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Abstract

Capsicum baccaturwar. pendulumwas first grown in the Makana District in 2005.
Extremely little was known about best practicesdaltivation or the insects and diseases
associated with the crop in this area. The study eganducted during the second year of
production, November 2005 and November 2006, in astempt to identify the

composition and phenology of insects occurringcoaccatum

In the more rural parts of the Eastern Cape, anck rparticularly in Grahamstown, there
are very few industries. With the advent of thisvnegricultural venture, a processing
factory has been opened in Grahamstown creating rfian 600 seasonal jobs in the
factory and 1000 seasonal jobs on farms for loeapfe. This business enterprise has not
only brought about the creation of jobs, but alsoning and skills development and

empowerment, generating much-needed income iratbe

An extensive literature review yielded limited infoation on insect pests associated with
Capsicum Data from a pilot sampling trial undertaken weatatistically analyzed to
establish the number of plants to be scouted pgeragid the most effective scouting
techniques to use. Based on the data availableiresgtts collected during the pilot
sampling trial, a surveillance programme was designFive different types of
monitoring traps were placed in each of the eigids sites. Collection of trap catches
and scouting of fifteen individual plants per sitas undertaken on a weekly basis over

the 52-week study period.

The most commonly occurring potential insect pagrge African BollwormHelicoverpa
armigera (Hubner), False Codling Motirhaumatotibia leucotretg= Cryptophlebia
leucotretg (Meyrick), Mediterranean Fruit FlCeratitis capitata (Wiedemann) and
several species of thrips. Population densitiegthebe pests and their phenology on
Capsicumwere determined. Statistical analyses establiieéfficacy of the monitoring
traps for each pest, tested for differences amaongbetween study sites, calculated an

estimate of the number of pods damaged and a neeabplant damage.



The results show that the majority of damage catségeCapsicum baccaturmropping
system was due to Mediterranean Fruit Fly poputatidt was established that, although
African Bollworm and False Codling Moth were presdaring the study period, their
numbers were negligible and only nominal damage eeased by these pests. Damage
caused by thrips species was apparent but notitjablg.

Intervention strategies using an Integrated Pestdgament approach, are discussed.
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INTRODUCTION

1.1  The GenugCapsicum

Some of the 2300 different plant species belongpnigpe family Solanaceae are of major
agricultural and horticultural importance (HunziiZf01). These include potat®planum
tuberosum(Linnaeus 1753), aubergin8olanum melongen@.innaeus 1753), tobacco,
Nicotiana tabacum(Linnaeus 1753) and tomatbycopersicon esculenturfLinnaeus
1753) (D’Arcy 1986). The genuSolanumis large and varied, accounting for almost 75%
of the species in the Solanaceae (Snyman 1@psicum(Linnaeus 1753) is another
economically important genus within the Solanacedgch includes five domesticated
species (DeWitt & Bosland 1996):

Capsicum annuurfLinnaeus) meaning annual (which is inaccurat€agsicum
species are perennial plant€gapsicum annuurmcludes common varieties
such as bell, jalapeiio, New Mexican and wax peppers

Capsicum baccatum(Linnaeus) meaning berrylike. Comprising the South
American peppers known as ajis.

Capsicum chinenséJacquin) meaning from China (this is misleadirgy the
species originated in the Amazon Basi@ppsicum chinensacludes the
extremely hot varieties of habaneros.

Capsicum frutescen&innaeus) meaning shrubby. This species incldlesvell-
known tabascos.

Capsicum pubescerfRuiz & Pavon) meaning hairy. Includescotosfrom South

America.



1.1.1 Classification

With cultivation, early collectors and taxonomisslected for size, shape and colour
from at least three different species, resulting/lrat they thought to be distinct taxa. The
accompanying plethora of nomenclature has only nticebeen revised. There s,
however, disagreement amongst taxonomists as tantemvy wild, and more particularly,
cultivated species there are in the genus (Eshba@gB, Andrews 1995, Bosland 1996).

Capsicum annuurandC. chinenseare widely utilized globally. The complex taxon@mi
problems begin with the placement Qfapsicum within the Solanaceae; whether
Capsicumis monophyletic (includes all of the descendarftghe putative ancestral
species), or polyphyletic (encompasses more thaingle lineage); if it should be
confined to the pungent taxa, or whether the gesuseconstructed to include non-
pungent taxa based on morphological and anatorir&iéd (Eshbaugh 1993). Molecular
techniques, genetic and phenetic analyses are heiad to resolve these taxonomic
problems. A phenetic analysis ©f annuumC. chinenseandC. frutescenpublished by
Pickersgillet al. (1979, cited in Eshbaugh 1993) detailed the coxijgs encountered in
trying to separate these taxa as they form a monghac continuum. DeWitt and
Bosland (1996) confirmed that three of the culiaspeciesC. annuum C. chinense
andC. frutescenare closely related and share a common ancestoet &ind Phat Dang
(2004) conducted experiments in which cultivated awld species were cloned and
sequenced, which showed tidatpubescenwas distinct from the other cultivated species.

Different types of capsicums are classified aceuydp fruit characteristics (i.e. colour,

flavour, pungency, size, shape and use). Horticalltuarieties are distinguishable by
their pod types, of which there are several hundfed. 1.1). When Spanish explorers
arrived in Mexico, the Aztecs had developed maififgdint pod types. These capsicums
were the precursors to the large variety of podesythat presently occur in Mexico.

Development of pod types is ongoing to meet thels@eindustry, fill niche markets and

improve quality and yield. The uses of variousieals within the five cultivated species

(Capsicum annuumC. baccatumC. chinensgC. frutescensand C. pubescenshave

recently shown exponential growth.



Figure 1.1Capsicunmspecies pod types (Photo Credit: NMSU 2005).

1.1.2 Origin and distribution

The Central American Isthmus is a natural corritbetween northern and southern
America along which a number of solanaceous spdwgs migrated between the two
continents (D’Arcy 1986). Assigning the origin ofspecies is sometimes problematic

and it is therefore difficult to determine migratqratterns.

The precise region where the five cultivated speoigginated is still under debate, but
consensus has been reached that it is in Centldbanth America. McLeodt al (1982,
cited by Eshbaugh 1993), Eshbaugh (1983, citedshib&ugh 1993) and Andrews (1995)
hypothesized that their centre of origin is Bolidecording to some botanists, the genus
originated in an area now bordered by the soutlBrazilian mountains to the east,
Bolivia in the west, Paraguay and northern Argemtito the south. The largest
concentration of wild species ofapsicumis found in this area and all major
domesticated species within the genus are growa I@her botanists suggest the origin
of Capsicumto be further east, in central Bolivia along the Rsrande (DeWitt &
Bosland 1996).



The most commonly cultivated and economically iniol species worldwide i€.
annuum which probably originated in northern South Amari Central America and
Mexico. Karyotype analysis suggested that the origi domesticatedC. annuumis
southern Mexico (Pickersgill 1971, cited in Eshidad§93). According to DeWitt (2005),
Capsicum baccatumrobably originated in northern Argentina, Boliwa Peru and was
first domesticated in Peru around 2500 B.C., whigltonsistent with archaeological
evidence. It is presently cultivated in Argentif2glombia, Ecuador, Peru, Brazil and
Bolivia, and has been introduced to Costa Ricaialatid the United States of America.
Capsicum chinensg@ncluding C. frutescensprobably originated in the Amazon basin
(Eshbaugh 1993, DeWitt & Bosland 1996), and varicuftivars are grown in the
Caribbean, Central and South America, Asia andcAfCapsicum pubescemsiginated
at high elevation in the Andes of Equador and Bajiand is cultivated there and in the

mountainous regions of Mexico, Central and SoutteAca (DeWitt 2005).

The solanaceous flora of Mesoamerica has histtyibalen augmented by introductions,

some by man and some accidental (i.e. birds, masnmallivestock feed). Seeds are

dispersed in the wild predominantly by birds, whaske apparently immune to the effects
of capsaicin (the chemical compound that gi@apsicumspecies their pungency), a

secondary metabolite produced by the plant asendefmechanism to deter mammalian
herbivores (DeWitt & Bosland 1996).

1.1.3 History

Early European explorers of the New World collectapsicums purely by chance.
Herbarium specimens are scarce, and there is ieyihformation on the orgins of the
cultivars of the domesticated species. Informateord material collected was often
inadequate because only the fruit was collectednanidiformation on floral anatomy and
morphology was recorded. During the past three dissawith the introduction of
germplasm collecting programmes, there has beenimgmovement in herbarium
collections and the range of variation within spschas become evident (Eshbaugh
1993).



Following his first voyage in 1492, Christopher @wobus was credited with the
‘discovery’ of a plant later described @gspsicum annuunihe fruit from this plant was
pungent and the taste similar to that of black pegiper nigrumL., to which it is not
related. On his return to Spain in 1493, Columbrmupht other plants from the New
World and was responsible for introducing casskidney beans, maize, sweet potatoes,
tobacco and yams to Europe (Bosland 1996). HowekerAmerindians had been using
Capsicumfor more than 9000 years and cultivating it foD80Q/ears. Columbus called
this plant ‘red pepper as the pods were red. Dusubsequent voyages by the early
explorers,Capsicumspread to India, China, Japan and Eurdpmpsicumwas quickly
established in local cuisines and used as a sutestdr the more expensive black pepper,
which in those times only the wealthy could aff@Bdsland 1996).

In the 18" Century, Spanish merchants named this new spidmiepto’. The
terminology relating t@€Capsicumis somewhat confusing. The word ‘chile’ is a vada
of ‘chil’ which is from the Nahuatl (Aztec) dialectWhen Columbus explored the
Caribbean Islands, the indigenous people cdllagsicumplants ‘aji’, a variation of the

word ‘axi’ from the now extinct Arawak dialect (Basd 1996).

Capsicumspecies now grown in the tropics and in tempemegens dominate the world
hot spice trade, India being the world’s largestdoicer followed by Mexico, Indonesia
and China. The non-pungent varietieaipsicumare an economically important ‘green’

crop grown worldwide, especially in temperate regi¢Eshbaugh 1993).

1.1.4 Cultivation
Although Capsicumspecies are perennial (Andrews 1995, DeWitt & Bodl 1996,

California Antilles Trading Consortium 2005, Floatd 2005), almost all species are
grown as annuals, even in tropical climates. Yosgegdlings are cold-sensitive but
mature plants can tolerate light frost (Florida@0%). Capsicumplants display low

salinity tolerance, and prefer medium- to heavyttteed, well-drained, sandy or silt-loam
soils with a pH of 4.3-8.7. Optimal ambient temperas are 20-26°C with an absolute



minimum temperature of 15°C and maximum of 27°Qolidkata 2005), although the
reported life zone forCapsicum peppers is 7-29°C (California Antilles Trading
Consortium 2005). Fruit yield is greatest when fdameceive daily rainfall or have an
adequate water supply through irrigation, as they reot particularly drought-tolerant.
The seedbeds or fields should be well preparedrégitanting with organic fertilizers
such as cow manure, but soil analyses should béucted prior to planting to prevent

under-fertilizing or excessive fertilizing (Univéysof Georgia 2006).

Capsicums are grown from seed that takes 7-10 wagerminate when planted in full
sun. The seeds are plantedsitu or in seed beds and mulch is added to protect the
seedlings from being sun-scorched. Other organitema& or residues can be placed
between rows in standing crops as mulch, genet&#y t/ha dry basis and up to a
thickness of 2-4 cm is recommended. Seedlings raresplanted when they are a bit
hardier, 40-45 days after planting. In temperatenaties, seeds are planted under
protective cover about 6-8 weeks prior to the [@®tdicted frost of the season. The
seedlings are then transplanted, 0.6-1.2 m ap#dr the last frost (Floridata 2005).
Approximately three months after planting, the paflower and, depending on the
variety, produce fruits that are harvested for manths, from which six to ten pickings
will be reaped. Hot, dry weather is desirable whiea fruit is ripening. The fruits are
harvested by cutting the stem rather than teahiadruit off as the latter leads to damage
to the plant. In India, the average yield of raea-Capsicumpeppers is about 500 kg of
dry chillies per hectare. That of an irrigated crka@sies from 1000 to 2000 kg of fresh
chillies per hectare. The percentage recoveryytHilies in comparison to fresh weight
is 25-30% (OISAT 2005).

1.1.5 Breeding

The objective of plant breeders is to obtain aiwaltwith superior genetic properties for
improved yield, quality and hardiness. Interspeaifiosses have been made successfully
betweenC. annuumand C. chinense Hybridization of chillies has been commercially

successful using hand-emasculation, genetic mafédist and cytoplasmic male-sterility



techniques. Backcross, mass, single plant and pgglection methods, and single seed
descent and haploid breeding, are being practiBedl@and 1996). Genetic transformation
research orCapsicumis in progress. BoShou (2005) reviewed the stafugenetic crop
enhancement, including genetic transformation teldgy, for resistance to bacterial wilt,
(Ralstonia solanacearum worldwide. Progress is being made regarding tene
resources and breeding of resistant cultivarsCapsicumas well as other crops.
Biochemically-assisted selection techniques mayo gisovide new initiatives in

Capsicumbreeding.

Capsicumis considered a self-pollinating crop, but seveadcialists argue that it should
be regarded as facultatively cross-pollinating beeathe rate of out-crossing associated
with natural insect pollinators varies between %9@Bosland 1996). Cross-pollination
not only affects breeding methods, but requiresigpg@recautions in seed production.
Plant breeders therefore must take precautiondinunate pollination by insects to
promote self-pollination (DeWitt & Bosland 1996).

1.1.6 Pungency

Capsaicinoids are the class of pungency compowndwdfinCapsicumplants (Fig. 1.2).
Capsaicin is produced in glands in the placentasamiadd in the tissue membrane where
the seeds are attached to the pod. Seeds are sourae of pungency although
occasionally they will absorb capsaicin becauséheir proximity to the placenta. The
pungency of a chillie can be considerably redu€#uki seeds and interior membranes are
removed. If the fruit is to be ground, the stalRfacenta, membranes and seeds are

removed, thereby reducing the pungency and inergdke colour (Simoet al. 1984).

H3C0 0 CH3
[ '
HO C-N-C-CH)4 —C=C-C-CH3
Hz H H H H

Figure 1.2 Chemical formula of capsaicin.



The pungency of chillies used to be measured wsimgthod developed by a pharmacist,
Wilbur Scoville, in 1912 called the Scoville Orgédeyatic Test. The number of Scoville
Heat Units was determined by how many parts of swegter it took to dilute the
extracted sample of a given chillie, so the ‘hea#is no longer detected. Generally
accepted pungency and Scoville ratings of chilieslisted in Tables 1.1 and 1.2. James
Woodbury invented a mechanical method of testing pangency of chillies. Dried
chillies are dissolved in ethanol saturated witdism acetate, the remaining liquid is
then tested for pungency using High PerformanceuitdigChromatography (HPLC)
(Caselton 2005).

Capsaicin levels vary considerably depending ortytpe of chillie, climate and growing
conditions (hot, dry weather produces more punghitlies) and even between pods on
the same plant. Plant breeders have developedarsitivith varying degrees of pungency.
Pungency is also correlated to the amount of enwiental stress to which a plant is
subjected: the more stress, the higher the capsadgitent of the fruit. For instance, it
has been observed in New Mexico that after furnmigation, the pungency of the fruits
increased, presumably because the plant respoodix tflooding of its root zone, and
reacted by increasing the level of capsaicin inpibés. If chillies of the same cultivar are
cultivated in a hot semi-arid region and a coolstalaregion, capsaicin in the fruit of the
former would be higher than the latter (Bosland@)9®ipe chillies are generally sweeter

and hotter than green chillies.

Table 1.1 Guide to common chillies and average ratings usiteg Scoville pungency
scale (DeWitt & Bosland 1996).

Pungency Rating in Scoville Units
Mild 0-5 000
Medium 5 000-20 000

Hot 20 000-70 000
Extreme 70 000-300 000




Table 1.2The pungency of variouSapsicunpods (DeWitt 2005).

Chillie Rating in Scoville Units
Bell pepper 0

New Mexico 1 000
Jalapeno 3 000-6 000
Chipolte (smoked Jalapeno) 10 000

De Arbol 15 000-30 000
Piquin, Aji*, Cayenne, Tabasco 30 000-50 000
Habaiero, Scotch Bonnet 80 000-300 000+
Red Savina Habanero 577 000

* Capsicum baccatumeasure between 30,000 and 50,000 Scoville Heigd.Un

1.1.7 Uses

Capsicumcan be processed in a number of ways, used fredhiexl, whole or ground
and combined with other flavouring agen®apsicum frutescenis used in Tabasco™
sauce and paprika and paprika oleoresin, whiclveldrom C. annuumare widely used
as colouring agents in a wide range of foods, damgs cosmetics. Paprika and paprika
oleoresin are also used for their carotenoid comgswvhich improve feather colour in
birds and pigmentation in fish (Bosland 1996). ‘Pep sprays have been developed and
are used as self-defense aids. Organic gardengrfsiamers use a dried chillie powder as
an organic repellant spray application on theipsrto deter insects and small vertebrates
(Floridata 2005).

Capsicums have been used for medicinal purposesydadack almost 2000 years to the
Mayas. Asthma, coughs and sore throats were treaithdcapsaicinoids. The Aztecs
usedCapsicumto relieve toothaches. Capsaicin causes the boarelease endorphins,
the body’s natural pain killers, and has the eft#fctleadening pain receptors (Bosland
1996). Today capsaicin topical applications aresqnibed to treat arthritis, phantom limb

pain, tendonitis, sore muscles and shingles. Mawdbhes and nasal sprays containing



capsaicin are prescribed for toothache, bronchasthma and migraine headaches.
Capsaicin also aids digestion and appetite, low#o®d sugar and cholesterol and
reduces blood clotting (Floridata 2005).

1.2  Capsicum baccatum

The Capsicumspecies in this study 8. baccatumvar. pendulum(Bohs, pers. comm.,
Bosland, pers. comm., Pettersson, pers. comm.)d&keription of a cultivar (cultivated
variety), as outlined under the International CotlBlomenclature of Cultivated Plants is,
“a group or assemblage of cultivated individualnptathat when reproduced sexually or
asexually retain their distinguishing features thate been described morphologically,
physiologically, cytologically, chemically or intwér ways that have significant meaning
to agriculture, horticulture, or forestry” (Gilmow969). In other words, a cultivar is a
plant which has been selected or hybridized andldvpuobably not survive outside

cultivation (Andrews 1995).

Capsicum baccatuns easily distinguishable from other species: ftoeer corollas are

white, cream or greenish, slightly revolute andtapl at each node, with distinctive
green, tan, or yellow markings or spots on the ltmrobes. The anthers are initially
white and turn tan or yellow with age. The pedicats either erect or declining at
anthesis; pods are usually erect, becoming peraiaithey ripen. The calyx lobes are

prolonged into noticeable ‘teeth’ (Fig. 1.3).
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Figure 1.3 Capsicum baccatumar. pendulumflower showing markings on corollas and

bud with prolonged calyx lobes.

Capsicum baccatumlants grow up to 1.5m in height, with an eredbihand multiple
stems. The leaves are large, dark green on ther gige and slightly lighter on the
underside. The size and shape of the fruit podsdaerse, ranging from erect, short,

pointed pods, to pendant, elongate pods.

A diagram of a typicaCapsicumpod in cross-section is shown in Fig. 1.4. Thgxal a
ripe mature pod is without annular constrictiorite junction with the pedicel, although
sometimes it can be irregularly wrinkled, and theng are prolonged into prominent
teeth. When mature, the flesh of the pod is firrd #re seeds straw-coloured (Caselton
2005). During the ripening process, the fruit coloan range from green to orange, red,

yellow or brown.
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Figure 1.4 Diagram of cross-section ofGapsicunitruit (Andrews 1995).

Seedlings of the cultivar grown in the Makana DistrCapsicum baccatunvar.
pendulumare erect in habit although the previous seasatned (cut-back) plants are
inclined to have a more compact form. Mature plaats grow to a height of 150-160 cm
although the average height is around 120-130 che Teaf-form is simple and
asymmetrical. Pods are conical and about 4.5 cne witd 4 cm long. As pods mature
their colour changes from green, through greenpngdle, orange/red and bright red, to
deep red (Fig. 1.5).
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Figure 1.5Variation in colour ofCapsicum baccatumwar. pendulumpods ripening.

There are numerous varieties 6hpsicum baccatumC.b. var. baccatum C.b. var.
microcarpum C.b. var. pendulum C.b. var. praetermissum and C. frutescensvar.
baccatum Capsicum byvar. baccatumand C.b. var. microcarpumare wild forms ofC.
baccatum(DeWitt 2005).Capsicum byvar. baccatumhas a high crossability index with
domesticated.b. var. pendulumand grows from Peru to Brazil. The greatest ceotre
diversity of wild C.b. var. baccatumis Bolivia, and Eshbaugh (1993) suggests thiseto b
the centre of originCapsicum bwvar. pendulum a cultivated variety, is grown in the

lowland tropical regions of South America.

1.2.1 Background t€apsicum baccatumarietypendulumcultivated in the Makana

District, Eastern Cape Province, South Africa

Capsicum baccatumar. pendulumwas first grown in the area in 2005. Very little is
known about best practices for local cultivationadsout the local insects and diseases
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associated with it. This study therefore focusedttms second growing season of this

‘new crop’.

There are a number of contracted growers in thieictiseach of whom has allocated a
certain number of hectares to be planted Wiséipsicum The growers have predetermined
planting times, thus ensuring a continuous supplpauls to the factory for processing

throughout the season. A factory processing thes as been opened in Grahamstown,
bringing a much-needed boost to the local econoyngreating jobs, training and skills

development within the local community. During tpast three years, from when the
processing factory was first established, 600 sedswbs have been created at the
factory itself and an additional 1000 seasonal jolesated on farms where the crop is

grown.

Seedlings are reared and transplanted from mideSeyr to November. The pods are
harvested from mid-March to May, tailing off towarthe end of June. Some of the
growers ratooned the previous season’s plantsngutiem back to approximately 25-30
cm in height. By ratooning plants that are alreasiablished, this provides the advantage
of an early harvest. In addition, the processirggoigy is supplied with a constant supply
of pods over an extended period of time as opptsektaling with a glut should all the
growers have planted and harvested simultaneol®igs from ratooned plants are
harvested from mid-January, tailing off during M&yfter processing at the factory, 98%
of the finished product is exported to markets gr@any, Holland, England, Scotland,
Ireland, Greece, Italy, Denmark and Australia (DnBan pers. comm.).

1.3 Insects associated witlEapsicum species grown in other areas

One of the aims of this study was to identify theeicts associated with ti@apsicum
variety grown in the Makana District. Preliminanagping with Yellow Delta Traps in
Capsicumlands in May 2005 indicated that the Mediterranéanit Fly, Ceratitis
capitata(Weidemann) (Diptera: Tephritidae) is of major mn@ance as it causes the most
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insect damage to the crop. It was expected thaketHes would also be associated with

the harvested pods in storage before processiagpart.

In the absence of any entomological knowledge alimeitinsects orCapsicumin the
Makana District, information on insects associateth Capsicum elsewhere was
obtained, thereby providing a rough guide as tedtsthat may occur in the crop in the
Eastern Cape. In New Mexico, herbivorous (Tablg arRl beneficial insects (Table 1.4)
of Capsicumspecies have been identified (NMSU 2005apsicumvariant Piquanté is
commercially grown under the brand name Peppadew®he Tzaneen region of
Limpopo Province, South Africa. The most commontp@ssociated with this crop are

set out in Table 1.5 (G. Booysen pers. comm.).

1.4  Aims of this study

An ideal opportunity to implement integrated cropmagement (ICM) has arisen with
the recent cultivation ofCapsicum baccatunvar. pendulumin the Makana District.
Because so little is known about the insects aasatiwith this crop, the purpose of this
study was to collate sufficient information on thielogy of the system to manage crop
production using integrated pest management (IPNBinvthe context of ICM. The aims

of this study were to:

1) identify theCapsicunmspecies and cultivar;

2) make an insect reference collection and datalmdismsects associated with
Capsicum baccatumar. penduluncultivated in the Makana District;

3) characterize the composition of the insect comityiu

4) determine the major insect pests;

5) guantify the composition and densities of thassect pest communities and
evaluate how they vary over time;

6) estimate economic cost of damage; and

7) establish an intervention strategy.
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Table 1.3Herbivorous insects associated witapsicumspecies in New Mexico (NMSU

2005).
Order Family Species Common Name
Coleoptera Chrysomelidae Acalymma vittatum Striped Cucumber
Beetle
Diabrotica Spotted Cucumber
undecimpunctata howardi Beetle
Epitrix spp.,Phyllotreta Flea Beetle
spp. and possibly others
Elateridae Aeolus, Alaus, Click Beetle (Adult)
Cardiophorus, Conoderus, Wireworm (Larva)
Dicrepidius, Drasterius,
Glyphonyx, Melanotuand
others
Diptera Agromyzidae Liriomyzaspp. Serpentine
Leafminer Fly
Hemiptera Aleyrodidae Trialeurodes, Bemisiand  Whitefly
several other genera
Cicadellidae Circulifer tenellus Beet Leafhopper
Lygaeidae Nysiusspp. False Chinch Bug
Pentatomidae =~ Murgantia histronica Harlequin Bug
Lepidoptera Noctuidae Agrotis, Peridroma, Euxoa, Miller Moth,
Feltia, Spodopterand Cutworm,
other spp. Armyworm, Corn
Earworm
Thysanoptera  Thripidae Thrips tabaci Onion Thrips

Frankliniella occidentalis

Western Flower
Thrips
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Table 1.4 Beneficial insects associated wittapsicumspecies in New Mexico (NMSU
2005).

Order Family Species Common Name
Coleoptera  Coccinellidae Olla vnigrum Ashgrey Ladybird
Harmonia axyridis Asian Ladybird

Hippodamia convergens Convergent Ladybird

Adalia bipunctata Two Spot Ladybird
Melyridae Collops bipunctatus Collops Beetle
Diptera Syrphidae Diaeretiella rapae Syrphid/Hover Fly
Hemiptera  Geocoridae Geocorisspp. Big Eyed Bug
Reduviidae sp. indeterminate Assassin Bug
Nabidae Nabisspp. Damsel Bug
Anthocoridae Orius tristicolor Minute Pirate Bug
Neuroptera Chrysopidae Chrysoperla carnea Green Lacewing

Table 1.5 Common insect pests associated with tBapsicum sp., Peppadew®,

cultivated near Tzaneen, Limpopo Province, SouticAf(G. Booysen pers. comm.).

Order Family Species Common Name

Diptera Tephritidae Ceratitis capitata Mediterranean Fruit Fly
Ceratitis cosyra Marula Fruit Fly
Ceratitis rosa Natal Fruit Fly

Lepidoptera Noctuidae Helicoverpa armigera American Bollworm

Tortricidae Thaumatotibia leucotretd  False Codling Moth
Thysanoptera Thripidae Frankliniella occidentalis  Western Flower Thrips

* |t is thought that the species occurringrimnkliniella occidentalisbut it has not been
verified.

