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Foreword
Researchers normally operate in the background of our industry and it is not very often that they are in the
limelight collecting awards for the wines they help to create through the multitude of fields they contribute to.
Whether it is from broad strokes in viticulture, understanding the myriad of different varietals, their clones
and characteristics, through to helping to comprehend how yeasts function under different conditions, to the
intricacies of microbiology and the pathology of wine grapes, research continually contributes to the improvement of all facets of the industry.
Many of these aspects of research are again highlighted in this edition of the Winetech Technical Yearbook,
which this year changes its name to reflect the direct involvement of this organisation in helping to drive this
vital component of the industry.
Thanking each researcher personally is virtually impossible and naming some of the leading lights in the
industry almost always results in somebody who has contributed in the distant past, or made giant strides in
their field in the recent past, being overlooked.
But, people do take note of what is being achieved and the industry can be extremely thankful for the dedication which goes into the undertaking of the research every year and the many hours spent understanding the
multitude of issues which viticulturists and winemakers are faced with in the vineyard and cellar.
In this edition we also see the longest running series concluded, with the final section of Prof Piet Goussard’s
32 articles on: A guide to grapevine abnormalities in South Africa. This must also be a first in the world, a
pictorial record of such a wide variety of problems experienced in vineyards. Some of these range from serious
industry-wide issues to others which may never affect certain farms.
It is this, and so many other vital studies which are undertaken by researchers in so many fields, which help
to keep the South African wine industry competitive in the dynamic international market.
Homage needs to be paid to the men and women in this field, to ensure they understand how much their
contribution and the communication of it to others means!
JAN BOOYSEN
TECHNICAL ADVISOR: WINETECH
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A guide to grapevine abnormalities in
South Africa: Grapevine pests – birds,
bagworms, rodents, white ants, dassies,
antelopes and moths/butterflies (part 5.7)

PIET GOUSSARD
Department of
Viticulture & Oenology,
Stellenbosch University

(For previous articles in this series see the Wynboer Technical Yearbook’s of 2012 and 2013.)

WineLand January 2014
Keywords: Grapevine pests, birds, bagworms, rodents, white ants, dassies, antelopes, moths, butterflies, damage, feeding activities, feeding patterns.

General and introductory
The incidence of bird damage, in terms of the economic value of
grapes that are damaged/eaten annually, has been a serious problem
from the earliest times – a situation that still prevails in all the viticultural areas of South Africa as a prominent and established phenomenon. Conversely bagworms, rodents, white ants, dassies, antelopes and moths/butterflies are mostly deemed less important – a
notion that could possibly be ascribed to either the sporadic or the
localised incidence of these pests. Nevertheless, as a result of serious
direct damage that may be inflicted by the feeding activities of pest
phenomena within this group, it is important here too to keep abreast
of identification procedures in conjunction with characteristic behavioural and feeding patterns. In this presentation, particulars of abnormalities, as related to the incidence of such pests, are visually portrayed and elucidated by brief captions.

for example) entire berries are removed – a situation which may
contribute, depending on the area, cultivar and vineyard location, to
considerable/total crop losses (Photos 375 & 376). Furthermore
indirect bird damage, as associated with the potential distribution of
mealybug and leafroll, should enjoy high priority on an ongoing
basis.

Bagworms

Abnormalities emanating from bird damage are very characteristic
and are usually associated with typical, visually detectable pecking
and feeding patterns in ripening/ripe grapes. A common tendency
among the smaller bird species is to peck holes in individual berries
before eating the complete or partial contents thereof – thereby creating easy ingress options for a wide variety of secondary rotting
organisms (Photos 373 & 374). In the case of bigger birds (starlings

Although the sporadic incidence of bagworms (in SA also known as
‘broekmanwurms’) is a well-known phenomenon, in the Stellenbosch
and Agter-Paarl areas especially, large-scale damage associated with
the feeding activities thereof is not considered to be a cause for concern. The visual incidence of bagworms – the larvae of which are
housed in artistically made ‘cocoons’ (consisting of a sturdy bag
made of silk threads around the body, to which has been attached
twigs or blades of grass that have been nibbled short) – make it
utterly and positively recognisable as a pest phenomenon (Photo
377). During the active stages one often finds that bagworms hang
from grapevine leaves in their twig-‘cocoons’, with protruding head
and forequarters so as to eat holes in the leaves (Photo 378). Although
no serious damage to vineyards has ever been reported, one should
allow for the possibility of epidemic outbreaks (especially where it
may occur in conjunction with other pests) – and it is best to keep
abreast of identification procedures.

PHOTO 373. A typical example of pecking damage by birds in this individual
berry – in which case convenient ingress is offered to secondary rotting
organisms.

PHOTO 374. Several berries on this bunch have already been destroyed by
secondary rotting organisms – while freshly eaten berries (as in Photo 373)
are expected to be subjected to a similar fate.

Birds

For further information on this series contact Prof Piet Goussard at pgg@sun.ac.za.
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PHOTO 375. A typical example of serious bird pecking damage inflicted on
the ripening berries of a bunch of grapes.

PHOTO 376. In the case of bigger birds, whole berries are removed – a
situation that may contribute to considerable/total crop losses.

PHOTO 377. An example of a bagworm larva, whose characteristic red head
emerges from the twig cocoon in a crawling movement.

PHOTO 378. Typical of bagworms is their hanging position, as assumed
when feeding on leaves.

PHOTO 379. Ring-barking activities by rodents (mice) are associated with
stripping of bark and phloem over large sections (even around trunks) –
which causes cambial zones to be exposed.

PHOTO 380. Feeding activities of rodents as in Photo 379 usually take place
below the soil surface, whereafter excessive callus and root formation is
initiated in an attempt to keep affected grapevines going. Note that original
roots have already died or are in the process of doing so.
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PHOTO 381. A typical example of above-ground bark and phloem being
stripped/eaten by mice – to such an extent that large sections of the cambium are exposed (even up to or just below the graft union).

PHOTO 382. The inability of phloem to bridge large sections occurs as a
result of the above-ground incidence of rodent-associated ring-barking
wounds.

PHOTO 383. The presence of mouse holes that are normally visible near
established grapevines, may make a positive contribution in terms of identification procedures.

PHOTO 384. An example of dry twigs, grasses and general plant material
being used by white ants to cover nest openings before rain showers – a
phenomenon that is often visible between newly-planted grapevines during
the first growing season.

PHOTO 385. A situation where grapevine leaves and shoot tips were eaten
by dassies, while the grapevines themselves also show signs of damage.

PHOTO 386. According to reliable personal communication, dassies (that
were caught in the act) are responsible for the feeding damage in these
grapevines.
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PHOTO 387. In this specific instance – as a result of tracks and excretions
in the immediate vicinity of the affected grapevine – antelope-associated
feeding damage could be identified.

PHOTO 388. Serious feeding damage inflicted by Angora goats (as a result
of a gate that had been left ajar) in a new planting of Chardonnay grapevines
on the Welgevallen experiment farm of Stellenbosch University.

PHOTO 389. An example of a grapevine moth larva that recently occurred
for the first time, and moreover in epidemic proportions, in the Orange
River area. According to the literature, this is related to the Australian
grapevine moth, the wings of which display characteristic colourful patterns.

PHOTO 390. Serious feeding damage that may be inflicted by the grapevine
moth larvae (Photo 389) in instances of epidemic outbreaks.

Rodents

can also be confirmed by the holes/tunnels that are usually found
close to established grapevines (Photo 383).

Feeding damage by rodents such as mice is mainly associated with
ring-barking activities in varying degrees of intensity on the trunks,
both above and below the surface of the soil, of established grapevines. In such instances it has been found that large parts of the bark
and phloem and even around the trunks are eaten/stripped, thereby
exposing the cambium (Photo 379). Although such harmful interventions usually occur below the surface, in which case excessive callus
and root formation is initiated in an attempt to keep the grapevines
going (Photo 380), it has been found that phloem is unable to bridge
large parts of the ring-barking wounds above the soil surface – which
may even extend to positions above the graft unions (Photos 381 &
382). It goes without saying that normal physiological processes in
affected grapevines are compromised to the extent that in addition to
deterioration, complete dieback may be the fate of younger grapevines especially. In addition to the characteristic feeding patterns of
mice that are visually evident, the incidence of this pest phenomenon

White ants
The incidence of white ants – which are prominently detectable during the phases when they actively use inter alia dry twigs, grasses and
other plant material to cover nest openings before rain showers –
requires no introduction (Photo 384). In this regard instances have
been reported where – possibly due to shortages of the material
mentioned above – young grapevine leaves and green shoots (or parts
thereof) have been used for the above-mentioned actions. This practice nevertheless occurs almost exclusively among newly-planted
grapevines and is considered minimally important in terms of serious
feeding damage.

Dassies
Although feeding damage by dassies is considered to be a fairly uncommon phenomenon, incidents have been reported where grapevine leaves
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and young shoot sections have tempted their taste buds (Photos 385 &
386). Seeing that there are no characteristic feeding or damage patterns
on affected grapevines, these culprits must be caught in the act to be
positively associated with harmful interventions. Obviously such situations will be limited to areas where dassies are a common occurrence.

Antelopes
The sporadic incidence of feeding damage to grapevines caused by
antelopes is not an exceptional phenomenon – especially so where the
vineyards in question are not fenced to keep out game and the adjacent
territory includes bushy and mountainous terrain. Given the situation
that characteristic feeding patterns are often absent (Photo 387), identification procedures in respect of the specific cause are mostly based
on particulars of tracks and excretions in the immediate vicinity of
damaged grapevines. Serious damage can nevertheless also be inflicted on grapevines within fenced vineyards – as reflected in situations
where gates are left ajar to grant unhindered access, inter alia to ordinary farm animals such as goats, cattle and sheep (Photo 388).

Moths/butterflies
During the growing season it is by no means uncommon to find moths
and butterflies, sometimes displaying colourful patterns on their wings,
in vineyards. Although direct damage per se cannot be ascribed to
them, on the other hand serious feeding damage may be inflicted on
specific organs of affected grapevines during the larval stages – a situation that may result in epidemic interventions under conducive/optimal environmental conditions (Photos 389 & 390).
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Conclusion
In conclusion, based on the extensive impact of direct and indirect
damage inflicted on affected grapevines by grapevine pests (Parts 5.1
- 5.7 of this series), it is crucial not only to remain informed about
identification procedures and behavioural patterns; but also, especially in instances where confusion is possible, to obtain confirmation
by gaining expert advice. Obviously the entire spectrum of pestassociated abnormalities/phenomena that are pertinent to the grapevine and its products cannot be covered and the focus is therefore
only on the best known/most recognisable and harmful phenomena.
Additionally it is important to note that certain pests/phenomena may
have advantages as well as disadvantages in terms of general viticulture, and also that unknown or practically forgotten and even new
pests may occur in sudden and unexpected epidemic proportions.
Globally considered the ongoing and meticulous monitoring of vineyard blocks is highly recommended so as to keep abreast of the
incidence of umbrella/divergent pest and other phenomena, including
any advantages and disadvantages that could be involved – even
though this may only entail interesting observations, such as inter alia
hornet’s nests, chameleons, spiders and others.

References/additional reading and viewing material
De Klerk, C.A., 1981. Wingerdplae. In: Burger, J. & Deist, J. (eds). Wingerdbou in Suid-Afrika. Trio-Rand/SA Litho, N’dabeni. pp. 433 - 462.
Ferreira, J.H.S. & Venter, E., 1996. Wingerdsiektes en Plae in Suid-Afrika. ARC
Infruitec-Nietvoorbij Institute for Viticulture and Oenology, Private Bag X5026,
Stellenbosch.
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A guide to grapevine abnormalities in South Africa: Abiotic
abnormalities – wind, heat, sunburn and frost damage (Part 6.1)
WineLand February 2014
Keywords: Abiotic abnormalities, wind, heat, sunburn, frost.

General and introductory
Abiotic abnormalities are associated with damage caused by environmental conditions. Harm may be inflicted in varying formats and
levels of intensity – as reflected by the fact that serious conditions
may result in permanent damage, or even the destruction of grapevines, while a lower profile impact will obviously be caused by more
moderate conditions. Seeing that certain abnormalities in this category may resemble the damage caused by diseases, pests and even
physiological problem situations – and furthermore contribute, to a
greater or lesser extent, in almost all instances, to economic losses
over the short and/or longer term – it remains important here too to
remain abreast of identification procedures and it is recommended
that expert advice be sought in confirmation. This may enable interested parties in the industry to not only act timeously and effectively
in terms of control and/or implementation of remedial strategies, but
also to apply and maintain possible preventative measures – based
on specific guidelines proposed by expert advisors – on an on-going
basis. In this part of the series, particulars about the incidence of the
most common abiotic abnormalities are visually portrayed and elucidated by brief captions.

berries and bunches are torn off by gusts and gales, while situations
have occurred where serious/destructive damage has been caused to
grapevines and even trellis systems (Photos 391 - 393). Although
grapevines are susceptible to wind damage throughout the growing
season and individual cultivars display varying degrees of susceptibility, grapevines are especially vulnerable during specific phenological stages and organs may be damaged to the extent that normal
physiological activities are hampered – especially in areas where
strong, but also more moderate prevailing winds occur. Typical
examples include chafing of shoots, petioles and peduncles against
foliage wires – in which case vascular tissue is damaged to the extent
that it is unable to engage in optimal translocation processes (Photos
394 - 397). In addition wind during the flowering period may also
contribute, inter alia, to poor(er) set of berries (Photo 398), while
wilting and desiccation of young shoot tips on hot days is no exceptional phenomenon – especially in instances where soil water is
limited. Furthermore indirect wind damage, as related to possible
mealybug and leafroll distribution, should never be disregarded, but
considered a high priority throughout.

Wind damage

Heat damage

Depending on its speed/force, wind is considered to be one of the
most important and best-known environmental conditions in terms
of harmful impact on grapevines. In extreme instances leaves, shoots,

Although heat and sunburn damage may occur jointly, the former is
usually associated with situations where grapevine tissue/organs are
damaged by overheating without direct exposure to the sun. Typical

PHOTO 391. An example of serious wind damage that may be inflicted on trellised grapevines during the early part of the growing season (October).
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PHOTO 392. Destructive damage caused by gale force winds to these
newly planted bush vines.

PHOTO 393. An example of a trellis system that succumbed to the onslaught
of gusts of wind. Apart from the cement poles, grapevines are destroyed
mostly as a result of the trunks being torn off/broken.

PHOTO 394. A typical example of shoots chafing against foliage wires, in
which case vascular tissue is damaged to the extent that it is unable to engage
in optimal translocation processes – a phenomenon that may even occur
with more moderate prevailing winds.

PHOTO 395. In this instance severe wind damage is associated with fraying
of leaves and damage to vascular tissue in shoots and petioles – as a result
of chafing/rubbing against foliage wires.

PHOTO 396. An example of wind damage that may damage young shoots
and petioles and dry out leaf edges.

PHOTO 397. As with shoots (Photo 394), wind may inflict serious damage
on vascular tissue of peduncles (as a result of chafing/rubbing against foliage
wires). In this instance, witness the damage to applicable parts of a young
bunch (before flowering).
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PHOTO 398. During the flowering period wind may also contribute to
weak(er) set of berries.

PHOTO 399. In Muscat d’Alexandrie older leaves are often subjected naturally to the development of uneven yellow to brown heat spots. Not to be
confused with characteristic heat damage/spots.

PHOTO 400. A typical example of characteristic indentations – with the
tissue eventually browning from the inside – on berry surfaces, as a result of
heat damage.

PHOTO 401. The further progression of heat damage in berries (Photo 400)
is associated with misshapen development and eventual drying out.

PHOTO 402. The shrivelling and eventual desiccation of berries in reaction
to browning/drying out of sections of the peduncle/branches may be singled
out as additional characteristic traits of heat damage.

PHOTO 403. Severe sunburn damage in this bunch – as related to wilting,
shrivelling and eventual desiccation of berries due to direct exposure.
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PHOTO 404. Light brown to orange-yellow discolouration in individual berries – which may be associated with varying degrees of shrivelling – is considered characteristic of direct exposure to the sun on exceptionally hot
days.

PHOTO 405. As in Photo 404 this example is typical of situations where
individual berries suffer from direct exposure to sunrays.

PHOTO 406. Severe sunburn damage in Muscat d’Alexandrie as a result of
shoots hanging free from the trellis, thereby causing the bunches to be
exposed to direct sun.

PHOTO 407. Although sunburn may affect/damage leaves to a lesser extent,
they remain susceptible and characteristically pale brown, intravenous spots
are associated with sunburn.

PHOTO 408. A further example of sunburn damage to leaves. In this specific case wind was a further factor contributing to the emergence of pale
brown spots.

PHOTO 409. During the early part of the growing season (September to
October) green shoots, flower clusters and even buds that are just starting
to sprout, are extremely sensitive to spring frost damage.
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PHOTO 410. The further progression of spring frost damage (Photo 409),
when applicable organs are destroyed, and desiccated.

of this is the wilting and drying out of actively growing shoot tips
either during heatwave periods, or simply in instances where sudden
increases in temperature occur after relatively cool spring conditions
– a phenomenon that is obviously exacerbated by dry winds. Apart
from inter alia Muscat d’Alexandrie, where older leaves are often
subjected to the development of uneven, yellow to brown heat spots
(Photo 399), the incidence of heat damage/spots is especially noticeable in bunches – the berries of which are afflicted to varying degrees
at any stage shortly before ripening. In such instances (due to overheating of fruit tissue) characteristic indentations are caused – in due
course the tissue turns brown from the inside – on berry surfaces,
resulting in misshapen development and eventual drying out thereof
(Photos 400 & 401). Shrivelling and eventual drying out of berries
in reaction to the browning/drying out of sections of the peduncle/
framework may be singled out as an additional characteristic example
of heat damage – a phenomenon to which individual, separate groups
or even all berries on a bunch may be subjected (Photo 402).

Sunburn damage
Sunburn by itself is usually associated with situations where serious
damage may be inflicted on bunches of susceptible cultivars especially as a result of direct exposure. Abnormality phenomena associated with this are largely very characteristic and mostly related to
wilting, shrivelling and eventual desiccation of berries on one or
more parts of the bunch (Photo 403). In addition light brown to
orange-yellow discolouration in individual berries – which may be
accompanied by varying degrees of shrivelling – may be considered
characteristic of exposure to direct sunrays on very hot days (Photos
404 & 405). A common occurrence in bush vines is to fall apart in
the centre, causing ripening grapes to be severely exposed to sunburn
– a similar situation may occur when shoots of trellised grapevines
hang free (Photo 406). Although leaves may be affected/damaged by
sunburn to a lesser degree, they are not immune and when affected,

display characteristic traits. In typical examples one notices the
emergence of pale brown spots between veins, encircled by a dark
brown line – thus creating a distinct separation between the brown
and green parts (Photos 407 & 408).

Frost damage
Although grapevines are usually not subject to frost during the dormant period (June to August), trunks, cordons and one-year-old canes
may in extreme cases be affected to the extent that rifts/cracks
develop – a situation that, in addition to creating convenient entry
points for crowngall bacteria inter alia, may even contribute to dieback phenomena in grapevines. In contrast to the above, the incidence of spring frost is extremely harmful in September and October,
when sensitive green shoots, flower clusters and even buds that are
just starting to burst, may be destroyed (Photos 409 & 410).

Conclusion
Based on the considerable economic impact of damage that may be
caused by the above-mentioned phenomena, the value of preventative, as well as remedial measures – based on comprehensive expert
knowledge/advice – cannot be overemphasised. Obviously such
guidelines – in addition to sensible terrain and cultivar choices – will
play an important role when applying the total spectrum of practices
in respect of sustainable/profitable viticulture in the various regions.

References/additional reading and viewing material
Ferreira, J.H.S. & Venter, E., 1996. Wingerdsiektes en Plae in Suid-Afrika.
ARC Infruitec-Nietvoorbij Institute for Viticulture and Oenology, Private Bag
X5026, Stellenbosch.
Joubert, J., 2012. Heat damage to young grapevines. Wynboer Technical
Yearbook 2012, 151 (in WineLand, October 2012).
Marais, P.G., 1981. Wingerdsiektes en Abnormaliteite. In: Burger, J. & Deist,
J. (eds). Wingerdbou in Suid-Afrika. Trio-Rand/SA Litho, N’dabeni. pp. 384
- 432.
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A guide to grapevine abnormalities in South Africa: Abiotic
abnormalities – drought, drowning and salinity (Part 6.2)
WineLand March 2014
Keywords: Abiotic abnormalities, drought, drowning, salinity.

General and introductory
The incidence of and harm caused to grapevines by drought, drowning and salinity may rightly be singled out as problem situations with
which the local grapevine industry is familiar. Although visually
detectable abnormalities related to such conditions occur in divergent
manifestations and varying degrees of intensity, these may be
ascribed, in all three instances, to the same cause – namely, the induction of water deficits in the above-ground organs of affected grapevines. Generally speaking, water deficits are extremely harmful and
in almost all instances they impact negatively on the productive
lifespan and general performance of grapevines, yield, as well as
eventual grape and wine quality in exposed grapevines. Obviously it
is important to distinguish between water deficits resulting from lasting/persistent subjection of grapevines to the above-mentioned
conditions and those that can/may occur temporarily – even in
instances of meticulously scheduled irrigation. In the latter regard a
recent publication, with a wealth of illustrations showing the visual
appearance of temporary water deficits in the shoot tips, leaves and
tendrils, may be singled out as a valuable tool for practical application (Schutte, 2012). In view of the fact that above-ground abnormalities, as associated with the manifestations discussed below,
display close similarities – thereby causing confusion – it is important
to remain abreast of relevant identification procedures and it is recommended that expert advice be sought to confirm a diagnosis. By
doing so, interested parties in the industry are empowered not only

to act timeously and effectively in terms of viable control and/or
remedial strategies, but also to maintain the application of possible
preventative measures based on scientifically founded guidelines. In
this part of the series, details about the incidence of the above-mentioned situations are portrayed visually and elucidated by succinct
captions.

Drought
On the whole, drought induced water deficits are fairly easy to recognise, being associated with a yellowing of older leaves in particular. This often occurs in conjunction with prior desiccation/scorching
of leaf edges. In instances where grapevines are subjected to sustained drought conditions, such situations are usually followed by
total desiccation and premature leaf fall, whereafter grapes (usually
in a wilted condition) are subjected to the consequences of sunburn
damage. In this category, manifestations of abnormality associated
with drought are visually portrayed and elucidated by succinct captions, also explaining specific causes of/reasons for individual cases
(Photos 411 - 417).

Drowning
Although grapevines display resistance to drowning during the dormant period, there is significant vulnerability in the course of the
growing season however – with specific reference to active root

PHOTO 411. The onset of leaf yellowing and desiccation in this young table grapevine is as a result of drought – a replacement vine in an ampelographic
collection grown under dryland conditions.
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PHOTO 412. This example illustrates drought induced yellowing and desiccation of leaves, similar to the example in Photo 411. Note the wilted bunch,
its berries looking shrunken and shrivelled.

PHOTO 413. An example of serious damage to this bushvine, caused by
persistent drought conditions – including considerable sunburn damage to
exposed bunches in reaction to premature loss of leaves.

PHOTO 414. Characteristic drought-associated abnormalities are illustrated
by these grapevines that are cultivated under rift conditions.

PHOTO 415. Despite regular overhead irrigation, these grapevines at the
end of the rows in a newly planted Crouchen block were deprived of sufficient water deposits by strong prevailing winds, thereby subjecting the vines
to serious drought associated damage. Note the normal appearance of the
grapevines and prolific weeds in the background; there are no signs of
drought induced manifestations of abnormality.

PHOTO 416. Despite supplementary irrigation, severe drought induced
abnormalities (including watery ripening) are encountered in these Bukettraube grapevines. In this case the soil profile is characterised by the presence of white clay on coarse sand.

PHOTO 417. An example of leaf yellowing, derived from a sudden and
complete interruption in the water supply chain, is illustrated by these Pinotage grapevines in the Klein Karoo that are practically ready to be harvested
(Oudtshoorn area).
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PHOTO 418. Leaf yellowing and eventual desiccation are typical of drowning
induced water deficits during the growing season. Prolific weeds are a further
indication of this phenomenon, as can be seen in this example.

