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Vine mealybug, Planococcus ficus (Signoret), is a key pest in vineyards in the Western Cape and North-West
Provinces of South Africa and morerecently in the USA. This pest wasfirst reported in the Western Cape Province
in 1943. The taxonomy and identification of this species are made difficult by complex slide-mounting techniques
and the lack of qualitative characteristics. Vine mealybug is polyphagous with a wide range of host plants. P. ficus
causes direct crop loss due to desiccation of bunches in the case of wine grapes and unsightly honeydew excretion
on bunches in the case of table grapes. High infestations of P. ficus can cause early leaf loss and resultant weaken-
ing of vines. Vine mealybug also vectorsthe vine leaf roll virus. This pest is currently controlled using chemical, bio-
logical and cultural control techniques in an integrated pest-management system. This system relies on the use of
pheromone and physical monitoring techniques, which provide information on infestation levels.

INTRODUCTION AND HISTORY OF THE PEST IN SOUTH
AFRICA

Planococcus ficus (Signoret) was initialy identified in the
Western Cape Province as Planococcus citri (Risso) by Joubert
(1943), Kriegler (1954) and Whitehead (1957) after introduction
to the areg, probably with plant material. De Lotto (1975) subse-
quently identified it as Planococcus ficus. The most recent sam-
ples of the insect collected during 1999/2000 were identified as
Planococcus ficus (Walton 2003) by |.M. Millar, Plant Protection
Research Institute in Pretoria.

P. ficus was first recorded as a pest in the Western Cape
Province during 1930 (Joubert 1943). By 1935 P. ficus had spread
to the Hex River Vdley and subsequently to al other major grape-
producing areas (Joubert 1943) in this Province. Kriegler (1954)
regarded it as one of the most important pests of the grape indus-
try in South Africa. Other pseudococcid species recorded from
vines in the Western Cape Province included Pseudococcus
longispinus (Targioni) and Ferrisia malvastra (McDaniel), which
were also identified by 1.M. Millar (Walton 2003), Plant
Protection Research Ingtitute in Pretoria. These have, however,
not yet attained pest status on grapes locally.

TAXONOMY
Current Status

The most recent classification was done by Ben-Dov (1994) who
placed P. ficus in the Order Hemiptera, Suborder Homoptera,
Superfamily Coccoidea and Family Pseudococcidae. The species
was well described by De Lotto (1975), Cox (1981, 1989), and
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Williams & Granara de Willink (1992). Keys for the adult female
of this species were given in Williams & Moghaddam (1999)
(Iran), Williams & Granara de Willink (1992) (Central and South
America), Cox (1989) (World), Cox & Ben-Dov (1986)
(Mediterranean basin), and Cox & Wetton (1988) (West Indies).
P. ficus was initially described as Coccus vitis by Nedzilskii
(1869) (Cox & Ben-Dov, 1986). Lichtenstein (1870) subsequent-
ly placed this species in the genus Dactylopius (Cox 1989).
Signoret (1875) described it as Planococcus ficus. Thereafter var-
ious synonyms were used, many of which were the result of
misidentification (Ben-Dov, 1994) (Table 1).

Vernacular names

Vernacular names given by Balachowsky & Mesnil (1935) include
‘cocciniglia farinosa della vite', ‘cochonilha algodeo da vinha,
‘cotonet de la vid', 'grapevine mealybug' and ‘'la cochenille
farineuse de lavigne'. Berlinger (1977) described P. ficus as the
'‘Mediterranean vine meaybug', Bodenheimer (1924) as 'subter-
ranean vine mealy bug' and De Lotto (1975) as 'vine mealybug'.

BIOLOGY
M or phometrics

Criteria for age distinction of the different developmental stages
of P. ficus were described by Kriegler (1954). This information
was used in studies on the developmenta biology of this pest
(Wdton, 2003). Kriegler (1954) made use of a combination of
colour, size, and other characteristics to distinguish between the
different stages. Certain criteria were selected and are presented
inTable 2.
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TABLE 1

Synonyms used for Planococcus ficus (Ben-Dov 1994).

Vine Mealybug, a Key Pest in South African Vineyards 55

Synonym Author Comment
Nedzilskii (1869), o
Coccusvitis Lindinger(1912), Incorrect due to misidentification (Cox & Ben-Dov, 1986).

Borchsenius(1949)

True identity unknown.

Dactylopius vitis

Lichtenstein(1870),
Signoret(1895)

Misidentification (Cox, 1989)

Dactylopiusficus

Signoret (1875),
Borchsenius (1949)

Type materia lost (Ben-Dov & Matile-Ferrero, 1995).

Dactylopius subterraneus

Hempel (1901)

On roots of cultivated grapes

Pseudococcus ficus

Fernald (1903)

Change of combination

Pseudococcus vitis

Fernald (1903),
Leonard! (1920),
Bodenheimer (1924)

Pseudococcus citriodes Ferris(1922) New name

Pseudococcus citri Balachowsky & Mesnil (1935) Misidentification

Dactylopius ficus Borchsenius (1949) Synonymous with Pseudococcus citri (Risso)
Planococcus citroides Ferris (1950) Change of combination

Planococcus vitis

Ezzat & McConnell (1956),
Matile-Ferrero(1984)

Planococcus ficus

Ezzat & McConnell (1956)

Change of combination

Pseudococcus praeter missus

Ezzat (1962)

Synonym

In arecent survey (Waton, 2003), P. ficus was found to be the
dominant mealybug species in vineyards in the Western Cape
Province of South Africa. Adult femae mealybugs were approx-
imately 4 mm in length, slightly more than 2 mm wide and about
15 mm thick. The adult female and immature stages were ovate,
humpbacked, light date- to flesh-coloured and covered by a fine,
white powdery wax secretion, which was more evident on the
later stages. The body of the adult femae was clearly segmented
and had a fringe of short, finger-like wax filaments around its
edge (Kriegler, 1954) (Fig. 1). After mating, egg sacs covered
with waxy threads started to appear.

This species was easily distinguished from Ps. longispinus,
which was about 3 mm long, 1 mm wide, ovate, and yellowish
grey in colour. Adult females and younger stages of this species
had exceptionally long posterior filaments and no egg sacs, as this
species was ovoviviparous (El-Minshawy, et al. 1974). A single
adult femde Ferrisia malvastra (McDaniel), 7 mm long and 4
mm wide with a light orange colour was recorded for the first
time from a vineyard in Stellenbosch (Walton, 2003) and clearly
differed in morphology from P. ficus.