** The scientific name for False Codling Moth hasently changed fror@ryptophlebia
leucotretato Thaumatotibia leucotreta
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MATERIALS AND METHODS

2.1  Study sites

2.1.1 Site characteristics

Eight study sites were chosen on four farms locastdeen 15 and 25 km south-east of
Grahamstown in the Belmont Valley and Bloukrantzaar (Fig. 2.1). Temperatures for
the inland region of the district vary from a minim of 3.3°C to a maximum of 32.3°C
and the range in annual rainfall recorded for isveen 300-650 mm (VIok & Euston-
Brown 2002). An agronomist, Mr Loddie Greyling (Cbry SA Ltd, Alexandria),
conducted a soil analysis for each of the studdssiind classified the samples according
to soil types as set out irSbil Classification: a Taxonomic System for Soulhc&’
(Soil Classification Working Group 1991) (Appendix

18



SOUTH AFRICA
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Bushmans River Mouth/ Kiometres

Figure 2.1 The localities of the eight study sites in relatim Grahamstown. BR =

Brenthoek Ratooned; BS = Brenthoek Seedling; IRhabulo Ratooned; IS = Imjabulo
Seedling; LMS = Lower Melrose Seedling; VR = Varn&atooned; VS1 = Varnam
Seedling 1; VS2 = Varnam Seedling 2. (Map Drawingdd: D. Brody, Graphics
Printing Unit, Rhodes University).

2.1.2 Surrounding vegetation

The vegetation in the district where the study wasducted is extremely diverse; the
flora in this area represented by many vegetatyged (Palmer 2004). The endemic
vegetation was first described by Acocks in 1953valiey Bushveld: “an extremely
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dense, semi-succulent thorny scrub 2 metres higbdcks 1953, cited in Palmer 2004).
A comprehensive study on the flora of the whol&oiith Africa, Lesotho and Swaziland
was completed in 2004 by the National Botanicalifui®, and the vegetation in this area
was re-defined as Albany Thicket (Palmer 2004). ehmav, this description has been
superseded by Mucina & Rutherford (2006) who cotetlica further study on the
vegetation of South Africa, Lesotho and Swazilahlthany Thicket has been reclassified
as Kowie River Thicket and Fish River Thicket whiotcur in the semi-arid valleys of
the Eastern Cape Province (Fig. 2.2). A wide rangeflora is included in this
community: annuals, C3 and C4 grasses, deciduodissami-deciduous woody shrubs
and dwarf shrubs, geophytes, stem and leaf sudsu(@owling 1983, cited in Palmer
2004).

The surrounding vegetation plays a significant iol¢he ecology of a crop system as a
number of alternative host plants may be preseoyiging a refuge for insects, (pests,
natural enemies and parasitoids) and location itteapopulation build-up. Refuges in
surrounding vegetation also provide a harbour festipide-susceptible pests, playing a
vital role in the management and control againstahset of pesticide resistance in pests.
Indigenous plants have been identified as alteredibsts to a number of polyphagous
pests (White & Elson-Harris 1992, Thonetsal. 2001, Copelandt al. 2002).
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Figure 2.2 Thicket surrounding most of ti@apsicum baccaturfields.

2.1.3 Ratooned and seedling lands

Some of the growers ratooned, or cut back, theiguewseason’s plants (cf. Chapter 1) to
assess whether this would be economically viabtevemat impact it would have on yield.
The eight study sites were divided into two groupsing either ‘ratooned’ or ‘seedling’
lands to distinguish between lands where planti®previous growing season had been
cut back, and lands that were newly planted widdbegs (Table 2.1). This provided an
opportunity to make entomological and phenologicaiparisons of insects between

ratooned and seedling lands.

It was not possible to attain the use of a ‘contsile on which there would be no
insecticide spray and/or bait applications throughtbe study period. This would have
provided an opportunity to quantify differences agareated and non-treated lands with
regard to loss of yield. However, the focus of gtisdy was to ascertain the composition
and phenology of insect pests @apsicum baccatumand although a comparison
between treated and non-treated lands would hadedadnportant data, it was not
essential to this study. The same applicationsneédticide, herbicide and fungicide
treatments were applied to the two Varnam Seedlings, thus providing an opportunity
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to compare the presence and densities of pest ggoms in two similarly treated

seedling lands.
Each grower had prepared their crops differentlg. (s0il preparation, application of

herbicides, fertilizer and irrigation). Given theswiables, each site was considered as an

individual treatment.

Table 2.1Details and co-ordinates of the study sites, t@hlvatooned and seedling lands.

Farm Name Site/Land Co-ordinates Altitude
(ma.s.l.)
Brenthoek Ratooned (BR) 33021'24"S 26°43'12"E 288
Brenthoek Seedling (BS) 33021'21"S 26°43'18"E 288
Imjabulo Ratooned (IR) 33019'52"S 26°39'51"E 371
Imjabulo Seedling (1S) 33019'52"S 26°39'49"E 378
Lower Melrose Seedling (LMS) 33°19'43"S 26°38'41"E 420
Varnam Ratooned (VR) 33°19'33"S 26°38'03"E 430
Varnam Seedling 1 (VS 1) 33°19'30"S 26°38'09"E 444
Varnam Seedling 2 (VS 2) 33°19'26"S 26°37'23"E 443

Although Sections 2.1.4 and 2.1.5 are not directjevant to understanding the
entomological problems associated w@@tapsicum they do provide a general context to

understand the agronomy of this crop.

2.1.4 Land preparation and cultivation

Ideal soil for the cultivation o€apsicumshould be light, fertile with good drainage, but
with proper soil management, peppers can be growa wide range of soil types
(University of Georgia 2006). Depending on soildygrowers need to alter agronomic
practices with regard to irrigation and the appiaa of herbicides and fertilizers. Land
to be used for growing peppers should stand fallowat least three months prior to
planting. During this period, in preparation foapting, the land should be ploughed and

tilled, turning over and loosening the soil to meficonsistency (Carara 2006). A plant’s

22



root development may be limited by compacted sail @lling will provide a greater air
space that promotes vigorous root growth. With aenextensive root system, the plant is

able to extract nutrients and water more efficie(itiniversity of Georgia 2006).

After land preparation, herbicides are applied tadeate weeds (Carara 2006). In the
ratooned lands, preparation involved cultivatingipping between rows to control weed
growth, and herbicides were applied along the edde®sws using knapsack sprayers.

Throughout the season, weeds were managed usibgides or hoeing (Appendix 2).

To facilitate good drainage, peppers should betpthron a ridge, the most practical
being a bed-type, double-row ridge with an irrigatdripper line placed between the two
rows (Carara 2006) (Fig. 2.3A). Spacing betweege®can be 1.6-2.0m. A planting of
approximately 24700 plants per hectare can be aetiiby leaving a space of 45 cm
between plants and 1.8 m between rows. It is recemaied that a “blank bed” or “skip

row” be allowed at strategic intervals to facil@éahe use of a boom spray within the field
without causing damage to the crop (Fig. 2.3B)eAlatively all spraying would have to

be undertaken by motorized or manual knapsack sprgdZarara 2006). These

recommendations are consistent with those of thedudsity of Georgia (2002).

Figure 2.3A.Bed layout inCapsicum baccaturseedling beds showing double-ridge row
spacing and dripper line placement for irrigatiBn.Boom spray operating i@apsicum
baccatunfields, with a blank bed on the left. (Photo CtedD. Duncan).
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2.1.5 Transplanting

Seedlings are raised in a nursery until they rd&ef5 cm in height, and then pulled and
packed into bags or crates for transportation. Téleyuld be stored in a cool, damp
environment and the soil around the roots shoulddpe moist (University of Georgia
2006). The land to be planted should be pre-ireidatnd planting is done manually. The
sooner the seedlings are planted after pulling, bbieer their chances of establishing
properly. As soon as they have been transplantpdstaplanting irrigation of the land is
done to ensure that the roots are sealed anddhesgettle (Carara 2006).

2.1.6 Phenology afapsicum baccatuwar. pendulum

In the ratooned lands flowering occurs from mid-@betr and small pods are present from
early November. During December the pods maturetndhid- to late January early
harvests commence. Fruit from ratooned lands areebged from January to May.
Seedlings transplanted in November are harvestedniotrMarch through to May,
declining towards the end of June. The growing @eder both ratooned and seedling

plants last approximately 7 months.

2.2  Sampling

To determine the best methods of sampling and Blanvee for this study a literature
review was made of the most prevalent insect pesturring in Capsicum and
information on composition and presence of insacttslew Mexico, USA (Tables 1.3
and 1.4) and Limpopo, South Africa was also takeéo account (Table 1.5).

A problem that sometimes arises in applied entogywis that a ‘mimetic’ approach is

sometimes used where successful past projectssae as templates, not taking into
consideration the differences between crop syst@ualities and species. This leads to
false assumptions and invalid generalisations.sltai fundamental requirement that

research approaches continue to adjust and imgiwaéter 2003).
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Estimating the density of a pest population is galhe accomplished by sampling. A
sampling technique is the method whereby data atBeged from a sampling unit
(Bechinski 1994, Pedigo & Rice 2006). A number afnpling techniques are frequently
used to establish population size, and in devisimampling programme one needs to
determine which of these to employ in time and sp&echinski (1994) recommended

that the following aspects be considered when déegyga sampling programme:

a) to create a system which provides an accurate &&iof population densities;

b) a system should be implementable on all geograbbazaes, in any habitat
and at all times;

c) a sampling method should collect life stages offtbst that are representative

of the demographic composition of the population.

Pedigo & Rice (2006) also recommend various funddaaieslements which need to be

considered when designing a sampling programme:

a) the number of study sites to sample, taking intcoant any variability
between sites;

b) all study sites should be sufficiently comparalid &ave an equal chance of
infestation;

c) the number of units to be sampled and the spaditééim to be employed;

d) the biology of the insect (development, physioldgghaviour, mobility);

e) plants should be sampled at different growth stdgewly transplanted, pre-

flowering, flowering, fruiting, harvest and postrizast).

When seedlings are scouted, the whole plant issyed/ whereas on established, mature
plants, a certain number of leaves, stems, flowsrds or pods can be counted, bearing
in mind that stratification (insects occurring dffetent parts and heights of a plant) may
occur (Pedigo & Rice 2006).
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The field under study is divided into a defined m@mof sampling units. A unit may be a
set area (i.e. a 1 m2 quadrat), an individual ptard certain number of sweeps with an
insect net. The total number of units is refere@$ a sample, and from this sample the

population is estimated (Pedigo & Rice 2006).

2.2.1 Pilot sampling trial

A pilot sampling trial was undertaken on the"258f October 2005 on the Varnam
Ratooned study site, where the previous seas@apsicum plants were already
established. This trial was necessary to deterstastically how many plants should be
sampled at each study site. This was achievedrplgag as many plants as possible and
calculating the mean number of insects presentptent. An unrestricted sampling
pattern was employed to avoid any unconscious ampling began by counting ten
rows along the edge of the field (at one of thenems) and 10 paces into the field where a
plant was scouted, using predetermined samplingntgues (cf. Section 2.2.2). The
scout then counted 10 rows to the left and 10 pag#ser into the field, and this pattern
was repeated until the opposite side of the fieddhe side where the sampling began,
was encountered. The scout then went to the ogposiher of the field and counted 20
rows to the right and 10 paces into the field tlumsuring that sampling crossed
hexagonally across the study site. This pattermiredsthat no plant was sampled twice
(Fig. 2.4).
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Figure 2.4 Pilot sampling trial undertaken Bapsicum baccaturand, Varnam Ratooned Study Site, on th® a6October 2005,
showing the sampling pattern used.
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2.2.2 Scouting techniques

The six scouting techniques used, in order of secpievere:

a) sweep netting (3 passes with the net);

b) visually inspecting the whole plant and, gects were present, manually
picking them off the plant;

c) scouting the soil directly beneath the plant;

d) gently shaking the plant over a white collegtsheet;

e) manually going through the plant working frime tips of the new growth to
the bottom of the plant, looking at both sideshaf keaves to check for eggs,
nymphs, larvae, pupae or adults; and

f) scoring any damage to the plant.

The scouting techniques used for the pilot samptima were chosen as they would
cross-validate one another and give a definitivdupé of insects present and damage to
the plants. The sweep netting technique was madde it was not possible sweep an
individual plant as the proximity of neighbouringgper plants was extremely close. The
area covered in a sweep encompassed six plantefdifethe number of flying insects
collected using this technique were divided by six,avoid bias and standardize the

sweep catch, and the mean number of flying ingemtplant calculated.

A total of 60 individual plants were sampled in tp#got sampling trial. The insects
collected from each plant were stored in sepanaseked collecting vials and taken to the
laboratory for identification. Insects collectedritdg the pilot scouting trial were

collected and recorded.

2.2.3 Analyses of pilot sampling trial
The data were analysed using STATISTICA 7.0 softw# runs test was preformed to

test for randomness of the number of insects on6helants sampled. The results

showed that the number of insects were randomlyiliged on the 60 plants (runs test:
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sweep net per plant R = 0.33, n = 60, p = 0.06&] fwer plant R = 0.92, n = 60, p =
0.602). Monte Carlo procedures based on 10 000 Isancpnfirmed the randomness of
the number of insects on the 60 plants (99% conéidenterval p-values: sweep net per
plant (0.069-0.083); total per plant (0.683-0.708Y)e mean number of insects per plant
caught with a sweep net was 0.47 + 0.86f s.e.), n = 60, range (0 to 2.0) and the mean
number of insects caught using the other five saguechniques was established as 1.04
+0.11, (X £s.e.), n =60, range (0 to 3.833) (Table 2.2).

Table 2.2Pilot sampling trial: means and standard erronmisécts caught (either by the
sweep net, or using the other five scouting teasy showing the total number of

insects caught from the 60 random plants sampled.

n Mean Std Error Minimum Maximum
Sweep net (only) 60 0.47 0.06 0.00 2.00
insects/plant
Total insects/plant 60 1.04 0.11 0.00 3.83

To determine the required number of plants to bapsad in the study, randomly
generated samples of 6, 12, 15, 20, 25, 28, 3@ldmdants were used. The mean number
of insects per plant for each sample size was Izl The estimated mean total of
insects per plant converged to the true mean abtialsects per plant when samples of 15
or more plants per site were sampled (Fig. 2.5 Tean of 1.04, calculated above
(Table 2.2), was derived from Monte Carlo procedurased on five scouting techniques
and was quite consistent with that obtained fromdhbtual field values incorporating all
six scouting techniques (Fig. 2.5). Variability imeans between 1.04 and 1.08 (reached
when 15 plants were sampled), is not significaniifferent. The decision to scout 15
plants per site was based on this analysis.
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Figure 2.5 The mean total of insects per plant versus samigke (n = 60) showing

convergence to the true mean for samples of at 1éaglants per site.

2.3 Monitoring

In developing a monitoring system, certain objextineed to be met. The pests causing
damage to the crop have to be identified; methe#sirio be devised on how to combat
pest presence; and strengths or limitations thesthods may have need to be assessed
(Wall 1990). In designing a species-specific mainitg trap system, Wall (1990) defines
three objectives; detection of the pest, assessimgther control measures need to be
applied and determining the timing of control measu

Data are gathered using a sensitive trapping methddtect the presence or absence of a
pest species. Quantitative information is requteedalculate timing of control measures,
and this would include: a) specific biological infwation (i.e. key factor analysis); b)

meteorological and temperature data records shbeldkept as both affect insect
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development; c) seasonal cycles; and d) recordseofime of day when the samples are
collected. A quantified correlation between tragchaand population density, or the
amount of any further damage that may occur, needse determined to do a risk
assessment (Wall 1990, Higley & Peterson 1994,deegliRice 2006).

Monitoring is a valuable tool used to confirm piains of pest presence from timing
approaches. All pest management activities relyheninteractive relationship between
the pest, its host and environmental factors. Ressuand expenditure used to develop
and operate pest sampling and monitoring progranaresisually directly linked to the
economic value of the crop (Higley & Peterson 1994)

Active traps used to lure and capture insect pestsvarious means of attraction: light,
colour, bait, kairomones and pheromones (Higley &ePson 1994). Traps should be
easy to assemble and manage, of standard consiru@ti size and quality), easily
obtainable and cost-effective (Wall 1990, HigleyP&terson 1994). Variation in design
may have an effect on the sampling range and ctasge behaviour, resulting in
variation in the quality of the trap data. Trapsudd be deployed at a consistent height
relative to the canopy of the crop, and monitotiragps placed in a comparable position
within each of the study sites throughout the stoeiyod.

2.3.1 The use of pheromones

The behavioral activities of many insects, for eplndispersal, migration, mating,

aggregation and alarm signaling, and even fecundity influenced by chemical cues
(van Emden & Service 2004). Pheromones, the natcinaimicals used to convey

information to individuals within or between spegidiave been reproduced by man,
either synthetically or by chemical replicationdamsed as a control method for pests.
These synthetic pheromones are particularly usefylest control as they are mostly
species-specific, do not have any impact on tharemwent (i.e. residues), and are
required in minute quantities (van Emden & SenZ084).
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Pheromones are important tools in pest controlaardised in a number of applications:

a) to monitor and survey pest populations; b) detg¢he presence of pests in new areas;
c) for attract and kill programmes; d) pheromoneafasion/distruption technique; e) as

an oviposition deterrent; f) as an alarm pheromamgt g) to manipulate natural enemy
behaviour (Silverstein 1981, Wall 1990, van Emde8&vice, 2004).

Sex pheromones were first identified in Lepidopteran Emden & Service 2004), and
were initially thought to be unique to this ordeut many attractant volatiles have now
been identified from other orders. Mating attratfaimeromones are most widely used in
pest control and these are generally derived fremafes. Only sex pheromones from
females have been field tested because, althoudgs maay also produce pheromones,
these are not as effective over long distances @amlen & Service 2004). Most

lepidopteran species mate at dusk, and femalesffefeht species ‘call’ in different

time-windows. There is also an optimum pheromotease rate for different species, so
halving or doubling the release rate using a phermmbased trap may significantly

reduce the number of males caught.

Pheromone traps are used to detect the presespedific insect pests, as early-warning
devices for emergence from overwintering sites, ignation or migration from other
areas, in surveys and quarantine work. To deterrtfieetiming of control measures,
calculation of a threshold catch is required. Timgeshold usually indicates either an
initial onset or the significant emergence of thestp It is used to facilitate decision-
making as to the need for either further obsermatiocusing on the developmental
stages of the insect, or the instigation of actieetrol. The threshold catch is also used to
determine whether the economic threshold is likelype exceeded. When the threshold
has been reached, the application of active comedsures can commence (Wall 1990,
van Emden & Service 2004).

A consistent quantitative correlation between ttap tcatch and population density is
required to estimate the size of the pest populatitereby making risk assessment more

accurate. These estimates can be applied to trgllgtion trends and dispersal of the
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pest within the habitat, and to determine the éffeness of control measures (Wall 1990,
van Emden & Service 2004). Depending on the typeheffomone used, these tend to be
gender-specific and predominantly for males so titzgt catches will be biased and may
be difficult to relate to the population densityheFefore the sex ratio between males and
females of a species needs to be taken into accosittig a male pheromone attractant,
the relationship between trap catch and populademsity will not be linear as females
releasing natural pheromones will compete with gieeromone-based traps as the
population increases, and the relative proportibrmales caught will decrease (van
Emden & Service 2004). The concept of using phermrtoaps to ‘trap-out’ males at the
beginning of a season to inhibit pest populatioras/ meem feasible, but mathematical
models have shown that 90% of the males would havbe destroyed before any
reduction would be seen in the next generation Braden & Service 2004), especially if

males mate more than once.

Wall (1990) determined numerous advantages of upheyomone traps as a tool for
monitoring; traps are sensitive, are usually spgespecific, do not require any energy
source to operate once they are set up, need nimmamtenance, are not labour-
intensive and can be operated by people who h#les if any, training in entomology.

Wall (1990) also identified some disadvantages singi pheromone traps: a) the
interpretation of catches; b) how the sampling anes be affected over time; c) climatic
effects on trap-catch; d) the efficiency of traps @tches accumulate; e) possible
competition with wild females; and f) adult inseatsy be separated in time from the
damaging stage, leading to difficulty in relatingud-catch to the actual population

density.

Using a pheromone-based monitoring system, thec ba®nponents are the trap, an
attractant or lure and knowledge of the biologytie pest insect to be able to interpret
the catch. Because pheromone traps are usuallyiespgmecific, they are the most
sensitive of the sampling techniques and substartididence can therefore be placed
on negative results for the active area of the (v@pll 1990). The biology of the insect

monitored can affect the efficiency of the monmagrisystem. For example, by using
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pheromone traps to monitor population fluctuatioois a multivoltine insect, the
application will be somewhat limited. Pheromonegé$ran this instance could be used to
monitor the commencement of flight of adult popigias that are separated in time from

preceding flights or generations in the area (\W880).

Traps should not be too closely positioned as ity lead to the pheromones or baits
interacting, distorting individual trap catches aadulting in a reduction in the number of
insects caught. If a number of the same pheromase¢btraps are used, (i.e. as a means
of controlling pest populations), it is essentiaatt the sampling range of the trap is
calculated as it would be practically impossible usefully interpret the trap-catch
without doing this (Wall 1990). To establish trapgpidensity using a multi-trap method,
one trap is initially set up within a study site #o predetermined period of time and the
number of insects counted. Additional traps arentbet up at different space and time
intervals, and the insects from these are countetl the data analysed. This was,
however, not applicable to this study as only fngbnitoring traps were placed in each

of the lands.

Other factors regarding sampling range that oughttet considered are the distance over
which the insects are attracted and the distaneg thay have travelled before being
attracted through, for example, migratory or agpetibehaviour (Wall & Perry 1987,
cited in Wall 1990). Traps deployed in a site, everstandardized trap spacing is
employed, will attract more insects if they areiposed upwind, thereby altering trap
catches depending on wind direction (Wall & Perr978, cited in Wall 1990).
Positioning of the traps must be carefully planasdnsects from surrounding vegetation

may be attracted to the trap and indicate falséipexatches (Wall 1990).

2.3.2 Selection of monitoring traps

Traps chosen for the monitoring programme werefallyeselected, taking into account
information obtained about the phytophagous insectsirring in New Mexico and South

Africa (Tables 1.3 and 1.5). Depending on the lgglof the pest, a decision needs to be

34



made as to what type of trap will be most effectietails of the monitoring traps,
pheromone-based lures and baits used in this stiedgletailed below in Table 2.3.

Table 2.3 Details of the five traps placed in each of thedgtsites to monitor insect

activity.

Lure, Baitor  Active Ingredient and
Trap o Insects
Pheromone Application

Yellow Delta Trap EGO Ampoule dispensing Mediterranean and
Pherolure™ proprietary volatiles used Natal Fruit Fly (Male)
with YDT sticky liner

Yellow Delta Trap Lorelei® Ampoule dispensing (E)- False Coddling Moth
7-dodecenyl acetate, (E)-(Male)
8-dodecenyl acetate and
(2)-8-dodecenyl acetate
used with YDT sticky
liner

Sensus Trap Questlure® Dispenser with sponge Mediterranean and
impregnated with protein Natal Fruit Fly
hydrolysate and alpha- (Female)
cypermethrin with one
Dichlorvos/Vapona block

Yellow Bucket Texas Ampoule dispensing African Bollworm,
Funnel Trap Volitile™ phenylacetaldehyde, looper, cutworm and
methyl-2- stemborer

methoxybenzoate, methyl
salicylate, and optionally
2-phenylethanol and/or
limonene, used with two
Dichlorvos/Vapona

blocks

Yellow Card Trap Plantex™ Polybutene gum. Applied Thrips, aphids,
to both sides of Yellow leafminers and white
Card fly

Throughout the study period of one year, trap ascWere collected and a scouting
regime undertaken on a weekly basis, providing x@ensive sampling strategy and a

representative sample of insects.
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2.3.2.1 African BollworngHelicoverpa armigeragnd other noctuid species

A number of species of noctuids are serious pédstalltivated crops. The species that
seems to be most damaging @apsicumgrown in Tzaneen iglelicoverpa armigera
(African bollworm). To determine which families bépidoptera were the most abundant,
a Yellow Bucket Funnel Trap (Fig. 2.6D) with a Texdolatile™ attractant and two
Dichlorvos pastilles to kill the catch, were usedthis study. The trap, bait and poison
were all produced by Insect Science (Pty) Ltd, pMleld, South Africa. Funnel traps
using pheromone lures are significantly more eifecthan sticky traps for monitorirtg.
armigerapopulations (Kanét al 1999).

2.3.2.2 False Codling MotfThaumatotibia leucotreta)

Monitoring traps forT. leucotretaadults were set up as this moth has been assbciate
with Capsicumcultivated in Tzaneen. A Yellow Delta Trap (Ins&tience (Pty) Ltd,
Nelspruit, South Africa) (Figs. 2.6A&B), with a Lelei® sex pheromone attractant
(Citrus Research International (Pty) Ltd, Citrusdabuth Africa) was placed in each of
the study sites. The Lorelei® attractant is corgdim an ampoule-like dispenser with a
polyethylene tube which regulates a constant rateslease of the pheromone. Under
normal climatic conditions, the Lorelei® attractast effective for approximately 7
months. The pheromone-based traps used for margtdepidoptera were not placed on

the same trap stand; this reduced possible inesréerbetween pheromone lures.

2.3.2.3 Fruit fly(Ceratitisspecie}

During the 2004-2005 growing season, some of tlevgrs set up Yellow Delta Traps
with pheromone-based lures (Chempac Fruit Fly Lui€@empac (Pty) Ltd, Suider Paarl,
South Africa) in their lands to monitor fruit flyctvity. The trap liners collected from
these traps gave a clear indication tBatatitis capitata(Mediterranean Fruit Fly) was
present in large numbers within this crop. Thisinfation, coupled with the fact that
Ceratitis capitata(Mediterranean Fruit Fly)C. cosyra(Marula Fruit fly), andC. rosa
(Natal Fruit Fly) occur in Tzaneen, prompted theisien to use a Yellow Delta Trap
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with an EGO PheroLure™ (Insect Science (Pty) LtdlsNruit, South Africa), to monitor
fruit fly presence irC. baccatumands (Fig. 2.6A&B).

Sensus Traps (Quest Developments CC, Brits, Sodtltal (Fig. 2.6C) were also
selected to monitor fruit flies, to enable compamis to be made of the relative efficacy
of the Sensus Trap and the Yellow Delta Trap usét w fruit fly pheromone lure.
Sensus traps were set up with Questlure® (Questlbpments CC, Brits, South Africa),
a protein hydrolysate bait and alpha-cypermethisecticide that are impregnated in a
sponge encased by a hard, green, plastic dispeAsé&ichlorvos (Vapona) pastille
(Insect Science (Pty) Ltd, Nelspruit, South Africajas also placed in the lid of the trap
to kill the trap catch. Depending on weather coodg, the bait is effective for

approximately 6-8 weeks.

2.3.2.4 Thrips species

Several species of thrips are damaginGapsicumand infestations usually involve more
than one species. Two of the most injurious speeies Western Flower Thrips,
Frankliniella occidentalisand Onion ThripsThrips tabaci However, there are a number
of species that prey on other thrips and mites {daglothrips bedfordipreys onThrips
tabaci(Hartwig 1985)).

Yellow Card Traps are used for monitoring populasi@f small insects such as aphids
(Hemiptera: Aphididae), thrips (Thysanoptera), heiakers (Diptera: Agromyzidae) and
whiteflies (Hemiptera: Aleyrodidae). Yellow CardlaBtic’ Traps measuring 125 x 77
mm, were made of hard plastic with pre-marked censguares on either side, and
produced by Insect Science (Pty) Ltd, NelspruitutS8oAfrica (Fig. 2.6E). The pre-
marked squares, each measuring 13 mm?2, accouiférof the total surface area. Pests
caught in the squares on both sides are countethandnultiplied by 5. Catch values are
interpreted, for example, for thrips on Macadarbetween 0-10 = low; 11-20 = medium
and 21-500 = high (Insect Science (Pty) Ltd, Nelgp6South Africa).
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As these Yellow Card Traps were to be removed weé&kdm the study sites and

analysed at a later stage, and to reduce coslsywedbrrugated plastic card was cut to the
same specifications and substituted for the Yell@avd Plastic Traps. Templates were
made out of hard plastic to facilitate drawing bé tpre-marked squares on the yellow
corrugated plastic cards with a fibertipped, wat@op permanent marker. The cards were
also marked with the site name and date the trap sed out. A tacky substance,
Plantex™ (Chempack (Pty) Ltd, Suider Paarl, Soutita), was applied to both sides, at

a thickness of about 1-2 mm, with a paint scrapbe card was then hung on the same

trap stand from which the Sensus and False CotMiwidy traps were hung.

