herbivorous insects often interadgth plants by means of volatile
semiochemicals, particularly for location of suleakhosts on which to feed or
oviposit (Francke 1998, Vet & Dicke 1992, SzaumansBskiet al. 1998, Barataet.
al 2000). Law and Regnier (1971) defined semiochelsiiaa substances that carry
messages between organisms, both plant and aniimade emitted by an individual
and producing a response in a conspecific indiVidwe referred to as pheromones
(Karlson & Luscher 1959), and can be classifiedH® response they release in the
receiver (Shorey 1977, Suckling 2000), e.g. agdmegapheromones, alarm
pheromones, recognition pheromones and kairomoRes. example Argopistes
coccinelliformisCsiki has a tendency to make use of food as dcactiee suitability of
the location for oviposition (Inoue 1991). Planbads are possibly the most essential
signal directing phytophagous insects to their sioshd the potency of odour
stimulant attraction is definitely linked with thevel of specialty (host range) of the
insect (Visser 1986). Several volatile compoundsoltivated olive tree leaves and
fruits have been identified as semiochemicals (@taet al. 1993, Barateet al.
2000), which can be valuable in integrated corgt@tegies of olive pests.

In contrast to olfactory attractants, visual atiaats such as traps for the
control of insect pests have been considered (CalngbBorden 2006). Coloured
stimuli significant in host recognition have beesed to monitor populations of
various insects, particularly phytophagous inseetdield crops (Hesler & Sutter
1993, Mensah 1996, 1997, Suckling 2000). Diffei@ibrs have been used as visual
signals to trap insect pests and most insectshthat been studied showed preference
to some colours more than others (Prokopy & Ow&&31Prokopyet al. 1983). For
example, yellow traps have been used to cBialbrotica speciosaGermar(Ventura
et al. 1996, 2000, 2001). Although Hobaek al. (1999) observed no preference for
particular trap colours in coleopterans, DominidO76) stated that coleopteran
families like Chrysomelidae showed preference fdloyv traps and for green colour.

Therefore this chapter aims first to charactereedpatial distribution of olive
flea beetle egg, larvae, adult habitat and oliee laug on olive trees to identify and
optimise the trap position on trees. The second dirthis work is to test whether

some of the identified volatile compounds from tiest plantO. e. europaeare
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attractants of adult olive flea beetle under fietthditions using two types of trap,
with special consideration to the development aicical management tools of adult

olive flea beetles.

7.3 Material and Methods

The study of spatial distribution was conducted Springvale Farm
(33°20'53"S 26°11'48"E), Varnam Farm (33°19'25"S°38'08"E), Hewlands Farm
(33°28'53"S 26°11'48"E) and trapping of flea bestlavas conducted only at
Springvale Farm in the Eastern Cape province, Safriba. Details of the study sites

are given in Chapter 2.

7.3.1 Sampling strategy

Sampling dates were October 2003 till Febrauary42@@re based on
information (Table 1) from Taylor (1945) and Mybbrg1952). Thirty trees were
selected in each olive grove and tagged. The pcesenabsence of all life stages of
olive flea beetles and olive lace bugs were nate2idi cm bands from ground level to
the maximum height of each tree. When there weréeawiles physically present at
the time, a survey was done by noting the presehadd indicators such as brown
excrement which usually covers beetle eggs, thesnetween leaf surfaces that are
formed by larvae, and shot-hole marks on the leéves adult feeding (Figure 1A
and C). This was a qualitatie measure of damage, and a more rigorous
guantitative study is neededWhen there were no lace bugs, old visual indicators
such as chlorotic speckling of leaves from feediege noted. Four variables were
investigated during the study: densities of egdkpts; larvae and adult beetles, height
and/or side preference, and lace bug densities. tdta¢ beetle density was also
calculated, which was simply the sum of the nundfergg, larvae and adult density.

The relationship between month, aspect, heightvaidth in relation to the
densities of the eggs, larvae and adults of theedlea beetle and the olive lace bug
were compared using analysis of variance (F-test) @enStat software (Payne,
2003).
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7.3.2 Trapping

The results of the spatial distribution study wesed to determine the position
of the traps for olive flea beetles and the sita(sgre the pests were available. The
traps were assembled only at Springvale Farm. Typest of trap were used for
trapping olive flea beetle, green and yellow. Thesleurs are typically used in traps
to monitor insects. A total of 65 green and 65gwlitraps were hung on randomly
selected cultivated olives trees, placed at a hafh m above ground level on the
north side.