PHOTO 419. In this instance specific canals with run-off water, in combination with insufficient drainage, affect terraced Sauvignon blanc grapevines in
the Hout Bay area and may be considered a probable cause of leaf yellowing
in reaction to drowning. It appears that soil and root examinations of individual grapevines, some of which have already died, revealed the absence of
Phytophthora, inter alia, as a possible cause thereof.

PHOTO 420. Persistent, visually noticeable accumulation of water above the
surface of the soil (which will eventually contribute to the grapevines’ dying)
is usually an advantage in terms of the correct identification of drowning
conditions.

PHOTO 421. In instances where persistent accumulation of water occurs
below the surface of the soil, it is trickier to ascribe such situations to
drowning exclusively. Consequently thorough soil and root examinations are
required in order to clarify the actual cause(s) of the demise of grapevines
in this example.

PHOTO 422. An example of the root system(s) of drowned, dead grapevines, as in Photos 420 and 421, which show broken roots and an associated
sour smell.

PHOTO 423. Desiccation/scorching of leaf edges is considered typical of the
onset of abnormalities associated with salinity.
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PHOTO 424. The tendency of leaf edge desiccation (Photo 423) to eventually penetrate between the main veins, in conjunction with edges curling
upwards, is very characteristic of salinity and consequently also easier to
interpret visually.

PHOTO 425. Premature leaf fall is considered characteristic of damage
caused by salinity. Also note the intense edge desiccation of the leaves on
the left (21:00 position).

PHOTO 426. In conjunction with premature leaf fall (Photo 425), shoot tips
tend to remain green, die back or experience renewed bud burst. Also note
the shortened internodia, resulting from initial delayed shoot growth.

PHOTO 427. A typical example of young, green leaves following bud burst
on green shoot tips (compared to Photo 426).

PHOTO 428. In instances where grape production manages to take place on
grapevines damaged by salinity, bunches fail to undergo optimal ripening – as
is clearly illustrated by this example of Sémillon (red).
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growth phases, in which case peaks are usually reached during flowering, but also in the course of several post-harvest weeks. As with
drought and salinity, drowning induced water deficits are associated
with yellowing and desiccation of leaves, often in conjunction with
drying/scorching of leaf edges (Photos 418 & 419). In view of the
fact that serious situations of drowning, where water is persistently
accumulated either above or just below the surface of the soil (Photos
420 & 421) – thus contributing to the eventual dying of grapevines
– visual detectability is compromised where above-ground abnormalities only become obvious once such conditions have come to an
end. Root and soil investigations are therefore highly recommended
where drastic drainage problems/drowning conditions go hand-inhand with a sour smell (Photo 422).

Salinity
According to available literature delayed shoot growth, followed by
the prevalence of darker green, dull leaves as a result of a thicker
layer of wax, may be considered commonplace with the onset of
abnormalities associated with saline damage. Obviously it is often
not easy to observe the above-mentioned manifestation(s) visually
and furthermore confusion with other causes is also likely. The transition to desiccation/scorching of leaf edges (Photo 423), eventually
to penetrate between main veins (in conjunction with leaves that curl
upwards), is very characteristic of salinity and therefore also easier
to interpret visually (Photo 424). At the same time the onset of leaf
fall is moved forward, while shoot tips tend either to remain green,
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die back or experience renewed bud burst, resulting in the occurrence
of green leaves (Photos 425 - 427). Under such conditions fewer or
even no bunches are produced – and where these do materialise,
optimal ripeness is not achieved (Photo 428).

Conclusion
Globally considered, based on the considerable economic impact of
harmful situations caused by drought, drowning and salinity, which
are often expressed by similar above-ground manifestations of abnormality, the value of preventative/corrective measures cannot be
overemphasised. The implementation of specific actions will obviously be dependent on thorough and expert soil and root investigations/analyses, so as to reveal the actual cause(s) of either a lack of,
or insufficient water uptake by the root systems of affected grapevines.

References/additional reading and viewing material
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Marais, P.G., 1981. Wingerdsiektes en Abnormaliteite. In: Burger, J. & Deist,
J. (eds). Wingerdbou in Suid-Afrika. Trio-Rand/SA Litho, N’dabeni. pp. 384
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Saayman, D., 1981. Wingerdvoeding. In: Burger, J. & Deist, J. (eds). Wingerdbou in Suid-Afrika. Trio-Rand/SA Litho, N’dabeni. pp. 343 - 383.
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A guide to grapevine abnormalities in South Africa:
Abiotic abnormalities – hail, lightning, sulphur burn, bunch stem
necrosis and growth arrestment (Part 6.3)
WineLand April 2014
Keywords: Abiotic abnormalities, hail, lightning, sulphur burn, bunch stem necrosis, growth arrestment.

General and introductory
Harmful occurrences such as hail, lightning, sulphur burn, bunch
stem necrosis and growth arrestment phenomenon (hereafter GAP)
– widely divergent as these may be – may be singled out as wellknown problem situations affecting grapevines in the South African
wine and table grape industries. Unlike hail, lightning and sulphur
burn, where visually noticeable abnormalities/damage in individual
instances may be ascribed to specific causes, this is not the case with
bunch stem necrosis and GAP – which occur mainly in table grapes,
the latter almost exclusively restricted to the Lower Orange River
area. Based on comprehensive research, investigations and observations over many years, it can be stated with certainty that both situations deserve acknowledgement as complex, physiological phenom-

ena and specific/combined factors may be elucidated as important
role players/drivers/causative agents (Van der Merwe, 1994; Van der
Westhuizen et al., 2001; Myburgh, 2008; Laker & Conradie, unpublished; and others). Based on this research it has been possible to
compile valuable, scientifically founded recommendations/guidelines, in order to reduce risks through improved management of
problem situations such as bunch stem necrosis and GAP.
Although above-ground abnormalities associated with the phenomena in question are sporadic occurrences, considerable economic
damage/losses may be caused in instances of serious onslaughts.
Consequently, it remains important here too to remain abreast of
relevant identification procedures and it is recommended that expert
advice be sought to confirm a diagnosis. In addition it is strongly
recommended that producers acquire a basic knowledge of contributing factors – either individually or in combined format – especially
with regard to the incidence of bunch stem necrosis and GAP,
namely: growth regulator imbalances; climate; nutrition; soil; rootstocks and scions, as well as vigour/crop load in the former; and
dormancy physiology; climate; soil; irrigation; rootstocks and fungal
diseases (early deleafing) in the latter. In this part of the series, particulars regarding the incidence of hail, lightning, sulphur burn,
bunch stem necrosis and GAP are visually depicted and elucidated
by means of brief captions.

Hail
In general hail induced damage – as associated with the potential and
sporadic occurrence of hail in all South African winegrowing areas – is
easily identifiable. Although grapevines are especially vulnerable to
hail damage early in the growing season, serious damage may be
wrought throughout the entire spectrum of phenological stages – in
which case the economic impact will obviously be determined by the
intensity of the storms and the size of the hailstones (Photos 429 - 433).

Lightning

PHOTO 429. An example of hail damage to this bunch of wine grapes in the
Robertson area, which creates ideal ports of ingress for harmful organisms
through induced wounds.

Although damage due to lightning is not a common occurrence in
vineyards, considerable damage may be inflicted on grapevines,
especially in instances where trellis wires are directly hit. In affected
grapevines, browning and drying out of leaves and shoots will take
place from the tips, while bunches are obviously affected too – a
situation which can often be seen in totality across individual rows
(Photo 434). In instances where young, soft shoots touch wires
directly early in the growing season, shoots will snap and dry out,
including flower clusters in adjacent positions – this is very characteristic of the radiation effect that may be caused by lightning (Photo
435). On the other hand thickening may occur in positions where
older, partially lignified shoots come into direct contact with the wire.
This phenomenon is associated with the healing/filling of cracks by
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PHOTO 430. Serious hail damage to Sultanina grapevines in the Keimoes
area, causing almost total deleafing, in conjunction with grotesque damage
to bunches.

PHOTO 431. A further example of the extent of hail damage as in Photo
430, to illustrate the coverage of the soil surface – practically overall – with
a carpet of leaves and bunches that had been knocked off. Also note the
damage to the trunk sections only, as illustrated by the grapevine in the 10:00
position.

PHOTO 432. A closer look at the hail damage illustrated in Photos 430 and
431. In addition to leaves and bunches, serious damage was simultaneously
wrought to green, as well as partially lignified shoots.

PHOTO 433. An example where lignified shoots (even with cordon and
trunk sections) were so damaged by severe hail storms that sections of bark
were knocked right off. In some cases such canes may die, while callus formation may sometimes occur around the damaged tissue. Obviously ideal ports
of ingress are created for secondary wood rotting organisms – an aspect that
emphasises the importance of timeous and correct actions/follow-up procedures.

PHOTO 434. An illustration of lightning damage representative of a situation
where trellis wires are directly hit, resulting in the browning and drying out
of leaves and shoots across the entire row.

PHOTO 435. Very characteristic of lightning damage are instances where
young, soft shoots come into direct contact with wires early in the growing
season; these subsequently snap off and dry out, so too flower clusters in an
adjacent position.
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PHOTO 436. In contrast with the example in Photo 435, thickening occurs
in positions of direct wire contact with older, partially lignified shoots – a
phenomenon associated with the healing/filling of cracks by means of callus
formation.

PHOTO 437. The drying out of pith sections of shoots damaged by lightning,
thereby creating the impression that they are hollow inside, is considered
very characteristic of this phenomenon.

PHOTO 438. In reaction to sulphur burn in high temperature situations
shortly after dusting, young leaves burn mostly from the edges, whereafter
they undergo a typical reddish-brown discolouration followed by the curling
up and hardening/drying out of damaged parts.

PHOTO 439. In berries, sulphur burn is associated with the development of
smooth, dark brown to black discolourations (within which cracks occur)
– clearly illustrated by this example.

PHOTO 440. A closer look at the cracks associated with dark brown discolourations (as in Photo 439) as a result of sulphur burn. Not to be confused with sunburn or heat damage.

PHOTO 441. A further example of sulphur burn (as in Photos 439 and 440)
occurring widely on berries and even pedicels. Not to be confused with
sunburn or even anthracnose.
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PHOTO 442. A typical example of bunch stem necrosis in a bunch of table
grapes, in which case the band formation occurs in positions where lateral
branches develop out of the rachis – to be followed by browning and drying
out, in conjunction with wilting, shrivelling and drying out of berries.

PHOTO 443. An enlarged example of the situation seen in Photo 442. Note
the typical band formation at the basal origin of the lateral branch in question,
as well as in the pedicel in the 09:00 position.

means of callus formation (Photo 436). In addition the drying out of
pith sections in such shoots – thereby creating the impression that the
inside is hollow – is considered very characteristic of lightning damage (Photo 437).

Sulphur burn
Young leaves and bunches display a particular sensitivity to sulphur
burn in high temperature situations shortly after dusting, and extreme
care should be taken when dusting sulphur is used to combat applicable diseases/pests. Young leaves burn from the edges mostly and a
typical reddish-brown discolouration takes place, whereafter the
leaves curl up and damaged parts harden and dry out (Photo 438). In
the case of older leaves burn damage can also occur on sections
between the main veins, in addition to the edges – in which case
leaves appear normal except for dry, reddish-brown spots between
the veins. In berries, sulphur burn is associated with the development
of smooth, dark brown to black discolourations (within which cracks
occur) – in which case the texture of burnt areas looks hard and may
result in asymmetrical berry development (Photos 439 - 441).

Bunch stem necrosis
Characteristic abnormalities associated with this complex physiological phenomenon manifest as small, dark spots of dead cells that
usually develop on the narrowest parts of pedicels (during advanced
berry development), whereafter they expand to develop a continuous/
girdling band or ring – the consequence being that individual berries
are eventually subjected to wilting, shrivelling and drying out. In the
case of table grapes especially a similar situation is very characteristic, the difference being that the formation of the band is often
restricted to positions where lateral branches develop out of the rachis
– whereafter it expands to contribute to the browning and drying out
of the affected branch in its entirety. Obviously the same cycle is
followed, namely wilting, shrivelling and drying out of berries on
such branches (Photos 442 & 443).
PHOTO 444. Typical of GAP is where flower clusters are choked off and
dry out after the appearance of superficial, black lesions on the developing
peduncles. Normally reduced shoot growth and shiny, dark green leaves will
also be observed in affected grapevines.
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Growth arrestment phenomenon
Although this phenomenon is mainly associated with temporary shoot
growth/arrestment in the period between flowering and bud burst
(when flower clusters are choked off at a very early stage), compre-

vineyard

hensive research investigations revealed that several and even divergent abnormality phenomena may occur, either individually or in
combination. Such situations complicate concrete identification
procedures, to the extent that it is considered absolutely essential to
obtain expert advice at all times. From the spectrum of abnormality
phenomena, the characteristic trait of GAP is a delay/arrestment in
the elongating tempo of shoots that emanate from successful bud
burst, to be followed by active growth later in the season, either
without or with smaller bunches only. Such situations therefore indicate that inflorescences, although initiated, may have been choked/
damaged in dormant buds already (even before bud swell). In cases
where flower clusters are affected at a later stage – but before calyptra drop – superficial black lesions appear where pedicels are later
choked. Usually reduced shoot growth and shiny, dark green leaves
may be observed in affected grapevines (Photo 444).

will be fully dependent on expert advice, also taking into account,
inter alia, the complexity of possible cause(s), with the emphasis on
bunch stem necrosis and GAP.

Conclusion

Van der Westhuizen, J.H., Saayman, D., Knight, F., Myburgh, P.A., Volschenk,
C.G., Malan, D., Burnett, J.J. & Steenkamp, J., 2001. Groeistilstandverskynsel en terugsterwing van wingerde in die Benede-Oranjeriviergebied.
Sagtevrugteboer, September, 23 - 25.

Globally considered, based on the considerable economic impact of
harm caused by the phenomena in this category, which may occur in
widely divergent format, either singularly or in combined situations
– the value of possible preventative and/or sensible actions cannot be
overemphasised. Obviously the implementation of specific actions
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A guide to grapevine abnormalities in South Africa:
Abiotic abnormalities – genetic aberrations (Part 6.4)
WineLand May 2014
Keywords: Abiotic abnormalities, genetic aberrations, mutations, chimeras.

General and introductory
Despite being widely divergent, the incidence(s) of genetic aberrations may be considered a well-known phenomenon in the SA grapevine industry. On the whole the incidence of such aberrations/mutations may be ascribed to sudden changes in the genes (carriers of
hereditary traits) – a situation(s) that may occur at any moment in
any plant tissue cell, thereby bringing about new characteristics. This
explains why red berries may suddenly occur on a white grape cultivar, or seedless berry types or coulure bunches on grapevines that are
otherwise perfectly normal. In addition to the fact that existing characteristic traits may gradually be improved or debilitated based on
the hereditary nature of mutations, it is important to remain abreast
of identification procedures and it is recommended that expert advice
be sought to confirm a diagnosis – especially in instances where
confusion with other causes is a possibility. In addition one would
like to encourage awareness of chimeras, especially the extent to
which these differ from true/permanent mutations. In this part of the
series, particulars are provided with regard to the incidence of wellknown, as well as lesser known aberrations, as they are likely to
occur in cultivar context. Where applicable, such aberrations are
visually portrayed and further clarified by captions.

Mutations/ bud aberrations
Tetraploid types
This group of bud aberrations (also known in the vernacular as “mannetjiestokke”) are characterised by the shoots appearing thicker and
stockier, compared to normal grapevines, while the leaves look bigger, their appearance being slightly creased and their texture tough.
The bunches are generally loose, with fewer though bigger berries
throughout, that are usually subject to premature ripening. Although
such grapevines may sometimes appear interesting, it has consistently been found that this group of aberrations has no commercial
value, especially due to considerably lower yields – thereby branding
it as a negative mutation. Because deviations within this group may
occur at any time in any grapevine(s) across the entire cultivar spectrum, it remains vitally important to identify examples at an early
stage; whereafter material should be destroyed, in view of the fact
that vegetative propagation of negative traits is a possibility.

Coulure types
In some cultivars, grapevines are subject to a run-off phenomenon
on an ongoing basis. In this regard abnormalities in individual
bunches are associated with excessive peduncular matter, combined
with far fewer berries – this situation obviously goes hand-in-hand
with considerably lower yields (Photo 445). In the case of Muscat
d’Alexandrie in particular, grapevines in this category are especially
vigorous, with stems assuming a noticeably thicker circumference,
compared to normal grapevines. Aberrations in this group have
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apparently been observed in Chenin blanc, Cinsaut noir, Crouchen,
Gamay, Pontac and White Muskadel among others.

Currant types
Aberrant types in this category correspond to run-off types to a certain extent, except that a large number of small, round seedless berries are present (Photo 446). In certain instances all the berries in the
bunch – with a few exceptions – may be seedless, as with Cape
Currants which are an acknowledged mutation of Red Muskadel,
while Cinsaut Currants have more berries with seeds. It is commonly accepted that Greek or Zante Currants came about due to a
natural mutation of a normal, seeded cultivar. Although currant types
are to be found among various cultivars, including Chenin blanc,
Grenache noir, Hanepoot and Pontac, so far the only mutations
within this group to display any commercial importance have been
Zante and Cape Currants. Despite the fact that millerandage is also
associated with the incidence of smaller, often seedless berries,
occurring in densely packed format together with normal, seeded
berries in individual bunches (Photos 447 - 449), care should be
taken not to assess such phenomena without further ado as being
representative of aberrations in this category. Based on the fact that
incidences of millerandage may be ascribed to various and widely
divergent causes/factors, it is strongly recommended that confirmation be sought by means of subsequent investigations/observations.

Bunch size and shape
Aberrations also occur where bunch sizes and shapes differ from the
normal situation(s). A well-known example in this regard is “knoptros” or Le Roux-Hanepoot, in which case bunches are fairly small,
with few exceptions. Obviously the yields from such aberrations are
usually considerably lower, compared to that of normal grapevines.

Berry shape
In this regard one can single out Muscat d’Alexandrie as one of the
best-known cultivar examples as far as various berry shape aberrations are concerned. Examples are still being cultivated locally and
known as: (i) long berry Hanepoot; (ii) round berry Hanepoot and
(iii) pear-shaped Hanepoot. An aberration that may be propagated
vegetatively has also occurred in Palomino, in which case the berries
are clearly segmented in appearance (Photo 450). Known locally as
‘Tamatie-Frans’, it often attracts a lot of attention because it is so
interesting.

Berry colour
Based on white, red, grey and black as being representative of the
four main colours encountered among ripe grapes, mutations in this
category are probably best known, since they are easy to recognise.
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PHOTO 445. Coulure bunches normally display a fair amount of peduncular
matter. This phenomenon is associated with the incidence of seeded berries
in limited numbers, while small, seedless berries are almost non-existent.

PHOTO 446. A typical example of a Currant-type mutation; the bunches,
with a few exceptions, are densely packed in format, with small, round, seedless berries.

PHOTO 447. Millerandage is also associated with the incidence of smaller,
often seedless berries, which occur in large numbers in association with
normal, seeded berries.

PHOTO 448. The incidence of millerandage in a ripening bunch.

PHOTO 449. A further example of millerandage, here illustrated by Pinotage
bunches.

PHOTO 450. An aberration that may be propagated vegetatively occurred
in the berries only of Palomino, with the shape being transformed into a
segmented format – hence the name ‘Tamatie-Frans’.
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PHOTO 451. A typical
example where only
part of an individual,
ripe bunch was subject
to discolouration.

PHOTO 453. A further example of discolouration in berries can be seen in
one section of this bunch. Also note the onset of partial discolouration, in
which case certain berries were subjected.

PHOTO 455. The cycle of discolourations from black to grey to white has
been completed, as experienced when Cinsaut blanc arrived on the local
scene.
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PHOTO 452. A situation where discolouration is only noticeable in a few
berries. Also note the incidence of partial discolourations, as reflected by
berries in the 08:30 and 16:00 positions.

PHOTO 454. An example of a cultivar that has undergone a permanent
mutation from black to grey, as associated with Cinsaut gris in this example.

PHOTO 456. The permanent effects of severely atypical leaves and reduced
shoot growth are portrayed by this Hárslevelü grapevine. Also note the
felt-like hairiness on the green shoots.
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PHOTO 457. Poor berry set occurred in the same Hárslevelü grapevine as
in Photo 456. Such an aberration(s) afflicted three adjacent grapevines in an
ampelographic collection. Although no grapes have been produced over a
period of more than 20 years, the grapevines are still growing and the particular aberration(s) are perpetuated on an annual basis.

PHOTO 458. An example of flat and double peduncles and rachis branching
occurring in a Durif bunch.

PHOTO 459. Small, round, seedless berries as they appear in densely packed
format in the same Durif bunch (Photo 458). In this instance the specific
aberration has affected all the bunches on the grapevine in question.

PHOTO 460. An example of exceptionally forked shoots in an individual
Verdelho grapevine. This situation obviously warrants follow-up observations.

PHOTO 461. A typical positioning of tendrils in this cane.

In South Africa some of the best known examples of colour aberrations from white to red are Red Hanepoot and Red Sémillon. Although
not a local phenomenon, Red Muskadel entered the world of viticulture in the same way, namely as an aberration of White Muskadel. A
phenomenon that is probably most prevalent is where a grapevine has
only one shoot bearing red grapes, or even just a single red bunch.
Instances have also occurred where an individual bunch, or only a part
thereof, or even just a few berries, have undergone discolouration
(Photos 451 - 453). Experts in this field maintain that colour changes
occur in sequence from black – red or grey – white (or the other way
around), but not directly from black to white or from white to black.
As far as could be ascertained, the local industry has not seen any
individual cultivar(s) changing from black – red – white. Having said
that, a colour change has occurred from black to grey to white, notably in the case of Cinsaut noir (Photos 454 & 455). Other examples
from further afield include inter alia Pinot noir and Grenache noir,
notably Pinot gris and Pinot blanc in the former, and Grenache gris
and Grenache blanc in the latter, being acknowledged as true berry
colour mutations.
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PHOTO 462. An example of the so-called variegated phenomenon, an aberration considered typical of a chimera.

PHOTO 463. The flat shoot chimera is usually associated with broad, flat
internodia, often with a forked appearance.

Miscellaneous
On the whole the examples mentioned above do not cover the entire
spectrum of aberrations that may be propagated vegetatively and
which may occur in individual or even several grapevines in a specific vineyard block. Based on the economic impact of lesser known
and/or unknown aberrations, ongoing selection is strongly recommended here too – a practice that is obviously not feasible without
awareness and a meticulous understanding of: (i) characteristic cultivar traits, as well as (ii) the normal morphological appearance and
positioning of all organs in individual grapevines. Typical examples
of aberration in this category include inter alia: (i) atypical leaves/
shortened shoot growth/poor berry set (in Hárslevelü) (Photos 456 &
457); (ii) flat and double shoots/peduncles/bunch laterals/small, seedless berries (in Durif) (Photos 458 & 459); (iii) exceptionally forked
shoots (in Verdelho) (Photo 460) and (iv) atypical positioning of
tendrils (cultivar unknown) (Photo 461).

Chimeras
In grapevines the apical meristem of an elongating shoot (AMS) is
genetically very stable – making it eminently suitable for application
in tissue culture techniques. In instances where an aberration should
occur in the developing tissue of the AMS (without dieback of the
tissue), shoots have the amazing ability to sidestep such aberrations
– in which case the principal shoot is subject to normal growth, while
the aberration appears on a lateral shoot, notably as a chimera. Sometimes, however, the aberration is retained on the principal shoot. Such
abnormalities do not cause the grapevines to die and are usually
limited to one shoot, the prospects being that the shoots may appear
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normal in the subsequent growing season. Two types of chimeras that
occur commonly are the so-called variegated leaf and flat shoot
phenomena, the former being associated either with variable yellow
and green stripes on the leaf between the veins, or by white leaves
with green spots, or even by leaves of which one half is green and
the other half white (Photo 462), whereas the latter is associated with
broad, flat internodia – often assuming a branched appearance
(Photo 463).