Figures 2.6A-E.Traps used to monitor insect population<iapsicum baccaturhields.
A & B. Yellow Delta TrapsC. Sensus TrafD. Yellow Bucket Funnel TragE. Yellow
Card Plastic Trap. (Photo Credits: Insect Scieftg) (Ltd).
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2.3.3 Trap deployment

Once the lands to be used for the study were cha&sah was measured and its rows
counted to give an approximation of its size (TéhW). The size and shape of each land
was recorded, and its centre calculated. Two mongdrap stands were positioned 3m
apart in the approximate centre of each land (Eig). Traps were deployed at a height
just above the canopy of the crop, and trap statatsed in a comparable position within

each of the study sites where they remained thrmuighe study period.

Table 2.4 Calculation for the positioning and placement & thonitoring trap stands in

each of the eight study sites.

Farm Name and Land Length Width Trap placement
Across In

Varnam Seedlings 1 140 m 80 rows 139 m 40 rows
Varnam Seedlings 2 300 m 44 rows 149 m 22 rows
Varnam Ratooned 322 m 100 rows 160 m 50 rows
Imjabulo Seedlings 159 m 56 rows 78 m 28 rows
Imjabulo Ratooned 159 m 82 rows 78 m 41 rows
Lower Melrose Seedlings 60 m 78 rows 29 m 35 rows
Brenthoek Seedlings 173 m 72 rows 85 m 31 rows
Brenthoek Ratooned 203 m 100 rows 100 m 50 rows

* Land was unevenly shaped and an approximatighefcentre’ was made.
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Figure 2.7 Monitoring trap stands positioned in the Varnamedieg 2 Capsicum

baccatunfield.

Due to tractors and machinery requiring accesseofields for spraying, cultivating or

overhead irrigation, it was necessary for the stgnds to be easily demountable and
replacable in their original positions. The standse a 50 cm crossbar of flat-bar and a 2
m-tall upright of angle iron (Figs. 2.7 and 2.8yo€sarm attachment holes were drilled
96 cm from the bottom of the upright and thereadtezry 10 cm to enable the crossarm
to be moved higher as the crop grew, or lowerdti@plants died back or were ratooned,
ensuring that the traps were always positionedghste the plant canopy. The crossarm
had three holes drilled in it; one in the middlee tother two on either side. A bolt

inserted through the middle hole was used to atthelcrossarm to the upright using a
spring washer and nut. A plastic cable tie or wiees threaded through the holes on each

side of the ‘arm’ to affix the traps to the stand.

Because of their weight, the stands needed to biéigoeed at a suitable depth to prevent
them toppling. The bottom of the stand was cubd#5° to enable proper purchase in the
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soil. Holes were dug 50 cm deep with a soil auget laned with a 50 cm length of 50
mm PVC piping as a sleeve for the stand. About €RVC piping was left projecting
above the surface of the soil to provide a visudl ahen replacing the stand. This

facilitated the easy removal and remounting oftthp stands.

Figure 2.8 Trap stands positioned in the Brenthoek Ratodegasicum baccaturneld.

2.4  Weekly sampling programme

As it was not possible to scout and collect trapsnfeach of the sites in one day, they
were split into two groups. The first group compdghe Brenthoek and Imjabulo sites,
which were scouted and the monitoring trap catatwkected every Monday, for the
duration of the 52-week survey. The second group made up of the Varnam and
Lower Melrose sites, surveyed each Tuesday forsémee 52 weeks. The sites in each
group were scouted on a rotating basis to moddénateariable of time of day when the
lands were scouted (e.g. diurnal insects tend tonbee mobile towards mid-day than

early in the morning).
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2.4.1 Scouting

Scouting of the 15 plants was undertaken firsthéf previous scouting visit was started
from the western corner of the land, the next wiek scouting would begin with the
eastern corner, on a rotation basis, to ensureddétatwould be collected throughout the
lands. Scouting commenced by counting ten rowsgaltve edge of the field and ten
paces into the field where a plant was sampleds Wais repeated until a total of fifteen
plants had been scouted. The same six techniqueglaspilot trial were employed. Any
eggs or larvae encountered were collected formgaaind identification. Any live adult
insects collected were killed in a killing-jar, ngi ethyl acetate, and placed in plastic
vials marked with the plant number (which plant ofithe fifteen plants sampled) and

the site name.

Scouting data for the first nine weeks (21 & 22Nalvember 2005 to 16 & 17 of January
2006) were captured and analysed to evaluate whtbenumber of scouting techniques
could be reduced. This would evaluate whether somthe techniques were in fact
redundant when compared to actual insect commuaityposition. It was established
that most insects (79.8%) were collected usingtsttechniques: (i) manually working
through the plant from the top down, checking bsites of the leaves for eggs and
larvae which were recorded and collected in sepramarked vials; and (ii) recording
damage to the plant (i.e. thrips damage to leaua®per of pods stung, eaten or housing
larvae), significantly more than were collectedngsa sweep net (14.1%), observation
and picking off plant (3.9%), collecting from sbiéneath plant (1.2%) and shaking plant
over sheet (1.0%)t = 1570.9, 1 df, p < 0.0001). Thus, a modified sitmusystem was
implemented from the #3of January 2006 using just the two most produdiedniques.

Thrips damage was recorded and scored for eacheoplants scouted throughout the
study period. The extent of thrips damage causethéoleaves was assessed as a
percentage and placed in one of four categorieddoage (0%); Low damage (<15%);
Medium damage (<40%); and High damage (>40%).
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At the beginning of April until the end of July 280bird damage to pods was noted and
recorded. The birds were identified as Cape CasiaBerinus crithagra canicollis
Swainson, and were observed eating podsCapsicumplants in the landsSerinus
crithagra canicollisfeed on seeds taken directly from plants, padidylsoft green seeds,
and also eat fruits and some insects. They oftenroa flocks of up to 500 when not
breeding (Hockeyet al. 2006). Damaged pods remained attached to the plahtno
feeding on fallen fruit on the ground was obser{id. 2.9). The pods eaten by the birds
showed no evidence of other damage (i.e. larvatumgus). Pods were damaged at
various stages, starting at when the pod was dpedlt full size but still green, through
to when ripe and red, as long as the fruit was.filfthough this study deals with insects
associated witlCapsicum it was decided that a record of the damage cabgetiese
birds be kept as a comparison to check whethectssgere indeed the main cause of

damage to this crop.

Figure 2.9Bird damage t&€apsicum baccatumpods.

2.4.2 Trapping

After each scouting session, monitoring trap cackhere collected and the traps
refurbished as necessary. The sticky liners andoWelCard Traps were placed in
polythene bags and sealed. All samples were thé&entao the laboratory for

identification, recording and data capture.
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Dispensers were replaced as soon as the levekqgfttaromone decreased substantially
and only a small amount remained in the plastipahiser. Dispensers were never ‘dry’
when removed; there was always a minimum residesemt. Even though manufacturers
advise that the efficacy of certain pheromone lwesaits last a certain period before
replacement is required, in practice this is somesi unrealistically long. Scouts should
be trained, not only maintain and service the trapsto also make informed decisions as
to whether or not the baits need replacing. Dutimg study, when some dispensers
needed replacing, all of those ‘type’ of dispensere replaced in each of the eight study
sites (Appendix 3). The longest lasting dispenkesughout the study was the Lorelei®
product. The design of the dispenser, where theasel of the pheromone is through the
wall of a polyethylene tube (PE-tube), ensuresrestamt rate of release as long as there is
liquid in the tube. All pheromone dispensers wemptkin a refrigerator before

deployment in the sites.
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RESULTS

Although the full catalogue of insects recoverednfrthe various traps is given in
Appendix 4, more detailed analyses were restridedhose insects shown to be
phytophagous ofapsicumin the lands studied. These insects include the poincipal
pests: African Bollworm, False Codling Moth, Medrenean Fruit Fly and thrips species
which were consistently observed to cause damageetdruit and leaves during the
course of the year-long study. Likewise, these sapeeies or their close relatives have
previously been documented as pest€apsicumin both the USA and particularly in
north-eastern South Africa.

3.1 Comparison of the presence or absence of psgecies caught using different

trap types

The general log-linear analysis procedure is a atethsed to study the relationship
between categorical variables. The procedure amslythe frequency counts of
observations that fall into the cross-classificaticategories in a cross-tabulation or
contingency table (Quinn & Keough 2002). Log-linearalyses were performed using
STATISTICA 7.0 software to assess the presencéserace of each pest species among
the different trap types and between ratooned aedlgg lands. The response variable
was the presence and absence of insects over & vagal trap type (1-5) was used as a
factor for all eight lands. Therefore presencelseace was measured for 416 events (52

x 8) for each of the five traps, bringing the tataP080 observations.
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3.2 Comparison of the numbers of insects caught amg the different trap types

in the lands

The presence or absence and observed frequencidee dour main insect pests are
shown together with percentages (cf. Tables 32,36, 3.7, 3.10, 3.11, 3.14 and 3.15).
Log-linear analyses were conducted to test forediffices in the numbers of insects
caught among the different trap types and betwéezight lands. The response variable
was the number of insects caught over 52 weeksalkhmight lands and three traps were
the two factors.

3.2.1 Total number of insect pests per trap

Figure 3.1 shows the total number of African Bolivp False Codling Moth,
Mediterranean Fruit Fly and thrips recovered fréma traps during the course of the year
for each land separately. It is apparent from tadeson the y-axis that African Bollworm
occurred at a very low frequency in all eight laraisd similarly for False Codling Moth
in five of the eight lands. Mediterranean Fruit Blyd thrips emerge as the most prevalent

insects across all lands.
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Figure 3.1 Total number of African Bollworm, False Codling NiptMediterranean Fruit

Fly and thrips recovered from traps throughoutsthuely period for all eight lands.

The study period of 52 weeks was divided up integdal periods, which correspond to
the farming cycle of planting, pod formation andvest, each period consisting of 13
weeks. The periods were: 1) 21/11/05-19/2/06; 2p/26-21/5/06; 3) 22/5/06-20/8/06;

and 4) 21/8/06-19/11/06. Means and standard ewbithe number of insects caught
during each period were calculated for each ofdlie pest insects over each of the eight
lands (cf. Tables 3.4, 3.8, 3.12 and 3.16). Baplgsaplotting the means and standard
errors of each insect pest per land for each oéitjet lands are presented in Appendix 5.

3.3 Comparison of the numbers of insects caught amng the different trap types
by ratooned and seedling lands

Given the patterns in the frequency of occurrerfdbefour insect pests across all lands,

it is of possible agronomic significance to subidiévthe lands into groups of ratooned
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and seedling lands. Log-linear analyses were cdeduto test for differences in the
numbers of insects caught among the different typps and between the ratooned and

seedling lands.

3.3.1 Mean total number of the four insect species

The seasonal occurrence of all four insect spedéscan Bollworm, False Codling
Moth, Mediterranean Fruit Fly was calculated as riean number of adults per week,
and the total number of thrips caught was usedafotands throughout the 52 week
study period (Fig. 3.2).
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Figure 3.2 Weekly mean total number of adult insect pestafbeight lands. (Events: 1
= Pods mature in ratooned lands (19-25 December)B2ginning of harvest in ratooned
lands (16-22 January); 3 = Pods mature in seedimgls (13-19 February); 4 =
Beginning of harvest in seedling lands (13-19 Mgréh= End of harvest in ratooned
lands (8-14 May); 6 = End of harvest in seedlingd& (3-9 July); 7 = Plants start

flowering in ratooned lands (17-22 October)).

48



The mean number of thrips and False Codling Mothaheincreasing around Week 5
(19-25 December 2005). This occurrence was expeutbdegard to thrips populations,
as temperatures increased and host plant mattamegeavailable (i.e. buds, blossoms,
terminal growth with young leaves). It was surprishowever that False Codling Moth
occurred at this time as there was no ripeninguitalsly sized pods for oviposition.
Mediterranean Fruit Fly numbers only began incregasiuring Week 14 (20-26/2/2006).
Fruit changed colour towards the end of Januaryknthe 28' of February ripe fruit
started to appear. During the fruiting period, wpeds ripen, seems to be the prime time
at which Mediterranean Fruit Fly populations caut@mage inCapsicum lands.
Throughout the study period the mean number oftaffnican Bollworm was nominal
(range of mean 0.00-4.75; Fig. 3.2).

The larval mean frequencies were calculated forcafr Bollworm, False Codling Moth

and Mediterranean Fruit Fly, and are shown in Bi@. The bulk of the harvest was
collected from the end of February through to Manuit production and harvesting was
reduced towards mid-June around Week 30 (12-18 2006), as the growing season

ended.

At the end of the season, growers either plouginetheir lands (Varnam Ratooned:
Week 19; Brenthoek Seedling: Week 39) or ratoomed tcrops (Brenthoek Ratooned:
Week 39; Varnam Seedling 1, Imjabulo Ratooned aaddihg: Week 35; Varnam
Seedling 2: Week 36; and Lower Melrose SeedlingeM\&8).
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Figure 3.3 Weekly mean number of African Bollworm, False Gogdl Moth and
Mediterranean Fruit Fly larvae for all eight lands.

3.4  Comparison of the numbers of pods damaged irhe lands by insects,

secondary damage and birds

The scouting of 15 plants per land was undertakea weekly basis throughout the study
period and records were kept of all damage to gddble 3.1). The number of pods
damaged per land by insects, secondary damagduig. and bacteria) and birds was

analysed using a Chi-Square analysis (Fig. 3.4).
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Table 3.1 Total number of pods damaged on 15 plants per fandll lands over the 52

week study period.

LAND Insects Microbes Birds Total Damage
Brenthoek Ratooned 718 811 51 1580
Imjabulo Ratooned 1188 87 129 1404
Varnam Ratooned 242 83 0 325
Brenthoek Seedling 940 114 270 1324
Imjabulo Seedling 362 26 61 449
Varnam Seedling 1 958 97 1011 2066
Varnam Seedling 2 511 68 836 1415
Lower Melrose Seedling 960 107 314 1381
Total 5879 1393 2672 9944
Percentage 59.1% 14% 26.9% 100%
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Figure 3.4 Total number of pods damaged on 15 plants per Wwgeksects, secondary
damage and birds for all lands over the 52 weedtysperiod.
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3.4.1 Insect damage

There were significant differences among the landhe numbers of pods with insect
damage = 1061.7, 7 df, p = < 0.001). The Varnam Ratooned kmjabulo Seedling

lands had significantly fewer pods damaged by itsseand Imjabulo Ratooned had
significantly more pods damaged than the otherda’dcontributing factor to the low
number of pods damaged in the Varnam Ratooned Hasdto do with the land being

ploughed in after Week 19.

3.4.2 Secondary damage

Significant differences among the lands were alstedh in the numbers of pods with
secondary damagg’(= 2692.2, 7 df, p = < 0.001). Brenthoek Ratoonad significantly
more pods damaged by fungi and bacteria than anpefother lands and Imjabulo

Seedlings had significantly fewer pods damaged.

3.4.3 Bird damage

There were significant differences among the lafudspods damaged by birdg?(=
3062.9, 7 df, p = < 0.001). The lands BrenthoekoBaéd, Varnam Ratooned and
Imjabulo Seedlings had significantly fewer damagexis due to birds; the Varnam
Ratooned having been ploughed in. Varnam Seedliagdl Varnam Seedling 2 lands

however had significantly more pods damaged.

3.4.4 Overall damage

The distribution of damage on pods caused by issesgicondary damage and birds
significantly differed among the landg € 4016.0, 14 df, p = < 0.001). In terms of total
damage, 59.1% is attributable to insects, 26.9%irtls and 14.0% to secondary damage.
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3.5  African Bollworm Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae)

3.5.1 Introduction

Helicoverpa armigerais a cosmopolitan pest that damages a wide rargelaots
including fibre, fodder, food, horticultural andlssed crops grown for agricultural
purposes. It is an economically significant peshriécke & Moran 1982, Fitt 1989,
APHIS 2007a) and was ranked top agricultural pestad 101 of the most important
phytophagous insects on cultivated crops in Southc#® (Moran 1983). Bell &
McGeoch (1996) confirmed the statusHbfarmigeraas the most important lepidopteran
pest in South Africa. Suitable hosts belong to kbt dicotyledon and monocotyledon
groups of plants and include fruit, grain, vegetabtultivated crops, garden ornamentals,
a wide variety of garden flowers and a number afiganous and invasive plants
(Annecke & Moran 1982, Abatet al. 2000, CAB 2004).

The success oHelicoverpa species as polyphagous pests stems from a nuniber o
physiological, behavioural and ecological charasties. Populations are able to exploit
unfavourable habitats through their wide rangeastiplants and larvae are able to adapt
physiologically to various secondary metabolitesdoiced by the plants. Other factors by
which theyadjust to the seasonality of their habitat incltitieextreme mobility of adults,
high fecundity and the ability to undergo facultatidiapause in the event of low
temperatures or drought (Fitt 1989). The incidead severity oH. armigeradamage
varies on a temporal scale and between crops gmhse making it an unpredictable pest
(Cherryet al 2003).

African Bollworm are the most injurious of inse@gts in agricultural systems in South

Africa, therefore the nominal occurrence of bothileedand larvae during this study was

somewhat unexpected.
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3.5.2 Results

3.5.2.1 Comparison of the presence or absencestfgpecies caught using different trap
types

There was a significant trap effect for the numiiieAfrican Bollworm 6(2: 405.2, 4 df,

p < 0.001). Considerably more African Bollworm wepbserved using the Yellow
Bucket Funnel Trap, which can be attributed to famt that this trap was used with a

volatile lure dispenser (Table 3.2).

Table 3.2 Log-linear analysis forAfrican Bollworm (ABW) observed frequency:

presence or absence by traps.

Yellow Delta Traps

Yellow Card Sensus Trap YBF Trap Total
MFF FCM
Absent 415 411 412 416 307 1961
Present 1 5 4 0 109 119
Total 416 416 416 416 416 2080

Adult African Bollworms were present 109 times e tYellow Bucket Funnel Trap out

of 416 observations.

3.5.2.2 Comparison of the numbers of insects caagiaing the different trap types in the

lands

The Yellow Card and Sensus traps caught too fewc&dr Bollworm adults to be
included in the analysis. In all eight lands thecpatage occurrence of African Bollworm
was greater than 90% in the YBF Traps, indicatimgt the frequency distributions of
African Bollworm among the lands were not signifidg different ¢*= 12.9, 14 df, p =
0.54, Table 3.3, Fig. 3.5). However, significanthore African Bollworm adults were
caught in YBF Traps on VR and LMS lands than ondtrer six landsyf = 115.1, 7 df,
p < 0.001).
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Table 3.3African Bollworm observed frequency and percensaige traps by lands.

Yellow Delta Traps

LAND YBF Trap Total # Insects Row Totals
MFF FCM

BR 0 0 27 27

Row % 0.0 0.0 100.0 100%

Column % 0.0 0.0 10.7

IR 2 0 28 30

Row % 6.7 0.0 93.3 100%

Column % 40.0 0.0 11.1

VR 0 0 6 6

Row % 0.0 0.0 100.0 100%

Column % 0.0 0.0 2.4

BS 0 0 5 5

Row % 0.0 0.0 100.0 100%

Column % 0.0 0.0 2.0

IS 0 0 32 32

Row % 0.0 0.0 100.0 100%

Column % 0.0 0.0 12.6

VS1 1 1 72 74

Row % 1.4 14 97.2 100%

Column % 20.0 25.0 28.4

VS 2 1 0 31 32

Row % 3.1 0.0 96.9 100%

Column % 20.0 0.0 12.2

LMS 1 3 52 56

Row % 1.8 5.3 92.9 100%

Column % 20.0 75.0 20.6

Column Totals 5 4 253 262

Column % 100% 100% 100%
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Figure 3.5Mean number of African Bollworm caught for all eigands throughout the

study period, showing trap effect.

3.5.2.3 Total number of African Bollworm

The total number of African Bollworm recovered frdhe traps during the course of the
year, for each of the eight lands, is shown in Bi§.
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Figure 3.6 Total number of African Bollworm adults recoveifeam traps throughout the
study period for all eight lands.

The study period of 52 weeks was divided up integdial periods (c.f. Section 3.2).
Means and standard errors of the number of AfrBalworm moths caught during each
period were calculated over each of the eight Igfiddle 3.4). Bar graphs plotting the
means and standard errors of each insect pestipdrfbr each of the eight lands are

given in Appendix 5.
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Table 3.4African Bollworm means and standard errors over fmriods for all lands.

BR IR VR BS IS VS1 VS 2 LMS
Period Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E.
1 0.38 0.21 038 0.18 0.15 0.10 0.08 0.08 046 024 031 0.17 0.15 0.15 0.38 0.18
2 031 0.17 0.5 010 031 013 031 0.13 0.38 0.27 092 043 0.38 0.18 0.31 0.13
3 0.31 0.17 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.15 0.10 0.15 0.20 0.08 o0.08
4 1.08 049 1.77 057 0.00 0.00 0.00 000 162 051 438 090 1.77 047 354 1.03

Period 1 = 21/11/05-19/2/06; 2 = 20/2/06-21/5/06; 3 = 22/5/06-20/8/06; 4 = 21/8/06-19/11/06.
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3.5.2.4 Comparison of the numbers of insects caaigiung the different trap types by

ratooned and seedling lands

The Mediterranean Fruit Fly, False Codling Moth afellow Bucket Funnel traps

were included in the analysis. The log-linear asialyresults revealed that the
frequency distributions of African Bollworm betwetre ratooned and seedling lands
were not significantly differentyf = 2.0, 2 df, p = 0.375, Table 3.5). However,
significantly more African Bollworm adults were @iu in the three traps on seedling
lands than on ratooned landg € 70.6, 1 df, p < 0.001). African Bollworm was

approximately three times as abundant in seedéindd compared to ratooned lands.

Table 3.5African Bollworm observed frequency and percenttgeraps by type of

land.

LAND Yellow Delta Traps YBE Total # ROW
MEE ECM Trap Insects Totals

Ratooned 2 0 61 63

Row % 3.2 0.0 96.8 100%

Column % 40.0 0.0 24.1

Seedling 3 4 192 199

Row % 15 2.0 96.0 100%

Column % 60.0 100.0 75.9

Column Totals 5 4 253 262

Column % 100% 100% 100%

3.5.2.5 Mean total number of African Bollworm fdirlands over the study period

To convert weeks to calendar dates, refer to Appehd

The seasonal occurrence of adult African Bollworraswcalculated as the mean
number of adults per week for all of the eight karidroughout the 52 week study
period (Fig. 3.7). Adult numbers were extremely laith a total of 262 individuals

caught throughout the year. Four minor ‘peaks’ o 1) Week 2 (28 November-4
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December); 2) Week 15 (27 February-5 March); 3) kvdé (25 September-1

October); and 4) Week 50 (30 October-5 November).
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Figure 3.7 Weekly mean number of adult African Bollworm fdr @ight lands.

The temporal occurrence of the four ‘peaks’ isewtirely consistent with the African

Bollworm life cycle (cf. Section 3.5.3). This mag\ve been caused by the extremely

low number of African Bollworm and that there wenefact no ‘peaks’. Data from

the ratooned and seedling lands were combined wbechaps caused the length of

life cycles to be extended due to an overlap.

3.5.2.6 Mean total number of African Bollworm lagvabserved through scouting for

all lands over the study period

Scouting results show a total number of 53 Afriddollworm larvae observed

throughout the study period (Fig. 3.8).
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Figure 3.8 Weekly mean number of African Bollworm larvae &ireight lands.

3.5.3 Discussion

Adults are able to migrate over vast distancetate food resources as and when
host plants become available. Movement within aetivbeen cropping systems and
wild hosts situated in close proximity is also impnt because this providés.
armigerawith a constant supply of sites for oviposition dedding (Fitt 1989). Most
flight activity occurs at night and on the firsght after eclosion short flights of less
than 200m are made for feeding (and perhaps otiento resources), before the
adults settle again, usually within the same halfitengrenet al. 1988). Subsequent
flights usually commence at dusk and last 1-2 hodrging which time adults
disperse locally, feed, mate and oviposit. Ther@dsfurther activity until around
midnight when males take flight to mate, which pdrilasts until 03h00-04h00.
During this time females are sedentary, releadieg pheromone plumes from near
the top of plants so that wind currents can disp#iem (Lingreret al. 1982, Topper
1987, Fitt 1989).

Three distinct types of flight byielicoverpaspecieswere described by Farrow &
Daly (1987): short-range, long-range and migratitights, which involve different

behavioural patterns and play a significant roléhm exploitation and colonization of
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agroecosystems (Fitt 1989). Short-range flight® takace shortly after dusk, just
above the host plant canopy, and facilitate matowjposition, feeding and seeking
shelter. Distances covered within the habitat a@®-1000m. For long-range

movement adults fly about 10m above canopy heigiat make use of prevailing

winds for dispersal for distances of 1-10 km (Fari& Daley 1987). These flights

occur when the population moves between crops rid #lternative feeding and

oviposition sites. Migratory flights occur aboveethormal flight boundary layer at

altitudes of up to 1-2 km. The migratory populatlmmefits from synoptic-scale wind
systems which can carry them for several hourstearmtbmigrations of hundreds of
kilometres can occur (Draket al 1981, Drake & Farrow 1985). A distinct feature
indicative of migratory behaviour is the suppressid feeding responses to external
stimuli which would otherwise be attractive (Kenpd®86, Fitt 1989).

The high fecundity of many noctuids is an importiadtor contributing to their pest
status. This, combined with a short generation tiex@ables the rapid growth of
populations. Fecundity is influenced by temperaamd humidity as well as adequate
larval and adult nutrition. Laboratory studies mestie that a female lays between 1000
and 1500 eggs in her reproductive lifetime of at®ua0 days (Fye & McAda 1972).
However, according to Fitt (1989), it is not obwsduow relevant laboratory estimates
are as there are no estimates of realised fecumditiye field. Computer simulation
models have put fecundity in the field to be fro@050 3000 eggs per female,
depending on temperature and host plant availal§iihipling & Stadelbacher 1983).

Facultative diapause enables armigerato adapt to environmental conditions and
thereby extend their geographic range. The preeeleiH. armigera undergoing
diapause increases with increasing latitude (FR89). In subtropical and temperate
regions most individuals, but not all, undergo diage, and tropical populations breed
continuously but only a small proportion of pupaayndiapause (Reed 1965, Hackett
& Gatehouse 1982).

Females lay their eggs singly on various plantcstmes (van den Berg & Cock 1993).
Larvae are carnivorous and cannibalistic, which reaglain singly-laid eggs (van
den Berg & Cock 1993). Eggs are spherical with digars of approximately 0.43 mm.

When newly-laid, they are whitish in colour, chargto dark brown just before they
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hatch, which takes between 3-4 days at optimal ésatpres (Vermeulen & Bedford
1998) (Fig. 3.9A).

Neonate larvae usually consume the eggshell, exoeghe base, which is left on the

substrate, before searching for a flower or budvbich to feed. Larvae pass through
six, sometimes seven, instars. The first two irsséae yellow to reddish-brown. Later

instars acquire their characteristic pattern of¢Hongitudinal dark bands interspersed
with lighter stripes. The variation in pigmentatimhowever quite diverse, ranging

from shades of green, reddish-yellow, reddish-brésva dark blackish. Larvae take

2-3 weeks to develop and the final instar growaliout 40 mm long. Larvae drop to

the ground and enter a pre-pupal stage which &stsit 3 days, during which they

burrow to a depth of 170-180 mm in the soil anchgpdelicate cocoon (van den Berg
2001) (Fig. 3.9B).