The volatile compounds used as baits were transx2+al (~98%); hexanal,
hexanol; 3-methyl-butanol, 2,4-hydroxyphenyl alcobod Texas volatile, which is
known as a feeding attractant and stimulant forltaclontrol of noctuid and other
lepidopteran species (Lopet al. 1998). Some of these compounds were found on
olive leaves (Barataet al 2000). Synthetic compounds were obtained from
commercial sources (Aldrich Chemical Co. Ltd; FluBaemie AG) and were more
than 97% pure. The volatile compounds were traresfieio a 1.5ml plastic pipette and
the open ends were closed by melting them. Lures weposed from October 2004
to February 2005 and some traps were refilled nigntifiraps were emptied

fortnightly, and any captured insects were couated tabulated.

7.4 Results

7.4.1 Spatial distribution

No significant olive flea beetles populations A&f oleaeand A. sexvittatus
were observed in Varnam Farm for the duration @ farticular assessment. In
Hewlands Farm olive flea beetle eggs, excremeutodohlarvae mines were observed
that were most probably from the previous yearyFégla, c). Two species of olive
flea beetlesA. oleaeand A. sexvittatuswere found at Springvale Farm. Their eggs
were laid at the tips of leaves (Figure 1).

At Springvale Farm, olive flea beetles prefered ligher part of cultivated
olive trees at a height of about 50-60 cm (Figuaeh2 3a-h). The mean density of
eggs for both species were generally low on botthnand south sides of the trees,
ranging from 0.00111-0.00427 eggs/cm? on the nsidk and 0.00051-0.00500 cm?
eggs/cm? on the south side in October 2003 and €®9111-0.004263 eggs/con
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the north side and 0.00051-0.00499 eggs/cm? onstluth side in February 2004
(Figure 2a, b). Analysis of variance of densityegfis showed a significant difference
in height in October 2003 (P < 0.001, Figure 2a&h)l February 2004 (P < 0.001,
Figure 3a-h) implying that more eggs were laid &eaht of 50 cm and above. No
significant difference was shown between the natil south aspects in either
October 2003 or February 2004.

The mean density of larvae Af oleaeandA. sexvittatusanged from 0.0008-
0.0040 larvae/cmdn the north side and 0.0010-0.032 larvaefomthe south side in
October 2003 and from 0.00083-0.00404 larvae/cmehennorth side and 0.00036-
0.3151 larvae/cmdn the south side in February 2004 (Figure 2c,Adalysis of
variance showed that the density of larvae in Qet@®03 was significantly different
both on height (P = 0.002) and side (P < 0.001j wo interaction between height
and side. In February 2004 there was a significhffierence between sides (P <
0.001), but no difference between heights and tevaction (Figure 2c, d, 3c, d).

The mean density of adults Af oleaeandA. sexvittatusanged from 0.0010-
0.0009 adults/cmén the north aspect and 0.0002-0.0005 adults/cméhensouth
aspect in October 2003 and from 0.0011-0.0009 sidufton the north aspect and
0.00018-0.000476 adults/croh the south aspect in February 2004 (Figure 1e, f)
Analysis of variance of density of adults showedsmgnificant difference between
heights in October 2003 but significant differenteegween aspects (P = 0.004). It
was vice versa in February 2004, where a signifigifierence was shown with
height (P < 0.001) and aspect (Figure 1g and h@rdkwas a significant difference in
the total density of beetles, between height (P08D), aspect (P < 0.001) and month
(P <0.001).

The total density ofA. oleaeand A. sexvittatusin October 2003 showed
significant difference with height and side (p €@, p = 0.001) and no interaction
between the two (Figure 2g, h). In February thesrewno significant differences
between heights or sides, and no interaction betweetwo (Figure 3g, h).

At Springvale Farm, olive lace bugs on both aspe&s more common on
the lower part (< 20 cm) of the tree and decreaselknsity at a height of about 240
cm in October 2003. The mean lace bug density stiavsignificant difference in
October 2003 on both height (P < 0.001) and asffeet 0.003) and no significant
difference in February 2004 (Figure 4a, b). Howeves interaction was shown
between height and aspect, either in October 20@&loruary 2004 (Figure 4c, d). At
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Springvale Farm in October 2003, lace bug densibpyv®d a significant difference in
height (P < 0.001) and aspect (P = 0.003). HoweweFebruary 2004 there were
significant differences in both height and aspleat,no interaction between the two.
The results of lace bug densities at Varnam FarchHewlands Farm could
not be analysed, but there was a trend that odige bugs preferred the lower parts of
the olive tree. The olive lace bugs at Varnam Famre densest between about 20-60
cm up the olive trees in October 2003 on both nartth south aspects (Figure 5a, b).
The patterns for the olive lace bug were similafatruary 2004 (Figure 5c¢, d), but in

January 2005 olive lace bugs were found more ototlier part of the trees.