P. ficus is closdly related to P. citri. Separation of these two
species is based on minor differences in the number and arrange-
ment of glandular ducts of the dermis. P. ficus has fewer groups
of and smaller ducts than P. citri (De Lotto, 1975). However, P.
citri has not yet been found on vines in South Africa.

Life cycle

Kriegler (1954) studied the lifecycle of P. ficus in detail.
Developmental stages studied were eggs and first, second and

third nymphal instars. It was found that the male characteristics
appeared after the third nympha instar and, during subsequent
development, differentiation between the sexes occurred. In the
case of the male, the prepupa was followed by the pupa from
which the winged mae emerged (Fig. 1). Males were charac-
terised by having long filamentous anal setae and no mouthparts
(Kriegler 1954). The adult femade started releasing pheromones at
sexual maturity, attracting adult males for copulation (Hinkens et
al., 2001). Subsequent to copulation there was a pre-oviposition
period, after which the female laid eggs in an egg sac made up of

FIGURE 1
Adult femae (indicated by arrow a) and male (indicated by arrow b)
Planococcus ficus.
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TABLE 2

Morphometric characters for distinguishing life stages of Planococcus ficus (Kriegler, 1954) in developmenta biology studies.

Stage Average length (mm) Average width (mm) Characteristics/Colour

Egg 041 021 Light straw

First nympha instar 0.46 0.22 Light to dark yeliow, six antennal segments

Second nymphal instar 0.68 0.35 Yelowish brown

Third nymphal instar 113 0.66 Seven antennal segments

Male prepupa 0.95 One pair of lateral ocelli. Visible wingbuds

Male pupa 105 Three pairs of lateral ocelli. Wingbuds reaching to third abdomina segment
Adult male 106 Wings fully developed

Adult femae 169 0.99 Wingless, eight antennal segments

filamentous waxy hairs. Kriegler (1954) recorded an average of
362 eggs per female. Life-table studies were done at constant
temperatures by Walton (2003) whereby the lower and upper
threshold temperatures for development of P. ficus were estimat-
ed at 16.59 and 35.61°C, respectively. These results were similar
to those of Duso et al. (1985), who indicated that the optimum
temperatures ranged from 23°C to 27°C.

Hosts

P. ficus is a polyphagous insect and, apart from the economic
damage it can cause to Vitis vinifera Linn., it has been found on
various other hogt plants (Table 3).

None of the above host plants were found in close proximity to
the vineyards sampled in the study by Walton (2003). A variety of
weeds were, however, sampled for mealybugs in vineyards during
the current study, but no P. ficus were found on any of them
(Walton 2003).

GEOGRAPHICAL DISTRIBUTION AND ECONOMIC
IMPORTANCE

P. ficus has been found in most grape-production areas through-
out the world (Table 4). It is of particular economic importance
on grapevines in the Mediterranean region, South Africa,
Pakistan and Argentina (Ben-Dov,, 1994).

Engelbrecht & Kasdorf (1984) and Cabaleiro & Segura (1997)
found that P. ficus transmitted the grapevine leafroll associated
virus 3 (GLRaV-3). Initially, the mealybug specimens studied by
Cabaeiro & Segura (1997) were identified as Planococcus citri
(Risso), but later identified by Ben-Dov as P. ficus (Signoret) (Yair
Ben-Dov, unpublished data, July 1998). Transmission of GLRa V-
3 by P. ficus and positive identification of GLRa V-3 were further
confirmed using PCR methods by Acheche et al. (1999).

The transfer of the leafrall. virus caused inefficient photosyn-
thesis, which resulted in reduced fruit production, inability to.pro-
duce aufficient, sugar,, higher than norma acidity levels and
delayed ripening. In addition, infested vines were less drought
resistant (Cabaleiro et al., 1999; Manini, 2000). Manini (2000),
showed that uninfected seedlings, had increased vegetative vigour
and higher propagation potential than infected seedlings. In addi-
tion, P. ficus has been found tq be avirus vector. of corky-bark dis-
ease (Engelbrecht & Kasdorf, 1985; Tanne et al, 1989), and
Shiraz disease (Engelbrecht & Kasdorf, 1984) in vines.

Apart from being a vector of GLRa V-3, high infestations of P.
ficus in table grape bunches result in direct crop loss and progres-
sve weakening of vines through early leaf loss (Kriegler, 1954;
Whitehead, 1957; Berlinger, 1977; Charles, 1982; Walton, 2003).

Seasonal population dynamics and phenology

In South Africa Kriegler (1954) recorded six generations per year,
while Walton (2003) found between five and six generations. In
Italy Duso (1990) recorded only three generations per year. These
differences could be attributed to temperature differences
between the two countries.

Upward movement on the trunk began from spring or early
summer (October in South Africa, March/April in Israel and
Italy) (Kriegler, 1954; Berlinger, 1977; Duso, 1990; Walton,
2003). Populations started to develop on new growth and the pop-
ulation peak was recorded between the end of January and the
beginning of February, after which numbers declined (Kriegler,
1954; Whitehead, 1957; Walton, 2003). Mealybugs found in the
vine canopy after harvest formed the nuclei of winter colonies
(Whitehead, 1957). Similar observations were made in Israel and
Italy (Berlinger, 1977; Duso, 1990). Berlinger (1977) noted that
winter population levels were low in Isragl and consisted mainly
of non-ovipositing adult females. Waton (2003) found popula-
tions of this pest on roots of vines.

Kriegler (1954) studied the influence of temperature on the
development of P. ficus under fluctuating temperatures on pota-
toes in an outdoor greenhouse., Duso et al. (1985) and Berlinger:
(1977) studied the development of P. ficus in the field. Berlinger
(1977) found that cool early summer temperatures delayed
upward migration, which delayed the population peak.,

MONITORING SYSTEMS FOR VINE MEALYBUG

The low tolerance for P. ficus and the importance of timely insec-
ticide applications necessitated. the use of a species-specific mon-
itoring programme for rapidly determining; the pest population
density. Two monitoring systems are currently in use: labour-
intensive (Geiger' & Daane, 2001) physical sampling of vines
infésted with P. ficus (Walton 2003) and pheromone monitoring
(Millar etal., 2002; Walton etal., 2003).,

Physical. sampling can be used by producers in South Africa to
provide an estimate of P, ficus population levels in commercial
vineyards with known levels of error, enabling; producers to
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TABLE 3
Recorded findings of P. ficus on host plants other than V vinifera.