Pupae are dark brown and take 12-23 days to redoki@n, depending on ambient

temperature. In early winter the pupal stage wslbally be protracted by diapause
(Parry-Jones 1936, cited in Bedfoetl al 1989; Reed 1965, Hackett & Gatehouse
1982, Fitt 1989) (Fig. 3.9C).

There is a difference in colouration between maild gemale adults. Males have a
pale olive-grey head and reddish-brown antennae tteen thorax and forewings are a
dark olive-grey. Forewings have a brown apicaldimgth a small dark spot half-way
along the discal cell and a larger dark brown sgahe apex of the discal cell. An
irregular light brown band extends across the &pioed of the wing. The hind wing
is white with a dark brown band on the apical bordlemales are generally darker
and their thorax and forewings are brown tingechwid. The markings on their
wings are also darker and more distinct. Adult wapgins measure 35-40 mm, their
bodies are stout, broad at the thorax and themitgpand 14-18 mm long (Vermeulen
& Bedford 1998, van den Berg 2001) (Fig. 3.9D).

Field populations oH. armigeraadults emerge in large numbers in spring, coingdi
with the time at which most of their host plantsafer. After eclosion, adults feed on
nectar. Females require a nectar meal before atipos Females in a field

environment can lay on average anywhere betweefl@30 eggs during a lifetime.
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Oviposition occurs between 20h00-23h00 and eggsusually laid on the top two-
thirds of a plant. If oviposition takes place oreaf, the egg is usually laid on the
upper surface. Adults are short-lived and survived period of between 2-3 weeks.
In areas with mild winter temperaturés, armigeracan produce 2-8 generations per
year depending on temperature, host sequence anduitability. A high percentage

of Helicoverpa armigergpopulations do not undergo diapause in tropicgiores of
Africa (Annecke & Moran 1982, APHIS 2007a).

Figures 3.9A-D. A.Egg; B. Larva feeding on citrus¢. Pupa in burrowD. Male
adult at trap. (Photo CreditsA. V.N. Orlov (KNIISH); B. D. Papacek
(www.bugsforbugs.com.aulC. Queensland Government, Australla. D. Britton,

University of New England, Australia).
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3.6 False Codling Moth Thaumatotibia leucotreta (Meyrick) (Lepidoptera:

Tortricidae)

3.6.1 Introduction

The distribution ofT. leucotretaextends across both tropical and southern tengerat
Africa: Senegal, Burkina Faso, Ivory Coast, Togthidpia, Uganda, Zimbabwe,
Mozambique, South Africa, Swaziland, Mauritius dfiddagascar (Reed 1974, Hill
1975, Catling & Aschenborn 1978). It has been gdras a major pest of economic
importance in South African citrus and other fifoit a century (Fuller 1901, cited by
van den Berg 2001; Howard 1909, cited by van derg E#901). Thaumatotibia
leucotretawas first reported as a pest on citrus in Kwazuaial by Fuller (1901,
cited by van den Berg 2001), and subsequently fotimer parts of South Africa by
Howard (1909, cited by van den Berg 2001). A stodyits biology, ecology and
control on citrus and other hosts was conducte@aaly as 1921 by Gunn. In an
extensive survey of the most important phytophagmests in South Africa, Moran
(1983) rankedr. leucotretaas 3% in pest status and £4n lepidopteran pest status.
However, later research conducted by Bell & McGe@306) placerl. leucotretain

9" position in lepidopteran pest ratings.

Thaumatotibia leucotretdnas a wide range of indigenous host plants thataac
reservoirs or refuges from which it is able to ideacultivated crops (Catling &
Aschenborn 1978). Pearson & Maxwell-Darling (198ied in van den Berg 2001)
identified 12 indigenous and eight exotic plant aucotretahosts in central Africa.
Similarly, Schwartz (1981, cited in van den Ber@2Precorded 21 cultivated and 14
indigenous host plants far. leucotretain South Africa. AlthoughTl. leucotretahas
become a major pest on cotton in equatorial Af(agelini & Labonne 1970, cited
in van den berg 2001, Reed 1974), Catling & Ascbeml§1978) reported that there
was no record of . leucotretaon cotton grown in South Africa. However, by 1982

is a minor sporadic pest on cotton (Annecke & Mdta82).
Extensive research on tropical, subtropical andesdemperatel. leucotretahost

plants have been conducted by Gunn (1921), D4il$##6), Catling & Aschenborn
(1978), Schwartz (1981, cited in van den Berg 2p08hnecke & Moran (1982), De
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Villiers et al (1987a) and Kroon (1999Yhaumatotibia leucotretalso attacks acorns
(Annecke & Moran 1982), so that oak trees can geifstant refuges for populations

when preferred host plants are otherwise out f@ea

A high number of adult False Codling Moth were adted to the pheromone-based
traps in the lands, but when compared to larvad datlected by scouting, this proved

to be a false-positive result.
3.6.2 Results

3.6.2.1 Comparison of the presence or absencesbfgpecies caught using different
trap types

There was a significant trap effect for the numifeFalse Codling Mothyf = 1215.4,

4 df, p < 0.001). Significantly more occurrences$-afse Codling Moth were observed
using the False Codling Moth Trap with a False @apdMoth pheromone-based lure
(Table 3.6).

Table 3.6 Log-linear analysis foFalse Codling Moth observed frequency: presence

or absence by traps.

Yellow Yellow Delta Traps Sensus  YBF

Total
Card MEE FCM Trap Trap
Absent 416 409 143 416 416 1800
Present 0 7 273 0 0 280
Total 416 416 416 416 416 2080

False Codling Moth adults were present 273 timabkénFalse Codling Moth Trap out

of 416 observations.

3.6.2.2 Comparison of the numbers of insects caamgioing the different trap types in

the lands

Only the Mediterranean Fruit Fly and False Codlgth traps were included in the

analysis. No False Codling Moth adults were cauglthe other traps (Yellow Card,
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Sensus and Yellow Bucket Funnel traps). The frequedistributions of False
Codling Moth across the lands were significantlffedent ¢°= 24.6, 7 df, p < 0.001,
Fig. 3.10). Significantly more False Codling Motlens caught in the False Codling
Moth traps on VR, VS 1 and VS 2 lands than on themands (Table 3.7).

Table 3.7False Codling Moth observed frequency and percestéay traps by lands.

Yellow Delta Traps

LAND Total # Insects Row Totals
MFF FCM

BR 1 45 46

Row % 2.2 97.8 100%

Column % 12.5 0.6

IR 1 387 388

Row % 0.3 99.7 100%

Column % 12.5 5.3

VR 1 1708 1709

Row % 0.1 99.9 100%

Column % 12.5 23.6

BS 2 32 34

Row % 5.9 94.1 100%

Column % 25.0 0.4

IS 0 409 409

Row % 0.0 100.0 100%

Column % 0.0 5.7

VS1 2 2132 2134

Row % 0.1 99.9 100%

Column % 25.0 29.5

VS 2 0 2008 2008

Row % 0.0 100.0 100%

Column % 0.0 27.8

LMS 1 508 509

Row % 0.2 99.8 100%

Column % 12.5 7.0

Column Totals 8 7229 7237

Column % 100% 100%
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Figure 3.10 Mean number of False Codling Moth caught for alyhei lands

throughout the study period, showing trap effect.

3.6.2.3 Total number of False Codling Moth
The total number of False Codling Moth recoverexifithe traps during the course of

the year, for each of the eight lands, is showrign 3.11.
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Figure 3.11Total number of False Codling Moth recovered froap$ throughout the

study period for all eight lands.

The study period of 52 weeks was divided up inteqdal periods (cf. Section 3.2).

Means and standard errors of the number of Falsi#irngoMoth caught during each

period were calculated over each of the eight Igfidble 3.8). Bar graphs plotting

the means and standard errors of each insect pesm for each of the eight lands

are given in Appendix 5.



Table 3.8False Codling Moth means and standard errors awerderiods for all lands.

BR IR VR BS IS VS1 VS 2 LMS
Period Mean S.E. Mean S.E. Mean S.E. Mean S.E. MeanS.E. Mean S.E. Mean S.E. Mean S.E.
1 0.77 021 8.62 239 77.38 2146 062 0.17 9.62 267 3046 845 40.92 11.35 15.15 4.20
2 1.31 0.36 18.85 5.23 54.08 15.00 1.46 0.41 19.85 550 115.08 31.92 101.31 28.10 20.46 5.68
3 0.69 019 154 043 000 0.00 054 015 146 041 9.08 252 6.62 183 2.00 0.55
4 0.77 021 085 023 0.00 0.00 0.00 000 0.54 0.5 9.54 265 562 156 154 0.43

Period 1 = 21/11/05-19/2/06; 2 = 20/2/06-21/5/06; 3 = 22/5/06-20/8/06; 4 = 21/8/06-19/11/06
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3.6.2.4 Comparison of the numbers of insects caaigiung the different trap types by

ratooned and seedling lands

Trap catches for False Codling Moth were only rdedrin the Mediterranean Fruit
Fly and False Codling Moth traps, the data fromalhwere included in this analysis.
In both the ratooned and seedling groups the ptgeroccurrence of False Codling
Moth was almost 100% in the False Codling Moth $raqalicating that the frequency
distributions of False Codling Moth between th@oated and seedling lands were not
significantly different ¢*= 0.24, 1 df, p = 0.625, Table 3.9). However, appmately
2.5 times more False Codling Moth adults were cauglralse Codling Moth Traps
on seedling lands than on ratooned lands (1201.7, 1 df, p < 0.001). The ratio of
False Codling Moth was approximately 30:70 ratooiweskedling lands.

Table 3.9False Codling Moth observed frequency and percenfagtraps by type of

land.

LAND vellow Delta Traps Total # Insects Row Totals
MFF FCM

Ratooned 3 2140 2143

Row % 0.14 99.86 100%

Column % 37.5 29.6

Seedling 5 5089 5094

Row % 0.09 99.90 100%

Column % 62.5 70.4

Column Totals 8 7229 7237

Column % 100% 100%

3.6.2.5 Mean total number of False Codling Mothdthdands over the study period

To convert weeks to calendar dates, refer to Apipehd

The seasonal occurrence of adult False Codling Ml calculated as the mean

number of adults per week for all of the eight lnldroughout the 52 week study
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period (Fig. 3.12). Adult numbers were particulahjgh with a total of 7237
individuals caught throughout the year. Five peataurred: 1) Week 7 (2-8 January);
2) Week 14 (20-26 February); 3) Week 17 (13-19 Mard) Week 21 (10-17 April)
and Week 25 (8-14 May). Of these five peaks, twenséo be double peaks, those at
Weeks 17 and 25. This may have been caused byngaible data from the ratooned
and seedling lands, or by climatic conditions timtoduce variation into the same
major peak. The temporal occurrence of the fivekpésnot consistent with the False
Codling Moth life cycle. When combining larval occence from the scouting data
(Fig. 3.13) to adult presence, larval frequency egsemely low (47 individuals in
all), and this led to the conclusion that the pheyoe-based traps were presenting a
false-positive result. Thus adult peaks would noincide with the False Codling

Moth life cycle as adults were being attracted thi®lands.
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Figure 3.12Weekly mean number of adult False Codling Mothaibfands.

The False Codling Moth life cycle varies from 180926.7 weeks (cf. Section 3.6.3).
Calculations in this study were based on an aveliégeycle of 23.3 weekdralse

Codling Moth does not undergo a quiescent perioddiapause, thus ensuring
continual year-round populations although densiudsbe lower at certain periods
(van den Berg 2001). Annecke & Moran (1982) recdrtteat developmental time is
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extended during winter.

Because False Codling Moth occur year-round and degelopment is closely linked
to ambient temperature, correlations between fpgulations and natural history
could be modelled on a spreadsheet using thermsahadation models were data for

several years available.

3.6.2.6 Mean total number of False Codling Mothvé observed through scouting

for all lands over the study period

Scouting results show a total number of 47 Falsdli@g@ Moth larvae observed

throughout the study period (Fig. 3.13).
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Figure 3.13Weekly mean number of False Codling Moth larvaeafbeight lands.

3.6.3 Discussion

In most areas of its distribution leucotretais a year-round threat to cultivated crops
due to it being a generalist feeder with broad eanf host plants, especially in
regions with mild tropical and subtropical wintei$iaumatotibia leucotretalo not

undergo diapause or a quiescent period, which misatpopulations are continuous
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year-round pests. Population fluctuations are tyedtected by the composition and
succession of alternative host plants, whetheivatiétd or indigenous (Newton 1998).
According to Ullyett & Bishop (1938, cited in varemn Berg 2001), adult moths
moving into a cultivated crop from indigenous hagitge rise to heavy infestations at
the beginning of the season. Alternative hostslasec proximity to crop hosts are

likely to have an impact on the size of the popata{Newton 1988).

Females lay their eggs singly on or near to thi. fline average egg measures about
0.77 x 0.60 mm, is oval and flat, and the exposathee has a shiny, granulated
finish (Fig. 3.14A). Newly laid eggs are pearl-véhiand translucent, changing to a
reddish colour with a black spot (the head capssi@ytly before hatching (Daiber
1979, van den Berg 2001).

Thaumatotibia leucotretdarvae have five instars: the first instar measure to 1.5
mm long, is cream-white with a dark brown head, #malfinal instar is 12-15 mm
long, pinkish-red with a brown head (Fig. 3.14B)a{leer 1979). There is high
neonate mortality (Newton 1998) and cannibalismucc@mong young larvae and
usually only one larva will mature within in a sladfruit (Catling & Aschenborn
1978, Annecke & Moran 1982, Newton 1998).

Figures 3.14A.Thaumatotibia leucotret@gg showing detailed ‘pitting’ on exposed
surface; and. Thaumatotibia leucotretdinal instar, both onCapsicum baccatum
pods.
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Capsicumfruit that is infected will abscise, which is @l pod drop, and at this stage
growers should collect and destroy any fallen frnitheir fields to prevent larvae
emerging from the fruit and pupating in the soil,the surface of the soil, in debris or
fallen fruit, thus continuing their life cycle. haae spin a loose silken cocoon in
which they pupate (Fig. 3.14C).

Figures 3.14C.Thaumatotibia leucotretpupa with soil attached; am adult.

Adults are relatively unremarkable in colouratiang a mottled dark grey (Fig. 3.14
D). Their wingspan is 16-20 mm and the hind wings @aler than the forewings and
fringed with hairs. Males are smaller than femaled possess an anal tuft of scales,
the hind tibia is densely covered with elongateales; and a scent organ is present

near the anal angle on each hind wing (Newton 1¢&8den Berg 2001).

Newton (1998) states the sex ratio is close toyuinitfield populations, and adult
longevity is 2-3 weeks (Ripley et al. 1939, citadszan den Berg 2001). Females mate
shortly after eclosion, and pre-oviposition is ®H#ys in field observations and 1-2
days under laboratory conditions. Schwartz (198tedcin van den Berg 2001)
recorded multiple mating in both sexes. Daiber ()9@ported an average fecundity
of 456 eggs per female at a constant temperatu2&°@, and 87 eggs per female at a
constant temperature of 15°C. Five days after eemmg females kept at a
temperature of 20°C, achieved peak egg laying cd@$s per female per day (Daiber
1980).

In a field study conducted in an unsprayed citmehard, peak flight activity occurred

in November and again from February to March (Sctev@981, cited in van den
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Berg 2001). In Tswane, Gauteng Province, SouthcAfrtheT. leucotretalife cycle

on guavas commences in January or February and #éakaverage of 152 days. Eggs
have an incubation period of between 11 and 14,dagsl development takes 59 to

71 days, there is a pre-pupal stage of 21 to 3@ dayl the pupal stage lasts 43-66
days (Gunn 1921).

3.7 Mediterranean Fruit Fly Ceratitis capitata (Wiedemann) (Diptera:
Tephritidae)

3.7.1 Introduction

The family Tephritidae is among the larger familegsDiptera and comprises about
500 genera and approximately 4000 species. Thesdeeratitis MacLeay includes
about 65 species. Native to tropical Afri€zeratitis species have become established
through adventive introductions in all continentsept Asia (White & Elson-Harris
1992).

Natal Fruit Fly, Ceratitis ros&arsch (Diptera: Tephritidae)

Ceratitis rosais an economically important tephritid, widespreéhtbughout Africa
and the islands of Mauritius and Réunion. Its distion in South Africa is limited
mostly to the subtropical regions of the Northerrovihce, Mpumalanga and
KwaZulu-Natal and along the coastal regions of\Western and Eastern Cape (Kok
& Georgala 1978; Barnes 1983; Grové 200Cgratitis rosaand C. capitataare
sympatric althougI€. rosais generally more abundant in the northern regandC.
capitatain the south (Annecke & Moran 1982). Because fis&idutions are similar
and both species are extremely polyphagous, mamgtdor bothC. capitataandC.
rosa was undertaken during this study. However, the benmmof C. rosa which
occurred inCapsicum baccatunfields was nominal; only seven individuals were

caught throughout the entire study period.

Mediterranean Fruit FlyCeratitis capitat§WWiedemann) (Diptera: Tephritidae)

Ceratitis capitatais one of the most economically damaging tephpedt species of

economic importance (Groveé 2001). It is highly m#iggous on tropical, subtropical
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and deciduous fruits (Annecke & Moran 1982), asddistribution extends to almost
all tropical and warm temperate regions of the wdWhite & Elson-Harris 1992).
One of the main reasons it is so widely spreadiestd its broad range of hosts, both
cultivated and wild, from a variety of plant fare#i (White & Elson-Harris 1992,
Copelancet al 2002). Thomast al (2001) recorded more than 260 host plants which
include flowers, fruit, nuts and vegetables. Damageommercial fruit byC. capitata

is frequently high and may reach up to 100% (Fimi&®89, Fischer-Colbrei &
Buschen-Petersen 1989, Thomatsal 2001). Capsicum annuumvas recorded by
Fimiani (1989) as a host plant in the Mediterranagea, andCapsicum frutescens
Réunion by Etienne (1972, cited by White & Elsorrfita 1992). In a study
conducted orC. capitatahost plants in Kenya, Copelaed al (2002) found plants
belonging of the genuSolanumto be the most heavily infested. In South AfriCa,
capitataoccurs throughout the year and attacks most etdtd/ crops and wild fruits
(Annecke & Moran 1982, Grové 2001). Thoma$ al (2001) compiled a
comprehensive list of world-wide host species gaeslipccording to importance, host
species which have become infested under laboratonditions and hosts of
unknown importance. Numerous other host plants Heeen recorded by Clausen
al. (1965), Williers (1979), Annecke & Moran (1982)aktock (1987, 1989), White
& Elson-Harris (1992), APHIS (2007b).

Mediterranean Fruit Fly proved to be the most dantagf the insects occurring i@.

baccatunmands during the study period.

3.7.2 Results

3.7.2.1 Comparison of the presence or absencestfgpecies caught using different
trap types

There was a significant trap effect for the numbeMediterranean Fruit Flyyf =
176.2, 4 df, p < 0.001). Significantly more occuees of Mediterranean Fruit Flies
were observed using the Mediterranean Fruit FlypTwéh a female Mediterranean
Fruit Fly pheromone-based dispenser (Table 3.10).
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Table 3.10 Log-linear analysis forMediterranean Fruit Fly observed frequency:

presence or absence by traps.

Yellow Yellow Delta Traps Sensus  YBF
Card MFF FCM Trap Trap Total
Absent 354 270 395 351 385 1755
Present 62 146 21 65 31 325
Total 416 416 416 416 416 2080

Mediterranean Fruit Fly adults were present 14@&sinm the Mediterranean Fruit Fly

Trap out of 416 observations.

3.7.2.2 Comparison of the numbers of insects caaigioing the different trap types in

the lands

The frequency distributions of Mediterranean FrEiy across the lands were
significantly different ¢ = 664.9, 28 df, p < 0.001, Fig. 3.15). Signifidgninore

Mediterranean Fruit Fly were caught in Mediterran&auit Fly Traps on VS 1 land

and significantly fewer on IS land than on the otheds (Table 3.11).

Table 3.11Mediterranean Fruit Fly observed frequency and gq@eges for traps by

lands.
Yellow Delta
Yellow Sensus YBF Total # Row
LAND Traps
Card Trap Trap Insects Totals
MFF FCM
BR 6 1394 9 17 6 1432
Row % 0.4 97.4 0.6 1.2 0.4 100%
Column % 5.2 16.0 36.0 5.5 18.8
IR 28 981 5 24 4 1042
Row % 2.7 94.1 0.5 2.3 0.4 100%
Column % 24.3 11.3 20.0 7.7 12.5
VR 18 1045 1 147 1 1212
Row % 15 86.2 0.1 12.1 0.1 100%
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Column %

15.7 12.0 4.0 47.4 3.1
BS 15 1506 3 23 4 1551
Row % 1.0 97.1 0.2 15 0.2 100%
Column % 13.0 17.3 12.0 7.4 12.5
IS 12 69 1 16 1 99
Row % 12.1 69.7 1.0 16.2 1.0 100%
Column % 10.4 0.8 4.0 5.2 3.1
VS1 19 3032 1 46 4 3102
Row % 0.7 97.8 0.0 15 0.0 100%
Column % 16.5 34.8 4.0 14.8 12.5
VS 2 5 389 3 14 3 414
Row % 1.2 94.0 0.7 3.4 0.7 100%
Column % 4.3 4.5 12.0 4.5 9.4
LMS 12 283 2 23 9 329
Row % 3.7 86.0 0.6 7.0 2.7 100%
Column % 10.4 3.3 8.0 7.4 28.1
Column Totals 115 8699 25 310 32 9181
Column % 100% 100% 100%  100%  100%
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Figure 3.15 Mean number of Mediterranean Fruit Fly caught firesght lands
throughout the study period, showing trap effect.

3.7.2.3 Total number of Mediterranean Fruit Fly

The total number of Mediterranean Fruit Fly recedefrom the traps during the

course of the year, for each of the eight landsh@wvn in Fig. 3.16.
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Figure 3.16 Total number of Mediterranean Fruit Fly recovereonf traps

throughout the study period for all eight lands.

The study period of 52 weeks was divided up inegdal periods (cf. Section 3.2).
Means and standard errors of the number of Meditean Fruit Fly caught during
each period were calculated over each of the daids (Table 3.12). Bar graphs
plotting the means and standard errors of eactctsest per land for each of the

eight lands are given in Appendix 5.
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Table 3.12Mediterranean Fruit Fly means and standard ernees four periods for all lands.

BR IR VR BS IS VS1 VS 2 LMS
Period Mean S.E. Mean S.E. Mean SE. Mean S.E. Mean SEE. Mean S.E. Mean S.E. Mean S.E.
1 0.00 000 015 0.04 031 0.09 000 0.00 0.00 000 0.08 0.02 008 0.02 0.00 o0.00
2 102.85 28.52 77.62 21.53 9292 25.77 115.62 32.07 5.62 1.56 209.23 58.03 29.00 8.04 16.62 4.61
3 700 194 223 062 000 000 369 102 200 055 1769 491 238 066 838 233
4 031 009 015 004 0.00 000 0.00 000 0.00 0.00 1162 322 038 0.11 0.31 0.09

Period 1 = 21/11/05-19/2/06; 2 = 20/2/06-21/5/06; 3 = 22/5/06-20/8/06; 4 = 21/8/06-19/11/06

81



3.7.2.4 Comparison of the numbers of insects caaigiung the different trap types by

ratooned and seedling lands

The frequency distributions of Mediterranean Fifely between the ratooned and
seedling lands were significantly differegt £ 66.3, 4 df, p = < 0.001, Table 3.13). It
is evident that, in both the ratooned and seedlyngups, significantly more

Mediterranean Fruit Fly were caught in the Meddaman Fruit Fly Traps. A

significantly higher number of Mediterranean Fifely were caught in the traps in the
seedling lands than in the ratooned lands=(356.4, 1 df, p < 0.001). The ratio of
Mediterranean Fruit Fly was approximately 40:6@oaked to seedling lands.

Table 3.13Mediterranean Fruit Fly observed frequency and gqaage for traps by

type of land.
Yellow Delta
Yellow Sensus YBF Total # Row
LAND Traps
Card Trap Trap Insects Totals
MFF FCM
Ratooned 52 3420 15 188 11 3686
Row % 1.4 92.8 0.4 5.1 0.3 100%
Column % 45.2 39.3 60.0 60.6 34.4
Seedling 63 5279 10 122 21 5495
Row % 1.1 96.1 0.2 2.2 0.4 100%
Column % 54.8 60.7 40.0 39.4 65.6
Column Totals 115 8699 25 310 32 9181
Column % 100% 100% 100% 100%  100%

3.7.2.5 Mean total number of the four insect péstsll lands over the study period

To convert weeks to calendar dates, refer to Apipehd
The seasonal occurrence of adult Mediterranean Flyiwas calculated as the mean

number of adults per week for all of the eight kridroughout the 52 week study
period (Fig. 3.17). A total of 9181 adults were glaithroughout the year. Four peaks
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occurred: 1) Week 18 (20-26 March); 2) Week 21 1Z0April); 3) Week 23 (24-30

April); and 4) Week 27 (22-28 May). Of these fowags, those taking place at Weeks
21 and 23 seem to be a double peak as they octhunwi short period of each other.
This too may have been caused by combining thefdatathe ratooned and seedling
lands, or by climatic variation within a single mapeak. The temporal occurrence of
the four peaks is not consistent with the Mediteeem Fruit Fly life cycle.

Mediterranean Fruit Fly adults were absent excepgnwfruit was present and there

was some evidence of generations within the crop.
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Figure 3.17Weekly mean number of adult Mediterranean Frutfét all lands.

In interpreting the seasonal phenology of Meditegen Fruit Fly it must be taken
into account that this phytophagous pest occurs-igeand with a reduction in
population density particularly over cooler peripd#though spraying, harvesting,
migration, lengthening of the life cycle, higher ntadity or reduced fecundity due to
limited food for adults have to be taken into actoMediterranean Fruit Fly adult
presence was detected at very low numbers from ¥/8g#0-15 January)-13 (13-19
February), which suggests that wild populationsviediterranean Fruit Fly invaded
the Capsicumlands from surrounding vegetation or other cutdalands in the area

once theCapsicumpods had begun to ripen in mid-February, providatigrnative

83



oviposition sites and resources. Thereafter adulhbers continued to increase
rapidly and only declined at Week 30 (12-18 JuAejnean total of 1.00 fly for all
lands at week 40 suggests that Mediterranean Fhyipopulations were no longer
present in theCapsicumlands or in the surrounding areas. This could benajor
importance to farmers as ploughing in or ratoorimgcrop soon after harvesting has
finished would promote field hygiene and could haeoee impact on subsequent
Mediterranean Fruit Fly populations. The rapid exgian of Mediterranean Fruit Fly

strongly suggests that they are not derived sdtety within the crop system.

The life cycle of Mediterranean Fruit Fly variesrir 10.6 to 16.6 weeks (cf. Section
3.7.3).Calculations in this study were based on an avelitgeycle of 13.6 weeks

unless otherwise stated. Mediterranean Fruit Fly ndd undergo diapause and
populations therefore are continuously presentuthinout the year. This, together
with its wide range of agricultural and wild hodamts, makes Mediterranean Fruit

Fly a highly successful phytophagous insect of megmnomic importance.

3.7.2.6 Mean number of pods damaged observed threcguting for all lands over

the study period
A cumulative total of 5511 damaged pods were ct#kthroughout the study period.