7.4.2 Trapping

The traps caught only one species of olive flealbeh. sexvittatuswhereas
there were two species present at Springvale Farmommercial olives (Table 2).
No olive flea beetles were caught in October, Navemand December although
olive flea beetles were present on the trees. Aeraatl a femalé. sexvittatusvere
caught in a trap baited with 3-methyl-butanol inuary and February but the number
of captured flea beetles was too low to make sidisinferences about treatment
effects. A range of volatile compounds (hexenad-®&droxyphenyl alcohol, Texas
volatile, trans-2-hexanal and hexanol) showed ghshttractiveness to the olive flea

beetles (Table 1) but numbers were too low to nwalterent analyses.

7.5 Discussion

7.5.1 Spatial distribution

The practical significance of the spatial distribotof pests has been long
recognized (Taylor 1984, Basset 1991, Rafoss & @e2003, Coctet al. 2005).
Spatial information of pest is needed for undeditag pest movements on host plants
(Binnset al. 2000, Nansenat al. 2004) to strengthen the development of pest cbntro
strategies such as spraying programmes and InéegrBest Management. For
example it indicates where traps can be set tohcattarge number of pests. The
spatial distribution of insects in a given envir@mhmay change over time (Nansena

et al. 2004). Investigating spatial distribution patteaver time and in different areas
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provides essential information as to how inseastréo a changing environment, and
this can be useful in the improvement of Integratedt Management (IPM) strategies
(Korie et al. 2000).

The overall results showed that oleaeandA. sexvittatugpopulations were
thriving at Springvale Farm and practically absahbther sites such as Hewlands
Farm and Varnam Farm. Few beetles were observdbeirKat River area in the
Eastern Cape, and Taylor (1945) suggested that tii@s a factor inhibiting that olive
flea beetle population. Inoue and Shinkaji (1989aclaim that eggs laid on new
leaves ofOlea fragransvar. aurantiacusduring the normal oviposition season hatch
when there are new leaves but if the leaves aréhel@ggs did not hatch because the
leaves would be too tough for the hatchlings to &ae farmers from Varnam and
Hewlands farms suggested anecdotally that the girafrpruning of commercial olive
trees may have affected the olive flea beetle @dmris, a matter also discussed by
Inoue (1998).

Olive flea beetles were found mainly above 60 ciwmfrthe ground on
commercial olive trees. Fernandez & Hilker (200&parted that the size of a plant
may possibly influence the host choice of chrysaaselfor the reason that if they
enter areas with unoccupied host plants, the lapgasts have a chance of being the
most attractive as they may discharge the largestat of voltile attractive odours or
present the largest visual stimulus. Bok¢ral (1997) showed that Colorado potato
beetle,Leptinotarsa decemlineatday, was attracted to bigger plants over 60 cm in
height.

Significant differences in density of eggs were rdubetween heights at
Springvale FarmArgopistes olea@andA. sexvittatudaid eggs at a height of 60 cm
and above on newly-formed leaves. Similarly, neemyerged females ofA.
coccinelliformis oviposited on newly-formed rather than old leayeg®ue 1991).
Nahrung & Allen (2003) reported that the paropsleaf beetle Chrysophtharta
agricola Chapuis preferred immature foliage for ovipositioharvae of
Chrysophtharta bimaculat®livier were unwilling to feed on leaves of thengs
Eucalyptusfrom the previous season (Howlettal. 2001). There was no significant
difference in densities of eggs between the nonith south sides of the tree, which
implies that female flea beetles do not considenwia when laying eggs. This might
be due to the tendency of the adult olive flealbseb feed on newly-formed leaves

(Costa 1998) and adult flea beetlesfottoccinelliformsCsiki are know to prefer new
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to mature leaves regardless of the season (Ino®&) 1Many authors have said that
insects usually feed only in certain height levé®elman & Lowman 1983,
Bogacheva 1984, Grossmueller & Lederhouse 1985 ré/etaal. 1988)