Family Genus/Species

Reference

Anacardiaceae Mangifera indica Biume

Ezzat & McConnel (1956), Cox (1989), Ben-Dov (1994)

Apocynaceae Nerium oleander Linn. Ezzat& McConnel (1956)
Asteraceae Dahlia spp. Ezzat & McConnel (1956)
Juglandaceae Juglans spp. Ezzat & McConnel (1956)
Lauraceae Persea americana Mill. Cox (1989), Ben-Dov (1994)
Labiaceae Dichrostachys glomerata Linn. Cox (1989), Ben-Dov (1994)
Prosopisfarcata Linn. Cox (1989), Ben-Dov (1994)
Tephrosiapurpurea Pers. Cox (1989), Ben-Dov (1994)
Moraceae Ficusbenjamina Linn. Williams & Granara de Willink (1992), Ben-Dov (1994)
Palmae Phoenix dactylifera Linn. Cox (1989), Ben-Dov (1994)
Platanacese Platanus orientalis Linn. Martin-Mateo (1985), Williams & Moghaddam (1999)
Poaceae Bambusa spp. Ezzat & McConnel (1956)
Rhamnaceae Zizyphus spina-christi Georgi Cox (1989), Ben-Dov (1994)
Rosaceae Cydonia oblonga Mill. Granara de Willink et al. (1997)
Rosaceae Malus domestica Baumg. Granara de Willink et al. (1997)
Malus pumila Mill. Cox (1989), Ben-Dov (1994)
Salicaceae Salix spp. Cox (1989), Ben-Dov (1994)
Sterculiaceae Theobroma cacao Linn. Ezzat & McConnel (1956)
Styracaceae Syrax officinalis Walt. Cox (1989), Ben-Dov (1994)

decide on the necessity for and correct timing of intervention
(Walton, 2003). Physical monitoring methods are most effective
later in the summer, when mealybugs are in exposed locations
(e.g. new canes and leaves) and when the population densities are
relatively high (Geiger et al, 2001; Waton 2003). In practice, this
period occurs only after crop damage has taken place.

Pheromone-based monitoring programmes are less time con-
suming, smpler and more sensitive than physical inspections
(Millar et al, 2002; Walton et al, 2003). Pheromone-baited lures
were found to be attractive to mae P. ficus for up to 12 weeks,
with an effective range of 50 m (Hinkens et al, 2001). The num-
ber of P. ficus males caught in pheromone-baited traps was posi-
tively correlated to female mealybug infestation levels, deter-
mined using physical sampling methods (Walton et al, 2003).

CONTROL STRATEGIES
Chemical control

Chemica control of P. ficus in South Africais currently based on
either two treatments of chlorpyrifos two weeks apart, or prothio-
phos just before bud burst. These trestments are applied during
the dormant period. An additional supplementary treatment of a
chemical with a short residual period, such as dichlorvos or
methidathion, is sometimes applied prior to harvest from January
to April (Nel etal, 1999). However, P. ficus colonies are protect-
ed by wax threads and are not easily controlled by these routine
sprays. Populations usually occur under bark and in crevices on

the main stem as well as on roots, making it difficult to target this
pest with insecticides (Berlinger, 1977). Kriegler (1954) and
Whitehead (1957) recommended the application of spot treat-
ments with chemicals when high mealybug infestations occur.
However, they emphasised the integrated use of chemical and
biological control. The systemic pesticide Imidacloprid SC
(350g/L) (http://www.ipw.co.za) was recently registered for use
on vine mealybug in South Africa. This chemical may be a useful
aternative to the chemicals mentioned above. However, there are
indications that pesticide resistance to this compound can devel-
op (Prabhaker et al, 1997; Zhao et al, 2000). Therefore, resis-
tance-management measures should be employed to delay or pre-
vent the development of resistance.

Biological control

Many natural enemies associated with P. ficus have been report-
ed, some of which were hyperparasitoids (Table 5).

From the list it is clear that P. ficus populations are attacked by
a range of natural enemies, many of which commonly occur in
the Western Cape Province (Whitehead, 1957; Urban, 1985;
Walton, 2003). The most common natural enemies in this area
include, in descending order of abundance,

e Parasitoids: Anagyrus spp., Coccidoxenoides perminutus,
Leptomastix dactylopii.

» Predatory beetles: Nephus bineavatus, N. angustus and N.
quadrivittatus.
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TABLE 4
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Geographical areas where Planococcus ficus has been recorded on vines (Ben-Dov 1994).

Geographical area

Reference

Afrotropical: South Africa

Ezzat & McConnel (1956), De Lotto (1975), Cox (1989), Ben-Dov (1994)

Mauritius

Ezzat & McConnel (1956)

Nearctic: United States of America

Ezzat & McConnel (1956)

Neotropical: Argentina

Hempel (1901), Ezzat & McConnel (1956),, Granarade Willink (1991), Williams & Granara de Willink (1992),
Ben-Dov (1994), Trjapitzyn & Trjapitzyn (1999)

Brazil

Williams & Granara de Willink (1992), Ben-Dov (1994)

Chile

Ezzat & McConnel (1956)

Dominican Republic

Ezzat & McConnel (1956)

Trinidad and Tobago Ezzat & McConnel (1956)
Uruguay Granarade Willink et al, (1997)
Oriental: India Varshney (1992), Ben-Dov (1994)
Pakistan Cox (1989), Ben-Dov (1994)

Palearctic: Afghanistan

Kozar, Fowjhan & Zarrabi (1996)

Azerbaijan

Azores

Rzaeva (1985), Ben-Dov (1994)

Ezzat & McConnel (1956)

Canary Idands

Camera Hernandez & Perez Guera (1986), Perez Guerra & Carnero Hernandez (1987), Ben-Dov (1994)

Palearctic: Crete

Argyriou (1983), Cox (1989), Ben-Dov (1994)

Cyprus Cox (1989), Ben-Dov (1994)

Egypt Ezzat & McConnel (1956), Ezzat & Nada (1987), Cox (1989), Ben-Dov (1994)
France Signoret (1875), Ben-Dov (1994)

Greece Ezzat & McConnel (1956)

Hyeres Islands

Foldi (2000)

Iran Cox (1989), Ben-Dov (1994), Kozar, Fowjhan & Zarrabi (1996), Williams & Moghaddam (1999)