Damage was categorized as follows: a) Mediterrakeait Fly larvae (larval instars
large enough to be positively identified as Med#aean Fruit Fly larvae); b) Diptera
larvae (larval instars too small to positively itéad) present in pods; c) pods with
diptera damage (pods apparently damaged by difgerae); d) pods stung or with
marks on the skin (exocarp pierced); e) pods wihighe rotten (may have been
caused due to exocarp being pierced); and f) pof¢xted with fungus (also may

have been caused by exocarp being punctured) &itf3-3.23).
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Figure 3.18 Weekly mean number of Mediterranean Fruit Fly dé&npresent in pods
(total = 1879) for all eight lands.
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(total = 450) for all eight lands.
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for all eight lands.
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3.7.3 Discussion

Some tephritid species have preferred host plamistlis may become ambiguous
when reading a list that records host plants f@agicular species. Host choice is
dependent upon a number of variables; stage ofde&lopment, availability of fruit
or flowers, variety of fruit and competition withther pests. Competition between
different pests may lead to assumptions regardirgfepped hosts. For example,
shortly after Bactrocera dorsaliswas found in Hawaii in 1945C. capitata
populations were displaced throughout most of @sge and restricted to higher
elevation localities and cooler climes (Christen&Roote 1960, Vargast al. 1983,
Nishida et al. 1985). Therefore apparent host preferences maynfheenced by

competition from other phytophagous pests.

The successful distribution @. capitatais also due to its remarkable ability for
physiological adaptationCeratitis capitatais able to expand it host range by
modulating two behavioural characteristics; (i)pmaition preference, and (ii) larval
feeding tendency. Females tend to oviposit indisicrately and, should larvae have
the ability to adapt to the plant physiologicallpdagenetically, the host range
becomes extended. This was shown by Krainaekat (1987) when almost all hosts

presented t&€. capitatawere utilized.

Fruit fly damage can be separated into two categp(i) primary damage, caused by
oviposition and subsequent larval feeding on that;fland (ii) secondary infection
caused by fungi or bacteria as a result of damaghet skin or rind by oviposition.

Ceratitis capitatamay also transmit fruit-rotting fungi (APHIS 2007b

Ceratitis capitatafemales lay clusters of about 10 eggs in the ¢igast beneath the
rind or skin of the fruit (Fig. 3.24A). Hard or seipe fruit are often preferred for
oviposition as fully ripened fruit are generally rasucculent and this leads to a high
mortality of eggs and young larvae (Christensondbte 1960, Thomast al 2001).
Eggs take from 2-4 days to hatch. The larvae gassigh three instars which total 6-
11 days (Fig. 3.24B). Another cause of larval nldytas the hardening of host fruit
or vegetable skins which prevent larvae exitingupate (i.e. pumpkins). Third instar

larvae drop to the ground and move into the sognetthey form puparia. A common
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feature of Ceratitis spp. larvae is that, through a series of contastiof their
abdominal muscles, they can spring for a distarica&bout 10 cm at a time along a
substrate to find suitable pupariation sites. Tikiuseful characteristic for larval
identification at species level. Most fruit fly spes pupate in soil to a depth of not
more than 5 cm (Christenson & Foote 1960, Hodg=oal 1998). The pupal stage
also lasts 6-11 days (Fig. 3.24C).

Newly emerged adult fruit fly are not sexually matumales become active four days
after emergence, and females between six and @gyist(Thomast al. 2001). Adults
are sexually active throughout the day. Larger nrenslof adults appear early in the
morning during warm weather and only sporadicallying cooler temperatures.
Tephritids are generally inactive at night and dgrperiods of moderate to heavy
rainfall. Major mass population movement is caulgdipening and fruiting of host
plants while minor movement is attributed as a oesp to irregular distribution of
honeydew as a food source (Ripktyal 1940).

Upon emergence, adults require essential nutrmisa protein meal that promotes
egg maturation in females (Christenson & Foote 19&hdrichset al 1991). Protein
baits release volatile chemicals, one of whichmsrenia, that provide feeding cues to
foraging females (Epsky & Heath 1998). Reproductemmales require a substantial
and varied diet to achieve peak fecundity and meai$aining minerals, vitamins and
sterols are required to promote daily ovipositiod &gg maturation (Hendricles al
1991). Both male and females feed on damageddauised by birds, other insects or
vertebrates, and honeydew produced by some insectsplants. Hendrichset al
(1991) reported that females also feed on bird dae@ source of nutrients and
nitrogen for the female, in addition to their noinaet. Hendrichset al. (1991)
showed that irC. capitatafecundity was significantly increased when, iniédd to
fruit, bird faeces was included in their diet. Elegr (1987) reported that most fruit
tissue is a poor source of protein and showeditheteria provide essential nutrients.
Studies have shown that an important source ofemisr come from bacteria on the
plant surface (Drew 1989, Drew & Lloyd 1989, Llo¥891). In soméactroceraspp.,
these bacteria are probably spread by mature fenfieésling on fruit surfaces; and
the same range of bacteria species are found iguhe€ontents and in stung fruit

(Drew & Lloyd 1989). Females feed more than maled torage for considerable

89



periods off the primary host plant. Oviposition éakplace mainly in the afternoon.
Males do not often forage off the primary hostytfeed mainly during the later part

of the afternoon and their longevity is not incezhsn a more diverse diet.

Many tephritids are predisposed to lek behavicuig is when males congregate and
defend a mating territory, a lek, whilst releasiwgll’ pheromones to receptive
females. Hendrichs & Hendrichs (1990) proposed thatorigin of the lek mating
system may be attributed to predation pressureragiviorous tropical tephritids,
which has since been supported by Papagl. (1989, cited in White & Elson-Harris
1992) and Hendrichet al (2001).Ceratitis capitatahas a dual mating strategy: a) in
the mornings males are usually found at the lekngaites; and b) in the afternoon
they move onto the host fruit in an attempt to ricé@t and mate with ovipositing
females (Prokopy & Hendrichs 1979, Hendriokts al 1991). Ceratitis capitata

usually mate on or near host plants.

Longevity of adults is 2-3 months depending ongdason (Fig. 3.24D). A female can
lay approximately 300 eggs during her lifetime (@¥02001). Under favourable
conditions, the life cycle is considerably shorttmad adults may survive up to six
months (Du Toit 1998, Thomaet al 2001). According to Du Toit (199&). capitata
populations can produce up to 15 generations pardepending on the availability of
host plants and suitable climatic conditio@gratitis capitataoverwinter as adults in
evergreen shrubs and trees (Ripley & Hepburn 188®ecke & Moran 1982) and
during this period, oviposition is suspended (Gra081).
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Figures 3.24A-D. A.Eggs;B. Larva feeding orCapsicum C. Pupae at different
developmental stageB; Adult male. (Photo Credit®. Scott Bauer, USDA).

A characteristic feature of female tephritids i®ithlong, extendible ovipositor.
Species associated with fruit deposit their eggsyader the outer skin or rind of the
fruit (Annecke & Moran 1982; Grové 2001). If therslof the fruit is thin, oviposition

is relatively quick and easy; whereas if the skfnttee fruit is thick (i.e. citrus),
oviposition is more problematical (Sivinski 1998)has been shown th&t capitata
will selectively choose pre-stung fruit in which twiposit, sometimes using pre-
existing oviposition holes, thus reducing the fezrmaexposure time to predators and
decreasing mortality rate (Papef al. 1989, cited in White & Elson-Harris 1992;
Hendrichset al 2001). European yellowjacket waspgspula germanicé~abricius),
have been reported preying Gncapitatafemales whilst the fruit fly’s ovipositor was
inserted in fruit (Hendrichget al 2001). By making use of pre-existing oviposition
punctures and fruit wound€, capitataare able to exploit a broad range of fruits, nuts
and vegetables. The female’s ovipositor is not resitely developed as that of
specialist species, and the ability to deposit eggsvariety of hardened substrates is

as a result of an evolved behavioural trait (ugngrexisting wounds or punctures),
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and not of having evolved a highly developed ovitgogPapajet al 1989, cited in
White & Elson-Harris 1992).

Ceratitis capitataand severahnastrephaandRhagoletisspecies have been reported
to use a post-oviposition deterrent or host-markphgromone to discourage other
females of the same species laying in the sami(fkuerill & Prokopy 1989) and has
been suggested as a possible potential fruit flpagament tool (Papajt al 1989,
cited in White & Elson-Harris 1992).

Many host plants fruit intermittently under natu@nditions, providing fruit at
various stages of development simultaneously argplging food resources for
successive generations of multivoltine insects. &dmmdonoculture conditions fruit fly
foraging becomes somewhat more predictable. Wighkiiowledge thaC. capitata
females require a wide variety of food resourced aften leave the primary host
plant to forage, setting up food-baited intercepticaps and the application of bait

sprays along the perimeter may help to control faamns (Hendrichgt al 2001).

Most tephritids associated with fruit are attracted substances which release
ammonia, (e.g. hydrolysed or autolysed proteingyi€enson & Foote 1960, Sivinski
& Calkins 1986). Lures based on bacterial odours atisactants are being
manufactured (Sivinski & Calkins 1986), and the aripnce of odours associated
with host plants has also been recognised (BollePr&kopy 1976, Drew 1989).
Ceratitis spp. males are attracted to chemicals known ase mates or

parapheromones (White & Elson-Harris 1992).

3.8  Thrips (Thysanoptera)

3.8.1 Introduction

The order Thysanoptera is divided into two sub@gd&erebrantia and Tubulifera. A
total of eight families are made up of an estim&&D0 extant species (Lewis 1997),
with more than 5 500 species described. Approxim&e% of the described species
feed on fungi, 40% on dicotyledonous plants or ggasand the remainder exploit

mosses, ferns, gymnosperms, cycads or are preddMonnd 1997, Mound & Teulon
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1995, Izzoet al. 2002), while scarcely 1% have been identified @soas pests
(Morse & Hoddle 2006). The four thrips species whicave been principally
identified in the literature as being the most exuoically damaging are Onion thrips,
Thrips tabaci(Lindeman, 1888), Western Flower thrigsiankliniella occidentalis
(Pergande, 1895Khillie thrips,Scirtothrips dorsalisHood and Melon thripsThrips
palmiKarny (Mound & Teulon 1995, Mound 2002).

Thrips are highly successful insect invaders amdadnle to adapt to a wide range of
environments (Morse & Hoddle 2006). Thrips popwlas are particularly abundant
in their area of origin and are predisposed toraasive lifestyle due to their small

size, cryptic habits, catholic tastes and abilgyatlapt to new habitats, all of which
help facilitate relocation. After introduction torew region, populations have the
ability to synchronize life cycle characteristice fit in to recently colonised

ecosystems (Morse & Hoddle 2006). Thrips are eaglpptable and biotypes of some
species, such ad-rankliniella occidentalis can exist as monophagous and

polyphagous strains in regions where they haverhecestablished (Mound 1997).

Many cultivated plants are severely affected bypththroughout the world causing
plant damage and a reduction in crop yields (Mé&deoddle 2006). Thrips damage
also impacts on the cosmetic quality of commodifies fresh fruit and vegetables,
flowers and indoor plants), causing further ecommtoss (Childers & Achor 1995,
Childers 1997, Lewis 1997). Quarantine inspectians made routinely for thrips
when importing produce world wide, and presenceheke pests can have a huge

negative impact on international trade markets @dd Hodder 2006).

Thrips are vectors of numerous microbial pathodetisnan et al. 1997). Thrips also
transmit viruses from at least four virus groupsrviruses, sobemoviruses and
carmoviruses (which are pollen-borne), and tospeeés (where virus and vector
share a close biological relationship which inveheaf-to-leaf transmission) (Uliman
et al. 2002, Whitfieldet al 2005). Tospoviruses impact negatively on the pctidn

of a wide range of horticultural crops. The tomagotted wilt Tospovirushas a
known host range of 1090 species from 85 plantlias{Peter®t al 1995, Parrella
et al. 2003, Campbekt al 2004).
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A complete list of thrips species caught throughthé study period is listed in

Appendix 4. Natural history notes on four of thedps identified are detailed below.

Western Flower Thripgsrankliniella occidentaligPergande, 1895) (Thripidae)
Frankliniella occidentalisare omnivorous, primarily feeding on pollen an@npl
tissue and supplementing their diet with high-proteources such as other small
herbivores, thrips larvae (van Rig al. 1995) and spider mite eggs (Trichilo & Leigh
1986). In CaliforniafFrankliniella occidentalison cotton seedlings are considered as
beneficial insects as they prey on spider miggankliniella occidentalisare vectors

of tospoviruses.

Onion Thrips,Thrips tabaci(Lindeman, 1888) (Thripidae)

Thrips tabaciis cosmopolitan and is an economically importarst s a number of

cultivated plants (Annecke & Moran 1982hrips tabaciis a vector of plant viruses
(i.e. yellow spot virus on pineapple) and disedbatinfest a wide range of cultivated
plants and weeds (Annecke & Moran 1982, de Villegral 1987b).

Kromnek Thrips/Cotton Bud Thrips/Blossom Thripsankliniella schultze(Trybom,
1910) (Thripidae)

Frankliniella schultzeihas a wide range of host plants and are primdiawer
feeders. This species is a significant vector ariinek disease of tobacco and tomato
plants, caused by the same virus, tomato spottéédTwspovirus and yellow spot
virus on pineapple (de Villierst al 1987b, Petty 2001).

Aeolothrips brevicornigBagnall, 1915) (Aeolothripidae)

Aeolothripsspp. are commonly known as banded-wing thrips. Ad@othrips which
make up approximately half the species in the fagolothripidae, are beneficial,
predatory thrips preying on pest mites and othepshspecies. Adults and larvae are

usually found in flowers, and the larvae drop b# plant to pupate on the soil.
Species from the families Aeolothripidae, Phladpidae and Thripidae are

predominantly beneficial predatory thrips. Preyludes pest mites, other thrips

species, scale insects (Hemiptera: Coccidae) aeddags (Hempitera: Tingididae).
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Although thrips causing the most damageCtdbaccatunplants was not assigned to
any particular species, the scouting data showatdhite a considerable amount of

guantifiable damage occurred.

3.8.2 Results

3.8.2.1 Comparison of the presence or absencestfgpecies caught using different

trap types

The thrips catch from the Yellow Bucket Funnel Tregs excluded from all analyses
because it was impossible to count individuals \aitly accuracy as some of the trap
catches had become wet during rains. After coligcéind drying the catches in petri
dishes in an incubator, thrips adhered to otheedtss most especially the more
pubescent Hymenoptera, Coleoptera and Lepidopldrere were also many loose
scales from the Lepidoptera in the catch, makirey dbunting of individual thrips
virtually impossible.

Therefore presence or absence of insects was neelaur 416 events (52 x 8) for
each of the traps (x 4) bringing the total to 1@&®%ervations. Significantly fewer
occurrences of thrips were observed using the Sehsip as compared to the Yellow
Card, Mediterranean Fruit Fly and False Codling Moaps ¢°= 369.4, 3 df, p <
0.001) (Table 3.14).

Table 3.14Log-linear analysis for thrips observed frequenmgsence or absence by

traps.
Yellow Delta Traps
Yellow Card Sensus Trap  Total
MFF FCM
Absent 78 105 98 309 590
Present 338 311 318 107 1074
Total 416 416 416 416 1664

Thrips were only present 107 times in the Sensap ©ut of 416 observations.
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3.8.2.2 Comparison of the numbers of insects caaigiuing the different trap types in

the lands

As mentioned earlier in this chapter, the YellowcBet Funnel thrips trap catch was

excluded from all analyses. The frequency distrdng of thrips across the lands were
significantly different > = 1004.1, 21 df, p < 0.001, Fig. 3.25). Signifitgrmore
thrips were caught in Yellow Card Traps on IR,V& 1 and VS 2 than on the other

lands (Table 3.15). It is also evident that acraédands significantly fewer thrips

were caught in the Sensus Traps.

Table 3.15Thrips observation frequency and percentages dpstby lands.

Yellow Delta
LAND Yellow Traps Sensus  Total # Row
Card MFEFE FCM Trap Insects Totals

BR 759 396 341 54 1550

Row % 49.0 25.5 22.0 3.5 100%
Column % 9.2 11.3 11.4 5.6

IR 1381 336 384 195 2296

Row % 60.2 14.6 16.7 8.5 100%
Column % 16.8 9.6 12.9 20.2

VR 873 454 176 138 1641

Row % 53.2 27.7 10.7 8.4 100%
Column % 10.6 13.0 5.9 14.3

BS 581 238 307 18 1144

Row % 50.8 20.8 26.8 1.6 100%
Column % 7.1 6.8 10.3 1.9

IS 1425 515 482 124 2546

Row % 56.0 20.2 18.9 4.9 100%
Column % 17.3 14.8 16.1 12.8
VS1 1017 654 445 378 2494

Row % 40.8 26.2 17.8 15.2 100%
Column % 12.3 18.7 14.9 39.2
VS 2 1118 616 515 23 2272

Row % 49.2 27.1 22.7 1.0 100%
Column % 13.6 17.7 17.3 2.4
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LMS 1085 280 335 35 1735

Row % 62.5 16.2 19.3 2.0 100%
Column % 13.2 8.0 11.2 3.6

Column Totals 8239 3489 2985 965 15678

Column % 100% 100% 100% 100%
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Figure 3.25Mean number of thrips caught for all eight landsotighout the study

period, showing trap effect.

3.8.2.3 Total number of thrips

The total number of thrips (15678 individuals) reee@d from the traps during the

course of the year, for each of the eight landshawvn in Fig. 3.26.
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Figure 3.26 Total number of thrips recovered from traps thraugtthe study period

for each land.

The study period of 52 weeks was divided up inteqdal periods (cf. Section 3.2).
Means and standard errors of the number of thripglet during each period were
calculated over each of the eight lands (Table)3.Bér graphs plotting the means
and standard errors of each insect pest per lanebfth of the eight lands are given in

Appendix 5.
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Table 3.16Thrips means and standard errors over four pefardsl lands.

BR IR VR BS IS VS1 VS 2 LMS
Period Mean S.E. Mean S.E. Mean SE. Mean S.E. Mean SE. Mean S.E. Mean S.E. Mean S.E.
1 60.77 16.85 100.46 27.86 116.23 32.24 49.85 13.82 102.69 28.48 106.54 29.55 85.38 23.68 67.00 18.58
2 19.08 5.29 3292 9.13 10.00 2.77 27.08 7.51 4892 1357 26.31 7.30 30.23 8.38 2285 6.34
3 10.92 3.03 954 265 0.00 0.00 11.08 3.07 10.77 299 692 192 869 241 392 1.09
4 28.46 7.89 3369 934 000 0.00 0.00 0.00 33.46 9.28 52.08 14.44 50.46 14.00 39.69 11.01

Period 1 = 21/11/05-19/2/06; 2 = 20/2/06-21/5/06; 3 = 22/5/06-20/8/06; 4 = 21/8/06-19/11/06
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3.8.2.4 Comparison of the numbers of insects caagiuing the different trap types by

ratooned and seedling lands

The Yellow Card, Mediterranean Fruit Fly, False {ayl Moth and Sensus traps were
included in the analysis. With respect to theiatigk percentage occurrence it is evident
that in both the ratooned and seedling groupsdigaificantly more thrips were caught
on the Yellow Card Traps. The frequency distribmgioof thrips varied significantly
among the ratooned and seedling lands for all wafys significantly more thrips caught
using the False Codling Moth Trap in the seedlrantthe ratooned landg € 26.0, 3 df,

p = < 0.001, Table 3.17). The ratio of thrips wapraximately 35:65 ratooned to

seedling lands.

Table 3.17Thrips observed frequency and percentage for trgpgpe of land.

Yellow Delta
Ratooned 3013 1186 901 387 5487
Row % 54.9 21.6 16.4 7.1 100%
Column % 36.6 34.0 30.2 40.1
Seedling 5226 2303 2084 578 10191
Row % 51.3 22.6 20.4 5.7 100%
Column % 63.4 66.0 69.8 59.9
Column Totals 8239 3489 2985 965 15678
Column % 100% 100%  100% 100%

3.8.2.5 Mean total number of the four insect péstall lands over the study period

To convert weeks to calendar dates, refer to Appehd

The eight species of thrips collected during thisdg belong to three families (Table
3.18).
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Table 3.18Thrips species present @apsicumands during the study period.

Family Genus Species
Aeolothripidae Aeolothrips brevicornis
Phlaeothripidae Haplothrips nigricornis
callani
clarisetis
Thripidae Frankliniella occidentalis
schultzei
Liothrips emulatugsp.?)
Thrips tabaci

Thrips trap catches were not identified to spelges| due to time and labour constraints.
Therefore thrips numbers in this study reflecttthtal number of individual thrips caught
throughout the 52-week study period. Seasonal oecce was calculated as the mean
number of thrips per week for all of the lands tigbout the 52 week study period (Fig.
3.27).

In order to interpret the phenological data of B@7 it is necessary to briefly describe
some details of the life cycle. Thrips speciesrmaudtivoltine, often lack obligate diapause
and are polyphagous or predatory. Thrips exhilhitgh fecundity with short generation

times depending on ambient temperatures. Many apeere wholly or partly

parthenogenic (Morse & Hoddle 2006). In interprgtime seasonal phenology of the
various thrips species identified during this stualy average duration of a life cycle was
calculated from data published by Lewis (1973) Hage some nine different species.
Thrips species life cycles range from 2.1 to 7.@&kege Calculations in this study were

based on an average life cycle of 7.2 weeks (afti@e 3.8.3).

Four peaks occurred: 1) Week 9 (16-22 January);R@g6-12 February); Week 20 (3-
9 April); and Week 49 (23-29 October). Of theserfpeaaks, those taking place at Weeks
9 and 12 seem to be a double peak as they ocdunwitshort period of one another. The

peak reflected at Week 49 was purely incidentakhes lands had been ratooned or
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ploughed in and this was probably due to populatiagrations through the lands to
other host plants. The temporal occurrence of the peaks is not consistent with the
average mean life cycle of thrips. Population fhiattons were probably due to the effect

weather had on thrips activity which would affeett catches.
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Figure 3.27Weekly mean number of thrips for all lands.

3.8.2.6 Comparison in the extent of leaf damagthbgs on the lands

Records were kept regarding the extent of thrippatge caused to the leaves of the 15
plants scouted weekly throughout the 52 weeks spatiod. Damage to the plants was
assessed as a percentage of the leaves of newhgmaded in one of four categories: No
damage (0%); Low damage (<15%); Medium damage (34af@ High damage (>40%)
(Figs. 3.28-3.35).

A log-linear analysis revealed that the frequencstritbutions of the extent of leaf
damage were significantly different among the lagds 175.4, 21 df, p < 0.001, Table
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3.19). The percentages of low, medium and high damabserved on Brenthoek
Ratooned (56.5%) and Seedling (53.7%) lands and.awer Melrose Seedling land
(53.5%) were significantly higher than those ondtieer lands.

Table 3.19Extent of thrips damage (in %) caused to the leafehe 15 plants scouted
weekly throughout the 52 weeks study period.

LAND No damage % Low %  Medium % High %
Brenthoek Ratooned 43.5 17.0 25.0 14.5
Imjabulo Ratooned 63.0 16.5 14.3 6.2
Varnam Ratooned 67.0 18.2 12.6 21
Brenthoek Seedling 46.3 18.7 27.3 7.7
Imjabulo Seedling 56.7 16.4 16.9 9.9
Varnam Seedling 1 51.5 24.5 17.2 6.8
Varnam Seedling 2 52.6 18.6 16.9 11.9
Lower Melrose Seedling 46.5 19.0 20.0 14.5
All Lands 52.6 18.6 19.0 9.8

There was a significant difference in the overatribution of the leaf damage categories
(x*= 1991.4, 3 df, p = < 0.001). Significantly moremis had no leaf damage compared
to the other damage categories (52.6% no leaf dami®.6% low damage, 19.0%
medium damage and 9.8% high damage).
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Figure 3.28Brenthoek Ratooned: fortnightly thrips damage petage score.
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Figure 3.29Imjabulo Ratooned: fortnightly thrips damage peatage score.
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Figure 3.30Varnam Ratooned: fortnightly thrips damage peragatscore.
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Figure 3.31Brenthoek Seedling: fortnightly thrips damage patage score.
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Figure 3.32Imjabulo Seedling: fortnightly thrips damage pertegje score.
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Figure 3.33Varnam Seedling 1: fortnightly thrips damage petage score.
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Figure 3.34Varnam Seedling 2: fortnightly thrips damage petage score.
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Figure 3.35Lower Melrose Seedling: fortnightly thrips damamgrcentage score.
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3.8.3 Discussion

Thrips often lack obligate diapause, are multivetiand polyphagous. They have high
fecundity with short generation times and many m®&secare predisposed to
parthenogenesis (Mound & Teulon 1995, Mound & MardP96, Mound 1997, Worner
2002, Kirk & Terry 2003, Sheltoat al. 2003). It is difficult to predict the occurrenceé o

thrips with any certainty, either temporally or sally as populations tend to fluctuate
enormously (Hoddle & Robinson 2004).

Thrips life cycles vary with suborder. Species bgiag to the suborder Tubulifera lay
their eggs externally on host plant material, the@tamorphosis consists of two larval
instars and two pupal stages (Figs. 3.36A-D). Ssedielonging to the suborder
Terebrantia lay their eggs within the host plassue, have two larval instars, one
propupal and one pupal stage. Because of the vadatwon in life cycle developmental

time within and between thrips species, an averagge of the stages in the life cycles
were calculated using time scale data from Lew&8). The average time for an egg to
hatch is 4.4 days, followed by two larval stagdalimg 7 days. The propupa, pupa | and
pupa Il stages average out at 4.5 days and aduffeloty averages 34.3 days. The

average life cycle of thrips species was calculatesD.2 days, or 7.2 weeks.

Thrips feed by piercing and rasping the surfactheffruit or leaf with their mouthparts,
at the same time releasing substances which heligast the plant tissue. Liquids are
released from the plant cells which are then takeioy the thrips. Plants infested with
thrips may not be able to photosynthesize propedwy,loose a lot of water and dehydrate,

and may become prone to pathogens through the dahtsgue (Figs. 3.37A and B).
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Figures 3.36A Thrips eggsB. First instar larvaC. Second instar larvB. Adult thrips.
(Photo CreditsA. Regents University of Californid. University of Florida.C & D.
University of Florida).

Figures 3.37A & B. Thrips damage ofapsicumplants (Photo Credits: University of
Florida).
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DISCUSSION

4.1 Consolidation of findings

The aims of this study are set out in Section It.i4. hoped that by achieving these aims,
implementation of control methods can be devisecbriporating IPM practices in

managing major insect pests.

The species ofCapsicumunder cultivation was identified independently byee
specialists a€apsicum baccatumar. pendulum This information was important as the

phenology of the plant has to be taken into accadn@n undertaking a study such as this.

A total of 1415 insect specimens belonging to &osdvere collected from the dry traps.
Reference collections were prepared and identifiedenus and species level, where
possible, by specialist entomologists. An inseétrence collection has been prepared
and a database created listing insects associdie@wbaccatun{Appendix 4).

Very little was known about best practices for igaltion or about the insects and disease
associated witlCapsicum baccatumar. pendulum An extensive literature review of
both international and domestic resources proviakd little base-line information about
the insect communities of capsicums. The inseaigltaduring this study period differed
somewhat from those found in New Mexico (cf. Tabl@). New Mexico has a number of
beetles, specifically species of Chrysomelidae, hathipteran pests associated with
cultivated Capsicum The insect pests found in Tzaneen (cf. Table &rg)similar to
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those found in the Makana District with the exceptof the tephritidCeratitis cosyra,
which does not occur so far south, aeratitis rosa of which only 7 individuals were
caught during the whole study period.