The larvae density oA. oleaeand A. sexvittatusn October 2003 exhibited a
significant difference between sides and heights (p002, p < 0.001, respectively).
However in February 2004 there were significanfedédnces with side only (p <
0.001) (Figure 2 c, d). The distribution of larniaeOctober 2003 suggested that they
preferred younger leaves than older for better lkbgweent. This is possibly a
common characteristic with chrysomelids becauseataofLamprolina aeneipennis
Boisduval (Coleoptera: Chrysomelidae) fed on yoleayes oBursaria spinosaCav.
(Pittosporaceae) (Hawkeswood 1986), and there wdsference in the weight of
both larvae and pupae of the water-lily beeB@elerucella(= Pyrrhalta) nymphaeae
(L.) (Coleoptera: Chrysomelidae) feeding on yound ald leaves (Kouki 1993). In
October 2003 and February 2004, there were sigmfidifferences in density of
larvae between the north and south side (p = 0.p02).001) which may possibly
mean that the larvae were more on the warm aspéue dree on the north (Figure 3c,
d). Higher temperatures acelerate the growth ratensects (Tingle and Copland
1988), which is generally an advantage becausi#ieets can breed sooner and are
exposed to risks like predation for a shorter pkrio

Lace bug distributions at all of the sites showat blive lace bugs preferred
the lower part of the tree, but were also founchérgon the trees in smaller numbers
(Figure l1a-d, 2a-d, 3a-d). Adult lace bugs werantbattacking the older leaves in the
Western Cape (Costa 1998). Nymphs lagptodictya tabidaHerrich-Schaeffer
(Hemiptera: Tingidae) remained on the same leafutdiinout their development but
adults moved up to younger leaves to oviposit, tvimeeans that damage begins on
old leaves and later appears on new growth (HaBbdsa 1994). Further survey is

needed to understand the ecology of the olivelbags in the Eastern Cape.

7.5.2 Trapping

The olive flea beetlef\. oleae and A. sexvittatusshowed practically no
attraction to all of the volatile compounds test&tierefore conclusions about the

effects of olive leaf volatile compounds Angopistesspecies would be premature.
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The chrysomelid leaf beetles are a large and ecmadlgnsignificant family
whose pheromones, biology and semiochemical adingctare inadequately studied
(Sorokaet al. 2005). The semiochemicals most studied thus farfarDiabrotica
rootworm beetles (Lampmaet al. 1987, Hibbard & Bjostad 1988, Lance 1988),
Phyllotreta spp. (Liblikas et al. 2003) and Phloetribus scarabaeoide8ernard
(Coleoptera: Scolytidae) olive bark beetle (Pivnatkal1992, Szauman-Szumsét
al. 1998). Continued exploration of the semiochemiaafisother leaf beetles is
necessary because it will help in understanding detection by leaf flea beetles, and
the use of these attractants could be an altemdiinsecticidal control by luring the
pests into traps. Insecticides can be placed inr#pes to prevent escapes, and in that

case they need not affect the environment to ajnjfgiant degree.
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Table 1: Reported olive flea beetk. (cleaeandA. sexvittatusgenerations which were used as benchmark for lgzgrip this study.

August September OctobeNovember December January February March

Taylor (1945) (one generation)
Larvae present

Myburgh (1952) (two generation)
Adults laying
eggs on new
leaves
Larvae present till
mid November
For two weeks no
larvae observed
Adults emerge and Larvae starts No young stages Young adults emerge, feed
eggs are deposited mining have been for some weeks and then

observed over-winter
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Table 2: Number of olive flea beetld). sexvittatuscaught on traps on

different dates.

Sampling date Trap type Lure Sex

10/01/05 Green (control) - 1 male
Green 2,4-hydroxyphenyl alcohol 1 female
Green (refilled) 2,4-hydroxyphenyl alcohol 1 femal
Green (refilled) 3-methyl-butanol 1 male
Green (refilled) Trans-2-hexanal 1 female
Yellow (control) - 1 female
Yellow 3-methyl-butanol 1 male,

1 female
Yellow Texas volatile 1 male
Yellow (refilled) hexenal 1 female
Yellow (refilled)  Trans-2-hexanal 1 female
Yellow (refilled)  Trans-2-hexanal 1 female

10/02/05 Yellow Texas volatile 1 female
Yellow (refilled)  3-methyl-butanol 1 male
Yellow (refilled)  hexanol 1 male
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Figure 1: A. Adult flea beetle eggs covered by br@xcrement at tip of a leaf
of a cultivated oliveDleae europea europda (Mission cultivar). B-C. Old mines of

olive flea beetle larvae. D. Olive flea beetle (@@a) mining through a leaf.
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Figure 2a-f: Distribution ofArgopistes olea@ndA. sexvittatuson north (N)
and south (S) sides on cultivated olive®©ctober 2003 in Springvale Farm. a, b: Egg
density differed significantly with height (p < @0) but not side, without interaction
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differed significantly with height (p = 0.004) on{$eCV 426.9, S.E = 0.002). g, h:
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144