Conclusion
In view of the fact that specific aberrations ascribed to mutations may
be propagated vegetatively, the value of comprehensive, ongoing and
meticulous intra-cultivar selection, including foundation and mother
blocks, cannot be overemphasised. This should enable elimination of
negative mutations before further propagation take place, while
positive characteristics – with a hereditary basis – may be subject to
investigations into the application of clonal selection.
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A guide to grapevine abnormalities in South Africa: Nutrient element
deficiencies and toxicities (Part 7)
WineLand June 2014
Keywords: Nitrogen, potassium, magnesium, iron, zinc, manganese,
boron, deficiencies, toxicities, characteristic abnormalities.

General and introductory
Although grapevines have relatively low nutrient requirements,
unlike most other agricultural and horticultural crops, optimal performance of the grapevine, taking into account sustainable quality
and quantity standards, depends on ongoing accessibility to essential
macro- and micronutrients, thereby making provision for efficient
uptake/application thereof in quantities that are truly required and
balanced. Despite the fact that attempts are usually made to apply
correct/sensible fertilisation strategies, based on scientifically founded guidelines, the intervention of abnormalities associated with
either deficiencies or excesses of specific nutrients is by no means
unusual, giving rise to acknowledged problem situations in the SA
wine and table grape industries. In view of the fact that considerable
economic damage/losses may result from serious excesses or defi-

ciencies, it is important here too to remain abreast of identification
procedures on an ongoing basis. As symptoms may be confused with
several other and even widely divergent causes, it is strongly recommended that expert advice be sought, so as to reveal bona fide trends
by means of leaf and/or soil analyses. In this part of the series particulars of abnormalities associated with deficiencies and/or toxicities
of the most important nutrient elements are described and where
appropriate, visually portrayed and elucidated by means of captions.

Nitrogen
Generally speaking nitrogen deficiencies – in practice, associated
abnormality phenomena are very seldom visually detectable – are
characterised by diminished shoot growth and a general yellowing

PHOTO 464. Intense, dark green leaf discolourations are induced by high nitrogen levels. Also note the early berry shattering, as seen in the 17:00 position.
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PHOTO 465. In severe instances nitrogen toxicities (as in Photo 464) are
associated with shiny blemishes on leaf surfaces, whereafter leaf edges are
subject to browning and withering. Note that in addition to wind damage;
erinose and downy mildew (on the leaf in the 15:00 position) can also be
seen in this example.

PHOTO 466. A characteristic example of nitrogen toxicity in this Shiraz
grapevine, with shiny, dark green leaves, and browned edges that tend to
curl upwards.

PHOTO 467. Normally potassium deficiencies are manifested as curled
leaves during the early part of the growing season – as illustrated by this
Sultanina grapevine, where the curling action occurs upwards.

PHOTO 468. A characteristic example of potassium deficiency, reflected by
the downward curling of leaf edges. This situation is usually associated with
yellowing and gradual browning and withering of tissue.

PHOTO 469. Later in the season potassium deficiencies are associated with
browning and withering of older leaf edges especially.

PHOTO 470. A further example where potassium deficiencies are associated with browning/withering of older leaves, which may thus contribute to
premature leaf losses.
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PHOTO 471. Intravenous leaf yellowing in white grape cultivars is considered
characteristic of magnesium deficiencies.

PHOTO 472. In the case of red grape cultivars, magnesium deficiencies are
associated with an interveinal reddening of leaves.

PHOTO 473. In extreme cases, leaf edge necrosis may be induced by magnesium deficiencies, as can be seen in the 09:00 position in this example.

PHOTO 474. Iron deficiency abnormalities are visually detectable as an
interveinal yellowing of young, rapidly growing leaves, while the primary,
secondary and finer veins remain green in colour.

PHOTO 475. Towards the end of the season entire grapevines can be
transformed into stunted and bush-like shapes by iron deficiencies.

PHOTO 476. Initially zinc deficiencies are associated with the onset of visually detectable chlorosis to apical leaves, whereafter leaves assume a consistently smaller format with enlarged petiole sinuses.
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PHOTO 477. Characteristic of manganese deficiencies is the onset of a pale,
interveinal chlorosis between the primary and secondary veins in older
leaves, whereas the areas around the finer veins tend to remain green.

PHOTO 478. An increase in intensity of interveinal chlorosis in leaves (compare Photo 477) that may be ascribed to manganese deficiencies.

PHOTO 479. Boron toxicities are associated with, inter alia, shattering of
berries; onset of necrotic blemishes in older leaves; shortened internodia
with a ‘zig-zag’ appearance and growth arrest in apical leaf edges – thereby
contributing to smooth edges and knobbly surfaces on leaves.

PHOTO 480. A further example of boron toxicity. Especially note the
absence of teeth on the leaf curling downwards, the edge being smooth and
the surface bullate – as illustrated in the 11:00 position.

of leaves. On the other hand high nitrogen levels induce excessive
shoot growth combined with intense, dark green leaf discolourations
(Photo 464). In serious cases toxicities are associated with shiny
blemishes on leaf surfaces and salt deposits on leaf edges, whereafter
tissue is subjected to browning and withering (Photos 465 & 466).
Furthermore berry shattering is caused, among others, as well as a
reduction in potassium levels in leaves, where deficiency abnormalities may even occur. These are considered characteristic phenomena resulting from excessive applications of nitrogen.

ciencies normally manifest themselves during the early part of the
growing season through curling leaves (both upwards and downwards
are options), a situation that usually goes hand-in-hand with yellowing of leaf edges, followed by gradual browning and withering.
Later in the season deficiencies are associated with browning of
older leaves especially, thereby contributing to early leaf losses and
impaired growth (Photos 467 - 470).

Potassium
In contrast to the familiar problems caused when grapevines are
subjected to excesses of potassium, characteristic, visually identifiable abnormality phenomena are mostly absent under normal cultivation conditions. On the other hand, although potassium deficiencies
are associated with the onset of typical characteristics, manifestation
thereof can at times be widely divergent, thereby causing greater
confusion with a variety of other causes/problems. Potassium defi-
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Magnesium
Abnormalities associated with magnesium deficiencies are characteristic and can usually be observed from véraison onwards on older
leaves, where interveinal yellowing in white grape cultivars and a
similar reddening in red grape cultivars can be observed (Photos 471
& 472). In extreme cases leaf edge necrosis may be induced (Photo
473). Although production levels may be affected by magnesium
deficiencies, generally the onset of associated abnormality phenomena are detectable in good time – which enables an appropriate course
of action.

vineyard

Iron
Iron deficiency abnormalities are visually detectable as an interveinal yellowing of young, rapidly growing leaves while the primary, as
well as secondary and finer veins remain green (Photo 474). In due
course the yellowing becomes more intense, eventually imparting a
pale yellow and even white appearance to leaves. Towards the end of
the season the entire grapevine may be affected, in which case it is
transformed into a stunted, bush-like format as a result of abnormal
development of lateral shoots (Photo 475). Obviously yields are
drastically reduced in severe cases, combined with diminished shoot
growth which may eventually even result in dieback of the grapevines.

Zinc
Initially zinc deficiencies are associated with the onset of visually
detectable interveinal chlorosis to apical leaves, whereafter leaves are
consistently smaller with enlarged petiole sinuses (Photo 476). Furthermore shoot growth is impaired, a situation that gave rise to the vernacular term ‘kleinblaar’ or even ‘kleinblaarsiekte’ (small leaf disease).
In severe cases berry shattering occurs, which may contribute to excessively straggly bunches and berries that vary considerably in size.

Manganese
Unlike the situation in the south western parts of France, manganese
toxicities have not been reported in wine grapes in South Africa,
judging from available literature. On the other hand the local incidence of manganese deficiencies is by no means unknown, with
abnormality phenomena always appearing on older leaves first.
Visually detection is based on a light, interveinal chlorosis that
increases in intensity between the primary and secondary veins, while
the areas around the finer veins tend to remain green (Photos 477 &
478). Although manganese deficiencies may be confused with magnesium deficiencies in severe instances, the former is consistently
associated with yellow discolourations, even in red grape cultivars.

Boron
Even though boron is indispensible with regard to the normal functioning of meristems, cell division and enlargement, synthesis of
auxin, as well as development and germination of pollen, severe

incidences may impact on the performance of grapevines when subjected to either deficiencies or excesses. Boron deficiencies are
associated with various abnormality phenomena, not all of which will
necessarily and simultaneously occur on the same grapevine(s).
Examples include the following, namely: (i) necrotic blemishes or
rings on tendrils and flower cluster peduncles; (ii) run-off, poor fertilisation and millerandage; (iii) flattened, seedless berries; (iv) dieback of shoot tips; (v) shortened internodia with a ‘zig-zag’ appearance and (vi) dull, pale yellow, uneven blemishes on apical leaves,
and subsequently interveinal chlorosis. In the case of boron toxicities,
abnormality phenomena are induced that correspond to boron deficiencies in many regards, thereby adding to the confusion. In addition
to run-off and millerandage, which may occur in both instances, the
onset of necrotic specks on older leaves and growth arrest in apical
leaf edges – thus imparting smooth edges and bullate surfaces to
downward-curling leaves – are considered characteristic of boron
toxicities (Photos 479 & 480).

Conclusion
Broadly speaking, based on the economic impact of harmful interventions that may be caused by either deficiencies and/or excesses of
essential macro- and micronutrients, the value of preventative, as well
as remedial strategies – based on concrete expert knowledge/advice
– cannot be overemphasised. Obviously implementation of specific
actions will be fully dependent on scientifically-founded leaf and soil
analyses, so as to eliminate confusion and determine the true cause(s)
of the abnormality phenomena that are involved.
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A guide to grapevine abnormalities in South Africa:
Herbicide phytotoxicity (Part 8)
WineLand July 2014
Keywords: Herbicides, phytotoxicity, damage, characteristic abnormalities.

General and introductory
Apart from research-based and strictly scientifically-founded
guidelines for approaching and applying chemical herbicide
strategies, the incidence of abnormality phenomena associated with
the injudicious application/use of chemical products is by no means
unknown, and will from time-to-time resume its impact on affected
grapevines. In view of the fact that considerable economic damage/
losses may be inflicted in such instances, it is of cardinal importance
that planning procedures regarding the implementation of herbicide
programmes should at all times be undertaken in consultation with
experts. Obviously the above also applies to situations where existing
programmes are subjected to adjustments/amendments – in which
case ongoing and successful weed control may be promoted in the
most environmentally friendly way. Overall it is important to remain
well-informed about identification procedures regarding herbicideinduced abnormality phenomena in affected grapevines. In view of
the fact that current programmes are based mostly on the application
of mixtures – unlike past practice, when products were generally
applied individually – concrete/positive identification(s) has(ve)
become far more complicated. Furthermore, based not only on
differences among the respective phenomena, but also where
confusion with other and even totally divergent causes may prevail,
it is strongly recommended that expert advice be sought, so as to
confirm actual trends. In this part of the series, particulars are given
of abnormalities associated with phytotoxic interventions of active
ingredients of basic pre- and post-emergence herbicides, and where
applicable, visually portrayed and elucidated with captions. In view
of the divergence and even correspondence between phytotoxic
phenomena within these groups, an attempt was obviously made to
focus mainly on truly characteristic examples.

Triazines
Harmful interventions associated with pre-emergence products (in
which triazines figure as active ingredients) usually afflict younger
grapevines, especially in instances where establishment takes place
in light to medium textured soils, and when overdosing comes into
play. Although divergent, interveinal yellowing from the leaf edges,
which gradually contributes to browning of the tissue, is considered
characteristic of grapevine root uptakes from basic products in this
group (Photo 481). With simultaneous application of pre- and postemergence products (in mixture format) it remains important
throughout to pay careful attention to the phenological stages in
which the grapevines find themselves. In cases of direct application
on emanating buds, severe leaf scorching may ensue, especially when
post-emergence contact herbicides are incorporated in such mixtures
(Photo 482). In addition divergent/confusing abnormality phenomena
may be associated with direct contact during bud swelling – before
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active bud burst – with specific reference to situations where
penetrants are included to encourage penetration (Photo 483).

Paraquat
In view of the fact that chlorophyll of plant tissue may be destroyed
by paraquat, serious damage may be inflicted on grapevines in
instances where applicable organs (in the form of leaves, young shoot
sections and flower clusters) are subjected to direct contact with
spray-drift. In general phytotoxicity interventions in affected leaves
are mostly associated with a localised incidence of irregular, chlorotic
spots, rapidly followed by subsequent necrosis (Photos 484 - 486).
Although less invasive, phytotoxicity, as reflected by yellowing/
browning of partial or total leaf surfaces, may also be caused by
fumes, especially when application takes place during warm weather
conditions (Photo 487). A slightly unusual phenomenon entails
uptake of paraquat by mechanically damaged shoots, inter alia,
whereafter it is translocated to leaves. The result will be browning/
necrosis of the veinal network and adjacent tissue (Photo 488).

Phenoxyacetic acid
Characteristic abnormality phenomena (resulting from uncontrolled
cell division) generally occur in instances where basic herbicides with
phenoxyacetic acid as active ingredient are applied injudiciously.
Normally harmful interventions in this regard are associated with
application to fresh pruning wounds, either during bud swell, or when
spray-drift comes into contact with green shoots and grapevine leaves
in particular. Although phytotoxicity usually displays characteristic
patterns in terms of appearance, it is often widely divergent and/or
confusing and it is recommended that expert advice be sought in
confirmation, especially in situations where grapevines are affected by
spray-drift of 2,4-dichlorophynoxyacetic acid (2,4-D) or even
2,4,5-trichlorophenoxyacetic acid (2,4,5-T). Depending on the intensity
levels of uptake, serious damage may be inflicted on applicable organs,
to the extent that grapevines may die back entirely (Photos 489 - 494).

Glyphosate
As in the case of phenoxyacetic acid, glyphosate induced
phytotoxicity is also associated with application on fresh pruning
wounds, either during bud swell/emanation of buds, or when spraydrift comes into contact with green shoot and grapevine leaves
especially. Although phytotoxicity normally displays characteristic,
visually detectable traits, these are often widely divergent and it is
therefore recommended that expert advice be sought in confirmation.
In addition, toxicity phenomena often lead to confusion with other
and even totally divergent causes, which may further complicate
positive identification. Based on the intensity levels of uptake, here
too, serious damage may be inflicted on applicable organs, to the
extent that grapevines may even die back entirely (Photos 495 - 502).
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PHOTO 481. Although widely divergent, interveinal yellowing/browning from
leaf edges is considered characteristic of root uptake of pre-emergence
herbicides (where triazines are the active ingredients).

PHOTO 482. In cases of direct application to emanating buds, severe leaf
burn may ensue – especially when post-emergence contact herbicides are
incorporated into mixtures.

PHOTO 483. Divergent/confusing abnormality phenomena may be associated
with direct contact during bud swell, with specific reference to situations
where penetrants are added to pre- and post-emergence herbicides in
mixture format to encourage penetration in the latter instance.

PHOTO 484. Direct contact with spray-drift of paraquat is associated with
a localised incidence of irregular, chlorotic spots – to be followed by rapid
necrosis.

PHOTO 485. Severe phytotoxicity interventions in instances where leaves,
young shoot parts and flower clusters are subjected to direct contact with
spray-drift of paraquat.

PHOTO 486. A further example of harmful interventions in these leaves
resulting from direct contact with spray-drift of paraquat.
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PHOTO 487. Although less invasive, phytotoxicity (yellowing/browning) of
partial or total leaf surfaces may also be induced by paraquat fumes, especially
when application takes place during warm weather conditions.

PHOTO 488. A slightly unusual example where paraquat is taken up by
mechanically damaged shoots and translocated to leaves, thereby contributing
to browning/necrosis of the veinal network and adjacent tissue.

PHOTO 489. Phytotoxicity interventions in this ‘Gloryvine’ grapevine as a
result of the application of herbicide (2,4-D as active ingredient) during bud
swell.

PHOTO 490. A situation where Shiraz grapevines (end row) have been
severely affected by spray-drift/fumes of 2,4-D. In this example the spraydrift, which is able to reach far and wide, comes from an adjacent sports field,
meaning that overdosing of the particular herbicide should be taken into
account.

PHOTO 491. Severe phytotoxicity interventions in individual leaves of Shiraz
grapevines as in Photo 490.

PHOTO 492. In this instance severe damage was caused where the grapevine
in question was subjected to direct contact with the spray-drift of a herbicide
with 2,4-D as its active ingredient. Note the curling effect of shoots, as well
as the incidence of cracks in the trunk.
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PHOTO 493. Serious toxicity interventions may occur where grapevines are
exposed to spray-drift/fumes of herbicides where 2,4,5-T is the active
ingredient. Cracks on shoots, petioles and peduncles, as well as the shrublike appearance of short and thick aerial roots, are considered characteristic
in such cases.

PHOTO 494. An enlarged rendition of the incidence of aerial roots and
cracks in shoots, petioles and peduncles of the grapevine as in Photo 493.
Also note that the bunches are destroyed at a young stage.

PHOTO 495. Glyphosate induced toxicity in basal leaves is often manifest in
instances where application occurs during bud swell. Due to the fact that
translocation occurs acropetally, however, permanent damage is seldom
inflicted while grapevines are still in the growing phase.

PHOTO 496. A characteristic example of glyphosate induced toxicity as a
result of application during advanced bud swell or even bud burst.

PHOTO 497. Glyphosate induced phytotoxicity related to situations where
leaves and shoots are subjected to direct contact with spray-drift. Also note
the ‘witches’ broom’ effect that can be observed at the shoot tip.

PHOTO 498. Shrunken, cup-shaped leaves and shortened/thickened
internodia are considered characteristic of glyphosate toxicity.
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PHOTO 499. In this example, irregular indentations, evaginations and
enlarged leaf sinuses, with the leaf blades sometimes displaying a ridged
appearance, are thought to be associated with glyphosate uptakes in affected
grapevines.

PHOTO 500. Severe toxicity interventions affected this Bukettraube
grapevine as a result of the application of glyphosate on fresh prune wounds
in the course of the previous winter.

PHOTO 501. As in Photo 500, severe damage was also inflicted on this
rootstock by spray-drift of glyphosate.

PHOTO 502. Depending on the amount of glyphosate taken up by affected
grapevines – shoots, cordons or even entire grapevines may be subjected to
partial or complete dieback.

Conclusion

References/additional reading and viewing material

From a global point of view, based on the considerable economic
impact of harmful interventions caused by injudicious application/
use of chemical products, it remains crucial that implementation
procedures in respect of herbicide programmes are executed in conjunction/collaboration with experts at all times. Obviously the above
is not only applicable to planning procedures, but also applies where
existing programmes are subjected to adjustments/amendments. The
overall objective is to promote successful weed control in the most
environmentally friendly manner on an ongoing basis – a situation
whereby the viability of chemical weed control strategies may be
satisfactory, always bearing in mind that scientifically-based guidelines are to be followed meticulously.
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A guide to grapevine abnormalities in South Africa: Unsound/
incorrect cultivation practices/actions (Part 9)
WineLand August 2014
Keywords: Choking/strangulation effects, elongation of bearers/spurs, suckering, topping machine damage, rootstock suckers, herbicide
phytotoxicity, grafting, characteristic abnormality phenomena.

General and introductory
For sustainable and profitable cultivation, optimal performance of
individual grapevines in the vineyard necessitates a strict adherence
to meticulous schedules, from establishment onwards, in respect of
the correct application of ongoing and specific practices/actions/
techniques. In addition to research-based and strictly scientifically
founded guidelines according to which short and long term
cultivation practices should be approached and applied, the incidence
of abnormality phenomena – as may be associated with unsound/
incorrect/negligent execution of specific actions – is by no means
unknown, and may still impact on affected grapevines on a sporadic
basis. Based on the fact that considerable economic damage/losses
may ensue in such instances, it is important here too that applicable,
practice-based procedures are implemented in conjunction with
expert advice. On the whole it remains important, furthermore, not
only to stay abreast of identification procedures vis à vis abnormality
phenomena that are thus induced, but also to have a basic knowledge
of grapevine morphology and phenology – especially in instances
where specific actions are restricted to specific time intervals. In this
part of the series details of abnormalities/phenomena resulting from
viticultural practices are described and where applicable, visually
depicted and elucidated by captions. Due to the wide-ranging extent
and highly divergent nature of the phenomena in this category, an
attempt has obviously been made to focus mainly on actual
characteristic examples.

Choking/strangulation effects
In all instances where tying material (nylon or plastic rope) is used to
limit wind damage during grapevine development, obtain upright
trunks, or tie down/keep developing cordon arms in position, it is crucial
that correct procedures are strictly adhered to at all times. If such actions
have an unsound/incorrect basis, the result can/may be severe choking/
strangulation effects – thereby contributing to growth decline or even
partial/total dieback in affected grapevines (Photos 503 - 509).

Elongation of bearers/spurs
Based on wide-ranging disadvantages associated with this phenomenon, it remains important that elongation (build-up) of bearers/
spurs – which may/can be induced in trained as well as bush vines
by unsound/incorrect winter pruning practices – should be restricted
to the absolute minimum on an ongoing basis. In this regard a sound
knowledge of grapevine morphology, as well as specific pruning
methods, is strongly recommended, thereby making provision for
ongoing, but especially timeous implementation of specific counter
measures (Photos 510 & 511).

Suckering
Apart from research-based, proven advantages associated with the
implementation of sound suckering actions, there are known inci-

dences of abnormality phenomena resulting from situations where
scientifically founded guidelines have not been followed satisfactorily. In this regard, it is especially important that the removal of
undesirable, young shoots (mainly infertile and water shoots situated
in unfavourable positions) should take place during the early part of
the growing season, namely when they may be easily rubbed off,
thereby avoiding any breaking/tearing or even cutting actions (Photos
512 & 513).

Topping machine damage
In order to prevent damage caused by topping machines, to vigorously growing grapevines especially, it remains crucial for bearer
shoots to be tucked into foliage wires timeously, positioned correctly and homogeneous shoot lengths achieved by means of judicious tipping actions. Severe damage may be induced where specific guidelines are not followed – examples exist of situations where:
(i) rows were topped too severely to the sides; (ii) effective leaves
were excessively damaged/trimmed; (iii) bunches/shoots were damaged; (iv) shoots were cut off too closely above the bunches (‘ribstekers’) and even (v) mature wood was subjected to harmful interventions (Photos 514 - 517).

Rootstock suckers
Despite meticulous preparation of grafting material on a permanent
basis, inter alia to prevent the possible emergence of rootstock suckers in nurseries, but especially following vineyard establishment, the
sporadic incidence thereof remains a well-known phenomenon.
Given the wastage of reserves, which may occur in young plantings
in particular (Photo 518), it is strongly recommended that elimination
thereof should be prompt, timeous and judicious – including the collar buds on rootstock material from which it normally derives. Should
unsound/incorrect actions be implemented in this regard, experience
has taught that the extent of such situations is not only exacerbated
in due course, but also that permanent curtailing measures are
increasingly compromised (Photo 519).

Herbicide phytotoxicity
Based on severe phytotoxic interventions associated with the
unsound/incorrect application of herbicides, the meticulous incorporation and application of guidelines based on expert chemical herbicide control strategies cannot be overemphasised. In this regard the
priority status of timeous application of chemical products may be
singled out in order to prevent, at all costs, the possible uptake(s)
through fresh pruning wounds or even swelling/emanating buds in
exposed grapevines (Photo 520).

Topgrafting
Successful topgrafting of existing grapevines to alternative cultivars
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PHOTO 503. Although this example illustrates severe choking/strangulation
effects, as a result of tying the rope below instead of above the bud for
intended trunk/grapevine development, active scion root development/
growth (graft union, as well as choking position covered with soil) may be
considered an additional cause of the deteriorating appearance and dieback
of this grapevine.

PHOTO 504. Similar to the cause illustrated in Photo 503, severe choking/
strangulation is encountered in this Weisser Riesling grapevine. Such
situations are reflected where growth and performance are normal in
affected grapevines for a certain period, only to be subjected to sudden
drying out, especially as a result of stress.

PHOTO 505. The reason/cause for the sudden drying out of this grapevine
as in Photo 504, is revealed here.

PHOTO 506. Early autumn discolouration of leaves resulting from a
strangulating effect caused by rope (09:00 position, just left of the fork) on
the phloem tissue of the cordon arm in question. Not to be confused with
leafroll.

PHOTO 507. A typical example of a strangled cordon arm in this Shiraz
grapevine. The deeply grooved rope is hard to spot where it is still in
position (practically against the fork).