4.2 Overview ofCapsicum pests in the Makana area

The Capsicumgrowers in the Makana district ratooned some efgrevious years’ lands
to see whether the crop would be economically eidolr a second season. By the
addition of this variable, this study also includedomparison between the ratooned and
new seedling lands to see whether there were dfgratices in the insect compositon
and phenology regarding type of land. Although enteol’ site would have provided

additional data, it was not essential for this gtud

Evaluations were made of the composition and dessitf the primary pest species and
how they varied over time. By analyzing the dathected throughout the study period,

the most frequently occurring insects associated @apsicum baccatunere assessed.

4.2.1 African Bollworm

The African Bollworm, Helicoverpa armigerais generally considered as the most
economically important phytophagous insect on eatéd crops in South Africa. Their
wide range of cultivated and wild host plants, higleundity, short generation time,
facultative diapause, ability to migrate over vdgtances and propensity to develop
resistance to insecticides ensures the continuedess of this insect pest. African
Bollworm populations are unpredictable in that theidence and severity of damage
caused varies on a temporal scale and between ampsegions. High value crops often
have a low economic damage threshold, thus caasmetiance on the frequent and often
heavy use of synthetic pesticides as a means dfatoRopulations oH. armigeradiffer
regionally in that they target a diverse range o$thplants, which can give rise to
misinterpretations of pest status on particulapsr@®ne of the factors limiting integrated
control programmes is that growers are dealing wittomplex of pests and methods of

control that may be incompatible (Cherey al. 2003). Natural enemies alone cannot
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combat African Bollworm populations and chemicahtol is often relied upon. In many
parts of the worldH. armigerapopulations have a propensity to develop resistanc
insecticides (Fitt 1989, Chermgt al. 2003). Up to 15 treatments per season of broad-
spectrum pesticides were sprayed on cotton in Séditica for preventitive control
measures againbL armigera(van Hamburg & Guest 1997, cited by Chestyal 2003),

the result of which was resistance to a numbensgdticides, leading to more insecticide

applications and escalating cost to the farmer (et al 2003).

A spraying programme againgt armigeraon cotton was developed in 1975 based on
scouting egg density counts, reducing the averageber of insecticide treatments for
preventitive control measures from 15 to 8 appiicest per growing season. It was later
established that egg counts were a poor indicafoth®e damage caused by larval
populations and thresholds based on egg countddeaxtessive insecticide applications
(van Hamburg 1981, cited in Chemyal 2003). A new scouting method was developed
based on larval counts, which further reduced aeerasecticide applications to 2 or 3
per season (Kfir & van Hamburg 1983). This systesulted in a 60% reduction of pest

control costs for cotton growers and still holdday (Cherryet al 2003).

Given the highly polyphagous nature of African Balrm, the total number collected
throughout the study period, using monitoring trapd scouting procedures, was not as
high as expected. However, population sizes cdardjuite considerably from season to
season. Because it has been shown that Africalw@&woh is able to complete its life
cycle on C. baccatum it would therefore be advantageous to growerscdaotinue

surveillance (i.e. monitoring and scouting) forstpest in the future.

4.2.2 False Codling Moth

False Codling Moth (FCM)Thaumatotibia leucotrejahas been recorded as a major pest
of economic importance in South Africa for morertlaacentury. A number of indigenous
and exotic host plants act as reservoirs and refdligen which False Codling Moth

populations are able to invade cultivated cropsiguthe study period, the three sites
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with the highest number of False Codling Moth aslwtere Varnam Seedling 1, Varnam
Seedling 2 and Varnam Ratooned. On this farm thezea number of mature oak trees
(potential hosts) in the vicinity of the sites whimay have been the reservoir from which
the False Codling Moth adults were lured by therpim®ne-based traps. Although a
false-positive was recorded for False Codling MothC. baccatumthey are able to

complete their life cycle in this crop. There mag preferred host plants in the
surrounding areas, but should those hosts be rain@ee destroyed by fire or cut down),
False Codling Moth could move into th@apsicumlands. Another reason for their
relative absence in a damaging capacity in the orap be because they have not ‘found’
it yet in space and time. Again, growers shouldtiome to run surveillance programmes

in C. baccatumands to monitor this potential pest.

4.2.3 Mediterranean Fruit Fly

Mediterranean Fruit FIZeratitis capitatacaused the most pod damage of the insect pests
associated witlc. baccatumMediterranean Fruit Fly also have a very extemsange of
plant hosts, both cultivated and wild (White & Hisdarris 1992). Damage by
Mediterranean Fruit Fly to commercially grown fraén reach up to 100%. Its successful
distribution is due to a number of traits. In Sodtliica Mediterranean Fruit Fly is a
year-round pest, highly phytophagous, multivolt{peoducing up to 15 generations per
year), does not undergo diapause and has a highdig. Extensive research continues
to be conducted regarding the management of Meadlitean Fruit Fly populations world-

wide, incorporating a number of control methodg ties led to many positive results.

4.2.4 Thrips

The extent of cumulative thysanopteran damagde. thaccatunfoliage, incorporating all
damage scores, was 47% throughout the study pehistl.over half of the plants scouted
throughout the study period were not affected bypsh(Table 3.19). Nevertheless,
although thrips clearly inflict damage to the ciopsmetic damage, abscission of buds,
blossoms and leaves, photosynthesis reductionadieéaft damage and reduction in pollen

yield), the precise nature and extent of such daneagyield remains uncertain. Some of
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the species collected and identified were not ghlyagous but predatory thrips. Of the
four species which are generally of primary ecomommportance, only twoThrips
tabaci (Onion thrips) andFrankliniella occidentalis (Western Flower thrips), were
collected during the 2005-2006 growing season. TDiieer species of economic
importance that were anticipatélyrips palmi(Melon thrips) and especial§cirtothrips
dorsalis (Chillie thrips), were not collected, if they dioccur. Scirtothrips dorsalis
originally from Asia is a pest on many crops inchgdpeppersThrips palmibecame a
major pest on curcubits and solanaceous cropspganJa 1978 and rapidly dispersed

internationally causing severe economic damage (Md997).

Thrips adapt to a wide range of environments apdoaedisposed to an invasive lifestyle
which helps increase their distribution. The susfidsestablishment of thrips is due to a
number of biological and behavioural traits: theg polyphagous, multivoltine, have a
high rate of fecundity with short generation timefien lack obligate diapause and many
species are parthenogeneic. Thrips are also veofansmerous pathogens and viruses
including the tomato spotted wiltospovirus Thrips populations radically fluctuate and
are difficult to predict. Control of thrips populans is problematical. Natural enemies are
usually generalist predators that prey on a nurobarthropods. Parasitoids are usually
specific at subfamily level and cause only a lowele of mortality. Fungal

entomopathogens rarely control populations ancetaes no known thrips viral diseases.
The application of chemical insecticides with minirmtoxic residue and no adverse

impact on natural enemies should be adopted.

4.3 Composition and phenology of insect pests

The results clearly show the seasonal changes pulg@ion densities for each of the
principal insect pests dfapsicum Each species is multivoltine and their fluctuaso

vary seasonally both within and among the pest ladipas (cf. Figs. 3.2, 3.3, 3.5, 3.7,
3.8, 3.10, 3.12, 3.13, 3.15, 3.17, 3.18, 3.24 aff;Jables 3.4, 3.8, 3.12 and 3.16).
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4.4 Economic implications ofCapsicum pests in the Makana area

For an insect to reach ‘pest status’, from a predacpoint of view, the classification
would largely be based upon the economics involirecontrolling the insect and
producing of the crop (Pedigo & Rice 2006). Manypsamers are not prepared to accept
damage or blemishes on market produce, whethes ipurely superficial or not.
Insecticide residues are also not acceptable tdotted consumer and many countries
importing produce have stringent criteria regardimggcticide residues which are strictly
enforced. Insecticide applications are detrimetdgbests’ natural enemies because few
insecticides are target-specific. There is alsadated risk of pests developing resistance
to insecticides through natural selection, whicly i@ achieved by a mutation in a single
gene within a population (Hemingway al 2002, Pedigo & Rice 2006). The accidental
introduction or dispersal of a resistant pest sgeohay be facilitated through natural
migration or human transportation (i.e. export prcg) over a large area in a relatively
short period of time (Denholet al 2002).

The timing of control measures often relies on eteing thresholds. An accurate
assessment of pest populations and calculatingnpalteyield losses will help to
determine when control measures should be implesdetinfortunately, a quantitative
measure of damage to plants and fruit in this stoolyld not be related to the total
number of the four predominant insect pests. Algoinfestation of fruit on the plants
was recorded for each of the sites throughout thdysperiod, a system to quantify
damaged fruit, which was pre-sorted and left inlé#mels by the picking crew, was not in
place. Further sorting was undertaken at the psinggactory and here too, there was no
system in place to record rejected fruit. Fruiestation levels need to be determined and
recorded both in the lands and at the factory foutate loss of yield and economic
threshold levels. This would be especially valuabin regard tcCeratitis capitata The
economic implication of establishing these thredhas enormous. Costs of insecticide

applications and day-to-day farming expenditurdate significantly reduced.

It is evident from Tables 4.1-4.3 that there weoesignificant differences per hectare in

the extent of damage between type of land (i.eoorsgd and seedling). Thus, the
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economic solution for the grower is simply relatieddifferences in input costs (i.e.
fertilizer, herbicides, insecticides, labour, rumpicosts and transport), associated with

the seedling and ratooned lands.

A cost analysis was undertaken to establish theauo@ loss given certain percentages
of damage for the 2005-2006 season. The pricegpoeoft fruit was R2800.00. The mean
number of pods per plant was calculated as 86 (a0t sampled and the mean total
pods calculated). These calculations were baseti@premise of 24700 plants planted
per hectare (spacing of 45 cm between plants aBdnlbetween rows). The average
number of pods per crate was calculated as 909 cFaiks of fruit weigh an average of
10 kg (this is excluding tare of the crate, whish2 kg). Insect-induced pod loss is
unevenly distributed among lands when adjusted @erahectare basis as is apparent
from Tables 4.1-4.3. The proportion of rejecteditfrat the factory was 15%, which
included pods rejected mainly on cosmetic groungsh sas colour and size, and to a
lesser degree damage or infestation by insectsD{wcan, pers. comm.). Given the
average percentage rejection rate at the factord566, damage during the 2005-2006

season would probably have been between 20 and 30%.
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Table 4.1Total weight (metric tons) should there be no dagnag

Lands Size (hectare) 0% Damage 95% Confidence interval
Total Weight Lower 95% Upper 95%
Total lands 13.23 310.34 293.65 327.04
BR 3.00 70.37 66.59 74.16
IR 0.60 14.07 13.32 14.83
VR 3.00 70.37 66.59 74.16
BS 2.00 46.92 44.39 49.44
IS 0.38 8.91 8.43 9.39
VS1 2.00 46.92 44.39 49.44
VS 2 1.50 35.19 33.29 37.08
LMS 0.75 17.59 16.65 18.54
Ratooned 6.60 154.82 146.49 163.15
Seedlings 6.63 155.52 147.16 163.89

Table 4.2Total possible income (South African Rands) shalite be no damage.

Lands Size (hectare) 0% Damage 95% Confidence interval
Total Possible Income Lower 95% Upper 95%
BR 3.00 197044.37 186445.10 207646.25
IR 0.60 39408.87 37289.02 41529.25
VR 3.00 197044.37 186445.10 207646.25
Total ratooned 6.60 433497.62 410179.22 456821.75
BS 2.00 131362.91 124296.73 138430.83
IS 0.38 24958.95 23616.38 26301.86
VS1 2.00 131362.91 124296.73 138430.83
VS 2 1.50 98522.19 93222.55 103823.13
LMS 0.75 49261.09 46611.28 51911.56
Total seedlings 6.63 435468.06 412043.67 458898.22
Total production 13.23 868965.68 822222.90 915719.97
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Table 4.3 Loss of income(South African Rands) per land given damage at 5%

increments.
Lands Size (hectare)  Lost income per 5% increment in damage
Average 95% Confidence interval
Lower 95% Upper 95%
BR 3.00 9852.22 9322.26 10382.30
IR 0.60 1970.44 1864.45 2076.46
VR 3.00 9852.22 9322.26 10382.30
Total ratooned 6.60 21674.88 20508.97 22841.06
BS 2.00 6568.15 6214.84 6921.54
IS 0.38 1247.95 1180.82 1315.09
VS 1 2.00 6568.15 6214.84 6921.54
VS 2 1.50 4926.11 4661.13 5191.16
LMS 0.75 2463.05 2330.56 2595.58
Total seedlings 6.63 21773.41 20602.19 22944.91
Total production 13.23 43448.29 41111.16 45785.97

Bearing in mind that 5% increments represent a-20iproportion, this may be useful in
designing a scouting programme to establish damage plant-to-plant and individual
land basis. Twenty random pods, from various lee¢lhe plant, could be individually

inspected for damage and a proportion of damageledtd.

Modern agricultural practices have brought abomesonajor changes in the agricultural
industry, not all of which have been constructiManocultures, where a single crop is
grown over a large tract, have led to diminishedediity in the flora that provides
suitable habitats for beneficial insects. If thepcrs under irrigation, this will encourage
pest population growth because a food source igiged over a longer period of time.
Cultivars have been developed to improve yieldsjbaome instances, the production of
secondary chemical defensive compounds are inahtBrtreduced or bred out of the
plants (Harborne 1986). Natural defences of thatplare weakened, making the plants

more susceptible to pests.
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4.5 Pest control strategies in general

Preventative strategies within an IPM framework.(the use of pesticides, biocontrol,
monitoring, trap cropping) are implemented withoefierence to pest population sizes,
whereas remedial strategies, primarily the appboabf pesticides, are based on the
calculation of an economic injury level (EIL). Witegard specifically to th€apsicum

baccatumcrop, preventative measures are more practical tbaedial strategies, given
the fact that once a pod is damaged it is worthl@éerefore no EIL's need to be
calculated for African Bollworm, False Codling Matih Mediterranean Fruit Fly damage
to C. baccatumHowever an EIL could be calculated for damagesediby thrips, which

targets growth stages of the plant as opposed d@oother three insect pests which

primarily damage and destroy the pods.

4.5.1 Surveillance programmes

It has been reiterated throughout the literatue¢ #itouting and monitoring go hand-in-
hand, as both are equally important aspects oedlance. Surveillance programmes are
used to determine whether pests are present, amiotade an estimate of the size,
distribution and dynamics of their populations (iged& Rice 2006). Insect pest surveys
entail collecting information about an insect p@ign at a particular time within a given
area. The survey may be conducted over a growiagoseor at a specific stage of the
pest’s life cycle (Higley & Peterson 1994). Thelbgy and ecology of the pest needs to
be understood and too often the complete naturstodyi, which is an important
component of applied science, is ignored (Walted3}0Quantitative surveys are used
where the abundance of pest populations are sampldishe and space and future
population trends and possible damage can be asdcubnd appraised (Pedigo & Rice
2006). A quantitative estimation of the populataemsity can be estimated by sampling
according to statistical principles.

Silverstein (1990) established the major causedaiture in past large-scale field tests,

which are also applicable to small-scale field wak insufficient knowledge of insect

behaviour; b) inadequate definition of chemical ocmmication systems; c) high

119



population density; d) insufficient resources; mddequate pheromone formulations; f)
improper distribution of traps or release sourggsnvasion of insects from outside the
test area; and h) poor timing. These aspects mebkd tonsidered when conducting field

work.

The method adopted was of considerable importancdetermining the surveillance
programme and type of traps to use to monitor ing@pulations. A surveillance
programme needs to be specifically developed fmopping system. If the methodology
iIs simply adapted from another crop, this couldlwesdd to generalisations being made
predicated on false assumptions. Many factors iied towards creating the
surveillance programme, including which traps weest suited for monitoring and how
many plants per site must sampled to obtain statlkt rigorous data. The scouting pilot
trial established the number of plants per sitdb@osampled (cf. Section 2.2.3). The
number of sampling techniques was also statisyicailalysed, reducing the techniques
employed from six to two. Both calculations werealuable as they provided parameters
in which to work and proved to be both labour- &inte-saving, and most importantly,

were completely supported statistically.

4.5.2 Intervention strategies

4.5.2.1 Cultural control methods

Agronomic practices to reduce the occurrence oédhpests in a variety of cropping
systems include manipulation of planting times armp composition, planting of early-
season hosts to attract and entrap the first geémeraultivation of stubble, destroying
crop residues and removing or manipulating altéraatosts. Cultural control methods
may include environmental manipulation, making ketbi attractive to natural enemies,
providing additional resources such as nectar amwtlerp producing plants or

supplementary food sprays to boost natural enemyival, fecundity, longevity and

behaviour thereby increasing their effectivenessliset al 2000).
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In trying to establish some measure of control tfe four insect pests, one aspect is
constant throughout, that of land sanitation. Albgped fruit should be collected and
destroyed on a regular basis (i.e. by burying tiseasded fruit or putting it through a

hammermill) (Grové 2001). This will help to redub@ther infestation of the crop.

However sanitation alone is not effective as ingsests may invade the lands from
surrounding areas (e.G. capitatg. Cultivating between rows and hoeing betweentplan
to eliminate weeds not only removes possible aitara hosts but also loosens and turns

the soil over, enabling natural enemies to acaesaé and pupae.

Identification and possible removal of alternativest plants aroun€apsicumlands
should be considered. Three common alternate fmstS. capitatain South Africa are
bugweed $olanum mauritianuin wild growing guava trees and bramble (Grové 2001
A research study, conducted by Cockburn (2007 ntified a number of host plants in
the natural vegetation surroundi®®y baccatumlands on Varnam Farm. Plants from
indigenous thicket, weeds and invasive alien sgewiere collected and identified. The
most probable indigenous host plant species wédagpephyllum caffrum(Bernh.)
(Anacardiaceae),Clausena anisata(Willd.) (Rutaceae), Sideroxylon inerme(L.)
(Sapotaceae) andlea europeasubspeciesfricana (L.) (Oleaceae). Alternative weedy
host plants included variou&olanumspeciesOpuntia species an®assiflora carerulea
(L.) (Passifloraceae). Plants attractiDgcapitataparasitoids and predators can be grown

on the perimeter of the land or even intersperséudmthe crop.

Greathead & Girling (1989) suggested that by makmgrovements to cultural control
in traditional farming, aimed at conserving andamding natural enemy populations, the
prospect of biological control dfl. armigerain Africa would be very favourable. It has
been shown thatl. armigeraparasitoids are associated with certain food plaartd this
affects the pest mortality rates in different cnogpsystems (van den Besj al. 1990,
van den Berg & Cock 1993).

Management of pests using cultural control methisdsiot always possible. Thrips
population numbers are reduced to a degree bydimmwval of weeds and other host
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plants from lands and surrounding vegetation. Harahese methods, together with
planting cover crops, windbreaks and modifyingagk practices have been largely

ineffective in controlling thrips populations (Geset al 2002, Hummeeét al. 2002).

4.5.2.2 Biological control

Biological control is the use of a pest speciesura predators, pathogens or parasitoids,
which are often highly species-specific, to brirfgpat control rather than relying on
synthetic insecticides (Davies 1988, Kogan 1998)r Example, Pellet al. (1993)
conducted a study dispersing the pathogeophthora radican8refeld. (Zygomycetes:
Entomophthorales) using a diamondback md®ytella xylostellaL. (Lepidoptera:
Plutellidae) pheromone-based trap. Rather thamtizentrolled application of synthetic
insecticides, some alternative means of pest cootnad be considered within an IPM

framework.

Due to the phylogenetic differences among the fosect pests under discussion and the
fact that some of the natural enemies are spepsfg, each of the four pests are

considered separately in this section.

A. African Bollworm

Without the application of pesticides, natural cohof Helicoverpaspecies is inadequate
in preventing economic damage to many high valops(Fitt 1989, Bedfordt al 1998).
Predator numbers do not reach the densities retjtoreontrolH. armigerapopulations
(Fitt 1989). Generalist predators associated witharmigera in different cropping
systems in Africa have been studied by van den Bead. (1988), van den Berg & Cock
(1993), Watmough (1991, cited in Chesgtyal 2003), Watmough & Kifir (1995) and van
Hamburg & Guest (1997, cited by Chemy al 2001). Predators from Africa include
species of Anthocoridae and Reduviidae (Hemipte€@grabidae, Staphylinidae and
Coccinellidae (Coleoptera), Asilidae (Diptera), arespidae, Eumenidae, Sphecidae and
Formicidae (Hymenoptera) (van den Beeg al 1988). However further studies
conducted in South Africa by Watmough (1991, cite€Cherryet al. 2003), Watmough
& Kfir (1995) and van Hamburg & Guest (1997, citedCherryet al 2003) produced an
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even more comprehensive list of predators, inclgidin mouseMastomys natalensis
(Smith), as an important pupal predator. Therenar@ecords of introductions of exotic
predators to Africa. Predators are not normallytdspecific, which would be a limiting

factor with regard to the possible importation wbtc species (Cherrgt al. 2003).

Studies on the natural enemies Hbf armigera have mainly concentrated on egg and
larvae parasitoids. The wasfglenomus ullyetiNixon (Hymenoptera: Scelionidae), is an
egg parasitoid specific téd. armigera whereasTrichogrammaspp. (Hymenoptera:
Trichogrammatidae), also an egg parasitoid, haweide range of lepidopteran hosts
(Cherryet al 2003) (Fig. 4.1). According to Fitt (1989), soffchogrammatoideapp.
and Microplitis demolitor (Hymenoptera: Braconidae), which target the earbtars,

provide some level of control.

Larval parasitoids predominantly belong to the fawsi Ichneumonidae, Braconidae
(Hymenoptera) and Tachinidae (Diptera). Most ofnthattack a range of host species,
although five braconid wasps of the gel@emrdiochileshave been recorded only éh
armigera(Cherryet al 2003). Effectiveness of larval parasitoids isegatly minimal as,
although the rate of feeding is diminished, thet h®sot killed until the final instar or
pupal stage when considerable damage has alreadychesed (Fitt 1989).

Figure 4.1 Trichogrammaspecies, egg parasitoids bielicoverpa armigera (Photo

Credit: Denis Crawford, www.bugsforbugs.con).au
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With regard to abundance and action of natural éagnpolycultures are preferable to
monocultures. This is also consistent with ecolagtbeory, where predictions are that
insect pests find host plants more readily in a @coiture cropping system.

The introduction of exotic parasitoids does notalgvhave positive results. It is difficult
to establish the impact of egg parasitoid$dasrmigeraeggs have a naturally high rate
of mortality. Numerous unsuccessful attempts haenlmade at biological control éh
armigera in South Africa through the introduction and augtaéion of exotic and

indigenous larval parasitiods (Chegtal 2003).

Greathead & Girling (1989) state that classicaldgiral control measures do not seem
promising because of the highly favourable treitarmigerapopulations possess to be a
successful insect pest (i.e. the high degree o¥ypbalgy, ability to adjust to the
seasonality of their habitat and their mobilityuginentation of natural enemies may be
possible in the long term and should be appliedomjunction with the judicious use of
selective pesticides, effective sampling and meimitgpprogrammes to determine action
thresholds, and the development and conservatitreméficial insect populations. Often
natural enemy populations are unable to resporigetonobility and high fecundity dl.
armigera Asynchrony betweehlelicoverpaspecies and their natural enemies is one of
the major components limiting the effectivenesaatiral control (Fitt 1989).

B. False Codling Moth

Predators includ&hinocoris albopunctatuéStal) (Hemiptera: Reduviidae) a@tius sp.
(Hemiptera: Anthocoridae) (Newton 199®heidole megacephalé-.) (Hymenoptera:
Formicidae) that attack pupating larvae (Steyn 1@%d in van den Berg 2001), and
shrews (Mammalia: Soricidae) that are believedetdfon pupae (Omer-Cooper 1939,
cited in van den Berg 2001).
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Gunn (1921) found that egg parasitism is irregiraitrus and guava orchards and that it
only increased only from January or February. Mas later confirmed by Catling &
Aschenborn’s (1974) report th@tichogrammatoidea cryptophlebiadagaraja (Hutea
Girault) (Hymenoptera: Trichogrammatidae) an eggagitoid, increased in numbers
from January onward€Chelonus curvimaculatu€ameron (Hymenoptera: Braconidae)
was reported as an egg-larval parasitoid (Seari4,18ited in van den Berg 2001,
Broodryk 1969). Numerous other larval parasitoids/eh been recorded in southern
Africa, specifically Apophua leucotreta Wilkinson) (Hymenoptera: Ichneumonidae),
Agathis bishopi(Nixon), Agathis leucotreta(Nixon), Bassussp. andPhanerotoma
curvicarinata Cameron (all Hymenoptera: Braconida€xycoryphe edaXVaterston
(Hymenoptera: Chalcidoidea), and an unidentifiechitaid fly (Diptera: Tachinidae)
(Newton 1998, van den Berg 2001). Annecke & Mora@8@) state that even though
Trichogrammatoidea cryptophlebias an abundant natural enemy and egg parasitoid of
T. leucotreta the rate of parasitism is achieved too late i $leason to significantly

reduce populations.

Biological control has been attempted by releasiagt numbers of. cryptophlebiaen
citrus orchards at Citrusdal, Western Cape, Souilicad A parasitoid mass release
programme, when used in conjunction with stricthard hygiene, suppressed the high
level of infestation ofT. leucotreta(Schwartzet al. 1982, cited in van den Berg 2001),
but numerous parasitoid releases have been undertakh variable and sometimes
unsatisfactory results. Classical biological contforl . leucotretadoes not seem viable at
present, and given information on the distributadnits natural enemies, the prospects
seem poor (CIBC 1984).

C. Mediterranean Fruit Fly

Parasitic Hymenoptera, especially species of thiin@g (Braconidae), attack larvae and
puparia of fruit-associated tephritids (ChristengriFoote 1960, Wharton & Gilstrap
1983). Other parasitoids are Chalcidoidea (Whit&l&n-Harris 1992)Opius concolor
(Braconidae) (Annecke & Moran 1982ppius humilis(Braconidae) (Du Toit 1998),
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Psyttalia concolorand Psyttalia humilis (Braconidae) (Grové 2001) antrichopria
capensigDiapriidae) (Annecke & Moran 1982). Whartehal (2000) reported the most
notable of the parasitic Hymenoptera belong to fémilies Braconidae, Chalcididae,
Diapriidae, Eulophidae, Eupelmidae, Eurytomidaegitleiae, Ichneumonidae and
Pteromalidae (Clausest al 1965, Whartoret al. 1981, Hoffmeister 1992).

Birds and rodents have been shown to account far higher level of larval mortality
than invertebrate predators and parasitoids (Dr&&7)l Pupae are also targeted by
predators and parasitoids. Ants are efficient piiwdaWonget al 1984) and are able to
inflict a reasonable measure of mortality on tequhpupae. Other ants includheidole
megacephaldabricius and the fire arffolenopsis geminataabricius, which are al<.
capitata predators (Hodgsoat al 1998). Bateman (1972) identified other invertébra
predators: Carabidae and Staphylinidae (Coleoptetayysopidae (Neuroptera) and
Pentatomidae (Hemiptera). Hodgset al (1998) reported that by loosening the soil
surface, ant predation and movement is increasqulpae become more exposed thus
increasing predation and mortality rates. Soilutisances caused by farming practices
(i.e. cultivating and manual hoeing), present add#l opportunities for predators and

parasites (i.e. birds, ants, beetles and waspanea few).