Motz 00 =
= =
0 5 280
' 3
w0 & zoo
2
150 9 450
...
b .7.2/_‘
00 00
(=] 7d_74,
o
an L R
a [ b
' ' ' ' ' ' ' o o T T T T T T
1.4 12 1 og 06 0.4 0z [u} i) 0z 04 06 og 1 12 1.4
. 2
Enq densityfom’ 1 Egg density [om” )
=
M J 30 00 =
1 —
; Fzsn = =250
5
Fzoo ﬂ 200 A
F a0 % 150 4 -
b L
[T Ul —
[=] ——
o -
rs0 50
C 4 — d
. . . . il i . . . . . T
1.4 12 1 0s 05 0.4 02 il i oz 04 06 0s 1 12 4.4
| arume density (ron” ) | 5 umes dansity (rm® )
N 00 PN | S
) . ' =
250 2 f
o
u
oy 1 R
i wa 2 1
2 . .
5
E wn g
[=]
o
w2
e f
. i i . . . .
1.4 12 1 oz o5 0. 0.2 0 o 0.2 0 0.& [ =) 1 1.2 1.1
Adult density (em? ) Adult density [om® )
M+ | =00 zo0 =
? 20 7 280
KX
mao ¥ zo0
£
ry Liso 2 450
=
= =—0—=/_;-“£
Ann T ann 4
[=]
= #‘_—,—-—W/—
oo = &0 j(_'
d [ h
. . . . . . T i i . . .
1.2 15 1.4 1.2 1 (=] 05 0.4 oz 0 o 0.2 [y 05 0.2 1 1.2 1.1 16
Total density [om® | Total densityfem? |
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side (p = < 0.001) without interaction (%CV 111,82E = 0.0065).
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Chapter 8 Synthesis

This chapter provides a review of the study ancckmions on future actions
imperative for the successful integration of snsakte farmers’ olive project into the
commercial agricultural economy. The study invedtd small-scale olive growers,
agricultural research and training institutions g@mnidate olive growers located in the
Eastern Cape. It has also brought more understarafiihe biology of olive fruit
flies, olive flea beetles, olive lace bugs and ttipairasitoids on the olive crop in the

Eastern Cape.

8.1 The context of the olive industry in the Eastern Cpe

Olea e. europeak. is a world-wide valuable and economically imjaoit crop
especial in subtropical areas with a Mediterrandanate as it provides edible olive
fruits and olive oil (Copelanat al 2004). Areas with a Mediterranean climate,
mainly in southern Europe and the Levant, SouthicAfrand California cultivate
extensively commercial olives (Copelamd al. 2004). In South Africa olive olil
development is approximately 7% of revenue annualhich is higher than the world
olive oil growth, which is 2% annually, while grdwin local table olives is roughly
5% annually (WESGRO 2005/2006). Private farmersibjgms were pests; the
agricultural research and training institutionsolplems included lack of a sense
ownership, lack of resources, lack of capacity, mednsistency of management; and
small-scale farmers’ problems were pest and lagibtissues that the Provincial
Department of Agriculture needs to consider befonplementing an agricultural
project, including lack of a sense of ownershiptloé project by the small-scale
farmers, lack of adequate support from the ProsinBiepartment of Agriculture,
poor human capital (knowledge, skills, and capatitywork), lack of knowledge
transfer, poor stability, lack of communication arelaluation procedures,
inconsistency of management, miscommunication amdalistic time-scales. Due to
the above factors, all of the olive trees that westprivately owned were neglected,

which created a hospitable environment for pestsmFa pest management point of
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view this raises a concern because a collectivé mesagement strategy needs to
involve various groups including the agrochemicatustry, pesticide dealers,
government institutions, NGOs, and/or groups oimiens themselves (Knight &
Norton, 1989).

However, pest problems in many countries have beentrolled with
registered insecticides for many years. In 2003etheas a campaign suggesting a
shift to other pest management strategies in Safriba (Maredia 2003). This was
due to the expense of pesticides, developmentsidteaice of pests to pesticides, and
the harmful effects of pesticides on biodiversitylahe environment, food and water
quality, and human and animal well-being. The glabeonomy was also moving
towards a free market structure, free trade, amad fiolicy on pesticides residues on
imports to the extent that European and North Acaerimarkets were forced to
review pest management approaches if they wantedemoain internationally
competitive (Henson & Loader 2000). Agricultural nkets were forced to shift from
the use of chemicals to ecologically- and biolotlyebhased pest management such as
the use of behavioral control, biological controippesticides, botanical pesticides,
cultural control, host plant resistance, mechanicahtrol, transgenic plants,
guarantine and quality regulations (Karim 2003)ttheere collectively termed
Integrated Pest Management (IPM).