Iraq Cox (1989), Ben-Dov (1994)

|srael Bodenheimer (1924), Avidov (1961), Avidov & Harpaz 1969), Cox & Ben-Dov (1986), Ben-Dov (1994)
Italy Leonardi (1920), Tranfaglia (1976), Marotta (1987), Rosciglione & Castellano (1985), Duso (1990), Ben-Dov (1994)
Lebanon Cox (1989), Ben-Dov (1994)

Libya Ferris (1922), Ben-Dov (1994)

Portugal Ezzat & McConnel (1956)

Sardinia Melis (1930), Ben-Dov (1994), Longo et al. (1995), Pellizzari-Scaltriti & Fontana (1996)

Saudi Arabia Beccari (1971), Matiie-Ferrero (1984), Ben-Dov (1994)

Sicily Longo etal. (1995), Russo & Mazzeo (1997)

Spain G6mez-Menor Ortega (1937), Ezzat & McConnel (1956), Martin-Malteo (1985), Ben-Dov (1994)
Syria Ezzat & McConnel (1956)

Tunisa Cox (1989), Ben-Dov (1994)

Turkmenistan Achangelskaya (1930), Ben-Dov (1994)

Berlinger (1977) aso found that the parasitoids and predators Predatory beetle population levels peasked early in the season
mentioned above were dominant in Israel. Whitehead (1957) (from September to November) and declined &fter this (Walton,
believed that predatory beetles played a mgjor part in biological 2003; Whitehead, 1957). However, mealybug population levels
control and that the parasitoids were of lesser importance. did not decrease while the predators were present (Berlinger,
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Order and Family Species Reference Comment
Diptera: ]
Chamameyidee Leucopis sp. Rzaeva(1985)
Hymenoptera: Pachyneuron concolor . o
Encyrtidae Forster Rzaeva(1985) Possible hyperparasitoid
Allotropa mecrida
Walker Rzaeva(1985J
Anagyrus pseudococci Rzaeva (1985), Urban (1985), Trjapitzyn &
(Girault) Trjapitzyn(1999)
ChEHOcEIUSUBaEnEUS Rzaeva (1985) Possible hyperparasitoid
Forster
Clausenia josefi Rosen (1965), Berlinger (1977), Trjapitzyn (1989)
Rosen
Coccidoxenoides perminutus . . . - .
(Timberlake) Berlinger (1977), Urban (1985), Trjapitzyn (1989)  Synonym: Pauridia peregrina
Hymenoptera: Leptomastix flavus .
Encyrtidae Mercet Berlinger (1977)
Leptomastidea abnormis Berlinger (1977), Urban (1985), Trjapitzyn (1989),
(Girault) Trjapitzyn & Trjapitzyn (1999)
Prochiloneurus bolivai-i - . e
(Mercet) Trjapitzyn (1989) Possible hyperparasitoid
Prochiloneurus pulchellus - . o
(Silvestri) Trjapitzyn (1989) Possible hyperparasitoid
Chrysoplatycerus splendens Walton (2003)
(Howard)
Neuroptera: Chrysoperla camea
Chrysopidae (Stephens) Rzaeva (1985)
Coleoptera: Nephus reunioni
Cocinellidae Fiirsch Reaeva(1985)
Cryptolaemus montrouzeri Orlinskii et at. (1989)
Mulsant
Hyperaspis felixi :
Mulsant Whitehead (1957), Urban (1985)
Nephus angustus ;
Whitehead (1957), Urban (1985
Coney (1957) (1985)
hepnus piraevatus Whitehead (1957), Urban (1985)
ulsant
Coleoptera: Nephus quadrivittatus .
Coccindlidae Mulsant Whitehead (1957), Urban (1985)

Rhizobiellus sp.

Whitehead (1957)

Cydonia lunata F.

Whitehead (1957)

Scymnus nubilis
Mulsant

Walton (2003)

1977; Urban, 1985; Walton, 2003) both in the Western Cape and
in Israel. The lack of density-dependence documented between
vine mealybugs and predatory beetles led Walton (2003) to
assume that this group of beneficials were of lesser importance.
Parasitoid numbers reached a peak later in the season (from
November), which resulted in the destruction of most of the
mealybug colonies (Berlinger, 1977; Urban, 1985; Walton, 2003)
towards the end of the season (February to March). This suggest-

ed that the parasitoid complex played a mgjor role in reducing P.
ficus numbers.

Biological control was severely hampered by the presence of a
variety of ant species (Kriegler, 1954; Whitehead, 1957; Addison
& Samways, 2000) in vineyards in the Western Cape Province.
This was aso reported in Isragl (Berlinger, 1977). Ant control has
been achieved using chemical stem-barrier treatments (Addison,
2002). Wadlton (2003) did a two-year field study of mass releases
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of C. perminutus, aparasitoid of the first, second and third instars
of P. ficus. This method of control was at least as effective as the
currently used chemical control programme.

Cultural control

Bugg & Waddington (1994), Whitehead (1957) and Urban (1985)
suggested that the preservation of surrounding vegetation was
important for optimising conditions for natural enemies. Cover
crops were effective only if they attracted Coccinellidae and
Neuroptera (Bugg & Waddington, 1994). These authors also
noted that common vetch {Vicia saliva) had stipular extra-flora
nectaries that attracted parasitic wasps. Work done on the effects
of cover crops on natural enemy populations of mealybugs by P.
Addison (Personal communication) and Costello & Daane (2003)
indicated that cover cropping had no significant effect on their
occurrence in vineyards.

Providing pollen, nectar, suitable habitats, sprays of sucrose or
ayeast product plus sucrose led to an increase in local populations
of predatory coccindlids, chrysopids, and hemerobiids. These
food sources increased the longevity not only of predators, but
also of adult encyrtid wasps and enhanced biocontrol of mealy-
bugs in the field (Neuenschwander & Hagen, 1980; Urban, 1985).

Kriegler (1954) and Faherty et al. (1982) found that lesf
removal and correct summer pruning reduced the number of
leaves that predators and parasitoids had to cover in search of
prey, thereby increasing their effectiveness. This aso reduced
mealybug populations by removing them with the surplus stems
and leaves, and contributed to better aeration of vines. Road dust
and inert carriers of fungicides should be kept to a minimum as
these adversely affected natural enemies (Searle, 1965).
Mealybugs overwintering on old wood and under loose bark read-
ily infested bunches that touched the woody parts of the vine.
However, bunches that hung free from old wood were less sus-
ceptible to cosmetic damage. Therefore, bunches touching the old
wood should be thinned so as to avoid contact (Kriegler, 1954;
Flaherty et al., 1982). The use of chemical and sticky trunk bar-
riers to keep ants from the vine canopy could further aid in bio-
logical control of P. ficus (Whitehead, 1957; Addison, 2002).