Fopius arisanusSonan, (Hymenoptera: Braconidae) was establishetlawaii as a
biological control agent for fruit fly and is regd as one of the most successful
biological control achievements (Lopetzal 2003). Another braconid parasitolhpius
ceratitivorusWharton, was discovered during preliminary surveysa biological control
programme on coffee berry borer. This recent disppdemonstrates the necessity for
more extensive research on the natural enemi€s ofpitatain Africa (Whartonet al
2000). Unlike other biological control parasitoiés,ceratitivoruswas collected fronC.
capitatain east Africa, its purported region of origlopius ceratitivorusoviposits into

C. capitataeggs and recently hatched larvae, and compleie deselopment in the
host’s puparia. Their ability to parasitise eggd aarly instar larvae is a valuable trait in

biological control agents. However, some parasg@de generalists and may attack a
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number of insect species. This may be a ‘doubleddgword as limiting attack to
targeted pests is not possible (Sivinski 1996).

D. Thrips

One of the factors adding to the establishmentgfsauccessful invasive species in newly
colonised regions is that their natural enemies (redators, parasitoids, parasites and
pathogens) may not move with the population or imaybsent from the new ecosystem
(Keane & Crawley 2002, Shea & Chesson 2002, Torehatl. 2003).

The natural enemies of thrips are mostly generglretdators (i.e. predatory thrips
(Franklinothripsspp.) and phytoseiid mitedéoseiulusspp.), that prey on a number of
arthropods (Hoddlet al. 2004, Hoddle & Robinson 2004). Other predatortushe green
lacewings ChrysopaandChrysoperlaspp. (Chrysopidae), minute pirate bu@sius spp.
(Hemiptera: Anthocoridae) andMacrotracheliella nigra Parshley (Hemiptera:
Anthocoridae), predatory miteEuseiusspp. (Phytoseiidaédmblyseiuy Anystis agilis
(Banks) (Anystidae) andEuseius tularensis Congdon (Phytoseiidae). Fungal
entomopathogen$Jeozygitespp. (Neozygitaceae) ankkrticillium spp. (Hypocraeceae)
rarely control thrips populations even though saarne uniquely associated with thrips
(i.,e. Entomophthora thripidum(Entomophthorales: Zygomycetes) ardeozygites
parvispora (Entomophthorales: Zygomycetes) (Butt & Brownbedd997). Various
hymenopteran egg parasitoiddegaphragma spp., Megaphragma mymaripenne
Timberlake (Trichogrammatidae), larval parasitoi@sranisusspp. (Eulophidae) and a
larval endoparasitic wasphripobius semiluteuBowek (Eulophidae) have a tendency to
be specific at subfamily level but rarely to gerarsd generally only low levels of
mortality are caused (Morse & Hoddle 2006, Dreis&tdal 2007). Parasitic nematodes
specialising on thrips,Thripinema spp. (Tylenchida: Allantonematidae) will delay
oogenesis in females although growth rates do bt and it is uncertain as to whether
control of field populations can be achieved bysthevormgLoomanset al. 1997, Limet

al. 2001). No viral diseases of thrips are known (Ma%sHoddle 2006).
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Although beneficial insects are used as biologahtrol agents for thrips species,
control using this technique is limited (Parrella l&wis 1997, Neuenschwander &
Markham 2001, Hoddlet al 2002, Hoddle & Robinson 2004, Morse & Hoddle 2006
may be more advantageous to preserve and estggmiiations of natural enemies as
part of an integrated pest management programme.rdte of insecticide applications
need to be reassessed and the possibility of smgdb products with little or no toxic

residues or adverse impact on natural enemy popusatonsidered.

4.5.2.3 Bioinsecticides and Pathogens

The use of biopesticides is becoming more freqaanturther research is undertaken.
Christianet al (2005) carried out the first comprehensive figldl using Helicoverpa
armigera stunt virus (HaSV) (Tetraviridagdmegatetravirus as a control agent in a
sorghum cropping system. Results showed a redudtid@0% in larval populations in
sorghum, indicating that HaSV can be utilized as edfective control measure.
Helicoverpa armigeranucleopolyhedrovirus (HearNPV) (Baculoviridae) hagen shown
to have a major impact on both damage and fruit @olcitrus (Mooreet al. 2004).
Research using HearNPV isolates in Africa is lighjtalthough Roome (1975) conducted
comprehensive trials on sorghum and cotton in Batew Control and efficacy on cotton

was marginal, but long-lasting control and highoaffy was attained on sorghum.

Van den Berg (2001) reported that a funddsauveria bassiandas often been recorded
from T. leucotretgpupae found in leaf litter. Schwartz (1981, citedan den Berg 2001)
observed that an unidentified granulovirus infeced destroyed. leucotretalarvae in
laboratory cultures. These two findings have ftatid the development of alternative
means of control. Moore (2003) developed and ewatua biological control agent,
Cryptophlebia leucotretagranulovirus (CrleGV) for management df. leucotreta
populations on citrusThaumatotibia leucotretéemales oviposit throughout the period
when a host plant bears fruit (Newton 1998). Eggsralatively small, translucent and
flat and are laid singly which makes scouting difft. On hatching the larva bores into

the fruit within a few hours, depending on touglmes$ the fruit. Therefore the time
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window within which to target the neonate larvaed asubsequent larval instars, is
extremely limited as it is an internal fruit feedér granulovirus has been developed by
Cirtus Research International (Pty) Ltd from a nalty-occurring indigenous pathogen,
Cryptophlebia leucotretagranulovirus (CrleGV-SA), and is commercially pooed by
River Bioscience (Pty) Ltd and registered for use a@trus in South Africa as
Cryptogran™. The product is sprayed onto the cnop B leucotretaneonate larvae
ingest the virus particles while boring into thaitr The particles are absorbed through
the microvilli of the midgut and replicate. Thewsrinfects the larva’s entire body, causes
cessation of feeding and the larva exits the &od in due course dies. The integument of
the infected larva eventually ruptures, releasinglians of virus particles into the

environment where other larvae may be infected.

Although Cryptogran™ is currently registered foeum citrus, research determining its
application on other economically important cropspresently being conducted. Two
applications of Cryptogran™ per season in citruihards are recommended; the first to
coincide with the initial major peak if. leucotretawhich occurs around December in
South Africa; and the second application 3-4 wgwksr to harvest. Two years’ worth of
data has been collected from field trials on avosadahich will soon be included in the
registration for the use of Cryptogran™. Laboratioigls have been conducted on grapes
and plums and formal field trials for grapes, anosgibly also persimmons and
pomegranate, are planned. Although registrations do& presently include avocado,
grape, litchi, persimmon and pomegranates, somenmnial growers have used
Cryptogran™ on these crops, albeit without Riverodgience (Pty) Ltd's

recommendation (Moore pers. comm. 2007).

Entomopathogenic fungi have been evaluated as entpalt IPM tool against injurious
insect pests. Ekesi al. (2002) conducted laboratory trials where a hightadiby rate of

C. capitata C. rosaandC. cosyrapuparia was achieved using entomopathogenic fungi,
Metarhizium anisopliaendBeauveria bassianavhich led to a significant reduction in
adult emergence. However fungal entomopathoger$yreontrol thrips populations and

there are no known thrips viral diseases.
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A commercial formulation of Neem, a plant-deriveidisecticide, was tested dd.

capitatato determine its effect on fecundity and longevitgboratory tests showed that
the Neem compound significantly reduced fecundityiriierfering with oogenesis and
resulted in sterility ofC. capitatafemales (Di llioet al 1999). Although some organic
farmers use dried chilli powder to discourage petts method for doing this is not

published.

Baculoviruses are a widely studied group of ingethogenic viruses, which are often
species-specific. They have been used, in particola lepidopterous pests as control
agents and have no known adverse ecological othhetiects (Davies 1988). Casida &
Quistad (1998) reported that effectiveness of adulses is limited because of their
photosensitivity and slow action. The use of a glawirus as a component of Integrated
Pest Management has many advantages: it is spgmesic; chemically there are no
harmful effects to natural enemies, humans or tindrenment; it is compatible with
chemical control programmes; no pre-harvest interaae required, and there are no
residual chemical effects. Research in these draageen and is still being conducted
and the use of baculoviruses form an integral gigoest control.

4.5.2.4 Pesticides

As producers become more aware of the benefit®®f programmes, a shift is being
made towards a more holistic approach to pest neameagt resulting in a decrease in
frequency and number of insecticide spray appbecati The implementation of

restrictions by government bodies in some counthias lead to the reduction, and in
some instances banning, of particular insecticidesl to control pest populations (i.e. for

African Bollworm which has developed resistanca tange of pesticides).
Monitoring pests is an integral part of an effegtigontrol strategy, and crucial in

determining population build up and pest preseim®mnomic thresholds are yet to be

determined for some pest (i.e. Tephritidae) poputatin different commercial cropping
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systems. A sudden increase of pest populationsarctop gives an indication of when
chemical control may be required. For chemical nto be economically and
efficiently applied, growers should maintain monitg records and information for all
previous seasons to enable them to make an infodeedion of when to apply control

measures and, if necessary, full-cover insectisptays.

There are no chemical insecticides registered lier dontrol of T. leucotretaon the

tropical and subtropical crops listed earlier @éction 3.6.1). Chitin synthesis inhibitors,
used for the control of the litchi mot@yyptophlebia peltasticawill control T. leucotreta

populations on litchi and damage to macadamia iduaged when endosulfan,
cypermethrin or cyhalothrin are used for the cdntfoPentatomidae. A mark-release-
recapture experiment was conducted using coloumgdn{van den Berg 2001) and this
showed that adults drink water. This informationugeful when looking at alternative
ways of controlling populations possibly by using ssecticide-based baiting and

pheromone-based trapping programme.

Three compounds (Malathion, Spinosad and Phloxinased in bait sprays to suppress
fruit fly populations were tested by Vargesal (2001) for mode of kill and their effect
on non-target natural enemies. Malathion kills loptact, vapour action and stomach
poisoning (Matsumura 1975). Spinosad has a lingtmttact mortality rate and mode of
kill is primarily by ingestion (DowElanco 1994). Bkine B kills by ingestion only
(Heitz 1995). From an environmental standpointjsitadvantageous to use ‘softer
insecticides'with IPM programmes and avoid the maplon of broad spectrum contact
poisons (Vargagt al. 2001). Research has been conducted by sciemtistawaii and
Texas using Phloxine B (also known as FDA-appraeeddye number 28) in controlling
C. capitatapopulations. Some insects, suchCasapitata often share regurgitated food,
which accelerates the spread of the dye-and-baiuna through the population (Thomas
et al 2001). McQuatet al. (2005) used a combination of mass trapping teagethth a
Spinosad-based bait spray, both implemented bdfoits became susceptible 1©.
capitata oviposition, and found these control componentsb® compatible with
biological control. A new Spinosad formulation, GEO, outperforms Phloxine B on a
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variety of evaluation criteria including attracthess, rainfastness, longer efficacy, it is
safe to handle and has a positive ecological agdnic profile (Barnes, pers. comm.),
and deserves serious consideratiorClypsicungrowers.

Fruit fly control in South Africa is undertaken mrrily by using a mixture of bait
(protein hydrolysate) plus a poison (i.e. Diptef@® or Malathion). The mixture is
usually applied using a tractor-mounted applicaioknapsack sprayer. However baits
loose their efficacy after approximately 1 day awd rendered ineffective by rainfall.
EurepGAP (The Global Partnership for Safe and $wdbée Agriculture) legislation is in
favour of minimising pesticide use out of conceon fiuman safety and environmental
issues. Pressure is being exerted on growers teephiat organophosphate baits which

are the foundation of. capitatabaiting programmes, and the use of Malathion.

Perimeter baiting stations can be set up to try leeep adults out or lure them off the
crop. Traps that are well designed, incorporathme dppropriate visual cues (i.e. colour
and shape) specific to the pest species, can bepsat baiting stations using female-
targeted synthetic attractants with a pesticideskigp& Heath 1998). Application of a
protein bait and insecticide mixture can also bgliepg along perimeters and to plants or
trees associated with resting and feeding areadufs rather than to the crop itself.

The development of the M3® (Quest Developments G&) station has provided the
South African citrus industry with an environmeitafriendly, non-toxic IPM tool.
Approximately 400 M3® bait stations per hectare s&eup prior to fruit colour break.
Sensus Traps are also set up for monitoring thiexindf fruit fly populations. The
majority of the M3® Traps are positioned approxietatlOm from the perimeter of the
land; a reduced number of traps are placed in #eorsel row from the edges
(representing the ‘borders’), and the remainingdrare placed in the centre. The number
of fruit fly caught in the perimeter monitoring pawere highest followed by the border
traps and traps placed in the centre. Using the N3a® station method, there are no
pesticide applications on fruit, there are no knaffects on natural enemy populations,
the traps and bait are rain-fast and there is ndacaination of groundwater systems
(Wareet al. 2003).
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Experiments have been conducted on fruit woundsaciithg C. capitata in citrus
orchards where isolated fruit are artificially waied which attracted fruit flies (Papat

al. 1989, cited in White & Elson-Harris 1992, Hendiseet al 2001). As a control
method, damaged fruit was treated with a conta&adticide or sticky substance, such as
Plantex® or Tanglefoot®, providing some means oftcd and diverting flies from fruit
which is undamaged (Papej al 1989, cited in White & Elson-Harris 1992). This,
however, would not be a very practical method aftad in aCapsicuncropping system.
Damage to certain fruit by thrips constitutes castndamage only, but this has a
negative economical impact on domestic and intevnak export markets. The damage
may look unsightly although the integrity of theifris not compromised. Because thrips
attack terminals of the plant and young fruit ateamly stage of development, damage
may only be noticed when leaves or fruit are larfprg after the population has left the
orchard or land (Dreistadét al 2007). Most thrips species are difficult to cohtr
effectively with insecticides due to their sizeymtic feeding, behavioural and biological
traits. To prevent damage, growers usually usectitsde spray programmes as a
preventative measure against thrips damage. Thpsgy grogrammes are usually

implemented early on in the season to prevent cosm@mnage.

Other chemical control methods include insect ghowtegulators, neuroactive
insecticides and respiratory inhibitors. Insectvgio regulators are modeled on insect
juvenile hormones and, under restricted conditians,extremely effective. Although the
safety of the application of these regulators w#fard to mammals is evident, they are
still limited in agricultural applications by thestow action and are only effective during
a narrow window period in the insect’s life cycléasida & Quistad 1998). Neuroactive
insecticides have been used as insecticides forpdst 50 years, and are effective,
inexpensive and contain ideal properties to overcotherwise resistant strains, however
they have a detrimental impact on the environmi@atpiratory inhibitors have played a
small role as insecticides, but they have a higlicity to fish and on other non-target
species (Casida & Quistad 1998).
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4.5.2.5Bacillus thuringiensi¢Bt) sprays

As pressure to reduce chemical application hagasad, more emphasis has been placed
on plant breeding, the use of molecular maniputlatimd the development of insect
resistant plant varieties. Genetic engineering had a vast impact on pest control
procedures and includes a number of applicatidrisas made monitoring of resistance
genes in natural populations possible. With genetigineering it is now possible to
produce insecticidal peptides and proteins andvelelthese to insects via bacterial,
baculoviral and plant systems (Davies 1988). Ptgameticists have developed cultivars
which are resistant to pests and/or diseases (K&§88). Genetically engineered crops
contain a permanent systemic insecticidggcillus thuringiensis (Bt), and have
contributed considerably to the reduction in theoant of synthetic chemical insecticide
application (Casida & Quistad 1998).

Bacillus thuringiensisBerliner (Bt) is used against lepidopteran pestsAfrica and
several subspecies or serovars are effective dgdingrmigera(Glare & O’Callaghan
2000, cited by Cherrgt al 2003). Bt has become one of the most importargnsief
controlling lepidopteran larvae in vegetable cropg/est Africa (Chernet al 2003).

Advances have been made in plant breeding and oialetechnology programmes to
manage Tospovirus diseases vectored by thrips (Kuo 1996, Culbrestthal. 2003,
Whitfield et al. 2005). Extensive research has been undertakezvalap vegetable plant
varieties tolerant or resistant to thrips, but pesg has been slow (Mollema & Cole 1996,
Bowman & McCarthy 1997, Sheltat al 1998, Alabiet al. 2003, Frekt al 2004,).

4.5.2.6 Trapping strategies

There are many different trapping strategies pated or pheromone-based, malaise,
pitfall, light), and the biology of the insect shae taken into account when choosing a
trapping method. For example, there are contradictiodings as to whether adult.
leucotretaare attracted to light traps. Gunn (1921), Catéhd\schenborn (1978) and
Begemann & Schoeman (1999) state that adult mathaat attracted to light traps.
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However Reed (1974) used black light traps to ssafady monitor T. leucotretain
cotton over a period of four years.

Pheromone and baited traps play an important noleM as they are used for monitoring
and surveillance and provide a means of early gitsiction and infestation in new areas.
Pheromone-based traps may also be treated witltticises, hormone analogs or
pathogens, which are subsequently transmitted ¢fiwrothe pest population. Sex
pheromones used in baited traps and can be eitller or female-specific depending on
the pheromone used in the lure and the biologyhefdpecies as some do not produce
pheromones. The objective of this method of tragpis to reduce the number of
reproductive sexuals as to be insufficient to naamta population and cause mating
disruption. This would depend on the biology of t{hest and whether they undergo
multiple matings. Removal of males from pest popoes, unless the ratio is
proportionately higher, is not likely to have arsiggant impact on the size of future
generations as compared to the removal of femabes the population (Foster & Harris
1997). Other pheromone trapping functions are nragping, disruption of mate-finding
or aggregation to suppress pest populations (Sieier 1981).

The pheromone-based traps proved to be very aféeati luring pest insects. However,
one of the risks of using pheromone traps is thesipdity of a false-positive catch. A
false-positive catch is obtained when insects dinatnot damaging the crop are attracted
from outside the crop area by the pheromone luthertrap, giving a positive datum that
is not relevant to the crop. In this study, a fgissitive catch was noted for the False
Codling Moth {TThaumatotibia leucotre)a Only two of the five trap types recorded
catches of False Codling Moth; the MediterranearitFly Trap and the False Codling
Moth Trap. The occurrence of False Codling Moth aimsost 100% in the False Codling
Moth Traps for all lands over the study period. Fnesence of False Codling Moth on
Mediterranean Fruit Fly Traps may have been purmetydental catches. The mean
number of adult False Codling Moth began increadmogn around week 5 (19-25
December 2005), and it was surprising that Falséli@p Moth occurred at this time as

there were no suitably sized pods for ovipositisaspnt in any of the lands. Weekly
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scouting records showed that very few False Codhtaih larvae, 47 in total, were
collected from damaged pods throughout the studpgeThe False Codling Moth false-

positive catch is a good example of why monitormgl scouting should run concurrently.

4.5.2.7 Trap cropping

Landscape structure and ecology (i.e. the spaattiem of vegetative patches, their
distribution, size and shape) affect how pestgaatewith host plants and are influenced
by size, fragmentation and connectivity of hostcpas. These factors affect the
deployment of trap crops: a) stands can be plaatednd the perimeter of the valuable
crop; b) sequential trap crops are planted eithdree or later to attract pests off the main
crop; ¢) multiple trap cropping involves plantingveral plant species simultaneously in
order to control several insect pests at once,roviging a changing variety of plant
species that are at different developmental andwviirostages that enhance their
attractiveness to highly polyphagous pest speciesthe main crop; and d) the push-pull
strategy which uses a combination of repellentrantgps and attractant dead-end crops
(Cooket al. 2007, Shelton & Badenes-Perez 2006).

Different types of trap cropping systems exist. @ead trap crops, on which insects and
their progeny cannot survive, serve as a sink &stgp Genetically engineer&acillus
thuringiensis(Bt) trap crops can be planted early on in thes@eattracting insect pests
and subsequently becoming dead-end trap crops.tiGaheengineered plants are also
effective in controlling insect-vectored pathogewkere the virus is trapped. Using Bt
crops, it is possible to use the same plant spesethe barrier crop and the protected
crop. Control of the pepper magg@pnosemata electéDiptera: Tephritidae), in bell
peppers was achieved using hot cherry pepperspasiraeter trap crop (Bouchet al
2003, cited in Shelton & Badenes-Perez 2006).

However, depending on the pest species, the ugsamtrops may not be an option. For
instance trap cropping has rarely been successipliyied againgdtl. armigera.The trap
crops may be more attractive than the higher-vatap for a brief period of time before

sequential plantings of the trap crop become nacgs$here is also the risk of the pest
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population building up on a trap crop and actin@a®ncentrated source before the trap
crop can be removed. Ideally, managemert.carmigerashould be applied on an area-
wide or regional level. In theory this suggesti@ursds practical and in a monoculture
system it may succeed, but in most parts of Afend Asia, where farms are small and
farmers grow a number of cash crops, this is priybabt feasible (Fitt 1989). When
numerous pests from several orders, families amdigp occur in a cropping system,
decisions will need to be taken on which, or hownynaap crop(s) should be grown as
not all will hold the same level of attraction tibiasect pests. The most damaging of the
pests would have to be identified and the apprtgtiap crops for those insects planted.
This would limit the efficacy of this approach somteat, but used in conjunction with

other IPM strategies, trap cropping is still a addle tool.

4.5.2.8 Push-Pull Strategy

The push-pull strategy is an effective and powdfill tool which has not yet been used
to its full potential. Push-pull strategies aimnake protected resources hard to locate,
unattractive or unsuitable to a pest by using nooistrategies (Coodét al. 2007). A
combination of IPM methods is employed to maniplat modify behaviour, causing
disruption of pest populations. Stimuli may affachumber of behavioral traits such as
normal avoidance tactics to natural enemies, ti@réaeither to locate the host crop or its
acceptance as a site for feeding and reproducsitomuli may be effective over a long or
short range. The push component uses visual amdichlecues; the chemical cues can be
synthetic or plant- or insect-derived semiochemsiaaded to affect host recognition and
selection over long ranges. These include synthefellents, non-host volatiles, host
volatiles, visual cues, anti-aggregation and alplmromones. Pest orientation may be
disrupted using host-derived volatiles. These anaally present at specific ratios, but
when ratios of some of the key volatiles are preskat inappropriate ratios, can lead to
the disorientation of insect pests. Short rangeh misategies affecting host acceptance
comprise deterring pheromones, visual cues, aatldets and oviposition deterrents. Pull
components include visual stimuli, host volatilegx and aggregation pheromones,
gustatory and oviposition stimulants (Caetkal 2007).
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Push-pull strategies also include intercropping aragp cropping. Push stimuli are
achieved by intercropping with non-host plants whicave repellent or deterrent
attributes to the target pest. It also reduces gessities in crops and provides diversified
systems which may lead to an increase in natueigrabundance and therefore higher
herbivore mortality. Trap crops are used to prevemects from targeting an
economically valuable crop by interception or thiraation of insects towards an
alternative, less valuable crop where it can bdrogsd more easily and economically
(Kogan 1998, Shelton & Badenes-Perez 2006, Gaal. 2007). Means of attraction to
trap crops can be further enhanced by using seminidals. One of the most successful
examples of trap cropping took place in Califormahe 1960s, using alfalfa as a trap
crop for Lygusbugs in cotton, which is still practiced commellgidoday (Shelton &
Badenes-Perez 2006). Stands are planted to tr@s @®a sink, in order to manipulate
pests or the pathogens they vector by attractiorgrsion, interception or retension
thereby reducing possible damage to the main @bpl{on & Badenes-Perez 2006).

4.5.2.9 Sterile Insect Techniq(®IT)

SIT which is highly specific and has no adverse&# on the environment, involves the
mass-rearing and release of sterilized males (Batf#88). Another form of genetic
control is the release of males of a subgroup whrehgenetically incompatible with the

local strain of females.

SIT is a successful means of control for a numlbgrest insects but there are, however,
numerous limiting factors when using this techniq®&T is species-specific so, for
instance there are 22 species of Tsetse fly incAfria technique would have to be
implemented for each. The determination of sexualsome species is sometimes
difficult, although in Mediterranean Fruit Fly this easy to perform. Populations of
fertile pest insects are reared in secure faglitie prevent their escape or release, before
irradiation. In February 2003 the irradiation maxgry at a facility in Mexico failed and 4
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million fertile screwworms were released before rifunction was detected. There are
also human health risks to factory workers in tHasdities.

SIT involves the irradiation of large numbers oflesarendering them sterile. These
sterile males are released masse¢o mate with females from natural populationsmn a
attempt to markedly reduce the rate of reproductRediation treatment can affect the
health of the sterilized males, placing them aisadi’antage when competing for females.
For a SIT programme to be successful, an overwingimumber of sterile males need to
be released to out-compete the males from the alapopulations. A prerequisite
however is the application of chemical control ptmmass release in order to reduce the
number of naturally occurring males thereby givihg sterile males a better chance of
mating with fertile females (Waret al 2003). The costs of breeding and maintaining
large numbers of insects for sterile insect releps®yrammes can be prohibitively
expensive and often unattainable for poorer coesitrSome governments and federal
agencies do however fund SIT programmes on a rablwasis. Possible immigration of
insect pests through adventive introductions néede monitored as there is always the
possibility of migration from populations outsideetcontrol area. Repeated releases of
sterile males are required to exterminate the fadjun.

Eradication programmes (e.g. those implementecC@atitis capitataand Cochliomyia
hominivoray, applied on a region-wide scale may include a emof environments,
which may exclude the application of insecticidplagations. These environments would
include urban and suburban locations, national fadeganic growing areas and
catchment areas. Under these circumstances it wbaldcrucial to maximise the
biological control components (Lopet al 2003). Cost effectiveness of control methods

Is potentially limiting to the commercial use oéfie systems.

4.6 ProposedCapsicum pest control strategies for the Makana area

The control of phytophagous insect populationstfi@aarly with regard to high value

crops, is not likely to be achieved through classlmological control methods alone.
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Cultural control, by manipulating the crop enviramhto conserve and enhance natural
enemies, should also form part of the IPM programmbe use of alternative
microbiological insecticides, such as Bt and HeafN&nd botanically-based treatments
can be used early in the season to suppress tta Imiild up of pest populations without
destroying the natural enemy populations. A stumlydcicted on cotton in Australia using
indigenous predators as the basic component oPEhgdrogramme in conjunction with
supplementary food sprays for beneficial insectercropping of lucerne, Bt and NPV
biopesticides and limited synthetic insecticidesydpiced yields and economic returns

equivalent to, or better than, using a conventicnabping programme (Mensah 2002).

4.6.1 African Bollworm Control Programme

African Bollworm populations were surprisingly loduring the 2005-2006 growing
season, given their notorius reputation as the rdastaging insect pest on cultivated
crops in South Africa. However, the low occurremttging this study period does not
guarantee this will always be the case. It is tloeee suggested that a surveillance
programme, including both monitoring traps and $ogy be implemented and

maintained for all subsequent seasons.