PHOTO 508. Due to the possibility of strangulating effects at a later stage,
winding of cordon arms around wires during grapevine development is
considered extremely unwise.
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PHOTO 509. An example where the cordon wire has been deeply grooved
into the wood and practically covered, in which case possible strangulating
effects should not be disregarded.

PHOTO 510. A situation where unsound/incorrect winter pruning practices
resulted in the grotesque elongation/build-up of bearers/spurs. Also note the
strangulating effect (09:00 position) caused on the applicable cordon arm by
the deeply grooved rope.

PHOTO 511. Although the judicious use of sucker shoots may serve as an
effective safeguard against the elongation/build-up of bearers/spurs, timeous
action was postponed too long in this example.

PHOTO 512. An example where the onset of suckering actions was postponed too long, the result being that the effective removal of undesirable
shoots is considerably compromised.

PHOTO 513. In this instance the sucker shoots, as in Photo 512, would have
to have been broken, cut or even torn off, thereby favouring the ingress
options for wood rotting fungi into numerous wounds.

PHOTO 514. Topping machine damage caused to the bunch before véraison.
In addition to economic implications, such wounds serve as the ideal points
of ingress to rotting organisms.
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PHOTO 515. Severe leaf and shoot damage caused by the injudicious use of
topping machines.

PHOTO 516. A typical example of a topping machine ‘ribsteker’, where the
shoot was cut off too close above the bunch, the result being that too few
effective leaves are retained to achieve normal ripening.

PHOTO 517. Considerable damage by topping machines may be caused to
mature wood, especially in cases where bearers are not developed/positioned correctly, the result being a tendency to grow sideways.

PHOTO 518. Given the wasting of reserves, prompt, timeous and judicious
elimination of rootstock suckers, in young plantings especially, is strongly
recommended. Also note the favourable conditions for scion root development that have been created in this example – in the sense that the graft
union comes into contact with or is even covered by soil.

PHOTO 519. Experience has taught that unsound/incorrect actions upon
removal of rootstock suckers not only exacerbates the extent of such situations in due course, but progressively compromises measures to permanently curtail the state of affairs.

PHOTO 520. The timeous and judicious application of herbicides is considered crucial. Serious toxicity interventions may be caused in exposed grapevines, especially in instances where such actions may be undertaken after
clean pruning (fresh pruning wounds), or even during bud swell/emanating
of buds.
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PHOTO 521. Despite successful topgrafting, this example shows a serious lack of ongoing care, as well as timeous grapevine development.

taken plays an equally important role. The same applies to the examples that have been omitted. On the whole it may be said, however,
that the ongoing, timeous and judicious implementation of specific
practices/actions/techniques can be singled out as being crucial to
optimal performance of individual grapevines in the vineyard, in
conjunction with sustainable and profitable cultivation.

is based mainly on: (i) achieving high take percentages with normal
and effectively functioning graft unions and (ii) exercising judicious
actions to achieve complete grapevine development during the same
growing season. Despite guidelines in this regard having been specifically stipulated, it may be expected that – especially in respect of
the latter, should either injudiciousness or negligence prevail – that
particular season be sacrificed and input that had been remiss be
transferred to the following year (Photo 521).

References/additional reading and viewing material
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Due to the large-scale extent and high degree of divergence, vis à vis
abnormality phenomena that may be associated with unsound/incorrect implementation of short and long term cultivation practices,
examples that are representative of the entire spectrum could not be
included in a single presentation. Furthermore it goes without saying
that the time frame within which specific actions have to be under-
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A guide to grapevine abnormalities in South Africa:
Miscellaneous (Part 10)
WineLand September 2014
Keywords: Chameleons, dragonflies, wasps, honeybees, spiders, larvae, caterpillars, birds’ nests, thick-knees, ladybirds, pearl glands,
strangulation effects, leaf yellowing, bleeding exudate, delayed bud burst, fungicide overdose, bunches on trunks, characteristic examples/
phenomena.

General and introductory
In the previous 32 articles in this series (Parts 1 - 9) the spotlight fell
on grapevine abnormalities that may be readily categorised, namely:
(i) fungal diseases; (ii) bacterial diseases; (iii) virus and virus-like
diseases; (iv) insects and other pests; (v) macro and micro nutrient
deficiencies and excesses; (vi) soil chemical and physical problems;
(vii) herbicide phytotoxicity; (viii) physiological phenomena; (ix)
mechanical damage; (x) graft union problems; (xi) mutations and bud
abnormalities; (xii) feeding damage by animals; (xiii) unsound/defective cultivation practices/actions and (xiv) lesser known problem
situations. Based on the wide-ranging extent and divergence of
abnormality phenomena, it goes without saying that examples representative of the entire spectrum could not be included and that an
attempt was made to concentrate on truly characteristic situations.
Apart from harmful interventions caused to the grapevine and its
products by proven and visually recognisable phenomena, all grape
growing regions in South Africa are familiar with an extensive and
widely divergent spectrum of innocuous cases. Ongoing and meticulous
monitoring of vineyard blocks is nevertheless strongly recommended,

in order to remain abreast of the incidence of such situations, including
any associated advantages and disadvantages, even though such scrutiny
may be restricted to interesting observations. In this presentation relevant
particulars are visually portrayed and elucidated by concise captions.

Miscellaneous
Apart from the possible inclusion of individuals in picking crates during
mechanical harvesting, no additional disadvantages associated with the
incidence of chameleons could be stipulated (Photo 522). In the case of
dragonflies (Photo 523) foliage wires are sometimes used to rest on
without causing any damage to grapevines. Although wasps have no
harmful characteristics in terms of general cultivation practices, they
may cause great frustration among vineyard workers when nests are
disturbed and stinging attacks launched in retribution (Photo 524).
Similar tendencies apply to honeybees, which sometimes occur in caked
format on bunches when the onset of noble rot during dry autumn
conditions affects individual berries (Photo 525). Despite the fact that
spiders may sometimes look creepy, their presence may have advan-

PHOTO 522. Apart from potentially incorporating individuals in picking crates during mechanical harvesting, there are no additional disadvantages associated
with the incidence of chameleons.

46

technical yearbook 2014

vineyard

PHOTO 523. In the case of dragonflies, foliage wires are sometimes used to
rest on, without causing any damage to grapevines.

PHOTO 524. From time to time wasps may cause vineyard workers great
frustration, especially where nests are disturbed and stinging attacks
launched.

PHOTO 525. Honeybees are occasionally found in caked format on bunches, where noble rot develops in individual berries during late autumn.

PHOTO 526. Although spiders may sometimes look creepy, they have the
benefit of eating moths/insects.

PHOTO 527. The possibility that spiders may sometimes be crushed as
‘material other than grapes’, could be a potential disadvantage.

PHOTO 528. In instances where strange/unknown larvae/caterpillars may
occur, it is strongly recommended that expert advice be sought, to confirm
possibly harmful interventions.
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PHOTO 529. Similar to the situation in Photo 528, the utmost care should
be taken should any possible feeding damage occur.

PHOTO 530. Although birds’ nests (sometimes with chicks) may be found
among trellised grapevines, there is no real disadvantage except that they
may possibly end up in the picking crates.

PHOTO 531. An example where the thick-knee parents and their chicks
leave a vineyard site.

PHOTO 532. Based on the advantages of mealy bug control by the feeding
activities of ladybirds, their presence is strongly recommended.

PHOTO 533. The incidence of harmless pearl glands on young, actively
growing organs is a common phenomenon – especially during hot, humid
conditions. Not to be confused with guttation or mite eggs.

PHOTO 534. A typical example where tendrils have the tendency to catch,
bend over and strangle their own shoot tips.
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PHOTO 535. Similar to the situation in Photo 534, tendril associated strangulation affects this young shoot.

PHOTO 536. Another example of severe strangulation effects that may be
caused by tendrils, thereby contributing to phenomena whereby normal sap
flow may be compromised.

PHOTO 537. Yellowing of shaded leaves can/may occur in dense canopies.

PHOTO 538. Although the exudation of bleeding sap is considered common
in fresh pruning wounds, in due course this may be converted into sticky,
jelly-like, hanging exudations; these may end up as media favourable to harmful fungal growth (09:00 position).

PHOTO 539. A typical example of severely delayed bud burst was observed
in these Pinot noir grapevines in Simondium on 30 October 1987.

PHOTO 540. Harmful interventions on this Bukettraube leaf, as a result of
overdosing (excessively high concentration) with a specific fungicide applied
to prevent oidium.
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PHOTO 541. In exceptional cases bunches grow from trunks and/or cordon arms. Despite the absence of shoots and leaves, or even parts thereof, colouration occurred in this Cabernet Sauvignon bunch and it even underwent some degree of ripening.

tages and disadvantages – eating of moths/insects in the former and in
the latter, the possibility that they may be crushed as ‘material other than
grapes’ (Photos 526 & 527). Apart from proven harmful larvae/caterpillars, strange/unknown examples are often observed on grapevines on a
sporadic basis (Photos 528 & 529) – in which case expert advice should
be sought at all times to confirm possible harmful interventions that may
apply. Although the incidence of birds’ nests (sometimes with chicks)
is considered common, there are no real disadvantages, except for possibly being incorporated in picking crates (Photo 530). Unlike feeding
damage such as that which may be caused by guinea fowl tucking into
grape bunches, thick-knees show no appetite for grapes, despite the fact
that chicks are often hatched in the shade of trellised grapevines in
separate vineyard rows, whereafter the sites in question are soon
vacated (Photo 531). Based on the benefits of mealybug control ascribed
to the feeding activities of ladybirds, their presence is strongly encouraged (Photo 532).
In addition to situations associated with the specific examples
mentioned in the previous paragraph, several other examples relative
to grapevines may be mentioned, to be respectively classified as
either harmful, harmless, or merely interesting. Although widely
divergent, some characteristic examples in this regard are highlighted, namely: (i) pearl glands (Photo 533); (ii) strangulation effects
by tendrils (Photos 534 - 536); (iii) leaf yellowing in dense canopies
(Photo 537); (iv) exudation of bleeding sap (Photo 538); (v) delayed
bud burst (Photo 539); (vi) fungicide overdose (Photo 540) and (vii)
bunches on trunks/cordon arms (Photo 541).
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Conclusion
With the publication of Part 10, which concludes the series about
grapevine abnormalities, it is hoped that the compilation lives up to
its objectives, namely to capture detailed particulars, both visually
and in popular scientific terms, of characteristic abnormality phenomena as these can/may occur across an umbrella spectrum in South
African vineyards.
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Snails are still regarded as a serious problem in many vine growing
areas of South Africa, especially in the Vredendal, Swartland,
Robertson and Worcester areas, even though control measures are
available. Snails cause feeding damage to vines (Fig. 1) from early
spring to the middle of summer, whereafter they seek shelter from
dry, hot conditions. Snails seeking shelter among bunches and leaves
can end up in harvesting bins which can result in the downgrading of
grapes at the winery.

FIGURE 2. Morphology of the brown garden snail – Cornu aspersum (previously Helix aspersa) (Godan, 1983).

FIGURE 1. Feeding damage on grapevine leaves, due to heavy infestation of
white dune snails, which can be mistaken as herbicide damage.

Snails are a diverse group that includes both land and water living
species. The basic anatomy of a snail is illustrated in Fig. 2. Snails
move around by contracting the muscular foot that is also used to
make holes in the soil when laying eggs. Mucus, produced by the
pedal gland in the muscular foot, acts as a lubricant to reduce friction
and leaves the characteristic slime trail when dry. The slime covers
the body and serves as protection against dehydration. Active snails
therefore need a continuous source of water to produce slime. Snails
can also regulate their body temperature, within limits, to protect
themselves from overheating by evaporation of water from their skin.
The snail’s mouth is at the bottom of the head at the front of the foot.
Snails feed by rasping the food with a ribbon-like tongue called a
radula. Snails are mostly active at night and therefore they have
simple visual organs or eyespots situated either at the tip or at the
base of the tentacles. The shell houses the internal organs covered by
a specialised layer of tissue called the mantle. The shell is produced
by secretion of calcium carbonate by epidermal cells in the mantle.

Due to the fact that the shell consists primarily of calcium carbonate,
snails need calcium in their diet and environment to produce a strong
shell and strong eggshells. Consequently, snails are usually a problem
in areas with lime rich soils and addition of lime to soils during soil
preparation will thus benefit snails.
Snail activity is highly dependent on weather conditions, particularly temperature, humidity and light. Snails prefer cool, moist conditions (regular rainfall, dew or irrigation) and moist, untilled soil, but
they prefer loose soil to lay their eggs. During the day snails are
inactive, but at night they leave their hiding places to feed.
All land-living snails are hermaphrodites (i.e. each individual has
both male and female reproductive organs). Most snails are sexually
mature when they are one year old. Mating only begins when humidity is high (e.g. after rain or irrigation) and can take from two to 12
hours. Some snails have “love darts” that are forcefully shot into the
companion’s foot and that stimulates the partner to produce sperm.
Snails mate in pairs, inseminating each other, which mean that both
will lay fertilised eggs. Some species can store sperm for as long as 11
months, enabling them to reproduce without mating for almost a year.
Snails lay eggs in small batches in nests made in loose moist soil
and the egg packets are covered with soil (Fig.3). A pair of white
dune snails can produce between 694 and 4 566 eggs per year,
depending on the size of the snails. Eggs hatch after about four
weeks, if conditions are favourable. The newly hatched snails eat

FIGURE 3. A white dune snail laying eggs.

For further information on this series contact Abraham Vermeulen at vermeulena@arc.agric.za.
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FIGURE 6. White dune snail – Theba pisana.
FIGURE 4. Young snails feed and hide on weeds.

their egg shells which serve as an immediate supply of calcium to
strengthen their own developing shells. After hatching and eating
their egg shells, they crawl to the soil surface where they feed on
weeds and hide (Fig. 4). Newly hatched snails are almost totally
transparent and colourless. About three months later they will look
like miniature adults. They continue growing for three years until
fully grown. Snails reach sexual maturity after one year, irrespective
of their growth rate. The average lifespan of the brown garden snail
is two to three years.
Snails hibernate in winter during the daytime; this dormant state
usually occurs and lasts for a few hours only. In summer, however,
they aestivate during warm and dry conditions. The brown garden
snail and white dune snail produce a chalky substance that “glues”
the shell firmly to walls, trees, poles, vines, etc. which seals the body
from the outside, so that snails can withstand unfavourable conditions
for up to 48 months without any water or food. As soon as the first
autumn rains fall and temperatures drop, the snails migrate down to
the ground to feed and mate.
In South Africa the three predominant snail species in vineyards
are the brown garden snail (Cornu aspersum = Helix aspersa), the
white dune snail (Theba pisana) and the banded conical snail (Cochlicella barbara). All three are exotic and are native to the Mediterranean region and Western Europe.
The shell of the adult brown garden snail (Fig. 5) is between 25 40 mm in diameter and between 25 - 30 mm high, with four or five
whorls. The shell is somewhat variable in colour, but is generally
dark brown with yellowish stripes. It is the most widespread alien
pest snail in South Africa and is recorded as a pest on a range of
crops, including flowers and ornamental plants, field crops, vegetables, deciduous fruit, grapes, berries, citrus and subtropical fruit.
The white dune snail (Fig. 6) is wide-spread in the semi-arid
coastal regions of the South-Western Cape. Its shell is usually from
12 - 15 mm in dimension. The background colour is a creamy white

FIGURE 7. Banded conical snail – Cochlicella barbara.

with varying degrees of pale to dark brown markings, which can be
in the form of uninterrupted spiral bands, spiral dotted lines or small
radial smudges.
The banded conical snail (Fig. 7) occurs mainly along coastal
regions in the Western and Eastern Cape. The shell is elongate-conical, with 7 to 8 convex whorls, with a height of about 8 - 12 mm and
a width of 4 - 7 mm. It is very variable in colour and markings, often
having a cream background with many pale brown blotches, which
are sometimes organised into spiral bands.
At present there are no biological control measures commercially
available in South Africa and producers have to fall back on a variety
of toxic baits that are registered for snail control. Baits with metaldehyde as active ingredient are commonly used. Metaldehyde does not
kill snails directly, unless they consume a large amount. It stimulates
the snail’s mucus-producing cells to overproduce mucus in an effort to
detoxify itself. The mucus cells are irreversibly destroyed and the snails
then die because of that, or from dehydration.
Bait with iron phosphate as active ingredient is a relatively new
product. It is quite safe for humans, animals and the environment.
Iron phosphate interferes with the calcium metabolism in the snail’s
gut. This causes the snails to stop eating almost immediately. They
die three to six days later. Only a small amount of the bait is enough
to kill snails.
Since many producers are of the opinion that snail control is not
effective, a research project on the occurrence and control of snails
in local vineyards was undertaken. In this study the seasonal occurrence of snails, the effect of cultivation practices on snail occurrence
and the best time and method to apply toxic baits were investigated.
The results of this study will be discussed in the next article.

Reference
FIGURE 5. Brown garden snail – Cornu aspersum.
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The general perception of poor snail control with registered snail bait
treatments initiated this research on the seasonal occurrence, biology
and control of snails. The first article (Wynboer 298, June 2014) gave
a general overview about snails. In Part 2 results of research on seasonal biology and efficacy of snail bait are discussed.

Materials and methods
Seasonal occurrence
Two sites were selected in the Robertson area. The first was a drip
irrigated Chardonnay vineyard where triticale (Triticale cultivar) was
sown in every work row as an annual cover crop. Herbicides were
applied on the full surface of the work row in August and October/
November. The second site was a micro-irrigated Chardonnay vineyard established on ridges with no planted cover crop and weed
cover controlled chemically in September and again in November.
No weed control was applied in the work row. Due to micro-irrigation, weeds in the work row continued to grow for most of the growing season.
At each site eight plots (five grapevines between two trellising
posts) were selected randomly in different rows and marked. Snail
activity was recorded weekly during periods of high activity (May to
July and November to January) and monthly during periods of low
activity (August to October and February to April). In each observation plot the number of snails present in the grapevines and on all
weeds in the work rows on both sides of the grapevines were
recorded. The snail species, as well as the weed species on which
snails were seen to feed, were identified and recorded.

Efficacy of snail bait
Fifteen additional plots at each site were cleared of leaves, canes and
weeds in a one metre wide strip in the vine row well in advance of
chemical cover crop/weed control. As soon as the herbicides were
applied, several commercial snail baits were placed around the base
of each vine at the registered dosage. Each treatment was replicated
three times. The number of dead snails on the ground and the number
of live snails in the grapevines were recorded weekly for up to 21
days after treatment.

Results and discussion
Seasonal occurrence: Vineyard with triticale cover
crop
The white dune snail (Theba pisana) was the major pest at this site,
although the brown garden snail (Cornu aspersum) also occurred in
substantial numbers (Fig. 1a & b). The tower snail (Cochlicella barbara) occurred in much lower numbers. They were found feeding on
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the cover crop and weeds, but they were never found in grapevines
at this site.
Very few weeds occurred in this vineyard, and they were mainly
in the vine row. The snail activity over the two seasons followed a
similar pattern (Fig. 1a & b). Snail numbers on weeds, although
relatively low, peaked in autumn and early winter but declined
sharply towards the end of July. During the very wet and cold winter
months snails were inactive and hibernated on weeds and cover
crops. Very little snail activity was recorded from August to October
(data not shown). After the cover crop and winter weeds were treated
with herbicide in October/November, both the white dune snail and
brown garden snail rapidly moved on to the grapevines. From
November onwards, snail activity on the grapevines increased to
reach a peak in December (Fig. 2a & b). As conditions became hotter
and drier, snail numbers decreased and very little snail activity was
observed from February to April as the snails aestivated (data not
shown). Very little feeding damage was noticed throughout the season, which could be due to the fact that the snails were mostly aestivating on the vines and very few snails were present on the grapevines. Very few snails were observed mating and laying eggs
throughout the whole season.
White dune snails and brown garden snails were observed feeding
on small mallow (Malva parviflora) and musk herons bill (Erodium
moschatum), the only weeds present in this vineyard (Table 1).

Seasonal occurrence: Vineyard with natural weed
cover
The white dune snail, brown garden snail and the tower snail were all
recorded in this vineyard, but the tower snail occurred in much lower
numbers and was never found on grapevines. The three-banded garden
slug was recorded on weeds several times, but never on grapevines.
Eighteen weed species were recorded in this vineyard with feathertop chloris (Chloris virgata), narrow-leaved ribwort (Plantago
lanceolata), sowthistle (Sonchus oleraceus) and wild radish
(Raphanus raphanistrum) being the most abundant (Table 1). During
autumn snail activity on the weeds reached a peak in May (Fig. 3a &
b). Several pairs of all three snail species were recorded mating, but
most egg-laying was recorded in mid-April to mid-May after the first
good autumn rains. During the cold, wet winter months, snail activity declined as snails went into hibernation.
Very few snails were recorded on vines from August to mid-October
(data not shown), after which white dune snail numbers increased (Fig.
4a & b). When herbicides were applied to the ridges (vine rows) a steep
rise in white dune snail numbers was noticed on the grapevines. White
dune snails moved rapidly from the ground and surrounding weeds on
which they were hibernating, into the vines, where they stayed almost
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FIGURE 1a & b. Total number of snails on weeds recorded in eight plots in a vineyard with triticale
cover crop during winter (a) 2010 and (b) 2011 (site 1).

a

b

FIGURE 2a & b. Total number of snails in grapevines of eight plots in the vineyard with triticale cover crop
(site 1) present during summer (a) 2011 and (b) 2012.
To view the figures in this article in a bigger format please see www.wineland.co.za, Winetech section for October 2014.

throughout the season. Snail bait was put down by the producer in
mid-November 2011, after which white dune snail numbers were
reduced by approximately 50%. However, one month later the snail
numbers increased to the initial level and kept on increasing. Moderate
to severe feeding damage to grapevines was noticed from véraison to
harvest. The white dune snail was the major snail pest throughout the
vineyard, while the brown garden snail only occurred in small numbers
from August to May. The brown garden snail was very effectively
controlled by the bait treatment applied in mid-November.
The number of snails was overall substantially higher where weeds
grew actively in the work row throughout the year (site 2) than where
cover crop management was applied with triticale in the vine row
during winter (site 1).
Narrow-leafed ribwort was the preferred host for feeding and
shelter of all three snail species. Wild radish and sowthistle were also
favoured as a food source by the white dune snail, while the brown
garden snail also preferred wild radish.

Efficacy of snail bait
Site 1: Due to the relatively dry conditions and low snail population in
the drip-irrigated vineyard with triticale as cover crop, very few dead
snails were observed. All the bait treatments controlled both the white
dune and brown garden snails (Table 2). Within twenty one days after
administering the snail bait, the number of snails started increasing
slowly as the effectivity of the snail bait started to diminish.
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Site 2: Although relatively dry conditions prevailed in the microirrigated vineyard with natural weed cover, good control of both the
white dune and brown garden snail was recorded for all commercial
snail baits tested (Fig. 5). White dune snail numbers in grapevines and
snail damage were drastically reduced even in the following season,
proving that snail control is attainable when applied correctly and at
the right time. Where snail numbers are very high, bait applications
may have to be made regularly over several seasons. To maintain
control, bait applications should be maintained as a standard practice.

Conclusions
Fewer snails were present at the site where the cover crop triticale
was combined with full surface chemical control from bud break than
at the site where opportunistic weeds were abundant, even during the
growing season. It was shown that weeds served as hibernation sites
and food sources for snails, resulting in much higher snail numbers
at the start of the growing season. Brown garden and white dune
snails showed a preference for narrow-leaf ribwort, wild radish and
sowthistle as food sources. Although both major snail pests were
found hibernating and aestivating on the cover crop (triticale), they
were never observed feeding on it.
When herbicides were applied to the weeds and cover crop, the snails
present on the ground and cover crop moved rapidly into the grapevines.
These results demonstrate that uncontrolled weeds are an enormous problem for effective snail control, particularly if they are

vineyard
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FIGURE 3a & b. Total number of snails on weeds in eight plots in a vineyard with natural weed cover
(site 2) recorded during winter (a) 2010 and (b) 2011.

a

b

FIGURE 4a & b. Total number of snails present in grapevines of eight plots in the vineyard with natural weed cover
(site 2) during summer (a) 2011 and (b) 2012.