The spread of P. ficus pest populations can further be limited by
co-ordinating on-farm movement of implements and labourers.

Integrated control

Whitehead (1957), Berlinger (1977) and Urban (1985) believed
that an integrated approach should be followed, which would
enhance biological control. In addition, ant exclusion by trunk
barriers was considered an important element of the integrated
system (Whitehead, 1957). If biological control was not ade-
quate, limited chemica intervention using spot treatments of
short residual pesticides should be considered.

Information on the development rate of P. ficus (Walton, 2003)
was used to estimate the number of degree-days required by P.
ficus to complete its development and to estimate the rate of
development of the P. ficus population through the season
(Walton, 2003). This information was used as input for a P. ficus
pest-management model. Data from monitoring P. ficus and ant
activity were used as components to construct a decision chart.
This chart can be used by producers to optimise the control of P.
ficus populations using either chemical control or mass releases
of C. perminutus.

Presently, integrated production of wine (IPW) is encouraged
by the wine industry in South Africa (Tromp & Marais, 2000).
This system includes sound integrated pest-management strate-
gies for suppressing pests such as P. ficus. Strategies include
monitoring pest activity, pest-control practices such as trunk bar-
riers, optimised use of biological control and limited use of chem-
icads during the growing season. In addition, an AgChem
Environmental Work Group codes al registered pesticides for
acceptability in integrated production systems for use against
insect pests, including those for P. ficus control. This coding sys-
tem is based on the environmental impact of products (Wdton &
Pringle, 1999; Tromp & Marais, 2000; Walton & Pringle, 2001).
Producers are encouraged to implement these guidelines
(www.ipw.co.za) and random audits are conducted to determine
compliance.

CONCLUSIONS

The taxonomic status of P. ficus has been uncertain due to the dif-
ficulty of the dlide-mounting techniques used for preparing spec-
imens for identification and the lack of qualitative physical dif-
ferences to other closely related species (De Lotto, 1975; Ben-
Dov, 1994). A recent survey of meaybugs in the Western Cape
Province indicated that P. ficus is dominant locally (Walton,
2003). This has important implications for the grape-growing
industry in South Africa, because vine mealybug is an important
vector of the vine legfroll virus. The spread of this virus can only
be controlled by limiting the development of P. ficus infestations
in vineyards.

The mgjority of producers currently control this pest using
commercialy registered pesticides. The recent registration of the
chloro-nicotinyl compound, imidacloprid, and possible registra-
tion of similar chemical compounds in the future may aid in ale-
viating the limited range of available chemical compounds for
vine mealybug control. The optimal application rate, timing, cost
effectiveness and efficacy of these compounds, however, need to
be determined.

The current global trend of antagonism towards pesticide use,
the evidence of pesticide resistance and the difficulty of control-
ling this pest with conventional pesticides, however, serve as an
incentive for using alternative pest-control strategies. An integrat-
ed control programme is seen as the only sustainable alternative
to the currently used chemical control regime. Tools available for
integrated control include physica and pheromone-baited moni-
toring, temperature-driven models, biological control through
mass releases of natural enemies and optimally timed chemical
sprays. The isolation and commercial synthesis of the vine
mealybug pheromone have provided an opportunity to investigate
meating disruption as a further alternative pest-management strat-
egy for the control of P. ficus.

The lower and upper developmental temperatures of P. ficus
and C. perminutus, an important parasitic wasp, have been deter-
mined (Walton, 2003). These parameters were used to estimate
the number of degree days required for both insects to complete
their entire lifecycles. This information can be used in temepera-
ture-driven models for optimising the timing of control measures.

Pesticide failures have necessitated the development of alterna
tive pest-management measures such as mass releases of natural
enemies for P. ficus control in South Africa (Walton, 2003). A
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review of the published information on mass rearing parasitoids
has been produced by Etzel & Legner (1999), but no literature
was available on the mass rearing of C. perminutus on P. ficus. To
promote biological control as an aternative to chemical control,
C. perminutus was produced and released on P. ficus pest popula
tions and methods for mass release and the effectiveness of
C. perminutus for controlling P. ficus populations were investi-
gated (Walton, 2003).

To time control actions such as mass releases or chemical con-
trol of P. ficus pest populations correctly, accurate information on
fidd infestation levels was needed and a system for monitoring P.
ficus population levels with known levels of error was developed
using pheromone and physical monitoring (Walton, 2003). With
the above information, action thresholds could be determined and
used as abasis for P. ficus management.

Information gathered on the above aspects was combined to
construct a decision model for integrated P. ficus management
(Walton, 2003). This decision model should be verified in the
fidd. Future work will include the use of P. ficus pheromones for
mating disruption.

LITERATURE CITED

Acheche, H., Fattouch, S, M'Hirsi, S, Marzouki, N. & Marrakchi, M., 1999. Use
of optimised PCR methods for the detection of GLRaV3: A closterovirus associ-
ated with grapevine legfroll in Tunisian grapevine plants. Plant Mol. Biol. Rep.
17: 31-42.

Addison, P., 2002. Chemical stem barriers for the control of ants
(Hymenoptera:Formicidag) in vineyards. S. Afr. J. Enol. Vitic. 23, 1-8.

Addison, P. & Samways, M.J., 2000. A survey of ants (Hymenoptera: Formicidae)
that forage in vineyards in the Western Cape Province, South Africa. African
Entomology 8, 251-260.

Archangelskaya, A.D., 1930. List of the scale insects (Coccidag) of Turkmenistan.
(In Russian; Summary in English). Report of the Plant Protection Station for 1926
to 1929, Ashkhabad, Turkmenia. pp. 75-85.

Argyriou, L.C., 1983. Faunal anaysis of some scale insects in Greece.
Proceedings of the 10th International Symposium of Central European
Entomofaunistics, Budapest, 15-20 August 1983. pp. 364-367.

Avidov, Z., 1961. Pests of the Cultivated Plants of Israel. Magnes Press,
Jerusalem. 546 pp.