4.6.2 False Codling Moth Control Programme

During the 2005-2006 study False Codling Moth papahs were not deleterious to the
C. baccatumcrop. A false positive was recorded as adults watteacted to the
pheromone-based monitoring traps placed in theslaardl only very few larvae were
present in the crop. False Codling Moth is a paaépest onC. baccatunas it has been
shown that they are able to complete a life cyddhis crop. A surveillance programme
using both scouting and monitoring traps shouldapelied and maintained for all

subsequent seasons.
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4.6.3 Mediterranean Fruit Fly Control Programme

During the 2005-2006 growing season, the most damagthe crop was caused by
Mediterranean Fruit Fly. A preventative strateggudd be put in place for the control of
Mediterranean Fruit Fly populations i@. baccatum Populations from surrounding
vegetation invade the lands from a number of adiitra host plants. Mediterranean Fruit
Fly use the surrounding vegetation for shelter murinclement weather as well as
reproductive and resting areas. Bait stations antkm-based traps should be deployed
en massn the surrounding vegetation and along the peemet the land. The number of
traps can be decreased further into the land. &itestations and traps should be set up
before the fruit develops to suppress potentiallyasive populations. An early baiting
programme can control the pest population at alewel during the early stage of the
season (Du Toit 1998). Mediterranean Fruit Fly flEssare polyandrous (i.e. mate with
more than one male), and it would seem more log#hrget the reproductive females,
thereby ensuring the decline of future generatidfesmales leave their host plants
regularly in search of protein and nutrients taéase their fecundity. This would mean
that they would have to pass numerous bait stabontheir way out of the land as well
as on their way back in, thereby increasing théiances of mortality. When using
chemical sprays for control, ‘softer’ insecticidegucts could be considered which are
not as harmful to natural enemies or the envirorimarparticular, a barrier of GF-120 in
the natural vegetation arour@@apsicumlands could be deployed a few weeks before
ripening of the pods and the expected influx oitfilies.

Monitoring traps placed in the surrounding vegetativill give an indication of the

direction where the majority of Mediterranean FrEiy are invading. Once this is

established, a scout can be dispatched to idepb$gible alternative plant hosts in that
area. Most of the pheromone-based traps used faitonimg are male-specific; females
are attracted to the protein-based baits. A nepptre system developed by Chempac
CC uses a food lure that attracts both sexes. Nery effective when used as a
monitoring tool but is too expensive to for masapping purpopses (Barnes, pers.

comm.).
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4.6.4 Thrips Control Programme

Establishing a control programme for thrips @nbaccatunis somewhat difficult given
their unusual biological and highly invasive traiéo cosmetic damage is causedXto
baccatumfruit, but the transmission of viruses and injtoybuds, flowers and leaves is
damaging to plant health and ultimately to yieldlentification of the numerous thrips
species causing the damage must be establishdgllAshould be calculated to establish
the cost of implementing control measures. Theiegidn of chemical insecticides with
minimal toxic residue and no adverse impact on naatanemies should be adopted.
Spray applications of these ‘softer’ insecticidaewdd be considered early in the season
before buds are present. If early populations argeted this should reduce the number
and size of subsequent populations. Surveillancategfies, which include using a
monitoring trap (Yellow Card Trap) as well as stogtfor damage to the plant, should

be employed throughout the growing season.

4.7 Conclusion

An underlying common factor for the sustainable aggment of all four insect pests
studied was the necessity to implement land samitalhis can be achieved by removal
of weeds, which act as alternate hosts in the |abgscultivating between rows and
hoeing between plants. Using these methods of wemdval loosens the soil which in
turn facilitates access to soil dwelling pests layunal enemies. Crop debris, such as
fallen fruit, should be regularly removed from taads, eliminating potential reservoiurs
from which potential pest populations could eman@mp debris should be destroyed
and this can be achieved by either putting it tghoa hammermill or burying it in a deep

hole and compressing the soil.

A strategy to measure the loss of yield should foelemented to more accurately
calculate losses incurred. A system should be imeiged in each land where damaged
and fallen fruit are collected from the land aslaslfrom the pre-sorting area adjacent to
the land. These crates should be weighed and edadt of discarded fruit from

individual lands. The damaged fruit should thendastroyed. By implementing this
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system, growers will be able to more accuratelgudate the economic implications and
yield per land. A system should be set up to rumcaaently in the processing factory
where pods are again sorted, the damaged pods eenamd weighed and records kept.
The proposed factory system should be feasibleesrds are already kept with regards
to the grower’'s name, fruit received and weightregkected fruit. The growers would

however need to mark the crates according to wlaolds they harvested and factory
personnel would need to record this. Staff at thecgssing factory would need to

separate pods with cosmetic damage from pods wibct damage so that only insect

damage is recorded.

One of the core aspects of any pest control progrrnas to be a reliable surveillance
strategy, managed and maintained by trained sc@®gsigning a scouting programme
incorporating the inspection of 20 random podspant will enable growers to calculate
the proportion of damage. By using different traggpmethods, an assessment of insects
present in a cropping system can be determinede Qhe pest insects have been
identified, means of control can be determined anplemented. As a result of this
research, technology transfer can be achieved ghrabe development of a training
course for growers and farm workers, enabling themanage and maintain surveillance
programmes inC. baccatumlands. This will also hopefully help growers to kea

informed decisions with regards to pest contratsties within an IPM context.

Integrated crop management does not prohibit teeotisisecticides, but rather promotes
the intelligent use and application of these chafsicA more holistic approach has been
established with the introduction of IPM, which nregvaway from the eradication of a
pest and towards pest management at a level ecoalyniacceptable to the

agriculturalist. IPM has many advantages: lowertds the producer and a long-term
sustainable programme with minimal effects to theinment and end users. Foreign
markets are exerting pressure to reduce the agiplicand use of pesticides to meet the
pesticide residue tolerance limits on imported srdphis should further reduce the usage

of pesticides in future.
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This research was conducted to determine the catiggoand phenology of insect pests
associated witlCapsicum baccaturaultivated in the Makana District. As cultivatiaf
this crop has only recently commenced in the ateaas important to establish which
insects are the most damaging or have the potemtchtapacity of becoming major pests
in the future. With regard to this cropping systeliterature is scarce, at both an
international and domestic level. A general repmeséon of the phenology of both the
crop and the insects has now been provided. Basethis information, profitable
avenues for further research to establish susti@n#idM programmes designed

specifically for this highly profitable crop havedn highlighted.
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APPENDIX 1 Soil classification of each of the study sites by Mddie Greyling (Chicory SA Ltd, Alexandria), leakon “Soil
Classification a Taxonomic System for South Afri¢gdil Classification Working Group 1991).

.

Farm Name and Land| Soil Form Soil Discription Sibs Soil Family
Good soil. Dug to & Horizon A = Orthic A, on Unspecified - 2000 A horizon bleached.
Varnam Seedling 1 | depth of 45 cm. Neocutanic B. Less than 10% | Oakleaf. 2100 Non-red B horizon.
clay. Luvic B1 horizon # 2120
Patrysdal.
Good soil. Dug to & Horizon A = Orthic A, 7-10% | Unspecified - 1000 Dystrophic B1 horizon.
Varnam Seedling 2 | depth of 50 cm. clay. Horizon B = Yellow- Clovelly. Non-luvic B1 horizon # 1100
brown Apedal B 15-20% clay. Twyfelaar.
Very good soil. Horizon A = Orthic A, on Unspecified - 1000 A horizon not bleached.
Varnam Ratooned Dug to a depth of | Neocutanic B. Horizon A less | Oakleaf. 1200 Red B horizon. Luvic
40 cm. than 10% clay. Horizon B = 10- B1 horizon # 1220 Dipene.
15% clay.
Good soil. Dug to a Horizon A = Orthic A, on Unspecified 1000 A horizon not bleached.
Imjabulo Ratooned depth of slightly Neocutanic B. Horizon A material with signs | 1100 Non-red B horizon.
and Seedling* more than 50 cm. | shallow 10 — 15 cm. 15-18% | of wetness - Luvic B1 horizon # 1120
clay. Unspecified horizon at | Tukulu. Olivedale.
500 cm+.
Good soil. Dug to a Horizon A = Orthic A, 12-15%/| Unspecified 1000 A horizon not bleached.
Lower Melrose depth of 50 cm. clay. Horizon B = Neocutanic | material with signs | 1100 Non-red B horizon.
Seedling B, not homogenous in colour, | of wetness - Luvic B1 horizon # 1120
has some structure. Tukulu. Olivedale.
Good soil. Dug to @ Horizon A = Orthic A, on Oakleaf. 1000 A horizon not bleache
Brenthoek Ratooned | depth of 35 cm. Neocutanic B, unspecified. 1200 Red B horizon. Luvic
20% clay. Blhorizon # 1220 Dipene.
Good, well-drained| Horizon A = Orthic A, on Red | Apedal - 1000 Dystrophic B1 horizon.

Brenthoek Seedling

soil. Dug to a depth
of 55 cm.

Apedal B. Less than 6% clay.
Homogenous in colour.

unspecified, very
sandy, leachable
soil - Hutton.

Non-luvic B1 horizon # 1100
Lillieburn.

* Imjabulo Ratooned and Seedling lands were clagsiftethe same type of soil as these two landsietlg adjacent to one another.
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APPENDIX 2 Dates when fungicides, herbicides and insecticwee applied in each of

the study sites.

Farm, Site and Date Insecticide Herbicide Fungicide
Varnam Seedling 1

October 2005 Ronstar

October 2005 Lasso Micro Tech

Oct/Nov 2005 Bulldock

20/11/2005 Bulldock

20/11/2005 Copflo
06/01/06 Bulldock

12/01/06 Bulldock

12/01/06 Copflo
15/01/06 Agil

22/01/06 Agil

03/02/06 Bulldock

03/02/06 Methomex

03/02/06 Folicur
25/02/06 Roundup

25/02/06 Bulldock

25/02/06 Copper Oxychloride
16/03/06 Methomex

16/03/06 Bulldock

04/04/06 Dipterex

20/08/06 Gramoxone

05/11/06 Bulldock

Varnam Seedling 2

October 2005 Ronstar

October 2005 Lasso Micro Tech

Oct/Nov 2005 Bulldock

20/11/2005 Bulldock
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Farm, Site and Date Insecticide Herbicide Fungicide

20/11/2005 Copflo
06/01/06 Bulldock

12/01/06 Bulldock

12/01/06 Copflo
15/01/06 Agil

22/01/06 Agil

03/02/06 Bulldock

03/02/06 Methomex

03/02/06 Folicur
25/02/06 Roundup

25/02/06 Bulldock

25/02/06 Copper Oxychloride
16/03/06 Methomex

16/03/06 Bulldock

04/04/06 Dipterex

20/08/06 Gramoxone

05/11/06 Bulldock

Varnam Ratooned

Dec 2005 Thioflo

Dec 2005 Bulldock

Dec 2005 Copstar
12/01/06 Bulldock

12/01/06 Dithane
12/01/06 Biomectin

31/01/06 Bulldock

31/01/06 Dithane
03/02/06 Roundup

10/03/06 Dipterex

Imjabulo Seedling

No data available
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Farm, Site and Date Insecticide Herbicide Fungicide
Imjabulo Ratooned

No data available

Lower Melrose Seedling

During fruiting Bulldock

During fruiting Bulldock

During fruiting Bulldock

Brenthoek Seedling

07/11/05 Ronstar
07/11/05 Alachlor
07/11/05 Bulldock

10/01/06 Bulldock

03/03/06 Bulldock

03/03/06 Dipterex

10/03/06 Dipterex

24/03/06 Dipterex

08/04/06 Dipterex

21/04/06 Dipterex

Brenthoek Ratooned

10/01/06 Bulldock

03/03/06 Bulldock

03/03/06 Dipterex

10/03/06 Dipterex

24/03/06 Dipterex
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APPENDIX 3 Record of pheromone lures and bait dispenser replaot in traps
throughout the study period.

DATE EGO PheroLure™ Lorelei® Questlure® Texas Volatile™
21/11/05 Set Up Set Up Set Up
30/01/06 10 wks Set Up 10 wks
20/02/06 3 wks

20/03/06 4 wks

03/04/06 9 wks 2 wks 9 wks
10/04/06 1 wk

17/04/06 1 wk

02/05/06 2 wks

08/05/06 1 wk

15/05/06 6 wks 1 wk 6 wks
22/05/06 1 wk

05/06/06 2 wks

19/06/06 2 wks

03/07/06 7 wks 32 wks 2 wks 7 wks
24/07/06 3 wks

07/08/06 2 wks

21/08/06 7 wks 2 wks 7 wks
04/09/06 2 wks

18/09/06 2 wks

25/09/06 5 wks 1 wk 5 wks
02/10/06 1 wk

09/10/06 1 wk

23/10/06 2 wk

30/10/06 5 wks 1 wk 5 wks
06/11/06 1 wk

* Set Up = date traps set up. N.B. Yellow Card Brape not shown as no pheromone is used
with it. YCT’s were replaced weekly.
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APPENDIX 4 Insect fauna collected from all lands between ttiéd® November 2005 and

the 19" of November 2006.

ORDER FAMILY GENUS SPECIES
Coleoptera
Anthicidae Anthicus
Formicomus
Notoxus
genus indeterminate
Apionidae Perapion
genus indeterminate
Bruchidae Bruchidius
Spermophagus
Buprestidae genus indeterminate

Cantharidae
Carabidae
Cerambycidae

Chrysomelidae

genus indeterminate
genus indeterminate
Chlorophorus
Litopus
genus indeterminate
Afrorestia
Altica
Aphthona
Dibolia
Decaria
Gabonia
Hespera
Monomacra
Phyllotreta
Sphaeroderma
Chrysolina
Afrophthalma

Lema
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ORDER FAMILY

GENUS SPECIES

Cicindelidae
Cleridae

Coccinellidae

Corylophidae
Cryptophagidae

Curculionidae

Dermestidae
Dytiscidae
Elateridae
?Endomychidae
Histeridae

Hydrophilidae

Afroeurydemus

Colasposoma

Macrocoma

Pseudomalegia

Afromaculepta

Exosoma

Leptaulaca

Monolepta

genus indeterminate

Lophyra

genus indeterminate

Cheilomenes

Lioadalia

Scymnus

genus indeterminate
genus indeterminate
Ephistemus

Micrambe

genus indeterminate

Barius

Cleopomiarus

Lobotrachelus

Cionus

genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate

genus indeterminate



ORDER

FAMILY

GENUS SPECIES

Laemophloeidae
Lampyridae
Lycidae
Meloidae

Melyridae

Mordellidae
Mycetophagidae
Nitidulidae

Oedemeridae
Paussidae
Phalacridae

Pselaphidae

Ptiliidae
Scarabaeidae

genus indeterminate
genus indeterminate
genus indeterminate
Mylabris
genus indeterminate
genus indeterminate
Melyris
genus indeterminate
genus indeterminate
Litargus
Brachypeplus
Carpophilus
Haptoncus
nearHaptoncussp.
Lordites
Meligethes
Pria
Urophorus
Melananthia
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
Aphodius
Campolimpus
Leucocelius
?Leucocelius
Onthophagus

genus indeterminate
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ORDER

FAMILY

GENUS

SPECIES

Diptera

Scraptiidae
Silvanidae
Staphylinidae
Tenebrionidae

Urodontidae

Agromyzidae
Anthomyidae
Bibionidae
Bombyliidae
Calliphoridae
Cecidomyiidae
Ceratopogonidae
Chamaemyiidae?
Chironomidae
Chloropidae
Chryomyidae
Clusiidae?
Conopidae
Culicidae
Drosophlidae
Empididae
Ephydridae?
Lonchaeidae
Milichiidae
Muscidae
Phoridae

Playstomatidae

genus indeterminate

genus indeterminate

genus indeterminate
Gonocephalum
genus indeterminate

genus indeterminate

genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate
genus indeterminate

genus indeterminate
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ORDER FAMILY GENUS SPECIES

Psychodidae genus indeterminate

Sarcophagidae genus indeterminate

Scatopsidae genus indeterminate

Sciaridae genus indeterminate

Sepsidae genus indeterminate

Stratiomyidae genus indeterminate

Syrphidae genus indeterminate

Tachinidae genus indeterminate

Tephritidae Ceratitis capitata
Ceratitis rosa
genus indeterminate

Hemiptera

Aleyrodidae genus indeterminate

Anthocoridae Orius sp.

Aphididae Macrosiphum euphorbiae
Myzus persicae

Cercopidae Locris aenea

Cicadellidae Austroagallia
Balclutha fumigata
Batracomorphus danae
Cicadulina anestaea
Empoasca
Empoascanara
Epignoma natalensis
Exitianus taeniaticeps
Macropsis turneri
Naevus subparalleus
Neoaliturus karrooensis
Neoaliturus struthiola
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ORDER FAMILY GENUS SPECIES
Peragallia caboverdensis
Recilia
Rhusopus

Cixiidae

Coreidae
Corixidae

Cydnidae

Delphacidae

Lygaeidae

Scaphoideus

Xestocephalus

genus indeterminate

Afroreptalus
Oliarus
Pentastridius

Cletus

genus indeterminate

Aethus
Geotomus
Nycheuma
Scotoeurysa
Toya
Caprochromus
Cymodema
Elasmolomus
Geocoris
Haemobaphus
Horridipamera
Lasiosomus
Lethaeus
Lethaeus
Nysius
Oxycarenus
Pachybrchius
Plinthisus

Rhyparochroms

aethiopicus

sp.
sp.
sp.
sp.

lautipennis
difficilis

moerens
tabidum

consocialis

concinuus

inconspicuus

guttulatus

setulatus

inconspicuus
rudebecki

moerens
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ORDER FAMILY GENUS SPECIES
Spilostethus pandurus
Spilostethus trilineatus
Sweetocoris
Membracidae Oxyrhachis delalandei
Miridae genus indeterminate
Nabidae Nabis capsiformis
Pentatomidae Bagrada hilaris
Carbula
Eysarcoris inconspicuus
Mecidaea prolixa
Nezara viridula
Psyllidae Diaphorina
genus indeterminate
Reduviidae Rhinocoris segmentarius
Rhopalidae Liorhyssus hyalinus
Peliochrous nigromaculatus
Hymenoptera
Agaonidae genus indeterminate
Ampulicidae Dolichurus sp.
Aphelinidae Aphelinus sp.
Apidae Allodape pernix
quadrilineata
Allodapula dichroa
variegata
Amegilla kaimosica
obscuriceps
Apis mellifera
Braunsapis leptozonia
Ceratina nigriceps
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ORDER FAMILY GENUS SPECIES
Xylocopa caffra
flavorufa
scioensis
Bethylidae genus indeterminate
Braconidae Opius sp.
genus indeterminate
Ceraphronidae genus indeterminate
Chalcididae Dirhinus sp.
Chrysididae Chrysis sp.
Colletidae Colletes sp.
Hylaeus (Nothylaeus) heraldicus
Hylaeus sp.
Hylaeus (Deranchylaeuis) sp.
Crabronidae Dasyproctus sp.
Liris sp.
Oxybelus sp.
Diapriidae genus indeterminate
Encyrtidae Cerchysiella sp.
Coelopencyrtis sp.
Habrolepis
Tachinaephagus sp.
genus indeterminate
Eucharitidae Aperilampus sp.
Eucoilidae genus indeterminate
Eulophidae ?Aprostocetus sp.
Entedon sp.
Euplectrus sp.
Pediobius sp.
Systasis sp.

genus indeterminate
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ORDER FAMILY GENUS SPECIES
Eurytomidae Eurytoma sp.
Tetramesa Sp.

Formicidae

Halictidae

Ichneumonidae

Megachilidae

Melittidae
Mymaridae
Philanthidae

Pompilidae

Pteromalidae

genus indeterminate

Camponotus

Crematogaster
genus indeterminate
Ceylalictus
?Halictus
Lasioglossum
Lipotriches
Nomia
Nomioides
Patellapis

genus indeterminate
Lithurgus pullatus
Megachile (Eutricharaea)
Megachile (Paracella)
?Stenoheriades
genus indeterminate
Melitta

genus indeterminate

Cerceris

Philanthus

Hemipepsis

genus indeterminate

Spalangia

niveosetosis
maculatus
sp.
sp.

sp.
sp.
sp.
sp.
sp.
sp.
sp.

sp.

sp.

arrogans

erythrosoma

sp.

fuscipennis

loefflingi
sp.
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ORDER FAMILY GENUS SPECIES
genus indeterminate
Platygasteridae genus indeterminate
Sapygidae Sapyga simillima
Scelionidae genus indeterminate
Scoliidae Campsomeriella caelebs
madonensis
Scolia sp.
genus indeterminate
Sphecidae Ammophila beniniensis

Lepidoptera

Tenthredinidae
Tiphiidae
Torymidae
Vespidae

Adelidae

Arctiidae

ferrugineipes

vulcania
Prionyx kirbii
Sphex sp.
genus indeterminate

genus indeterminate

genus indeterminate
Anterhynchium natalense
Belonogaster sp.
Polistes sp.
Ropalidia sp.
Rhynchium marginellum
Synagris abyssinica
genus indeterminate

genus indeterminate
Amerila vitrea
Eilema colon
Eucreagra arculifera
Phryganopsis sp.
Sommeria sp.
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ORDER FAMILY GENUS SPECIES

Syntomini sp.

genus indeterminate

Choreutidae genus indeterminate

Crambidae Epipagis cancellalis
Hellula undalis
Hydriris ornatalis
Hymenia recurvalis
Loxostege frustalis
Lygropa guaternalis
Maruca
Nomophila sp.
Palpita indica
Parapoynx sp.
Pleuroptya nasonalis
Pyralis incoloralis
Udea sp.
genus indeterminate

Ethmiidae Ethmia sp.
genus indeterminate

Gelechiidae genus indeterminate

Geometridae Ascotis reciprocaria
Cabera sp.
Chiasmia brongusaria

Drepanogynis
Eupithecia
Erastria
Horisme
Oaracta
Orthonama

Palaeaspilates

sp.
sp.
madecassaria
sp.
sp.

obstipata

inoffensa
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FAMILY GENUS SPECIES
Psilocerea sp.
Rhodometra sacraria
Scopula sp
Xylopteryx protearia
Zamaroda sp.
genus indeterminate

Gracillariidae genus indeterminate

Lymantriidae Euproctis sp.

Noctuidae Abrostola sp.
Acanthuleucania sp.
Achaea sp
Agrapha limbirena
Agrotis longidentifera

segetum
Amyna axis
Anomis flava
sabulifera

Apospasta sp.
Athetis sp.
Chrysodeixis acuta
Cosmophila flava
Cucullia terensis
Dicerogastia sp.
Earias cupreoviridis
Grammodes stolida
Hadena bulgeri
Helicoverpa armigera
Hypocala sp.
Hypomecis sp.
Hypotype scotomista
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ORDER FAMILY GENUS SPECIES
Memtaxya Sp.
Nodaria uliginosalis
Ozarba sp.
Trichopluria sestertia
Spodoptera exigua
sp.
Trichoplusia exquisita
orichalcea
vittata
Tycomarptes inferior
Ulotrichopus primulinus
Xylomania sp.
genus indeterminate
Nolidae genus indeterminate
Pieridae Dixeia pigea
Mylothris sp.
Plutellidae genus indeterminate
Pterophoridae genus indeterminate
Pyralidae Endotricha sp.
genus indeterminate
Tineidae genus indeterminate
Scythrididae Eretmocera sp.
Sphingidae Hippotion celerio
Thyatiridae Marplena sp.
Tineidae genus indeterminate
Tortricidae Thaumatotibia leucotreta
genus indeterminate
Zygaenidae genus indeterminate
Thysanoptera
Thripidae Frankliniella occidentalis
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ORDER FAMILY GENUS SPECIES
schultzei
Thrips ?emulatus
tabaci
genus indeterminate
Aeolothripidae Aeolothrips brevicornis
genus indeterminate
Phlaeothripidae Haplothrips callani
clarisetis
nigricornis

Psocoptera

Neuroptera

Ectopsocidae

Hemerobiidae
Chrysopidae

Myrmeleontidae

genus indeterminate
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APPENDIX 5 Seasonal distribution graphs of African Bollwormalde Codling Moth,
Mediterranean Fruit Fly and thrips in the ei@i@psicunmlands.
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Figure 1 Brenthoek Ratooned: African Bollworm means and cdiath error over the four
time periods.
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Figure 2 Imjabulo Ratooned: African Bollworm means and d&d error over the four time
periods.
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Figure 3 Varnam Ratooned: African Bollworm means and stesh@aror over the four time
periods.
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Figure 4 Brenthoek Seedling: African Bollworm means and d&ad error over the four time
periods.
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Figure 5 Imjabulo Seedling: African Bollworm means and staml error over the four time
periods.
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Figure 6 Varnam Seedling 1: African Bollworm means and d¢ad error over the four time
periods.
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Figure 7 Varnam Seedling 2: African Bollworm means and d¢ad error over the four time
periods.
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Figure 8 Lower Melrose Seedling: African Bollworm means atahdard error over the four
time periods.
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Figure 9 Brenthoek Ratooned: False Codling Moth means #madard error over the four
time periods.
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Figure 10 Imjabulo Ratooned: False Codling Moth means aaddsrd error over the four
time periods.
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Figure 11 Varnam Ratooned: False Codling Moth means anddatdnerror over the four
time periods.
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Figure 12 Brenthoek Seedling: False Codling Moth means aaddard error over the four
time periods.
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Figure 13 Imjabulo Seedling: False Codling Moth means amehaédrd error over the four
time periods.

160.00

B Mean * Std Error

140.00 T

120.00

100.00

80.00 A

60.00 -

MEANS & STD ERROR

40.00 A

20.00 A

0.00 -
21/11/05-19/2/06 20/2/06-21/5/06 22/5/06-20/8/06 21/8/06-19/11/06

TIME PERIOD

Figure 14 Varnam Seedling 1: False Codling Moth means aaddsird error over the four
time periods.
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Figure 15 Varnam Seedling 2: False Codling Moth means aaddstrd error over the four
time periods.
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Figure 16 Lower Melrose Seedling: False Codling Moth meam$ standard error over the
four time periods.
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Figure 17 Brenthoek Ratooned: Mediterranean Fruit Fly mesams standard error over the
four time periods.
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Figure 18 Imjabulo Ratooned: Mediterranean Fruit Fly meand standard error over the
four time periods.
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Figure 19 Varnam Ratooned: Mediterranean Fruit Fly means staddard error over the
four time periods.
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Figure 20 Brenthoek Seedling: Mediterranean Fruit Fly meand standard error over the
four time periods.
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Figure 21 Imjabulo Seedling: Mediterranean Fruit Fly means atandard error over the
four time periods.
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Figure 22 Varnam Seedling 1: Mediterranean Fruit Fly meam$ standard error over the
four time periods.
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Figure 23 Varnam Seedling 2: Mediterranean Fruit Fly meams standard error over the
four time periods.
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Figure 24 Lower Melrose Seedling: Mediterranean Fruit Fly meand standard error over
the four time periods.
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Figure 25 Brenthoek Ratooned: thrips means and standard @res the four time periods.
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Figure 26 Imjabulo Ratooned: thrips means and standard ex@r the four time periods.
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Figure 27 Varnam Ratooned: thrips means and standard evesrtbe four time periods.
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Figure 28 Brenthoek Seedling: thrips means and standard evey the four time periods.
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Figure 29 Imjabulo Seedling: thrips means and standard ewer the four time periods.
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Figure 30 Varnam Seedling 1: thrips means and standard everthe four time periods.
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Figure 31 Varnam Seedling 2: thrips means and standard everthe four time periods.

90.00

OMean * Std Error

80.00

70.00 A

60.00 -

50.00

40.00

MEANS & STD ERROR

30.00

20.00 A

10.00

0.00 T T

21/11/05-19/2/06 20/2/06-21/5/06 22/5/06-20/8/06 21/8/06-19/11/06
TIME PERIOD

Figure 32 Lower Melrose Seedling: thrips means and stanésrdr over the four time
periods.
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APPENDIX 6 Seasons, calendar dates and weeks of sampling.

Season Dates Week

5/12/05-11/12/05 3
12/12/05-18/12/05 4
19/12/05-25/12/05 5

26/12/05-1/1/06 6
2/1/06-8/1/06 7
9/1/06-15/1/06 8
9

SUMMER 16/1/06-22/1/06
23/1/06-29/1/06 10
30/1/06-5/2/06 11
6/2/06-12/2/06 12
13/2/06-19/2/06 i3
20/2/06-26/2/06 14
27/2/06-5/3/06 15
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