FIGURE 5. Total number of white dune snails and brown garden snails controlled with various commercial snail baits in a vineyard with natural weed
cover (site 2). Green bars represent the number of live snails counted on the grapevines and the brown bars represent dead snails on the ground 14 days
and 21 days after bait application.
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allowed to continue growing in the work row during the growing
season. Cover crop management with a grain species such as triticale,
on the other hand, would be more beneficial for snail control, as
snails do not feed and breed on it. Where cover crops are sown in
alternate rows only, the presence of weeds preferred by snails in the
other rows will largely negate the beneficial effect of the cover crop
in terms of reducing snail numbers. In areas where snails are a serious
problem, a cover crop that is not a food source for snails, such as
triticale, should be sown in every row and weeds favoured by snails
should be controlled in the vine rows.
All the commercial bait products tested, gave effective snail control, confirming that accurate timing is paramount for successful snail
control. It is also very important to control the weeds in the vine row
before they reach a height of 300 mm, to prevent the buildup of too
much plant material on the soil surface. At pruning, canes should be
placed in the work row and not in the vine row. The aforementioned
steps will reduce the risk of snails getting into the vines via alternative routes, thereby forcing them to go past the bait.
Bait application must coincide with the control of weeds and/or
cover crops. Weed and/or cover crop control should preferably be
done when conditions are favourable for snail activity to ensure
maximum efficacy of snail control. In cases where weed control
needs to be applied before bud break, the bait application should be
followed up when conditions are favourable for snail activity. Follow-up treatments are ineffective once the snails have moved into the
grapevines.

Guidelines for sustainable snail control:
1. Monitor snail activity throughout the year.
2. Sow a grain cover crop such as triticale during April/May in
every row – soil tillage during sowing will damage snail eggs laid
in the soil and it will also reduce the weeds that serve as a food
source for snails.
3. Control snails in autumn, or shortly after harvest, when conditions
are favourable for snails to start feeding and mating. This is a very
important time for snail control.
4. Pruned canes should be left in the work row rather than in the vine
row.
5. Control weeds in the vine row before they reach a height of 300
mm throughout the year.
6. Put snail bait out just after the application of the herbicides.

TABLE 1. Weed species occurring in the vineyard with triticale as cover crop
(site 1) and in the vineyard with natural weed cover (site 2).
English name

Afrikaanse naam

Scientific name

Site 1
1.

Small mallow

Kiesieblaar

Malva parviflora

2.

Musk heron’s bill

Turknael

Erodium moschatum

Site 2
1.

Narrow-leaved
ribwort

Smalweëblaar /
Tongblaar

Plantago lanceolata

2.

Wild radish

Ramenas

Raphanus raphanistrum

3.

Sowthistle

Sydissel

Sonchus oleraceus

4.

Pimpernel

Blouselblommetjie

Anagallis arvensis

5.

Wild lettuce

Wildeslaai

Lactuca serriola

6.

Red milkweed

Rooimelkkruid

Chamaesyce hirta

7.

Hairy wild lettuce

Harige skaapslaai

Hypochoeris radicata

8.

Flax-leaf fleabane

Kleinskraalhans

Conyza bonariensis

9.

Musk heron’s bill

Turknael

Erodium moschatum

10. Small mallow

Kiesieblaar

Malva parviflora

11. Wild mustard

Wildemosterd

Rapistrum rugosum

12. Perennial pigweed

Meerjarige misbredie Amaranthus deflexus

13. Common blackjack

Gewone
knapsekêrel

14. Spanish blackjack

Spaanse knapsekêrel Bidens bipinnata

15. Nightshade

Nastergal

Solanum nigrum

16. Feathertop chloris

Witpluim-chloris

Chloris virgata

17. Sticky bristle grass

Klitsborselgras

Setaria verticillata

18. Crab finger-grass

Kruisvingergras

Digitaria sanguinalis

Bidens pilosa

7. If high numbers of snails are present, a follow-up application of
snail bait will be necessary for at least two seasons.
8. Continue snail control even if numbers are low, as numbers can
increase rapidly over a short period.

TABLE 2. Efficacy of commercial snail bait after 21 days in a vineyard with triticale cover crop (site 1) during the 2011/12 season.
Treatment
1
2
3
4
5

Control
Metaldehyde (15 g/kg)
Metaldehyde (50 g/kg)
Metaldehyde: Methiocarb (10:5 g/kg)
Metaldehyde: Carbaryl (30:20 g/kg)

White dune snail

Brown garden snail

Dead*

Alive**

Dead*

Alive**

0
30
56
143
60

83
7
9
55
1

0
17
46
67
52

4
3
0
2
0

* – Number of dead snails around base of grapevines. ** – Number of live snails in grapevines.
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History of rootstocks in South
Africa (Part 1)

ANDREW
TEUBES

Voor-Groenberg
Nurseries

WineLand April 2014
Keywords: Phylloxera, rootstocks, history, Jacquez.

Please note that the common names will be used for rootstocks to
avoid confusion, for example 101-14 Mgt will be referred to as 10114 only, and 143 B Mgt as 143 B.

Phylloxera arrives in the Cape Colony
The most important reason for the use of rootstocks in the grape
industry is the occurrence of the root louse phylloxera. Phylloxera
attacks the roots of Vitis vinifera vines with the resultant decrease in
vine performance and in some cases the eventual death of the vine.
Professor J.E. Planchon was the first to identify phylloxera on the
roots of Vitis vinifera vines in France in 1868. The insect decimated
European vineyards during the second half of the 19th century since
all Vitis vinifera vines were established on their own roots. Importation of non-Vinifera “self-bearing or self-producer” species from
the United States of America, especially those that were native to
the Mississippi Valley where phylloxera was present (all native species present here resist phylloxera to some degree), resulted in the
introduction of the insect to Europe. It spread across European grape
growing regions and eventually to South Africa through imported
plant material.
The following extract from the Bulletin of Miscellaneous Information published by the Royal Botanic Gardens at Kew in England in
1889 concerning the existence of phylloxera in South Africa, makes
interesting reading. It gives detailed insight to the seriousness of the

(source: Phylloxera and Grape Industry Board of South Australia).

This is the first in an eight part series of articles on the history of
rootstocks in the South African wine, table and raisin grape industries since the discovery of phylloxera. This article focuses on the
discovery of phylloxera in the late 19th century, the efforts of the
Cape government to limit the effects and spread of the pest, the first
experiences with rootstocks in the Cape and the domination of Jacquez rootstock until the early 1960s. It also gives a summary of the
role of nurserymen in the use of rootstocks in the industry and the
process of plant improvement that followed.
The series will continue with the origin, natural habitat, distribution and characteristics of the native American Vitis species used by
European breeders to develop the commercial rootstocks in use today,
not only in South Africa but world-wide. Furthermore the criteria
for deciding on the most suitable rootstock for a specific site will be
discussed in detail. A large section will focus on the use of our commercial rootstocks Richter 99, Richter 110, 101-14, Ramsey, Paulsen
1103, Ruggeri 140, US 8-7, SO 4 and 143 B throughout the industry,
focusing on the history of each, the soil adaptability, characteristics
and regions where each have found application. Some comments
are also made on the future use of these commercial rootstocks. The
changes in the rootstock spectrum over the past 40 years, as well as
the reasons therefore are then discussed. The series concludes with
some interesting new rootstocks that have been imported recently and
their possible potential for use in South Africa.

Typical symptoms of phylloxera on a vine root hair showing the characteristic hook-shape of the galls.

For further information regarding this series contact Andrew Teubes at vgnurseries@intekom.co.za.
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He further offered speculation that the insect’s spread will be much
quicker in South Africa than in Europe due to the mild climate of the
Cape, especially winter, that allows the reproduction of the insect
for more than four months, while in Europe it is not more than 8 10 weeks. The warm summer season also favours the reproduction.
From the above it seems that South Africa’s fate was sealed, irrespective of the Cape government’s attempts to remedy the problem.
Phylloxera was found in Groot Drakenstein in 1889, in Malmesbury,
Tulbagh and Worcester in 1900, the lower Orange River in 1951 and
in the Olifants River Valley by 1964.

The first rootstocks
The Cape government desperately tried to obtain rootstock cuttings
from Europe where grafting trials were already in progress since the
late 1870s (the first consignment of American Vitis species for use
in grafting trials with Vitis vinifera arrived in France in 1878). None
was however forthcoming and as a result large quantities of seeds
of American Vitis species were imported to the Cape from France.
Reproduction and multiplication of these seeds gave rise to rootstocks
that were specific to South Africa, the most important being Constantia Metallica, Donkie-Rupestris, Mooikelder and Schabort 1 and 2
(all Vitis rupestris seedlings) to name a few. De Waal Bostock was a
cross between Vitis vinifera and Vitis labrusca.
Initially Constantia Metallica (a supposedly Vitis rupestris seedling
selected by J.P. de Waal at Groot Constantia in 1880) was used on a
large scale due to the ease of propagation with the most common cultivar
grown at the Cape at the time, Sémillon, as well as the strong vigour it
induced. In later years it became evident that its good compatibility with
Vitis vinifera types was not universal. It was completely incompatible
with Muscat d’Alexandrie and showed poor affinity with Colombar,
Ugni blanc, Shiraz, Souzao and Tinta Barocca. It was the most used
rootstock between 1900 and 1912. Its popularity did not last however,
as the vines grafted to Constantia Metallica showed signs of decline
within 8 - 10 years on heavy clay soils, while nematodes destroyed the
roots in sandy soils even faster. It performed well in deep, well-drained,
loose soils that did not become too dry in summer or too wet in winter.
There are differences of opinion about the true qualities of Constantia
Metallica, since some vines performed quite well for an extended period.
The reason for this phenomenon is probably due to the many different
Vitis rupestris species that occur when propagating through seeds, all of

(source: Boerdery in Suid-Afrika)

situation at the time and the importance the Cape government placed
on the issue.
“At the time of the International Phylloxera Congress at Bordeaux
in October 1881 there was no evidence to prove that the Phylloxera
had invaded South Africa. Mr Roland Trimen, F.R.S., F.Z.S., Director of the South African Museum, was, however, delegated as representative of the government of the Cape Colony, and he reported
on its proceedings on December 29, 1881. In the 25th paragraph
of his report, after having fully discussed the matter with the late
Professor Planchon, the most eminent authority on the subject at the
time, he stated: ‘I am entirely in favour of reasonable precautionary
measures, and I think that those which Professor Planchon recommends are fully sufficient. The total exclusion of all vines should be
maintained; the admission of all other plants from countries where
Phylloxera in the vine does not exist should be allowed; and the admission of plants other than vines from phylloxerized regions should
be conditional as satisfactory certification that they have not been
grown in the immediate vicinity of vines’.” This was the first attempt
at regulating the spread of the pest through a quarantine system.
“It can hardly be doubted that had it been possible from the first
to enforce such regulations efficiently, South Africa would have
remained free from the ravages of the Phylloxera. Nevertheless, it
appears from the evidence of Mr Louis Peringuey before the Select
Committee of the Cape House of Assembly on the Vineyard Diseases
Act (presented with their report, July 29 of the present year) that the
insect was first identified by him in South Africa on January 1, 1886.
‘It came from Kotze’s at Mowbray.’ This is in the neighbourhood of
Cape Town. The infection of the Cape vineyards is now unhappily
thoroughly established.”
The Cape government, after receiving the report, sought the assistance of the French government, who assigned M.P. Mouillifert,
professor of Viticulture of the French National School of Agriculture, Grignon, to visit South Africa. In his report, after visiting the
principal wine-farming regions, he stated: “Although the existence
of the phylloxera in the vineyards of the colony was not verified officially before the year 1886, the disease is, in my opinion, of much
earlier date, and in accordance with Monsieur Peringuey, who has
made a special study of the question, I consider that the invasion of
this destructive insect should be approximately fixed at about the
year 1880.”

Constantia Metallica.
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which have different characteristics. At the time the technical knowledge
did not exist to differentiate the good from the bad.
Other European bred rootstocks were imported and evaluated at
the Cape. Some were planted on a large scale even without proper
evaluation. This fact supports the “desperateness” of the Cape farmers to find a long term solution to the effects of phylloxera. These
rootstocks included:
• 1202 Couderc (Vitis vinifera cv. Mourvèdre x Vitis rupestris made
by George Couderc in France in 1883). It was known as 1202 in
South Africa.
• Riparia Gloire de Montpellier (Vitis riparia selection by Pierre
Viala in France around 1860).
• Rupestris du Lot (Vitis rupestris seedling selected by Robert Sijas
in France around 1860).
• Ganzin nr. 1 and 2 (Vitis vinifera cv. Aramon x Vitis rupestris
made by Victor Ganzin in 1879 in France). Ganzin nr. 1 is also
known as AXR#1 in California.
• 333 Ecole de Montpellier (Vitis Berlandieri x Vitis vinifera cv.
Cabernet Sauvignon made by Gustave Foex in France in 1883).
• 420 A (Vitis Berlandieri x Vitis riparia made by Alexis Millardet
in France in 1887).
• 1613 Couderc (Vitis labrusca x Vitis riparia x Vitis vinifera made
by George Couderc in 1881 in France).
420 A was planted on a large scale before the 1930s. It is a low
vigour rootstock and grafted vines took some time to develop. It
performed quite well because it showed good drought tolerance and
good compatibility with most Vitis vinifera types, including Muscat
d’Alexandrie (field grafting). It performed very well in heavy loam
and clay soils, but was sensitive to subsoil wetness. The reason for
its disappearance is probably due to Jacquez’s better performance on
similar soil types, but also because bench grafting results were poor
and therefore nurserymen were disinclined to propagate it.
333 EM was planted in the 1920s as it was easy to propagate and
gave good yields with high sugar content, but due to poor phylloxera
and nematode resistance, disappeared from the rootstock spectrum.
1613 Couderc (also known as Fairy) was imported to South Africa
in 1939 but never gained importance due to its poor phylloxera resistance and lack of vigour.
Various rootstock surveys were conducted throughout the industry
between 1912 and 1927, and the feedback provides interesting insight
into the performance of some of these rootstocks. The Stellenbosch
Wine Institute summarised these in a 1966 report:
• Riparia Gloire de Montpellier: The 1912 survey mentions that
the rootstock performs well on deep, fertile alluvial soils, but has
poor drought resistance. Jacquez performed better on similar soil
types and therefore replaced it.
• Rupestris du Lot: The 1920 and 1925 surveys recommended the
use on higher potential “Karoo-type” soils (today this should be
similar to Oakleaf soil form, deep and well-drained); it had poor
drought tolerance and did not resist subsoil wetness. It required
deep, loose soils where its roots could penetrate easily. According
to Professor Abraham Perold it was “worthless” on shallow soils.
• 1202 Couderc: It was widely planted in the 1920s and 1930s. It
showed high vigour but did not induce high cropping levels due
to poor fruit set. The commission did not recommend the use of
this rootstock due to inefficient phylloxera, drought and nematode
resistance.
• Ganzin no. 1 and 2: In South Africa it was known as the Aramons. After a promising start both failed due to inefficient phylloxera and nematode resistance.

The Aramons were favoured after Constantia Metallica started to
decline around 1912. They however did not last long and by the
early 1920s it was 1202 that was favoured. It was assumed that
1202’s very high vigour would be able to resist a phylloxera attack,
thus resulting in thousands of hectares being established with 1202
during the 1920s and 1930s. However, its roots succumbed even
faster to phylloxera than the Aramons and its popularity took a huge
blow during the dry summer of 1944/45, when phylloxera caused
extensive damage.
Although Jacquez would become the rootstock of choice for the
following decades, one should not neglect mentioning the importance
of 101-14 and 143 B in the pre-1960s period. Jacquez was not universally adaptable to all soil types. The 1966 rootstock survey report
of the Stellenbosch Wine Institute rated these two rootstocks where
Jacquez faltered.
101-14 did well on shallow sandy loam to clay loam soils with
compact clay between 40 and 70 cm depth. It tolerated the subsoil
wetness associated with these soils, and if salinity was present,
much better than Jacquez. 101-14 outperformed Jacquez on these
soil types in Stellenbosch, Wellington, Robertson and Bonnievale.
And post 1960, 101-14 would become one of the main rootstocks
to replace Jacquez.
Although 143 B was a “latecomer” (it was only imported in 1930),
it soon became popular. It showed better performance than 101-14
and Jacquez where the soils were more compact and dry. 143 B’s
strongest attributes were its strong vigour and good tolerance to
salinity, subsoil wetness and drought. It outclassed both Jacquez and
101-14, finding application in Paarl, Wellington and especially Ladismith. Vines grafted to 143 B did however not age well under these
conditions because of its susceptibility to phylloxera and nematodes.
It also showed decline within 10 - 12 years and therefore would not
become an important rootstock. Only later, when the lower Orange
River area started using rootstocks for raisin grapes (during the mid
to late 1980s) on deep heavy alluvial soils, did 143 B find a place
as rootstock of choice. Here the risks of nematodes and phylloxera
are less.

The Jacquez era
Jacquez is a natural crossing of Vitis aestivalis x Vitis cinerea x Vitis
vinifera and was imported to South Africa in 1891. It was initially
used on the island of Madeira and from there spread to France and the
USA where it was used as a self-producer (bearing variety) known
as Black Spanish, not as rootstock. A certain J.F. Marais suggested
in 1893 that South African farmers should use Jacquez as rootstock.
The fact that it outperformed and outlasted all the other rootstocks
in use at the time (Schabort 1 and 2, Constantia Metallica, Rupestris
du Lot, Riparia Gloire de Montpellier, the Aramons, 333 EM, 420 A
and 1202), confirmed its success as the most important rootstock for
South Africa for the next 60 years.
Jacquez showed ease of propagation and excellent compatibility
with all commercial cultivars. It induced good vigour, supported
high yields and matured its fruit well. It performed very well on
deep, fertile alluvial soils that were well-drained with a good supply
of moisture. It had, however, poor tolerance to salinity, drought and
nematodes, but showed excellent resistance to Phytophthora cinnamomi, but moderately low tolerance to subsoil wetness. Rootstock
surveys done in 1912 and 1927 both confirmed that Jacquez should
not be used on shallow, heavy and compacted soils that become dry
in summer. Deep, soft and cool soils that never become dry suited
Jacquez.
By 1960 Jacquez constituted more than 90% of the vineyards in
South Africa. Its popularity, however, declined rapidly during the
1960s and by 1970 it constituted only 36% of overall plantings. It
all but disappeared from the rootstock spectrum by the early 1990s,
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mostly due to poor phylloxera and nematode resistance (it, however,
still constituted 44% of total plantings in Worcester in 1990 – a
region where Jacquez was highly successful). With ever increasing
plantings being made on sites with more marginal soils, Jacquez
quickly lost ground. Replanting of a new vineyard grafted to Jacquez
was also impossible if the previous rootstock was Jacquez, because
the young vines could not overcome the already high counts of phylloxera and/or nematodes in the soil. Fortunately other rootstocks
were available to replace it. Jacquez did not find any application as
commercial rootstock outside of South Africa.
Renowned viticulturists warned against the use of Jacquez as rootstock. In 1902, French breeder, Ravaz, stated: “It is only in the cool,
deep, fertile sandy soils where Jacquez, if established ungrafted as a
direct producer, resists the phylloxera. Everywhere else it has disappeared.” Professor Abraham Perold in 1926 warned against the use of
Jacquez on soils that become too dry, and on very heavy loams and
clay soils. Desiderius Pongrácz, author of the internationally acclaimed
publication Rootstocks for Grape-vines, is extremely critical of the use
of Jacquez. He even went as far as stating that Jacquez should never
have been used as rootstock in a phylloxera infested country like South
Africa (he had similar comments to the Californians about their use of
Ganzin nr. 1, also known as AXR#1, for such a long time).
One cannot ignore the fact that Jacquez, even with its Vitis vinifera
parentage, outlasted the Aramons by 60 years and 1202 by 40 years,
thus making a valuable contribution to the South African wine industry in a period where other rootstock options were limited or not
available. It can be argued that Jacquez should have been replaced
earlier by other phylloxera resistant rootstocks like Richter 99 and
Richter 110, but such changes would have been very difficult given
the success of Jacquez for so many decades.
The following table lists the percentage distribution of the most
important rootstocks grafted by registered nurseries for the 1961/62
and 1964/65 seasons, and the sales figures for the 1979/1980 seasons.
Jacquez’s popularity was declining rapidly with 101-14 and Richter
99 that started to gain ground by the mid-1960s. By 1980 these two
would constitute 80% of all grafted vine sales.

the USA. These included the commercially well-known Richter 99
and Richter 110 in the late 1920s, Ramsey, Dog Ridge and 143 B
in the 1930s and Paulsen 1103, SO 4 and Ruggeri 140 in the 1960s.
These and many others were established and evaluated in field trials
throughout the industry by the Viticultural and Oenological Research
Institute (Nietvoorbij). South African rootstock breeding was initiated under Professor Chris Orffer of the University of Stellenbosch
in 1949. Many of his hybrids were included in field trials from 1974
(USVIT crossings of Richter 99 x Jacquez). US 8-7 and US 2-1
showed the most promise.
South Africa has been using rootstocks for more than 120 years.
Many years of field trials and commercial use under widely different
soil and climatic conditions have provided valuable experience of
rootstock suitability for South African conditions. The bulk (91%)
of the wine and table grape industries today use only four rootstocks, namely Richter 99, Richter 110, Ramsey and 101-14. Others
in commercial use include Paulsen 1103, Ruggeri 140, 143 B, US
8-7 and a very small number of SO 4. It is significant to note that
out of all the rootstocks evaluated over the past century the South
African industry only uses these nine. The application of the abovementioned rootstocks in the South African industry will be discussed
in following articles.

Expanding the rootstock spectrum

* Included 1202, Riparia Gloire de Montpellier, 333 EM, 420 A, Teleki and
Ramsey for 1961/62 and 1964/65 seasons. Included Constantia Metallica
(2.3%), Richter 110 (4.2%) and Ramsey (0.8%) for the 1979/80 seasons.

Percentage grafted

Percentage sales

1961/1962 1964/1965

1979/1980

Jacquez

74.6

62.1

12.7

101-14

15.7

22.0

39.4

Richter 99

5.0

10.1

39.6

143 B

3.6

4.8

0.8

Rupestris du Lot

0.4

0.5

0.2

Other*

0.7

0.5

7.3

Total

100

100

100

(source: Boerdery in Suid-Afrika)

Slowly but surely other rootstocks were imported from Europe and

Rootstock

Typical pumpkin shaped leaves of Jacquez are indicative of its Vitis vinifera parentage.
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The role of nurserymen
The role of nurserymen in the historical use of rootstocks should
not be underestimated. In the early days there were no official
programmes of plant improvement and therefore nurserymen themselves were responsible for sourcing of rootstock and scion cultivars
for grafting. Quality standards were completely in the hands of the
nurserymen. Rootstock suckers randomly harvested from commercial
vineyards were the main source of rootstock cuttings for nurseries
(it was also grown on the edges of drainage ditches and boundary
fences). Conventional rootstock mother plantations were very uncommon and it was estimated that more than 70% of Jacquez rootstock
material was harvested from suckers in commercial vineyards. The
rootstock choices available to growers were therefore dependent
on the availability of rootstock suckers collected by nurserymen
from their own or other vineyards. It was not considered necessary
to establish rootstock mother blocks as ample suckers were available. Since Jacquez was by far the dominant rootstock at the time,
rootstock suckers collected were mostly of Jacquez origin, and as a
consequence most vines supplied to growers were grafted to Jacquez.
Nurserymen in different regions did, however, graft their vines to
rootstocks that were generally used in the region.
101-14 and to a lesser extent 143 B were the only other rootstocks
used in substantial amounts in the pre-1960s era. Rootstocks that
gave poor nursery success (like 420 A), or were not readily available,
quickly disappeared. Grapevine nurseries were present in almost all
grape growing regions, from Malmesbury, Wellington, Stellenbosch,
Worcester and Robertson to Montagu. Nurserymen sold their grafted
vines at auctions held in the different regions without having any
official standards for physical and/or phytosanitary quality, let alone
guarantees of true to type.