Avidov, Z. & Harpaz, I., 1969. Plant Pests of Israel. Israel Universities Press,
Jerusalem. 549 pp.

Bdachowsky, A.S. & Mesnil, L., 1935. In: Les Insectes nuisibles aux Plantes
Cultivees: Leurs Moeurs, Leur Destruction (Pest Insects on Cultivated Plants:
Their Habits, their Destruction). Ministére de 1'Agriculture, Paris. 1137 pp.

Beccari, F., 1971. Contribution to the knowledge of the entomofauna of Saudi
Arabia. First list of insects, mites and nematodes. Riv. Agric. Subtrop. Trap.
Firenze65, 178-211.

Ben-Dov, Y. 1994. A Systematic Catalogue of the Mealybugs of the World
(Insectac Homoptera: Coccoidea: Pseudococcidae and Putoidae) with Data on
Geographical Distribution, Host Plants, Biology and Economic Importance.
Intercept Limited, Andover, UK. 686 pp.

Ben-Dov, Y. & Matile-Ferrero, D., 1995. The identity of the mealybug taxa
described by V.A. Signoret (Homoptera, Coccoidea, Pseudococcidae). BSEF 100,
241-256.

Berlinger, M.J,, 1977. The Mediterranean vine mealybug and its natural enemies
in southern Israel. Phytoparasit. 5, 3-14.

Blumberg, D., 1997. Parasitoid encapsulation as a defense mechanism in the
Coccoidea (Homoptera) and its importance in biological control. Biol. Cont. 8,
225-236.

Bodenheimer, F.S., 1924. The Coccidae of Palestine. First report on this family.
Zionist Organization Institute of Agriculture and Natural History, Agricultural
Experiment Station Bulletin 1, 1-100.

Borchsenius, N.S., 1949. Insects: Homoptera; suborders mealybugs and scales
(Coccoideq). Family mealybugs (Pseudococcidae). Vol. VII. (In Russian). Fauna
SSSR. Zoologicheskii Institut Akademii Nauk SSSR. N.S. 38, 1-382.

Bugg. R.L. & Waddington, C, 1994. Using cover crops to manage arthropod pests
of orchards: A review. Agric. Ecosystems Environ. 50, 11-28.

Cabaleiro, C. & Segura, A., 1997. Field transmission of grapevine leafroll associ-
ated Virus 3 (GLRaV-3) by the mealybug Planococcus cirri. Plant Dis. 81, 283-
287.

Cabaeiro, C, Segura, A. & Garcia-Berrios, JJ, 1999. Effects of grapevine
leafroll-associated virus 3 on the physiology and must of Vitis vinifera L. cv.
Albarino following contamination in the field. Am. J. Enol. Vitic. 50, 40-44.

Carnero Hernandez, A. & Perez Guerra, G., 1986. Coccidos (Homoptera
Coccoidea) de las Idas Canarias (Coccids of the Canary Islands).
Communicaciones Instituto Nacional de Investigaciones Agrarias, Serie:
Proteccion Vegetad. Madrid 25, 1-85.

Charles, J.G., 1982. Economic damage and preliminary thresholds for mealybugs
in Auckland vineyards. NZ. J. Agric. Res. 25, 415-420.

Cogtello, M.J. & Daane K.M., 2003. Influence of ground covers on vineyard preda
tors and leafhoppers. University of California sustainable agriculture and research
and education programme. http://www.sarep.ucdavis.edu/ccrop/ccres/1996/23.HTM

Cox, JM., 1981. Identification of Planococcus citri (Homoptera:
Pseudococcidae) and the description of a new species. Syst. Entomol. 6, 47-53.

Cox, JM., 1989. The medybug genus Planococcus (Homoptera: Pseudococcidag).
Bulletin British Museum (Natural History). Entomology 58, 1-78.

Cox, JM. & Ben-Dov, Y, 1986. Planococcine mealybugs of economic importance
from the Mediterranean Basin and their distinction from a new African genus
(Hemiptera: Pseudococcidae). Bull. Entomol. Res. 76, 481-489.

Cox, J.M. & Wetton, J.M., 1988. Identification of the mealybug Planococcus halli
Ezzat & McConnell (Hemiptera: Pseudococcidag) commonly occurring on yams
{Dioscorea spp.) in Africaand the West Indies. Bull. Entomoal. Res. 78, 561-571.

De Lotto, G., 1975. Notes on the vine mealybug (Homoptera: Coccoidea
Pseudococcidag). J. Ent. Soc. SA. 38, 125-130.

Duso, C, 1990 (1989). Indagini bioecologiche su Planococcus ficus (Sign.) nel
Veneto (Indigenous bioecology of Planococcus ficus (Sign.) in the Veneto region).
Bollettino del Laboratorio di Entomologia Agraria 'Filippo Silvestri' 46, 3-20.

Duso, C, Trentin R, Borgo, M. & Egger, E., 1985. Influenza della termorego-
lazione estiva mediante acqua sulle popolazioni di Planococcus ficus Sign, su vite
(Influence of summer heat regulation, through water, on populations of
Planococcus ficus Sign, on grapevines). Rivista di Viticoltura e di Enologia 38,
567-607.

El-Minshawy, A.H., Karam H.H., & El-Sawaf, SK., 1974. Biological studies on
the long-tailed mealy bug, Pseudococcus longispinus (Targ. and Tozzeti)
(Homoptera:Pseudococcidae). Bulletin de la Societe Entomologique d'Egypte 58,
385-391.

Engelbrecht, D.J. & Kasdorf, G.G.F., 1984. Association of a closterovirus with
grapevines indexing positive for grapevine leafroll disease and evidence for its
natural spread in grapevine. Proceedings of the 8th Meeting of the International
Council for the Study of Viruses and Virus Diseases of the Grapevine.

Etzel, L.K. & Legner, E.F., 1999. Culture of hosts for Entomophagous arthropods.
In: Bellows, T.S. & Fisher, T.W. (eds). Handbook of biological control, Academic
Press, San Diego. 1280 pp.

Ezzat, Y.M., 1962. A synopsis of the family Pseudococcidae as known in Egypt,
U.A.R. (Homoptera: Coccoidea). Bulletin de la Société Entomologique d'Egypte
46, 155-170.

Ezzat, YM. & McConnell, H.S., 1956. The meaybug tribe Planococcini
(Pseudococcidae: Homoptera). Bulletin of the Maryland Agriculture Experiment
Station A84, 1-108.