The concept of IPM raises questions about whethemould work with the
abovementioned farmers if they do not have thentisédPM tools to manage their
pests. However Rodrigueziemeyer (2005) stated that IPM symbolizes a chgle
for farmers in developing countries where the fasheducation level is predicted to
be less than in developed countries. The appaifitutty of implementing IPM is
attributed to the economic threshold IPM conceptictv has been demonstrated to be
too complex for resource-poor farmers to implemgtr 2003, Morse & Buhler
1997). The idea of IPM has also been developetiénotive growing industry as a

means of reducing pesticides use (Walton 1995).

8.2 Fruit fly pests of olive crops in the Eastern Cape

This study surveyed natural enemies specificallyagitoids of fruit flies
(Bactrocera oleae, B. biguttuland Ceratitis capitatd and also explored one of the

tools of Integrated Pest Management which is gtragpsystem for olive fruit flies in
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the Eastern Cape. The results revealed, first, [fPlt can efficiently control olive
fruit pests in the Eastern Cape for the reason tieit natural enemies such as
parasitoids were available and in good numbers, setdnd, that traps are able to
catch olive fruit flies to a considerable level.

Tephritidae Bactrocera oleae(Rossi), B. biguttula (Bezzi) and Ceratitis
capitata (Wiedemann)) were obtained only from wild olivesifs, O. e. cuspidata
Fruit infestation rates were in general lower tB8& and over half of the infestations
were under 1%. In this study, parasitism of frligd ranged from 0% - 83% in some
areas. In the Western Cape parasitism was 0%-108epschwander 1982), while
in Kenya it was only 0%- 50% (Copelamd al. 2004). In all of these areas, the
parasitoids were reared from fruit of frdtn e. cuspidataThe results obtained in this
study suggest that fruit flies are not yet a probla the Eastern Cape and the small
number present can be restricted to a considel@méby parasitoids.

The parasitoid reared in this study were the opireconidUtetes africanus
(Szépligeti), Psyttalia concolor (Szépligeti), Psyttalia lounsburyi(Silvestri), and
Bracon celer(Szépligeti) (subfamily Braconinae). Several speaf braconid wasps
(Opiinae and Braconinagjere reared from fruits containiri®y oleaeor B. biguttula
Chalcidoid parasitoids and seed wasps includediep@t Eurytomidae, Ormyridae
and Eupelmidae specificallie. oleae, E. afer, Ormyrus sp., unidentified sp., E
spermophilus, Eurytoma sp., Sycophila sp., Megamsty sp.and Sycophila sp.
Neuenschwander (1982) and Copelagtdal. (2004) obtained similar speciel
Kenya, no parasitoids were obtained from samplas gloducedactrocera munroi
White, B. biguttula and Ceratitis capitata(Copelandet al. 2004), but very few
individuals of these flies were obtained anywéypre thorough studies of the biology
and ecology of the fruit flies and their parasitoidre needed. There are also
indications that spraying insecticides for olivedlbeetles may check olive fruit fly
populations.

All three species of tephritid fruit flies were cgu during mass trapping and
the most abundant species WAs biguttula which may be a potential pest for
cultivated olives in the Eastern Cape because & waught in traps placed on
cultivated olive treesBactrocera biguttulehas been reported in South Africa and on
three species of Oleaceae in Kenya (Copetral. 2004), but this is the first report
of B. biguttulabeing caught in traps. It would be interestingfucher investigate

whetherB. biguttulacan be caught every year. The olive industry needsstablish
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whetherB. biguttulais a potential pest as it is currently only knotenattack wild
olives. ChamP traps baited with 1.7-Dioxaspiro [5undecane and spiroketal
pheromone offered better potential for mass trappirB. biguttulathan Sensus traps
baited with Questlure and methyl eugenol. MontiaeBo & Jones (2002) and Riee

al (2003) found similar results but the traps hadatieg effects on untargeted insects.
McPhalil traps baited with ammonium bicarbonate tsmfuwere used to monitor olive
fly population levels in orchards and showed a hiate of fly captures (Saour and
Makee 2004). The temporal variation and ecologyagfulations of olive fruit flies on
wild and cultivated olives in South Africa needstlfier research, and this study has
provided a starting point for this kind of investigpn to provide suitable clarification
for these annual and seasonal changes.