Plant improvement
The quality of plant material was in a deplorable state by the end of
the 1950s. Vineyards contained many vines that performed poorly
and mixing of cultivars were common in both scion and rootstock
material. Investigation into the mixing of rootstock materials done in
1966 confirmed large scale mixing in rootstock mother blocks. Only
half of the Jacquez, 101-14, 143 B and Richter 99 mother blocks
were pure. Nurseries were also evaluated and here the situation was
even worse. Less than 30% of nurseries investigated were without

mixing. No mass or clonal selections of scion or rootstock material
were available and no attention was given to the virus/disease status
or the viticultural performance (vigour, yield potential and quality)
of material.
The Wellington Nursery Association was established in 1963 and
did away with the auction system. They endeavoured to provide better quality material to growers, such as selections of scion cultivars
and minimum vine quality standards. They called their selections by
name of the nurserymen who selected it, for example “Johan Malan
Steen”. This selection process was started early in the 1960s. At about
the same time the Department of Agriculture initiated the first official
attempts at the selection of improved grapevine plant material. The
process of selection started with the identification of better performing vines of scion cultivars across the industry and the establishment
of these in test plots of KWV in Robertson and Paarl in 1963.
Rootstock selections were made in a similar fashion. 122 selections (clones) were made of seven rootstock cultivars and established
on KWV’s La Bonne Vigne farm in Robertson in 1966 (it included
Richter 99, Richter 110, 101-14, Ramsey and Jacquez). These selections were indexed for the presence of harmful viruses and evaluated
for grafting success, rooting ability and cane production. The first
rootstock material from this selection and evaluation process was
made available to nurserymen for the establishment of rootstock
mother plantations in 1972, under the control of the Department of
Agriculture.
This process of plant improvement received legal backing with
the introduction of the Plant Improvement Act of 1976. Its main goal
was to ensure stricter control over the production and distribution of
grapevine plant material. The grower now had a guarantee that nursery vines he/she purchased from a registered nursery complied with
a certain set of minimum standards. These included the phytosanitary status/quality, physical quality of the vine (root development,
strength of the graft union and scion growth) and trueness to type
of the rootstock and scion cultivar. No plant material could be sold
without adhering to these minimum standards. The South African
Plant Certification Scheme for Wine Grapes and the South African
Plant Certification Scheme for Deciduous Fruit (which included table
and raisin grapes) were instituted in 1992 and 1993 respectively, and
were a further refinement of the quality standards of the 1976 Plant
Improvement Act. All certified vines should comply with the standards set out in the above-mentioned two schemes.
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History of rootstocks in South Africa (Part 2)

WineLand May 2014
Keywords: Riparia, rupestris, Berlandieri, Champinii, origin, habitat, rootstocks.

This is the second article in the series on the history of rootstocks in
the South African wine, table and raisin grape industries. It focuses
on the origin, natural habitat, distribution and characteristics of the
native American Vitis species that were used by breeders in the development of the commercial rootstocks used in South Africa and
other parts of the world today. The parentage and qualities that each
passed onto the “children” will also be discussed.

Origin of the American Vitis species (characteristics
and geographical distribution) used for the development of our commercial rootstocks
The commercially used rootstocks Richter 99, Richter 110, Paulsen
1103, SO 4, Ruggeri 140 and 101-14 are all crosses of Vitis rupestris,
Vitis riparia and Vitis Berlandieri. These were the native American
Vitis species that were used in crosses for use as rootstocks to replace
the devastated European wine grape vineyards in the last quarter of
the 19th century. Ramsey on the other hand is not a commercial hybrid, but a natural hybrid of Vitis Champinii, also native to the USA.
US 8-7 is a cross between Richter 99 and Jacquez, and 143 B a cross
between Vitis vinifera cv. Aramon and Vitis riparia.
Information about the natural habitat and environmental adaptation
of the native American Vitis species can be valuable in order to understand the characteristics of the commercially developed rootstocks
selected or bred from them. The key principles are that:
• The characteristics of grape species reflect their native environment,
• The commercially produced rootstocks or “children” will reflect
characteristics of the grape species or “parents” from which it
originated, thus
• Parent knowledge will guide us to understand the characteristics of
the off-spring, or our knowledge of Vitis rupestris, Vitis Berlandieri, Vitis riparia and Vitis Champinii can guide us to understand
the qualities of our commercial rootstocks Richter 99, Richter 110,
101-14, Ramsey, SO 4, Paulsen 1103, and Ruggeri 140.
Every rootstock contains qualities/characteristics of its parent or
combination of parents. Looking back more than 130 years, one has
to hand it to the European viticulturists who selected the above Vitis
species for their “breeding potential”. Most rootstocks used in the
world of viticulture today are still dominated by the off-spring of
these American Vitis species. It also applies to South Africa.

Vitis riparia
Vitis riparia is the most widely distributed of any American species
of grape. It is found in the Canadian states of Manitoba, Quebec and
Ontario, all through the north and north-eastern parts of the USA, as
far south as Oklahoma, Arkansas and Tennessee, and as far west as
Washington and Oregon, basically from the Atlantic coast to the Rocky
Mountains. The map of distribution in Figure 1 clearly shows the
habitat being to the north of the drier, warmer states. The natural growing habitat is along the banks of streams, in ravines, on the islands of
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rivers, and in wet places. Vitis riparia is also known as the River Bank
Grape due to its presence close to rivers/streams on deep, moist soils
well supplied with water. It has a climbing growth habit and can easily
“invade” trees in search of sunlight. It often grows on the side of the
road, up telephone poles and on fences and is frequently seen draped
on trees and shrubs at the edge of a forest. The name “riparia” means
“riverbank” and while Vitis riparia does grow along streams and rivers,
it will grow nearly anywhere, as long as there is enough water. Another
characteristic of Vitis riparia is its very good resistance to extreme cold
conditions in winter; looking at its distribution into north-eastern USA
and Canada, this should be no surprise. Some species can tolerate up to
minus 30°C. This means that it has a short vegetative cycle, because in
order to survive the extremely cold winters of the north-eastern USA
it needs to mature its wood early, before the cold sets in. This is why
all commercial rootstocks with Vitis riparia parentage ripen their fruit
early (101-14, SO 4).
Eastern North America tends to be a region of abundant summer
rain. A grape species, like Vitis riparia, that is adapted to this environment does not need a deep root system that searches through the
soil for water. Vitis riparia is native to regions where phylloxera is
present and its roots are resistant to the insect. The Vitis riparia species was very popular as rootstock due to the fact that it could be used
directly as rootstock. Professor Alexis Millardet of the University of
Bordeaux already identified it as a potential breeding parent in 1874
and sent representatives to the Missouri and Mississippi River Valleys
in 1875 - 1876 to collect Vitis riparia material. It was initially thought
that any Riparia species would make a suitable rootstock, but it soon
became clear that this was not the case. Proper selection of the most
suitable species had to be done first. Riparia Gloire de Montpellier
is the most well known of these intraspecies selections and is still
used as rootstock today in certain parts of the world. It preferred
similar soil types to that which Jacques was grown in South Africa
and therefore did not become an important rootstock.
Vitis vinifera cultivars grafted onto Vitis riparia in France showed
early maturation, attained high yields and good sugar content. The
vines did not have very good drought tolerance and had limited
resistance to free lime (high pH) in the soil. It also did not perform
well on sandy soils, probably due to its low drought tolerance and
shallow root system. It has a very short vegetative cycle and sheds
its leaves very early.
Vitis riparia was by far the single most important American Vitis
species in terms of its contribution to the development of phylloxera resistant rootstocks. Its excellent phylloxera resistance, ease of
propagation and availability for direct use as rootstock resulted in
more than 75% of reconstituted vineyards in France being planted
with the Vitis riparia species by 1902.

Vitis rupestris
Vitis rupestris is named after “Rupes”, Latin for rocks, which describes its usual habitat, rocky creek beds. Its roots grow deep for
anchorage where they can explore for water as creek beds dry up in
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FIGURE 1. Geographical distribution of Vitis riparia throughout Canada and the eastern and north-eastern United States.

Natural habitat of Vitis riparia along river banks using trees in search of sunlight. (source: Mediterranean Genetic Code – Grapevine and Olive).

summer. It grows along the ground as a shrub and should rather be
called a “grape bush”; as it does not have a climbing growth habit
like Vitis riparia. It is native to the central United States, from Texas,
Oklahoma, Arkansas, and Missouri to Tennessee, Kentucky, Ohio,
and West Virginia. The map in Figure 2 shows the distribution of Vitis
rupestris throughout the USA. It used to grow on the prairies in welldrained areas that collected water during the rainy season. Once cattle
moved through the Midwest and south this species was grazed almost
to extinction, and is now confined to gravelly river beds and sand bars
where it has deep rooting in soils with a good supply of moisture.
The deep rooting habit makes Vitis rupestris types good choices
for sites where a vine might need to go looking for water – hillsides
and other well-drained sites, for example. Like Vitis riparia, Vitis
rupestris is native to a region with phylloxera and when used as a
rootstock it provides protection against the pest. In the grafted state
with Vitis vinifera cultivars it showed preference for deep, well-

drained stony, moist soils in warmer climates. It induced moderate
vigour and had a long vegetative cycle causing delay in maturation
of the fruit. It performed poorly on shallow dry compacted soils and
was sensitive to soil fungi associated with wet subsoils. It did not
perform particularly well on soils containing free lime.
Vitis rupestris could also be used directly as rootstock due to its
relative ease of rooting and grafting. Just as in the case of Vitis riparia, many species of Vitis rupestris occurred; more than 100 were
identified and evaluated. Out of these Rupestris du Lot (also known
as Rupestris St George), Rupestris Metallica and Rupestris Martin
are some of the best known. Rupestris du Lot became a popular
species for direct use as rootstock in France and the USA, but not in
South Africa. It induced strong vigour but relatively moderate yields
(mainly due to poor fruit set, especially on Muscat d’Alexandrie,
which was an important cultivar in SA), showed poor resistance to
drought, subsoil wetness and Phytophthora cinnamomi. Rupestris
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Martin (named after the owner of the farm on which it was selected
in Montpellier, France) showed strong vigour and good adaptation
on heavy dry soils. It was used as parent species for the development
of many very successful rootstocks.
Vitis riparia and Vitis rupestris are very important in the history
of rootstock breeding because they provided selections that could
immediately be used in vineyards for grafting with Vitis vinifera
cultivars (Rupestris du Lot and Riparia Gloire de Montpellier). No
additional crossings or selection among seedlings were necessary
which proved valuable, considering the haste at which vineyards
needed to be replaced.
In contrast to the non-European wine producing countries, such as
most of the New World, where low soil lime content is typical, the
European wine producing countries have many calcareous soils. Initially the lack of adaptation of the rootstocks to these calcareous soils
was a serious problem. The crosses of Vitis riparia and Vitis rupestris
were not well adapted to calcareous soils and iron deficiency (lime
induced chlorosis) symptoms occurred. To improve the adaptation of
the rootstocks to lime rich soils, rootstock breeders had to continue
their search for suitable parents that would be a source of adaptation
to these soils. Enter Vitis Berlandieri.

Vitis Berlandieri
Vitis Berlandieri was first described by Professor Jules Planchon in
1880, and named it after the Swiss botanist Jean-Louis Berlandier

who first collected it in Texas in 1834. It is a species that grows
naturally on the dry limestone hills of central Texas and also known
to occur on similar soils in New Mexico and northern Mexico. See
Figure 3. The soils in central Texas (notably the Edwards Plateau)
where Vitis Berlandieri is native, consist of a shallow topsoil underlain by limestone. It is on these shallow hillside soils that Vitis
Berlandieri grows.
The species within Berlandieri are even more numerous than for
Vitis riparia and Vitis rupestris. These are the results of natural variations and adaptations that developed within the species to allow for
the different environments in which they grow. Various Berlandieri
species therefore occur depending on the location. Drought tolerant, small leafed species grow on the hills where they need deep
rooting to capture enough moisture, while larger leafed ones grow
on river banks where they show similar climbing characteristics as
Vitis riparia. Here trunks become very thick and the vines spread
across the tree canopies. The small leafed drought tolerant species
on the hillsides were used as Berlandieri parents for breeding. Three
species are of importance, namely Vitis Berlandieri Rességuier
no. 1, Vitis Berlandieri Rességuier no. 2 and Vitis Berlandieri Las
Sorres as they became the Berlandieri parent species in crosses with
Vitis rupestris for rootstocks like Richter 99, Richter 110, Paulsen
1103 and Ruggeri 140.
Vitis Berlandieri is also known as the “Fall Grape” owing to the
delayed ripening of its fruit. It is a vigorous vine with a very long

(source: The Miller Lab).

FIGURE 2. Geographical distribution of Vitis rupestris throughout the south-eastern United States.

Natural shrub-like growth habit of Vitis rupestris growing on deep stony and moist soils next to rivers
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vegetative cycle (4 weeks longer than Vitis riparia). It has excellent tolerance to high lime content in soils. There are differences of
opinion as to its resistance to phylloxera because its natural habitat is
free of the insect. Some scholars list it as only moderate while others
rate it very high as being similar to Vitis riparia and Vitis rupestris
(whichever is the case, Vitis Berlandieri hybrids with Vitis rupestris
and/or Vitis riparia species have shown excellent phylloxera resistance). It has never been used directly as rootstock due to its poor
rooting ability, but had excellent grafting results with Vitis vinifera
species. It was imported to France in 1887 for use in rootstock
breeding where it was crossed with Vitis riparia and Vitis rupestris

to produce rootstocks with phylloxera resistance and lime tolerance.
Breeders now had a lime and drought tolerant breeding partner to use
in combination with Vitis rupestris and Vitis riparia to develop new
families of rootstocks that combine adaptation to calcareous soils,
drought resistance, ease of propagation (grafting and rooting) and
adequate phylloxera resistance. The groups of rootstocks formed by
the hybridisation of these three species are some of the most important in viticulture today.

Vitis Champinii
Vitis Champinii was found throughout central Texas and is considered

(source: University of Wisconsin, La Crosse).

FIGURE 3. Geographical distribution of Vitis Berlandieri throughout the southern United States.

The natural habitat of Vitis Berlandieri is the dry calcareous hills of the Edwards Plateau in Texas.
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to be a natural hybrid between Vitis candicans and Vitis rupestris. See
Figure 4. It was selected by Thomas Munson around 1900. It grew
quite vigorously in almost any soil type. This species has been used
directly as a rootstock (Ramsey and Dog Ridge being the most well
known) and was found to have moderate phylloxera resistance, but

very good nematode resistance. It grafts and roots with difficulty as
can be confirmed by most nurserymen. Vitis Champinii was also used
as breeding parent with Vitis vinifera, Vitis riparia and Vitis rupestris
for the creation of Freedom and Harmony, nematode resistant mostly
American used rootstocks.

FIGURE 4. Geographical distribution of Vitis Champinii in Texas.

Table 1 below compares the characteristics of grafting compatibility
with Vitis vinifera species, ease of rooting, phylloxera resistance and
lime and drought tolerance of the breeding/selection parent(s) of Vitis
riparia, Vitis rupestris, Vitis Berlandieri and Vitis Champinii. Table 2
compares the breeding combinations and commercial rootstocks with
the same characteristics. It clearly shows the genetic qualities of the
combination of parents in the rootstocks. The good grafting compat-

ibility and ease of rooting of Vitis rupestris together with the lime and
drought tolerance of Vitis Berlandieri created some of the most popular
rootstocks still in use today (Richter 99, Richter 110, Paulsen 1103 and
Ruggeri 140). SO 4’s properties of high lime tolerance, ease of rooting
and grafting compatibility was similarly created by the combination
of Vitis Berlandieri and Vitis riparia. Ramsey as a selection of Vitis
Champinii is still problematic for bench grafting in the nursery.

TABLE 1. Qualities of American Vitis species.
Characteristic

American species
V Riparia

V rupestris

V Berlandieri

V Champinii

Grafting compatibility with V vinifera

Good

Good

Good

Poor

Ease of rooting

Good

Good

Poor

Poor

Phylloxera resistance

Good

Good

Good

Moderate

Lime tolerance

Poor

Poor

Good

Moderate

Drought tolerance

Poor

Poor

Good

Moderate

TABLE 2. Qualities of commercial rootstocks created from crossing/selections of American Vitis species.
Parent combination
Characteristic
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V riparia x V rupestris

V Berlandieri x V rupestris

V Berlandieri x V riparia

V Champinii

101-14

R 99, R 110, Ru 140, P 1103

SO 4

Ramsey

Grafting compatibility with V vinifera

Good

Good

Good

Poor

Ease of rooting

Good

Good

Good

Poor

Phylloxera resistance

Good

Good

Good

Moderate

Lime tolerance

Poor

Good

Good

Moderate

Drought tolerance

Poor

Good

Poor

Moderate
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History of rootstocks in South Africa (Part 3)

WineLand June 2014
Keywords: Selection, rootstocks, drought, nematodes, fungi,
salinity, wetness.

This is the third article on the history of rootstocks in South Africa.
Its focus is on the selection criteria for finding the most suitable
rootstock for a specific site. Considerations other than the rootstock
characteristics play an important role in the final decision.

Selection criteria for rootstocks

• Phylloxera resistance.
• Drought tolerance.
• Resistance to different nematode species.
• Resistance to subsoil wetness (“wet feet”).
• Resistance to soil borne fungi like Phytohphora cinnamomi.
• Resistance to lime induced chlorosis (high soil pH associated with
free lime in the soil).
• Resistance to salinity.
These alone, however, cannot be used in exclusion of other equally
important (sometimes more important) considerations. These include:
• Soil adaptability.
• Availability of irrigation water.
• Choice of scion cultivar.
• Induced vigour in scion cultivar.
• Yield expectation (tons/ha).
• Wine quality parameters.
• Climatic indicators (summer temperatures and relative humidity).

(photo: A Teubes)

Phylloxera resistance was the first and foremost priority for European
breeders, but other equally important characteristics were ease of
propagation, which included rooting ability, and grafting compatibility with Vitis vinifera species. Soil adaptability in terms of resistance
to lime induced chlorosis was another important parameter since most
of Europe and the Mediterranean have soils of lime based origin.
Drought tolerance was next in line especially for southern France,
southern Italy, the Mediterranean Islands and the north African coast.
These were the main selection criteria used by breeders for reconstruction of the European vineyards. More were to follow.
Most rootstock breeding in Europe was done between 1875 and
1910 (mainly in France and Italy). This period created phylloxera
resistant, lime and drought tolerant rootstocks that were exported
to the New and Old World grape growing countries with phylloxera
outbreaks. Nematode resistance became important in the USA for the
inland grape growing areas in the San Joaquin Valley in California
where the dagger nematode, Xiphinema index, transmits fan leaf virus
with disastrous consequences for grape production. Since the 1940s
rootstock breeding in California has been focused on developing
mostly nematode and fan leaf resistant rootstocks. South African
rootstock breeding and selection officially started in 1949 and in Aus-

tralia in the mid 1960s, while a new rootstock breeding programme
commenced in Germany in 1990. The search for rootstocks that fit
the criteria for adaptability for local conditions continues.
Determining the most suitable rootstock for a given vineyard site
is a complicated decision that requires good technical knowledge of
rootstock characteristics. These include:

Typical symptom of lime induced chlorosis on Autumn Royal.
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The above criteria must be used in combination with experience of
local conditions. There is no substitute for experience in finding the
most suitable rootstock.

Soil adaptability

(phoo: KWV Extension Service)

Physiological and anatomical differences between rootstocks have
a marked influence on their adaptability to different soil conditions.
Breeders realised very early on that the same rootstock could not be
used universally on all soil types. This was another revelation in the
development of rootstocks which puzzled the breeders and emphasised the need for continued breeding. Difference in rootstock performance is negligible under perfect soil physical and soil chemical
conditions. Differences only become apparent under more marginal
soil conditions. Limiting factors, such as shallow or compacted soils,
low organic material content and the occurrence of salinity, poor
drainage and excessive amounts of lime have an impact on rootstock
performance.
Physical soil characteristics that influence rootstock performance
include soil texture (composition of sand, silt and clay), soil structure,
water retention capacity, effective depth and changing water table.
Soil chemical factors include the presence of saline salts, free lime
and low pH conditions, which is prevalent in especially the coastal
grape growing regions of South Africa. Advances in soil preparation techniques during the 1970s increased the potential of the soil
dramatically by effectively increasing the soil depth (and internal
drainage) and therefore the vine’s ability to withstand adverse conditions, especially drought. Many soils that were previously considered
as too marginal for grape production now became suitable. With the
deep application of chemical soil ameliorants such as lime (for acid
soils), gypsum (for salinity) and phosphorous, soil potential was further increased. The introduction of deep soil cultivation techniques
immediately meant that soils were now suitable for a wider range
of rootstocks.
Viticulture in South Africa, especially in the coastal areas, is practiced on extremely old geological formations in a very high state
of weathering. Most soils are low in organic matter content which,
together with fine textured topsoils and heavy clay subsoils, increases
the risk of compaction. Certain soils (especially from granitic origin)
compact naturally, while others are sensitive because of mechanical
actions (plough layers, tractor wheels, etc.). Low pH soils have a
natural tendency to compact relatively easy, while lime rich soils
with pH values above 7.5 (measured in potassium chloride) normally

High potential deep red Hutton soil type in Stellenbosch will induce high
vigour.
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(photo: A Teubes)

(photo: A Teubes)

This low potential Westleigh soil type with a high water table will require a
rootstock with high vigour and good tolerance to subsoil wetness.

This duplex soil in Elim (Estcourt soil form) will require internal drainage and
a rootstock with shallow rooting that can handle subsoil wetness and salinity.

(photo: Coenie Snyman, Rust en Vrede)
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(photo: A Teubes)

Successful dry land farming requires a rootstock with a highly branched root
system and vigour that can penetrate to deep soil layers.

This highly saline soil requires a rootstock with exceptional resistance to
salinity.

do not. Geologically younger, less weathered calcareous deposits are
found in inland areas with far fewer physical and chemical limitations
to vine growth. Soil suitability will be addressed during the discussion of the commercial rootstocks.

Drought tolerance
Drought tolerance became an important consideration for the southern and south eastern wine growing regions of France that are warm
and dry during summer. This applies even more so for Spain, Italy
and most of the Mediterranean islands and coastal grape growing
regions. The vine’s ability to tolerate drought is directly correlated to
the level of branching of the root system, rooting depth and the unavailability of irrigation. With available irrigation, drought tolerance
is not a consideration, unless the available irrigation water is limited.
The soil’s water retention capacity is determined by the amount of
clay, type of clay, stone content and organic material in the soil.
Rootstock selection for drought conditions is only necessary for the
coastal areas where no, or limited irrigation is available. These areas
include Malmesbury, Paarl, the West Coast, Stellenbosch, Grabouw,
Somerset West and Hermanus. The inland regions are almost totally
irrigated.

Nematode resistance
Nematode resistance became important once grapes were grown
under irrigation in warmer climates. Most research on this aspect was
done in California in the United States where the San Joaquin Valley
supported large areas under vines, and where damaging nematodes
were prevalent, especially the Xiphinema species (dagger nematode)
that transmits fan leaf virus. Rootstocks not only show differences in
resistance to nematodes in general, but also between nematode species. The most common nematodes associated with grapevines are:

•

Root knot nematodes (Meloidogyne species).

•

Dagger nematodes (Xiphinema index, Xiphinema italiae).

•

Root lesion nematode (Pratylenchus vulnus).

•

Citrus nematode (Tylenchus semipenetrans).

•

Ring nematode (Mesocriconema xenoplax).

•

Spiral nematodes (Criconemoides species).

General nematode tolerance of rootstocks is normally presented in
popular literature as resistance to the most common nematode species
found on grapevine roots, namely Meloidogyne species (root knot
nematodes). This can generally be accepted as a good indicator for
broader nematode resistance of rootstocks in South Africa, but other
species of nematodes are also present that should not be ignored. The
soil potential and aggressiveness of the rootstock’s root system play
keyroles in its resistance to nematodes. The effects of nematodes on
vine performance only become apparent under marginal soil conditions. Nematodes are a common pest in South Africa that necessitates
the careful selection of rootstocks. Nematodes are especially active
in warmer areas with sandy soils under intensive irrigation.