Ezzat, Y.M. & Nada, SM.A., 1987 (1986). List of Superfamily Coccoidea as
known to exist in Egypt. Bollettino del Laboratorio di Entomologia Agraria
'Filippo Silvestri' 43 (Suppl.), 85-90.

Femald, M.E., 1903. A catalogue of the Coccidae of the world. Bulletin of the
Hatch Experiment Station of the Massachusetts Agricultural College 88, 1-360.

Ferris, G.F., 1922. Two new Coccidae from Cyrenaica. Bollettino del Laboratorio
di Zoologia Generale e Agraria della R. Scuola superior d'Agricoltura. Portici 16,
207-210.

Ferris, G.F., 1950. Atlas of the Scale Insects of North America, (ser. 5). The
Pseudococcidae (Part 1). Stanford University Press, Palo Alto, California. 278 pp.

Flaherty, D. H., Jensen, F. L., Peacock, W. L. & Bettiga, L., 1982. Mgjor insect
and mite pests; In: Grape Pest Management, Publication No. 4105. Agricultural
Sciences publications, University of California, Berkeley, CA 94720. 412 pp.

Foldi, I., 2000. Diversity and modification of the scale insects communities of the
Hyeres islands in natural and man-modified environments (Hemiptera:
Coccoidea). Annales de la Société Entomoiogique de France 36, 75-94.

S. Afr. J. Enal. Vitic, Val. 25, No. 2, 2004



62 VineMealybug, a Key Pest in South African Vineyards

Geiger, C.A., Daane, K. M., 2001. Seasonal movement and sampling of the grape
mealybug, Pseudococcw mittritimits (Ehrhorn) (Homoptera: Pseudococidae), in
San Joaquin vineyards. J. Econ. Entomol. 94, 291-301.

Geiger, C. A, Daane, K. M. & Bentley, W. J\, 2001. Development of a sampling
program for improved management of the grape mealybug. Cdif. Agric. 55, 19-27.

Gomez-Menor Ortega, J., 1937. Coccidos de Espana. Institute de Investigaciones
Agrondmicas, Estacion, Madrid. 432 pp.

Granara de Willinfc, M.C., 1991. Cochinillas harinosas de importancia economica
encontradas en laArgentina: actualizacion sistematicay nuevalistade hospederos
(Economically important mealybugs found in Argentina: recent species and new
list of hosts). BANCC 59, 259-271.

Granara de Willink, M.C., Scatoni, |.B., Terra, A.L. & Frioni, M.l., 1997.
Cochinillas harinosas (Homoptera, Pseudococcidae) que afectan plantas culti-
vadas y silvestres en Uruguay (Mealybugs (Homoptera, Pseudococcidae) that
affect crops and wild plants in Uruguay, updated ligt of the host plants). AGCCBR
1, 96-100.

Hempel, A., 1901. On some new Brazilian Hemiptera, Coccidae. Ann. and Mag.
of Natur. Hist. 8, 388-391.

Hinkens, D.M., McElfresh, J.S. & Millar, J.G., 2001. Identification and synthesis
of the sex pheromone of the vine mealybug, Planococcus ficus. Tetrahedron Lett.
42, 1619-1621.

Joubert, C. J., 1943. Mealy bugson vines. Bull. Dep. Agric. S. Afr. No. 243, 20 pp.

Kozar, R, Fowjhan, M.A. & Zarrabi, M., 1996. Check-list of Coccoidea and
Aleyrodoidea (Homoptera) of Afghanistan and Iran, with additional data to the
scale insects of fruit trees in Iran. Acta Phytopathol. Entomol. Hung. 31, 61-74.

Kriegler, PJ, 1954. 'n Bydrae tot die kennis van Planococcus citri (Risso)
(Homoptera: Pseudococcidae) (in Afrikaans). Thesis, Stellenbosch University,
Private Bag X1, 7602 Matieland (Stellenbosch), South Africa

Leonardi, G., 1920. Monografia delle cocciniglie Italiane. Delia Torre, Portici.
555 pp.

Lichtenstein, J., 1870. Séance du 25 Mai 1870.. Ann. Soc. Entomol. Fr. 10, 50-51.

Lindinger, L., 1912. Die Schildlause (Coccidae) Europas, Nordafrikas und
Vorder-Asiens, einschliesslich der Azoren, der Kanaren und Madeiras. Ulmer,
Stuttgart. 388 pp.

Longo, S., Marotta, S, Pellizzari, G., Russo, A. & Tranfaglia, A., 1995. An anno-
tated list of the scale insects (Homoptera: Coccoidea) of Itdy. Isr. J. Entomol. 29,
113-130.

Manini, F., 2000. Clonal selection in grapevine: Interactions between genetic and
sanitary strategies to improve propagation material. In: Bouquet, A. & Boursiquot,
M. (eds). Proc. VII'th Sym. on Grapevine Genetics and Breeding, France, pp. 703-
712. ActaHort. 528.

Marotta, S., 1987. An annotated list of the Italian mealybugs. Bollettino del
Laboratorio di Entomologia Agraria 'Filippo Silvestri'. Portici 43 (1986,
Supplement), 107-116.

Martin-Mateo, M.P., | 1985. Inventario preliminar de los c6ccidos de Espefia I11.
Pseudococcidae, Ortheziidae y Margarodidae. Graellsia, Revista de Entomdlogos
Ibéricos. Madrid 41, 89-104.

Matile-Ferrero, D., 1984. Insects of Saudi Arabia Homoptera: Subordo
Coccoidea. Fauna of Saudi Arabia 6, 219-228.

Melis, A., 1930. Contribuzione alia conoscenza degli insetti dannosi alle piante
agrarie e forestali della Sardegna (Contribution to knowledge of pests to crops and
forests of Sardinia). Redia 18, 1-120.

Millar, J.G., Daane, K.M., McEfresh, J.S., Moreira, JA., Malakar-Kuenen, R,
Guillen, M., & Bentley, W.J,, 2002. Development and optimization of methods for
using sex pheromone for monitoring the mealybug Planococcus ficus (Homoptera:
Pseudococcidae) in Californian vineyards. J. Econ. Entomol. 95, 706-714.

Nedzilskii, M., 1869. One of the pests of the fruit treesin Crimea. Agric. Gaz. 2,
19-23, 36-38.