The microbial insecticide Tracer [(Spinosad) CB4@Ris currently the only
registered insecticide against olive fruit fliesSouth Africa (National Department of
Agriculture 2007). Spinosad is a microbial-deriweEinpound that has low toxicity to
vertebrates but high toxicity to a number of spectd tephritid fruit fly pests
(Kollman 2002). Spinosad bait sprays have been wvsedn experimental basis in
Greece and shown to be as effective as organopatespisecticide-bait sprays. At
present it is used in California and is registemaeder the trade name GF-120 on an
emergency exemption (section 18). For Californnid olives, GF-120 is typically
applied weekly from pit hardening (mid-June) umt#rvest (mid- September). The
efficacy of GF-120 under Californian environmentnditions has not yet been
demonstrated (Collier & van Steenwyk 2003).

Other control methods, such the sterile insect rigge (SIT) and
manipulation of pest genetics (Karamanlidetual 1991), are being developed with
the aim of eliminating insecticide use (Broumas2Z0Dimouet al 2003). An SIT
program involves mass-produced males; female erskay® selectively eradicated by
heating in genetic sexing strains that have a teatpe-sensitive lethal mutation
(Franzet al. 1996) and the remaining males are sterilized ga@mma irradiation and
released into the environment to mate with wild déas, resulting in infertile eggs. It
is also know that such a technique can be apdiifeie is significant knowledge of
the species involved, such as basic genetic, bioa and molecular information
(Zambetakiet al. 1991). SIT for prevention, suppression, or eradicaof C. capitata

is used worldwide due to the pests’ global distidtoy wide range of hosts, fast
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dispersal, and adaptation to low temperatures (Hemlet al. 1995, Andréet al.
2007).

8.3 Flea beetle pests of olive crops in the Eastern Cap

In South Africa, at least five species of flea keEe{genusArgopistesBryant)
are found on wild and/or commercial olives. Somehefse flea beetles are serious
crop pests, particularly in the Western Cape (C@9@8), and wild olives serve as
reservoirs. The scanning electron microscopic gireghs of the sternites of both
sexes, and the aedeagus and spermathecae ofcadisspave lead to an understanding
of the flea beetle sexes and the relationship bftre species. Bryant's (1922)
illustrations of adults of\. oleaeBryant 1922 and\. sexvittatu®8ryant 1922 were not
particularly detailed and this has been rectifiedhis study. A key to all five species
has also been presented. The taxonomic studiesrped by Weise (1895, 1914,
1919), Silvestri (1914) and Bryant (1922, 1940) ather species ofArgopistes
namely A. silvestrii Weise A. sexguttatudVeise A. brunneusWeise A. vosseleri
Weise,A. nigraBryantand A. hargreave®ryantincluded no photographs and/or no
differentiation of the sexes. It is understandatilat systematics was not that
developed in those authors’ times. The entire geeesls to be reviewed to determine
the relationships between the species in all prtise world. It was also important to
investigate the lengths of the body, elytra, ardenand pronotum and the width of
the body to discriminate between species. Mota-Samet al. (2003) stated that it is
important to identify the insect species correatlyorder to design any management
programs. This study has shown that further taxooomesearch, including
cytogenetic and phylogenetic studies, need to bentaken.

In the Eastern Cape these leaf miners were attabigedne species of
parasitoid, Pseudophanomerigopinatus (Hymenoptera: Braconidae). The closely
related Northern Hemisphere speci@s unicolor (Blkb.) (in Russia),P. pilosus
(Blkb.) (in Korea) andP. himalayicugBIlkb.) (in India) are not know to parasitise leaf
miners. It is not yet known which flea beetle spe®. inopinatuspreferred as the
taxonomy of the beetle larvae is unknown, and &xeriomy of the flea beetle larvae
is therefore a priority. Lee (1992) described dhostrated the larvae of two Japanese
ArgopistesspeciesA. coccinelliformis(Csiki) andA. biplagiatus(Motschulsky), and

thus far no parasitism of the larvae has been tegoFurther study d®. inopinatus

152



parasitism will provide better understanding of tefficacy of this leaf miner
parasitoid for biological control.