Soil borne fungi
Resistance against soil borne fungi like Phytophthora cinnamomi is
important under South African conditions. This fungus is normally
associated with shallow, wet soils that become saturated during the
winter months under heavy rainfall, and then drain slowly during
spring. It occurs naturally in the acid soils (pH < 5.5) of the coastal
areas, especially where fynbos and pines grow (common on the
sandstone and granitic slopes of the Drakenstein, Simonsberg and
Helderberg mountains). Soil and foliage applied ameliorants like
Aliette can, however, reduce the impact of Phytophthora cinnamomi
under these conditions. Phytophthora cinnamomi is normally not associated with soils of higher pH. Commercial rootstocks show strong
tolerance level differences.

Salinity resistance
The presence of salinity of the soil is common in South Africa, especially in the drier grape growing regions. The type of salinity should
also be taken into consideration since salts like chlorides have less
risk than sodium which would destabilise the soil structure. This can
cause secondary problems of poor drainage and water logging. In
many cases saline soils can be ameliorated by proper soil prepara-
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(source: Wingerdbou in Suid-Afrika)

(photo: A Teubes)

Typical symptoms of Phytophthora cinnamomi on vine roots (right) and a
healthy root system (left).

(photo: A Teubes)

Symptoms of root knot nematode on roots of Vitis vinifera cv Flame Seedless.

(source: UC Integrated Viticulture)

Typical leaf edge burning symptoms of Thompson Seedless suffering from
salinity.

Extremely poor fruit set due to fan leaf virus infection.

tion, internal drainage and/or the application of gypsum. Sandy,
well-drained soils can easily be reclaimed and even rootstocks
with moderate to low salinity resistance can perform very well.
Heavier soils that drain slowly tend to cause the biggest problems; this is when rootstock selection becomes critical. The
quality of irrigation water also plays a role since it can either
add salinity to the soil or reduce the risk of saline soil conditions
by leaching toxic elements. Rootstock choices are wider when
irrigation is available, but becomes very narrow under dry land
conditions. Experience plays a keyrole in rootstock choice based
on the above combination of factors.

70

technical yearbook 2014

Climatic indicators
One aspect that is not generally accepted as a rootstock selection
criterion is the adaptability of the rootstock to different climatic
conditions. Climates differ from one region to the other, especially in
terms of summer temperatures and relative humidity (RH). Regions
with moderate temperatures during summer, but with RH of 60% or
more can be considered as having a “softer” climate than areas with
higher temperatures and RH of 40% or less. The rate of transpiration
(cooling effect) is a function of the RH; on a very hot and dry day
transpiration is much higher than on a day with higher RH. The vine
is under less stress in Hermanus than in Malmesbury for example.
This has a marked influence on rootstock performance, especially
under dry land (unirrigated) conditions.
The same soil type under different climatic conditions will require
a different rootstock choice. This is one of the reasons why Richter
99 is considered a better dry land rootstock than Richter 110 in the
Swartland (with warmer and drier summers) than in Stellenbosch
(with a more moderate climate) for example. The higher vigour and
aggressive root system of Richter 99 is able to handle the “harsher”
summer climate and drier soils better than Richter 110. The opposite
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(photo: A Teubes)

these conditions one should first consider the cultivar. Cabernet
Sauvignon is late maturing, which is even later on the Helderberg slopes (maturation late March/early April). It is therefore
important that a rootstock be chosen with a shorter vegetative
cycle. Irrigation water is available which takes the necessity
of a drought tolerant rootstock out of the equation. Cabernet
Sauvignon is also an above average vigorous cultivar requiring
a larger trellis system to accommodate the vigour. The soil in
question will also increase the vigour potential. Fruitfulness can
become an issue if vigour is not properly managed, therefore a
rootstock that induce lower vigour should be chosen. Selling
grapes on the open market in the high priced market segment
requires high quality grapes, something that will be demanded
by the buyer. Balanced vigour will increase quality and yield
creating a win-win situation for the grower and the buyer. The
rootstock option becomes obvious after taking the above into
consideration.

This view from the vineyards at Klein Constantia over False Bay is an example of a “soft” climate. Maximum summer temperatures are between 25
and 28°C with RH levels of above 60%.

(source: African Business Review)

101-14 has a shorter vegetative cycle which enables the grapes
to mature earlier; it has moderate to lower vigour on a high
vigour potential site, which decreases vigour and balances yield;
it has poor drought tolerance, but because irrigation is available,
this requirement does not play a role. If this had been a site without irrigation, Richter 110 would be the better choice (at a wider
in-row spacing to accommodate the higher expected vigour).
•

This aerial view of Southern Farms along the Orange River west of Kakamas
constitutes an area considered to have a “harsh” climate where summer
temperatures regularly soar in excess of 40°C and RH to less than 30%.

is the case in Stellenbosch where Richter 110 performs better than
Richter 99. The high vigour of Richter 99 depletes available soil
moisture too early in the season, leaving the vine without adequate
moisture to mature the crop.
Certain rootstocks are better suited for “softer” climates than others. Rootstocks with Vitis riparia parentage tend to have such qualities (101-14, SO 4). Drought tolerance is normally associated with
higher vigour, because soil volume (deep root system and heavily
branched) is utilised much more efficiently (Richter 99, Richter 110,
Paulsen 1103, Ruggeri 140). These rootstocks tend to be better suited
to “harsher” climates. Climatic differences are not easily quantified
and require extensive experience of local conditions.

Induced vigour, length of the vegetative cycle, Vitis
vinifera cultivar, market (wine/table/raisin) objective
This is a complicated decision that takes many secondary aspects into
consideration. The vigour that the rootstock induces and the length of
its vegetative cycle, will determine the time of harvest, type of trellis
system, quality and quantity of the crop. This can best be explained
by way of examples. Consider the following three scenarios:
•

Stellenbosch region: Lower slopes of Helderberg, deep red
soil (Hutton, Oakleaf soil form), north facing, Cabernet Sauvignon, grapes sold on open market, irrigation available. Under

Robertson region: Sandy loam soil (Dundee soil form), intensive irrigation available, Colombar, selling grapes to cooperative
cellar, application of grapes for brandy, mechanical pruning and
harvesting. Under these conditions, one should consider the requirement for high yields of 30 tons/ha and more; Colombar is a
late maturing cultivar; it has a low rot potential and will be harvested at 18° Brix. Attaining high yields will require a rootstock
that can induce higher vigour and that can consistently produce
yields of 30 tons/ha or more; the risk of a long vegetative cycle
is small due to the low maturity level that is required; nematodes
could be problematic in the inland growing areas under intensive
irrigation on a sandy, loam soil.
Ramsey would be the obvious choice due to the higher vigour
that it induces, enabling the cultivar to maintain high cropping
levels on a consistent basis. It has very good nematode resistance; Colombar has a low risk of rot, so the high vigour will
not be problematic; the long vegetative cycle of Ramsey will not
play an important role because the grapes will be harvested at
a relatively low maturity level. Colombar is a naturally fruitful
cultivar; therefore the higher vigour that Ramsey induces will
not adversely affect long term fruitfulness.

•

Hex River region: River bed boulders, marginal sandy soil; table
grapes for export, Crimson Seedless, micro jet irrigation. Under
these marginal soil conditions the need for a rootstock with high
vigour is of the utmost importance. Although Crimson Seedless
is one of the most vigorous table grape cultivars, a moderate
vigour rootstock would not suffice to obtain the proper berry size
for export grapes. The Hex River region is the latest maturing
table grape region in South Africa and Crimson Seedless one of
the latest maturing cultivars. Complete colouration of Crimson
Seedless is of less importance because night time temperatures
in the Hex River drop significantly towards the middle of April
when Crimson is harvested. A high vigour rootstock with a long
vegetative cycle will be an advantage to delay the maturation of
the grapes for the expected higher prices at the end of the season.
Ramsey would be the obvious choice, but in this case the low
soil potential is the most important factor determining the rootstock choice. No other rootstock has the ability to induce ade-
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This high yielding Red Globe vineyard (40 tons/ha) requires a strong rootstock that can support the crop.

quate vigour on this marginal soil type. The other characteristics
of Ramsey can be “moderated” under these conditions. Vigour
can be managed with irrigation and fertiliser applications, colour
is not an issue due to the cold night time temperatures, delayed
ripening and risk of rain (and rot) is negligible due to the high
rain resistance of Crimson Seedless (as well as the possibility
of plastic covering). If the soil type was loamy and rich with
organic matter lower down in the valley, Richter 110 or US 8-7
would have been the better choice due to the vigour limiting
effect of these rootstocks in fertile soils.

Low yielding Cabernet Sauvignon vines with balanced growth does not
require a vigorous rootstock in “soft” climates where soil potential is high
and irrigation is available.

The above three examples of the thought process that should be followed for determining rootstock choice indicate the complexity of the
decision. It is of greater importance than the rootstock characteristics

itself. Experience of local conditions is required to make these decisions. One should have a holistic approach and be very open minded
because rootstock choice is a long-term (20 - 25 year) decision.
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History of rootstocks in South Africa (Part 4)

WineLand July 2014
Keywords: Rootstocks, Richter 99, Richter 110, characteristics.

This is the fourth article in the series on the history of rootstocks in
South Africa and focuses on the application and adaptations of the
commercial rootstocks Richter 99 and Richter 110 in the South African grape industries. Detailed attention is given to the most suitable
soils and the regions where they have been planted extensively and
also where they have disappeared over time and the reasons why.
Comments are also made on the future of each rootstock.

Commercial rootstocks in South Africa
The following table lists the commercial rootstocks used in South
Africa, their parentage and the year of selection/breeding.
Rootstock

Parentage

Breeder and year

Richter 99

V Berlandieri x V rupestris

Richter, 1889

Richter 110

V Berlandieri x V rupestris

Richter, 1889

101-14

V riparia x V rupestris

Millardet and de
Grasset, 1882

Ramsey

V Champinii

Munson, 1900

Paulsen 1103 V Berlandieri x V rupestris

Paulsen, 1895

Ruggeri 140

V Berlandieri x V rupestris

Ruggeri, 1897

SO 4

V Berlandieri x V riparia

Teleki, 1896

US 8-7

V Berlandieri x V rupestris x Jacquez Orffer, 1956

143 B

V vinifera cv Aramon x V riparia

Millardet and de
Grasset, 1882

The following section gives an account of the characteristics and
performance of the above rootstocks in the South African wine, table
and raisin grape industries. Extensive experience of the performance
of these rootstocks is available due to the fact that most of them have
been used commercially for many decades, and some even for more
than 100 years.
The grape growing regions of South Africa are diverse in terms of
soil and climatic conditions. Rootstock performance and adaptation
between regions can differ drastically. The extrapolation of rootstock
performance between regions without experience, and even more
so from overseas sources, is dangerous because conditions differ
so much. This is evident from research results and the information
in frequently found “rootstock characteristics charts” available in
literature.
The use of a specific rootstock that gives good and consistent
results to a farmer becomes a “way of life” and will be very difficult
to change. One can therefore speculate that rootstock preference
can become traditional, although better options could be available.
Any new rootstock needs to perform well over an extended period
(a minimum of 20 years) and should at least perform better than the
one presently in use before being accepted and incorporated. South
African grape farmers are well organised in farmer’s associations
and study groups where knowledge and experience are frequently
exchanged and research results presented. Since the early days of

rootstock use, trial plots have been established in grape growing
regions, on the land of commercial farmers. These had great value,
since rootstock performance could be evaluated under commercial
conditions.
The following discussions on the use of rootstocks in South Africa is not a literature study, but a practical summary of experience
gained from working as a technician in the field over the past 19
years. Inputs from viticulturists and farmers with 30 and 40 years of
experience gave valuable insight into the use of rootstocks, many of
which have mostly disappeared from use in South Africa. Although
more than 100 different rootstock selections have been tested and
trialled in South Africa’s grape growing history, today only nine remain in commercial use. This is a positive development if compared
to the rootstock choices found in other countries, especially Europe
and the USA. Having fewer choices available makes the decision of
which rootstock to use less difficult. It also makes the establishment
and maintenance of a wide range of rootstock cultivar mother block
plantations easier and more cost effective to manage.

Richter 99
Richter 99 was developed in France by Franz Richter in 1889 and
imported to South Africa in 1927. New clones were also later imported from Italy, France and the USA. It is a cross between Vitis
Berlandieri and Vitis rupestris. Richter 99 has some of the best
compatibility with commercial Vitis vinifera wine grape cultivars. It
is not considered to be a good rootstock for table grapes because of
the poor fruit set it induces.
Richter 99 has high vigour (vigour potential is considered as high
4 out of 5) and is considered a very good rootstock under dry-land
conditions on a range of soils, from shallow and compact to deep
loamy sands. The strong vigour and deep well-branched root system
is able to search for moisture in the deepest soil layers, with some
roots penetrating below the depth of soil preparation. The limit of
rainfall (mostly in winter) for wine grape production in South Africa is around 400 mm, which is common in certain sectors of the
Swartland. Richter 99 has been and still is the main rootstock for
this region because it is able to withstand the harsh warm and dry
summer conditions without irrigation. Strong vigour is an important
characteristic for dry land viticulture, especially in warm climates.
Vines are mostly grown as bush vines with average yields of 6 - 10
tons/ha. Agter-Paarl around the Paardeberg (soils of granite, shale
and greywacke origin) and the slopes of the Drakenstein Mountains
where parent material is mostly granitic (Glenrosa soil form) are all
areas where Richter 99 finds application. Soils here compact easily
and require a strong rootstock. Soil types suitable for its use include
Swartland, Klapmuts, Glenrosa, Oakleaf, Clovelly and Hutton.
Richter 99 is very well adapted to free lime in the soil (17% active
lime), but Richter 99 also showed good adaptability under low pH
soil conditions as is commonly found in the coastal regions of the
Western Cape (soil pH < 4.5 is common). Although soils need to be
ameliorated with lime, the effect is limited to the top 60 cm of the soil
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Jacquez at the time. The changes in the wine industry over the past 15
years has seen the establishment of red and white cultivars with lower
yields and higher quality requirements for which other rootstocks are
better suited. Richter 99 is still the best suited rootstock under the
dry-land conditions of the Swartland and Agter-Paarl, but has mostly
been replaced by Ramsey for maintaining consistently high yields
under intensive irrigation on sandy loam soils. Economic factors
over the past decade have seen the plantings decrease, especially
in regions without irrigation, and together with the replacement of
Richter 99 by Ramsey and US 8-7 in the irrigated regions, Richter
99 became of less importance.
At the time of the rootstock survey by the Stellenbosch Wine Institute in 1966, the following information already existed for Richter
99 in South Africa: By 1939 Richter 99 already showed promising
results on a wide range of soil types; broader application than Richter
110. It showed good drought, phylloxera and nematode resistance,
but low tolerance to wet soil conditions.

(source: Boerdery in Suid-Afrika)

profile. Richter 99 has very good drought tolerance in dry regions,
and although it is rated less drought tolerant than Richter 110, it
definitely outperforms the latter in warmer regions with “tougher”
conditions [high temperatures in summer, compacted soils, lower
relative humidity (RH)]. Richter 99, in contrast, has less proficiency
as a dry land rootstock on similar soils under “softer” conditions.
Richter 99 has almost completely disappeared from the deep red soils
of Stellenbosch. Here Richter 110 performs much better, probably
due to the fact that Richter 99 depletes the available soil moisture too
quickly under the less stressful conditions (higher rainfall, higher soil
potential and lower summer temperatures). Richter 99 shows drought
symptoms earlier than Richter 110 under these conditions.
Richter 99 is also used under irrigation in the traditionally intensively irrigation regions of the Klein Karoo, Worcester/Rawsonville,
Olifants River, Berg River and Orange River Valleys. Richter 99’s
high vigour and potential for supporting large crop loads (25+ tons/
ha) together with good nematode resistance makes it a very popular
rootstock. These soils are normally of a sandy loam texture with good
fertility and are very well drained. In contrast, Richter 99 was never
a popular rootstock in the Robertson/Bonnievale region due to the
fast deterioration of the vines caused by subsoil wetness and salinity.
Richter 99 has very good resistance to root knot nematodes but only
moderate resistance to dagger and root lesion nematodes.
The salinity resistance of Richter 99 is considered to be medium to
low. This resistance level should be seen on a relative scale, as the effects of salinity is very dependent on the availability of irrigation, soil
type (well-drained sandy loam versus heavy clay with slow drainage)
and type of salinity. On well-drained soils under irrigation, Richter
99 performs very well under slightly saline conditions because salts
and sodium can be leached and soil amelioration with gypsum can
be applied. When the soil becomes heavier, the combination of
prolonged subsoil wetness with salinity can become deadly. High
summer temperatures, low RH in combination with sodium based soil
salinity will not be suited to Richter 99 under dry land conditions. Of
all the Vitis Berlandieri x Vitis rupestris hybrids Richter 110 has the
best salinity resistance by far.
Richter 99 is sensitive to the soil borne root fungus Phytophthora
cinnamomi, associated with wet, poorly drained soils. This fungus
occurs as a natural soil fungus in the acid soils of mountain slopes
covered with fynbos, even though the soils are well drained. Richter
99 does not have an extended lifespan under conditions with wet subsoils associated with Estcourt, Katspruit, Longlands and Westleigh
soil types. Vine deterioration starts at a relative early age when used
under these soil conditions. The sudden death of individual vines in
a vineyard grafted to Richter 99 was commonly known as skielike
doodgaan-siekte (sudden vine mortality) at a time when the sensitivity of the rootstock to subsoil wetness was not yet understood. In
most cases Phytophthora cinnamomi was isolated from dead vines.
The popularity of Richter 99 under intensive irrigation has, however, declined substantially over the past decade. One can only
speculate about the reasons, but it seems that the prolonged wetness
of the root zone due to a high frequency of irrigation causes the vine
to decline. This characteristic of Richter 99 has been well known
since its introduction. Other rootstocks like Ramsey and Richter 110
and, to a lesser extent US 8-7, have replaced Richter 99 under these
conditions.
Richter 99 only started making inroads into the wine industry during the 1960s with the decline of Jacquez. In field trials it performed
exceptionally well under dry-land and irrigated conditions and on a
wide range of soil types. In those days the wine industry was dominated by high yielding cultivars like Palomino, Cinsaut, Chenin blanc
and Hanepoot. Richter 99 was definitely the best suited to replace

Richter 99.

Richter 110
Richter 110 was developed in France by Franz Richter in 1889 and
was, together with Richter 99, imported to South Africa in 1927. It
has the same parents as Richter 99, Vitis Berlandieri x Vitis rupestris. Richter 110 has similar affinity when grafted to Vitis vinifera
cultivars, but tends to show poor distribution of roots at the basal
end of the rootstock. The application of rooting hormones and the
establishment of nurseries under plastic mulch have, however, greatly
improved the situation.
Richter 110 was always included with Richter 99 in field trials. It
never performed poorly, but was mostly outclassed by Richter 99 for
vigour and crop size. Richter 110 has moderately high vigour (3.5 out
of 5), less than Richter 99 and Paulsen 1103. Richter 110 is said to
be a better “quality” rootstock than Richter 99 due to the slightly less
vigour it induces and resultant more balanced growth. Traditionally
Richter 110 was never a serious contender for competing with Richter
99, but it does have characteristics that make it a rootstock of high
importance and is increasing in popularity.
Richter 110 is suitable as dry-land rootstock in the traditionally
moderate climatic regions around the Cape Peninsula where soil potential, rainfall and RH are higher. The deep red Hutton and Oakleaf
soils on the slopes of Simonsberg, Helderberg, Constantia and Durbanville are particularly well suited for Richter 110. It is considered
to have better drought resistance than Richter 99 internationally,

(source: Boerdery in Suid-Afrika)
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but in South Africa this was never confirmed either in trials or commercially. In the previous discussion of Richter 99 the difference in
drought tolerance between Richter 99 and Richter 110 depending on
region was mentioned.
Richter 110 is the rootstock of choice in the relatively new wine
regions of Grabouw/Elgin and the Hemel-en-Aarde Valley near
Hermanus. Conditions in these areas are also “softer” with mild
summers and higher rainfall and duplex soils of mostly shale origin.
Topsoils are gravelly with subsoil well-weathered shale and good
water retention capacity. Richter 99 would induce too much vigour
for quality production and could also be sensitive to prolonged subsoil wetness and late maturation of grapes. Soil types in these regions
include Klapmuts, Glenrosa, Estcourt, Clovelly and Oakleaf.
Richter 110 has much better resistance to subsoil wetness than was
originally thought. In this sense it has similar wetness resistance as
Paulsen 1103, which is considered to have very good wetness tolerance. Richter 110 also resists Phytophthora cinnamomi in the soil
much better than Richter 99 which is normally associated with wet
soil conditions. Richter 110 prefers soils with higher clay content
throughout the soil profile, especially the topsoil. Where Richter 99
can easily handle a 30 - 40 cm deep topsoil of clay content less than
5 % (which is common for soils in the Western Cape), Richter 110
needs at least 10 - 15% clay in the topsoil and 20% in the subsoil. It
does not perform well on dry compacted soils since it does not have
adequate vigour to penetrate to the deeper soil layers, especially in
warmer climates. The natural rooting habit of Richter 110 is less
deep and branched than Richter 99. It is therefore not preferable to
establish Richter 110 on sandy gravel soils. Having Vitis Berlandieri
as one of its parents, resistance to free lime is very good (17% active
lime), but also to acidic soil conditions. It actually performed better
than Richter 99 at soil pH < 5. R 110 is susceptible to Phythium.
Resistance to salinity is also much better than originally an-

ticipated. This characteristic increased the usage of Richter 110 on
a much wider range of soils compared to the other Vitis Berlandieri
x Vitis rupestris hybrids Richter 99, Paulsen 1103 and Ruggeri 140.
This was one of the reasons why it replaced 101-14 on salinity prone
duplex soils of the Robertson Valley. Richter 110 has moderately
good resistance to root-knot nematodes, but has low tolerance to
dagger and root lesion nematodes.
Richter 110’s popularity has increased dramatically over the past
decade in the Robertson/Ashton/Bonnievale region. It replaced 10114 as the rootstock of choice on the heavy red clay soils that drain
slowly, soft and hard calcareous soils, as well as alluvial salinity
prone soils. Richter 110 induces better vigour and salinity tolerance
on these soils than 101-14, the original favourite. The longevity of
the vines is also better, especially with high yielding cultivars like
Chenin blanc and Colombar. Richter 110 is a stronger rootstock
and manages to cope with the stresses of higher yields, wetness and
salinity much better than 101-14. Many soils in this region contain
free lime (both soft and hard) and are considered most suitable for
vines. Richter 110 is the rootstock of choice on these soils as it has
good tolerance to free lime and induces moderately high vigour for
quality production.
Richter 110 has also found application in the table grape industry.
It is recommended for organic material-rich alluvial soils of higher
fertility where Ramsey will induce too much vigour and delay ripening. It performs better in the mid to late season regions of Paarl and
the Hex River Valley on coloured varieties like Crimson Seedless
and Red Globe. It should, however, not be used on sandy or gravelly
soils where vigour will drastically be curtailed and sensitivity to
nematodes increased.
Richter 110 had not yet been planted commercially at the time
of the rootstock survey of the Stellenbosch Wine Institute in 1966.

technical yearbook 2014

75

History of rootstocks in South Africa (Part 5)

WineLand August 2014
Keywords: Rootstocks, Ramsey, 101-14, attributes, soil suitability.

This is the fifth article in the series on the history of rootstocks in
South Africa and focuses on the application and adaptations of the
commercial rootstocks 101-14 and Ramsey in the South African
grape industry. Detailed attention is given to the most suitable soils
and the regions where they have been planted extensively and also
where they have disappeared over time and the reasons why. Comments are also made on the future of each rootstock.