Nel, A., Krause, M., Ramautar, N. & Ven Zyl, K., 1999. A guide to the control of
plant pests. Directorate: Agricultural Production Input, National Department of
Agriculture, Republic of South Africa

Neuenschwander, P. & Hagen, K.S., 1980. Role of the predator Remer obius paci-
ficus in a non-insecticide treated artichoke field. Environ. Entomol. 9, 492-495.

Orlinskii, A. D., Rzaeva, L. M. & Shakhramanov, |. K., 1989. A promising ento-
mophage. Zashchita-Rastenii-Moskva 11, 25-26,

Pellizzari-Scaltriti, G. & Fontana, P., 1996. Contribution to the knowledge of
Homopteran Coccoidea of Sardinia with description of a new species. Bollettino
di Zoologia Agraria e Bachicoltura. Milano 28, 119-140.

Perez Guerra, G. & Carnero Hernandez, A., 1987 (1986). Coccids of horticultur-
al crops in the Canary Islands. Bollettino del Laboratorio di EntomologiaAgraria
'Filippo Silvestri' 43 (Suppl.), 127-130.

Prabhaker, N., Toscano, N. Castle, S., & Henneberry, T., 1997. Selection for imi-
dacloprid resistance in silverleaf whiteflies from the Imperial Valey and develop-
ment of ahydroponic bioassay for resistance monitoring. Pestic. Sci. 51,419-428.

Rosciglione, B. & Castellano, M.A., 1985. Further evidence that mealybugs can
transmit Grapevine virus A (GVA) to herbaceous hosts. Phytopathol. Medit. 24,
186-188.

Rosen, D., 1965. A new species of Clausenis ishii (Hymenoptera: Encyrtidae)
from Israel. Proceedings of the Royal Entomological Society of London, Series B;
Taxonomy 34, 61-64.

Russo, A. & Mazzeo, G., 1997. Contributo alo studio zoogeografico della coc-
cidiofauna della Sicilia (Contribution to the zoogeographical study of coccid
fauna from Sicily). Naturalista Siciliano S. 1V, XXI (1-2), 45-55.

Rzaeva, L.M., 1985. Parasites and predators of the grapevine mealybug
{Planococcus ficus Signoret) and introduction of new entomophages to Eastern
Transcaucasia (In Russian). lzvestiya Akademii Nauk Azerbaidzan USSR, Biol.
Nauk 4, 34-39.

Searle, C.M.St.L., 1965. The susceptibility of Pauridia peregrina Timb.
(Hymenoptera: Encyrtidae) to some pesticide formulations. J. Entomol. Soc. S.
Afr. 27, 239-249.

Signoret, V., 1875. Essai sur les cochenilles ou gallinsectes (Homoptéeres -
Coccides), 15e partie. Annales de la Société Entomol ogique de France (serie 5) 5,
305-352.

Tanne, E., Ben-Dov, Y. & Raccah, B., 1989. Transmission of the corky-bark dis-
ease by the mealybug Planococcus ficus. Phytoparasitica 17, 55.

Tranfaglia, A., 1976. Studi sugli Homoptera Coccoidea. V. Su acune Cocciniglie
nuove o poco conosciute per 1ltaia (Coccidae, Eriococcidae, Pseudococcidag).
Bollettino del Laboratorio di Entomologia Agraria 'Filippo Silvestri'. Portici 33,
128-143.

Trjapitzyn, V.A., 1989. Parasitic Hymenoptera of the Family Encyrtidae of
Palaearctics. Akademia Nauk SSSR. Zoologicheskii, Leningrad, 487 pp.

Trjapitzyn, SV. & Trjapitzyn, V.A., 1999. Parasitoids of the mealybugs on culti-
vated grapes in Argentina, with description of a new species of the genus Aenasius
Walker (Hymenoptera, Encyrtidae). Entomologicheskoe Obozrenye 76, 174-179.

Tromp, A. & Marais, E., 2000. Integrated Production of Wine (IPW). The South
African system as a consumer guarantee. Bulletin De L'O.1.V. 2000, 837-838.

Urban, A J., 1985. Unpublished final report, The integrated control of vine mealy-
bug, Planococcus ficus (Signoret) on vines. Plant Protection Research Ingtitute,
Polkadrive, Stellenbosch, Private Bag X5017, 7559 Stellenbosch, South Africa.

Vashney, RK., 1992. A checklist of the scale insects and mealy bugs of South
Asia. Part-1. Records of the Zoologica Survey of India, Occasiona Paper 139, 1-
152.

Walton, V.M. & Pringle, K.L., 1999. Effects of pesticides used on table grapes on
the meaybug parasitoid Coccidoxenoides perminutus (Timberlake)
(Hymenoptera: Encyrtidae). S. Afr. J. Enal. Vitic. 20, 31-34.

Waton, V.M. & Pringle, K.L., 2001. Effects of pesticides and fungicides used on
grapevines on the meaybug predatory beetle Nephus 'boschianus
(Coccinellidae, Scymnini). S. Afr. J. Enol. Vitic. 22, 107-110.

Walton, V. M., 2003. Development of an integrated pest management system for
vine mealybug, Planococcus ficus (Signoret), in vineyards in the Western Cape
Province, South Africa Dissertation, Stellenbosch University, Private Bag XI,
7602 Matieland (Stellenbosch), South Africa

Waton, V.M., Pringle, K.L. & Daane K.M., 2003. Integrated vine mealybug
i(Planococcus ficus) control with the use of pheromone trapping in South African
vineyards. Wynboer 7, 2003.

Whitehead, V.B., 1957. A study of the Predators and Parasites of Planococcus citri
(Risso) (Homoptera) on Vines in the Western Cape Province, South Africa
Thesis, Rhodes University, Grahamstown, South Africa

Williams, D.J. & Granara de Willink, M.C., 1992. Mealybugs of Central and
South America. CAB International, London, England. 635 pp.

Williams, D.J. & Moghaddam, M., 1999. Mealybug species of the genus
Planococcus Ferris in Iran (Homoptera: Coccoidea: Pseudococcidae) with a dis-
icussion of Planococcus vovae (Nasonov). J. Ent. Soc. Iran 18, 32-43.

Zhao, J. Z., Bishop, B. A.& Grafius E. J.,, 2000. Inheritance and Synergism of
Resistance to Imidacloprid in the Colorado Potato Beetle (Coleoptera:
Chrysomelidae). J. Econ. Entomol. 93, 1508-1514.

S. Afr. J. Enol. Vitic, Val. 25, No. 2, 2004