The populations oA. oleaeand A. sexvittatusvere successful in Springvale
Farm because there were two generations a yeararethpo either one or none on
the other sites in Hewlands and Varnam farms. 8agmit differences in egg density
in Springvale Farm in terms of height on the treevged that the eggs were mainly
laid on newly formed leaves. Similarly, newly emegadult females ofA.
coccinelliformis oviposited on newly formed leaves rather than lelaves (Inoue
1991). The non-significance distribution of egg signin relation to aspect showed
that female flea beetles do not prefere a particsilde of the tree on which to lay
eggs. This is due to the tendency of the adulteoflea beetles to feed on newly
formed leaves (Costa 1998). Adult flea beetle&.afoccinelliform<Csiki are know to
prefer new leaves to mature ones regardless obsg#asoue 1991). It appears that
overwintered flea beetles laid eggs in October @wknds Farm but there were no
leaves for the newly emerge larvae to eat, whicly inave depressed the local
population. Taylor (1945) also reported that theeze no traces of olive flea beetles
in the Kat River area in the Eastern Cape and sigdethat there could be some
factor inhibiting olive flea beetle larvae therehi§ “factor” might be the timing of
leaf growth relative to beetle oviposition. InouedaShinkaji (1989a, b) claim that
when eggs were laid on new leavesQita fragransvar. aurantiacusduring the
normal ovipositional season hatch, the leaves hexbrbe too old for hatchling
beetles to feed. Inoue (1998) reports that thentinaif pruning of Oleaceae can affect
populations of olive flea beetle, and this deserpesticular attention in future
research.

All of the volatile compounds tested towards thwelflea beetles showed
little attractiveness. These were preliminary sadon chemicals attractive to olive
flea beetles in South Africa and there are othdatile compounds found in olives
leaves could be alternatives to classical contmotluding 3-methyl-1-butanol,
branched epoxyalkane, ethyl propionate, (Z)-3-hekeh o pinene, (E){§ ocimene,
(E)-4,8-dimethyl-nona-1,3,7-triene, and germacrBngScarpatiet al. 1993, Barataet
al. 2000).

Jameson (1970) reported that turnip flea be@iwgllotreta species, could be
controlled by benzene hexachloride drilled with #eed, which is similar to the
suggestion made by Myburgh (1952) and Whiteheady®uigh (1961) regarding the
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olive flea beetled\. oleaeand A. sexvittatusCurrently some private farmers both in
the Western and Eastern Cape use the recommendatdcel Azinphos-methyl [SC
350¢/L and 200g/L, WP 350g/kg] (National DepartmehiAgriculture 2007) which
the farmers report to be ineffective (Costa 1998ther private farmers in
Olyvenrivier Valley (Western Cape) spray Organoegularly and use a home-made
repellent (Eglington 2004). Kunicket al. (1996) and Kabaluk & Vernon (2000)
reported that cultural control for the managemdntiea beetles that includes crop
rotation, delayed planting, and row cover barrigi@wever tis form of cultural
control of olive flea beetles is impractical as tie trees are planted once and the

tree last for a life time.

8.4 Lace bug pests of olive crops in the Eastern Cape

Olive lace bug preferred the lower part of the traléhough they were also
found higher in the tree in smaller numbers (Tabdeb,c). Adult lace bugs were
found attacking older leaves in the Western Capmst@1998). Hall & Sosa (1994)
found that nymphs dfeptodictya tabidgHemiptera: Tingidae) remained on the same
leaf throughout their development but adults mowpdo younger leaves to lay eggs,
which means that damage began on old leaves agddppeared on new growth. A
further survey is needed to understand the biokrgy ecology of the olive lace bug,
and how these preferences can be used in impothi@gdesign of spraying and

trapping programmes.

One moth specie®alpita unionalis(Hubner) (Crambidae), was reared in very
low numbers and with no parasitoids, as also fauwn@opelancet al. (2004). A few
seed wasps were reared in very small numbers, gebato be unimportant as pest,
as was an unidentified twig-boring beetle larvatha&ugh olive psylla was found on
some wild olive trees, it was not recorded on coneméolives, and does not seem to

have pest potential.

8.5 Conclusion

Olives are a viable crop in the Eastern Cape. Qlivi¢flies, olive flea beetles

and olive lace bugs are the principle pests ofeslivn the Eastern Cape, and attention
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should be given to the taxonomy of the flea beetlRarasitoids may keep the
populations of the olive fruit flies at much lowkavels than in other producing

countries. However the very low numbers of olivgtffly and parasitoid reared make
any statement about efficient biocontol of oliveitfifly by parasitoids in the Eastern
Cape difficult to justify. Trapping techniques shpvomise for control of some of the
pests but not others, and improved pruning teclasiquight help to control olive flea

beetle populations. There is ample scope of futesearch in any of these specific

directions.
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