101-14
101-14 was developed by Professor Alexis Millardet with the assistance of the Marquis de Grasset in 1882 in France. It is not clear
when it was imported to South Africa, but it was definitely one of
the first after phylloxera was discovered in 1886. It is a cross of Vitis
riparia x Vitis rupestris and the only commercially used rootstock
in South Africa with this parentage. Two others, 3306 C and 3309 C
never gained importance over 101-14 since it performed only similarly or worse in trials. Its grafting compatibility with Vitis vinifera
cultivars is less than that of Richter 99 and Richter 110, especially
with Chardonnay, Sémillon, Pinot noir and Colombar. 101-14 was,
and still is, an important rootstock in South Africa although its popularity has declined rapidly over the past decade.
101-14 induces moderate vigour (2.5 out of 5) and early ripening due to a short vegetative cycle. It is considered to be the most
vigour limiting rootstock in commercial use. It has poor drought
tolerance (from its Vitis riparia parentage) and is not recommended
for dry-land conditions. The root system branches extensively with
mostly fine roots. The natural tendency of the roots is not to penetrate
extremely deep with a very small angle of penetration. It is not well
adapted to sandy and gravelly soils, unless it is underlain by a relatively shallow clay layer where it can collect moisture (duplex soils).
Deep red soils with an even distribution of clay (15% or higher)
in depth are well-suited for 101-14. Do not plant 101-14 on easily
compactable or, dry soils with low clay content; it performs poorly
since the vigour is not adequate to utilise the soil in depth (Klapmuts
and Swartland soil forms in warm regions, even with irrigation, are
not recommended). Deep sandy soils are obviously also unsuitable.
This rootstock is also sensitive to the climatic conditions in which
it is grown. It induces moderate vigour in the scion cultivar, and
combined with a relatively shallow and weak root system, cannot
support consistently high yields for 15 - 20 years. It is a rootstock
for quality grapes in moderate coastal climates, although it has
produced good results in deep fertile soils in warmer regions such
as Robertson, Montagu and the Klein Karoo. It performed poorly in
soils with pH less than 5, in actual fact the worst of all rootstocks
tested. Once properly limed, however, it performed well. Just as its
poor performance under acid soil conditions, it also does not prefer
calcareous soils (its Vitis riparia x Vitis rupestris parentage), resisting
only up to 9% active lime in the soil. 101-14 has moderate to good
resistance to root knot, root lesion and dagger nematodes. This is
strange compared to 3306 C and 3309 C which have low tolerance,
maybe because of a different Vitis riparia species as parent? It also
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has high resistance to salinity which is strange considering the genetic background of its parents (this good resistance is also reported
in some American literature). Resistance to Phytophthora cinnamomi
is very good and it is a rootstock that can handle wet subsoils or
higher water tables.
101-14 is the traditional rootstock of the coastal areas of Stellenbosch and Constantia. The shallow medium potential duplex soils of
the Helderberg basin that consists of sandy/gravelly top soils underlain by shallow clays (Estcourt, Klapmuts and Kroonstad soil forms)
that supports water tables in winter, draining slowly in spring, is a
good example. Both the deep red soils on the slopes of the Helderberg and Simonsberg (Hutton, Clovelly and Oakleaf soil forms) and
the granitic slopes of Constantia (with similar soils types), are very
well-suited to provide good performance on 101-14. Here it induces
moderate vigour and early maturity of late ripening vigorous red
wine grape cultivars like Cabernet Sauvignon. In past years, many
vineyards grafted to 101-14 and planted in the aforementioned regions were dry-land farmed. The introduction of supplementary drip
irrigation has greatly stabilised cropping levels and improved quality.
101-14 also used to be the dominant rootstock in the Robertson
Valley on shallow heavy clay soils before Richter 110 replaced it over
the last 10 - 15 years. It was able to withstand the prolonged wetness
that occurred under intensive irrigation (for high yielding white cultivars), as well as the salinity that is sometimes associated with these
soils. The vineyards, however, did not age well under these stresses
in combination with a harsh summer climate, which eventually led
to the decline in its popularity.
101-14, and to a lesser extent 143 B, were the only other rootstocks
used in the Jacquez era. Both these rootstocks were adaptable to a
wider range of soils than Jacquez, especially on shallow duplex soils.
The decline of Jacquez during the 1960s saw the increase of 101-14
and by 1970 it was the dominant rootstock in the industry with 40%
of all plantings. Richter 99 was soon to start making its impact felt. It
is strange to think that 30 - 40 years ago 101-14 was widely planted
in the Swartland and Agter-Paarl areas without irrigation and when
soil preparation and the adding of soil ameliorants (such as lime and
phosphate) were still in its infancy. 101-14 never found application
in the table and raisin grape industries due to its lack of vigour that
is important for bunch quality and berry size.
The future of 101-14 is probably limited to the cooler coastal areas
for high quality production where early ripening is required. Other
better performing rootstocks like Richter 110, Richter 99 and US 8-7
have taken its place in the inland irrigated regions. I do not consider
101-14 to make a great “comeback” in the industry. D.P. Pongrácz
was of the opinion that 101-14 was planted in excessive amounts
solely because other better rootstocks were not available (he was
referring to Richter 110 and Ruggeri 140).
At the time of the 1966 rootstock survey by the Stellenbosch Wine
Institute, the following information existed for 101-14: The 1920 and
1925 surveys mentioned that it was a complete success everywhere.
The 1927 survey again recommended it due to the good performance

(source: Boerdery in Suid-Afrika)
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in the Helderberg area. Professor Abraham Perold commented in
1926 that it was one of the best rootstocks in the industry. 101-14
showed poor drought tolerance, but performed well under wet and
saline conditions. It performed poorly on weathered granite on Bellevue farm against the Paarl Mountain.

positioning adapted Perold trellises and 60 - 70 tons/ha on Double
Gables (here and there up to 100 tons/ha have been attained). Ramsey
delays ripening of the fruit and can cause extensive problems with
sour rot on cultivars with compact bunches.
Probably one of its main attributes is its very good nematode resistance. Nematode presence is especially high in warmer climates
under intensive irrigation on sandy and loamy soils. It has exceptional resistance to root knot and root lesion nematodes, but has only
moderate resistance to dagger nematodes. High concentrations of
ring nematodes have been reported on Ramsey roots without any
significant negative impact on vineyard performance.
Ramsey is by far the most important rootstock for the table grape
industry and comprises at least 75% of all plantings. In many regions
table grapes are planted on marginal soils outside of the alluvial
plains (so-called “buitegronde”), especially in the Orange and Olifants River Valleys where the grapes can mature earlier. Ramsey is
the only rootstock suited for these conditions and still provides high
vigour for bunch quality and berry size.
The phylloxera resistance of Ramsey is questionable according
to some scholars. Phylloxera does not occur in its natural habitat in
Texas. Ramsey has been used extensively in South Africa over the
last 30 years without any signs of phylloxera sensitivity, even when
replanting with Ramsey on the same soil. Vitis candicans (one of
its parents) have naturally moderate phylloxera resistance, but Vitis
rupestris unquestionable. Ramsey comes from the same region as
Vitis Berlandieri which has excellent phylloxera resistance.
Experience with Ramsey was relatively limited until the 1980s being overshadowed by rootstocks like Jacquez and 101-14 initially and
later Richter 99. It was only with the development of the table grape
industry in the Orange River in the mid 1980s that Ramsey came to
the fore. It was soon realised that Ramsey had characteristics that
no other rootstock in South Africa had at the time. It opened up the
possibility for establishing vineyards on soils previously considered
to be too marginal for grape production. Today, Ramsey is planted
in especially the warmer inland intensively irrigated grape growing
regions. It is not considered for premium wine production due to
the excessive vigour and crop loads it induces, as well as the risk of
reduced fruitfulness of naturally less fruitful cultivars like Cabernet
Sauvignon in the coastal region.
The decrease in wine prices over the past 8 - 10 years has prompted
growers to plant cultivars and clones with higher yield potential.
Ramsey as rootstock saw vast increases in popularity. It is expected
that Ramsey continue to be a very important rootstock for the foreseeable future, until such time that the demand for premium wines
stabilises and traditionally lower yielding coastal areas start establishing new vineyards on other less vigorous rootstocks again.

Ramsey
Ramsey is a natural selection of Vitis Champinii made by Thomas
Munson on the limestone hills of Texas in 1900. It was imported to
South Africa from the USA in 1938 incorrectly as Salt Creek. The
true Salt Creek is a selection of Vitis doaniana, a closely related
species, but not used as commercial rootstock. Ramsey is thought
to be a natural hybrid between Vitis candicans and Vitis rupestris,
and like Dog Ridge (another Vitis Champinii selection), it induces
very high vigour in scions. Dog Ridge has mostly disappeared as
rootstock due to poor grafting and rooting success, as well as the
excessive vigour it induces. Grafting compatibility of Ramsey with
most commercial Vitis vinifera cultivars are generally low – for both
wine and table grapes (it fails completely with Muscat d’Alexandrie
and La Rochelle).
Ramsey is well-suited to low fertility, coarse-textured sandy/stony
soils. It really is the only rootstock that can prevail on marginal soils
under irrigation. It performs well on a wide range of soils ranging
from deep dry sandy soils to rocky and stony soils with low organic
matter content, highly compactable soils, heavy clay soils, as well as
poorly weathered granitic soils on the higher mountain slopes. Soil
forms include Fernwood, Glenrosa, Swartland, Estcourt, Westleigh,
Longlands, Vilafontes, Dundee and Cartref. It has very good resistance to subsoil wetness, Phytophthora cinnamomi and salinity.
Drought resistance is reported as moderate which is probably true,
not because of poor drought resistance (considering where it occurs
in its native habitat of the dry Texas hills), but probably because it
depletes available soil moisture very quickly through high vigour
and the large foliage and crops it can support. Lime resistance is also
reported as only moderate, but this cannot be confirmed under South
African conditions. No problems with lime induced chlorosis has
been reported, even in regions with lime stone rich soils (most lime
rich soils in South Africa are of a hard crystalline form and therefore
less active in influencing rootstock performance).
Vitis vinifera wine grape cultivars grafted to Ramsey grow vigorously and produce consistently high yields. Ramsey can adapt particularly well to soil differences in a vineyard, but can become too
vigorous when planted on high fertility, organic material rich soils. In
these cases the trellis design must be adapted to allow for the higher
vigour. Ramsey can support yields of 30 - 35 tons/ha on vertical shoot
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Paulsen 1103

(Source: Boerdery in Suid-Afrika.)

Paulsen 1103 was developed by Frederico Paulsen on the island of
Sicily in 1895. Strangely enough it was only imported to South
Africa in 1962. It is a cross of Vitis Berlandieri x Vitis rupestris and
has similarly good grafting compatibility with most Vitis vinifera
cultivars as is the case with Richter 99 and Richter 110. Only recently was it discovered that it completely fails when grafted to Red
Globe (it was also found to be the case in Egypt).
Paulsen 1103 can be considered a rootstock somewhere between
Richter 99 and Richter 110. It found very good application in the
drier and warmer Mediterranean islands and countries like Spain,
southern Italy, northern Africa and Greece. Paulsen 1103 has very
good resistance to lime induced chlorosis, which is common in these
regions, it has good drought resistance and adapts well to high summer temperatures. One can say it performs well in “harsher” Mediterranean climates which are very similar to that found in the Western
Cape. One of the reasons why it did not find a foothold in South
Africa, may be the fact that it did not offer many advantages over
Richter 99 at the time of its introduction 30 years later.
Paulsen 1103 is considered to have medium high to high vigour,
somewhere in between Richter 99 and Richter 110. It performs well
on similar soils as Richter 99, in other words shallow compacted and
dry soils; it tolerates more sandy gravel topsoils than Richter 110 and

(Source: Boerdery in Suid-Afrika.)

has a deep, well-branched root system which gives it good drought
tolerance. It does have one advantage over Richter 99 and that is that
it can tolerate subsoil wetness, which Richter 99 cannot do. It has,
however, one drawback in that it has low tolerance to Phytophthora
cinnamomi. Its resistance to salinity is better than Richter 99, but less
than Richter 110. The statement that Paulsen 1103 is somewhere
between the two Richters makes a lot of sense. Paulsen 1103 is steadily increasing in popularity in both the table and wine industries.
Paulsen 1103 gives much more balanced growth during the early
season compared to Ramsey for naturally vigorous cultivars, aiding
the process of bunch thinning during bloom. It also has a positive
effect on colouration for red and black cultivars. In some areas it
replaced Richter 110 on the sites with higher soil potential due to the
slightly better vigour it induces.
Paulsen 1103 has moderate to good resistance to root-knot nematodes, but offers only moderate resistance to dagger nematodes.
We do not have much experience of this rootstock in South Africa,
but based on its characteristics and the little experience we do have,
one can speculate as to its further potential for expansion. Paulsen
1103 will perform similar to Richter 110 for quality production on
the red calcareous soils of Robertson/Ashton. It may even outperform
it on the harder subsoil limestone layers overlain with sandier topsoils. It can also be used on the colluvium slopes of the coastal areas
such as Durbanville and around Stellenbosch (higher slopes of sandstone gravel) where Richter 110 is not an option, as well as Elgin/
Grabouw and the Hemel-en-Aarde Valley on the gravelly shales.
Paulsen 1103 definitely has a place in the South African grape
industry, but it will not replace Richter 99 in the “drier” dry-land
areas of the Agter-Paarl and Swartland with tougher Swartland and
Klapmuts soil forms. In these areas Richter 99 does not have its equal
in terms of drought tolerance. However, Paulsen 1103 can be an
option on the deep red Hutton and Oakleaf soil forms as found on the

This is the sixth article in the series on the history of rootstocks in
South Africa and focuses on the application and adaptations of the
commercial rootstocks Paulsen 1103, Ruggeri 140, SO 4, US 8-7 and
143 B in the South African grape industry. Detailed attention is
given to the most suitable soils and the regions where they have been
planted extensively and also where they have disappeared over time
and the reasons why. Comments are also made on the future of each
rootstock
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hillside slopes around Malmesbury and Darling and under supplementary irrigation in the Coastal areas it can definitely replace Richter 99. Paulsen 1103 is a good alternative and growers do not have to
be afraid of poor performance (drought tolerance) where supplementary irrigation is available, but under intensive irrigation sandy soils
should be avoided due to a risk of nematodes. The continued introduction of new table grape varieties may see Paulsen 1103’s
increased use, especially for coloured varieties.

Ruggeri 140
In 1897 Ruggeri 140 was developed by Professor Antonio Ruggeri
in Messina on the island of Sicily, but only imported to South Africa
in 1964. It is a cross between Vitis Berlandieri x Vitis rupestris, but
does not have the same good grafting compatibility with Vitis vinifera
cultivars as its other “siblings” Richter 99, Richter 110 and Paulsen
1103. There are also indications that it may have grafting incompatibility with Red Globe. The main attributes of Ruggeri 140 is its
exceptional resistance to lime induced chlorosis (the best of all the
Vitis rupestris x Vitis Berlandieri crosses, tolerating up to 25% active
lime) and drought tolerance. These were the main requirements for
grapes in southern Italy and Sicily at the start of the 20th century.
Ruggeri 140 has not found much application in the South African
wine and table grape industries. Its high drought tolerance could
originally have been seen as a possibility to increase the grapegrowing areas in the dry-land regions in the Swartland to even lower
rainfall locations, or the possible replacement of Richter 99 as
dominant dry-land rootstock. Trials, as well as commercial experience have shown that this, however, is not the case. It may have
performed better in southern Europe than Richter 99, Richter 110 and
Paulsen 1103 under dry-land conditions due to its better tolerance to
the high lime content of the soils, but this is not clear. The fact
remains that it did not perform better under dry-land conditions than
Richter 99. Interestingly enough Ruggeri 140 showed the best application under the low pH soil conditions of the Western Cape.
The other characteristics of Ruggeri 140 include high vigour
(similar to Richter 99), but poor tolerance to soil wetness and especially Phytophthora cinnamomi. It generally has low resistance to the
most common nematode species and is not recommended for sandy
soils under intensive irrigation. Resistance to salinity is only slightly
better than Richter 99. It actually offers very little when compared to
the other rootstocks in the range available in South Africa. I doubt if
Ruggeri 140 will prosper in the South African industry, since its main
competitors, Richter 99 and Richter 110, have already claimed the
positions where Ruggeri 140 could have made an impact had it been
introduced earlier.

SO 4
In 1896 SO 4 was selected in Germany from a Teleki Group 4 seedling and imported to South Africa in 1964. The breeder, Zsigmond
Teleki, hailed from Hungary, however the name SO 4 actually derives
from the selection made at the German research station in Oppenheim from a Teleki Group 4 seedling, hence the name “Selection
Oppenheim nr 4”, or SO 4. Teleki sent 10 of his best selections to
Oppenheim where Franz Kober, the director of the institute, made
the selection of SO 4. It is a cross of Vitis Berlandieri x Vitis riparia,
the only rootstock of these parents used commercially in South
Africa (others include Teleki 5BB and Teleki 5C). SO 4 does not have
the same grafting compatibility as the two Richters and Paulsen 1103.
It is a generous producer of rootstock cuttings as a rootstock mother
vine, better than any other rootstock.
SO 4’s most well-known characteristics are a very high tolerance
to lime induced chlorosis (25% active lime), a high resistance to
nematodes, good fruit set, and early maturation of the fruit of the
scion cultivar. The aforementioned was especially important in Ger-

many where early maturation of fruit was required (Germany’s high
latitude is at the limit for successful grape production) and high soil
lime content in a cool and moist climate induced iron deficiencies
easier than in warmer and drier climates. SO 4 was therefore very
suitable for Germany and other eastern European countries. The short
vegetative cycle of SO 4 also allowed complete maturity of the canes
before the cold of winter set in. By the end of the 1970s SO 4 was
the most widely used rootstock in France due to the early maturation
of the fruit it induced and its good performance under the nematode
infested sandy soils of southern France under irrigation. It, however,
became unpopular for quality production due to the vigour being too
high.
SO 4 is utilised on a very small scale in South Africa and is still
relatively unknown. Apart from its exceptional tolerance to free lime
(25% active lime) in the soil and early maturation of the crop (similarities with 101-14), it has very good tolerance to root-knot and
dagger nematodes. It induces medium vigour in the scion variety
(slightly less than Richter 110) and has very good resistance to subsoil wetness. Phytophthora cinnamomi resistance is high, but SO 4
has low salinity and drought resistance. To perform well, SO 4 should
be planted on soil of at least medium high fertility. It should not be
planted on dry compact soil types because under these conditions
vigour will not be adequate. It is a rootstock more suited for quality
grape production than mass production.
Although SO 4 is planted on a limited scale in South Africa, the
few commercial plantations in Robertson/Ashton have shown good
application on the lime-rich subsoils, similar to where Richter 110 is
planted with great success. It should not be established for dry-land
production in the Swartland due to its low drought tolerance. It could
have good application on the duplex soils of the Helderberg basin for
cultivars with a moderate natural vigour (Merlot, Pinot noir and
Chardonnay) for which 101-14 will have too little vigour. It could
also be an alternative to Richter 110 for the same cultivars with
moderate vigour on the deep red Hutton, Clovelly and Oakleaf soil
forms due to the early maturation that SO 4 induces (in this case with
supplementary irrigation). Higher yields should be obtainable with
SO 4 than with 101-14 due to its higher vigour and resilience. SO 4
is the most important rootstock in Uruguay and southern Brazil where
it is planted on fine textured sandy soils and high organic matter-rich
black duplex soils that receive summer rainfall.
Although SO 4 is used as a table grape rootstock in parts of Italy
and Brazil, it has not found application in the SA table grape industry.
Small commercial plantings have been made with naturally high
vigour coloured cultivars in an attempt to reduce the dependence on
Ethephon for colour development. SO 4 has a medium short vegetative cycle that could be advantageous. It has been reported that vines
grafted to SO 4 sometimes exhibit magnesium deficiency symptoms.
The much larger diameter of the scion cultivar compared to the rootstock is a common phenomenon when viewing the area around the
graft union of mature vines. This is not a sign of incompatibility, but
a rootstock characteristic.

US 8-7
US 8-7 is a South African bred rootstock developed by Professor
Chris Orffer of the University of Stellenbosch during the early 1950s.
It formed part of the USVIT (University of Stellenbosch Viticulture)
range of rootstocks made by crossing Richter 99 and Jacquez. A
number of these crossings were included in field trials from 1974 of
which US 8-7 and US 2-1 showed the most promising results. US 8-7
is the only one that has been commercialised on a larger scale over
the past decade.
US 8-7 is a versatile rootstock that performs well on a range of
soils. It induces medium high vigour, similar to Richter 110. It has
the same soil preference as one of its parents (Jacquez) – deep allu-
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vial loamy soils with some moisture in the deeper soil layers, but also
performs well on shallow duplex soils with subsoil wetness (where
101-14 would grow well). Under these conditions US 8-7 provides
excellent results. It should not be planted on deep dry sandy and
compacted dry soils, even under intensive irrigation; it simply does
not have the vigour to perform under such conditions. These soils are
better suited for Ramsey. US 8-7 induces early ripening of the crop,
similar to SO 4. The short vegetative cycle reduces the risk of sour
rot on cultivars with compact bunches where Ramsey would be too
vigorous.
It has some of Ramsey’s characteristics of good resistance against
nematode, (root-knot nematodes), salinity, and subsoil wetness (not
as good as Ramsey, but close to it). It has very good resistance to
Phytophthora cinnamomi, but only moderate drought tolerance. The
popularity of US 8-7 has increased dramatically over the past decade
and it has taken the position as an intermediate rootstock on loamy
alluvial soils where Ramsey would be too vigorous. At the same time
Richter 99 would not be suitable due to its sensitivity to prolonged
soil wetness under intensive irrigation. Also taking into account US
8-7’s good nematode resistance, it became a very good replacement
for Richter 99, the traditionally preferred rootstock for the intensively irrigated alluvial soils of the Berg, Breede, and Olifants River
Valleys. It has an impressive root system as a young vine in the
nursery and therefore establishes easily. US 8-7 also performs well
on the duplex soils of the Helderberg basin where it provides better
vigour than 101-14 under irrigation and can support a larger crop
size. It also found application in the Rawsonville/Slanghoek area on
the mixed stony riverbed soils where Jacquez used to flourish. The
rootstock can be used as dual purpose for both quality and quantity
depending on the soils and region where it is planted. The short
vegetative cycle allows the vine to react quickly to differential fertiliser and irrigation applications.
US 8-7 has not been planted extensively in the table grape industry.
It could be a suitable rootstock for coloured cultivars on high potential soils of the mid- and late season regions of Paarl and the Hex
River, but also on the alluvial and fertile “binnegronde” (ground at
the sides of the river) of the Orange, Olifants, and Berg River valleys.
The one questionable characteristic of US 8-7 is its phylloxera resistance due to its parentage of Jacquez (Vitis aesativalis x Vitis cinerea
x Vitis vinifera) and Richter 99. One cannot forget the experience
with Jacquez that lasted for 60 years before succumbing to phylloxera. The same happened in the USA where AXR#1 (Aramons – Vitis
rupestris x Vitis vinifera) faltered after 30 years of use. It is interesting to note that only rootstocks with Vitis vinifera parentage have
failed over time due to inadequate resistance to phylloxera. To date
though US 8-7 has never shown sensitivity to phylloxera.
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143 B was developed in 1882 in France by Professor Alexis Millardet
and the Marquis de Grasset. It is a cross of Vitis vinifera cv Aramon
x Vitis riparia and was imported to South Africa around 1930. It was
one of the first rootstocks developed by hybridising Vitis riparia with
Vitis vinifera species in an attempt to increase the resistance of the
Vitis riparia rootstocks to lime induced chlorosis. It did not survive
very long in Europe due to its poor resistance to phylloxera, a characteristic of most of the Vitis vinifera based rootstock hybrids. 143 B
has moderate compatibility with most Vitis vinifera species. Nowadays only Sultana and Merbein Seedless (for raisin production) are
grafted to 143 B in South Africa.
143 B quickly became a very popular rootstock in South Africa
after its introduction due to its ease of rooting (most vines were field
grafted at the time), the good vigour it induced and the high and
consistent cropping levels on especially fertile silty alluvial soils.
Under these soil conditions vines grafted to 143 B survived for many
years with excellent yields. When established on more marginal soils
(shallow, dry and compact or deep and sandy), the vines started to
decline after eight to12 years. This is probably due to a combination
of nematode and phylloxera attack. It has a medium short vegetative
cycle and induces early maturation, similar to SO 4 and US 8-7. 143
B has many good characteristics which include a good tolerance
against drought, salinity, subsoil wetness and Phytophthora cinnamomi. These characteristics made it an important rootstock combined with 101-14 in the Jacquez era, since it could be established on
soils not particularly suitable for Jacquez (shallow, strong structured
soils; Estcourt, Swartland and Sterkspruit soil forms that were
poorly drained, or contained salinity, and/or without irrigation). It
induces moderately high vigour (similar to US 8-7 and Richter 110),
but has poor resistance to a broad range of nematodes (it fails within
a few years on sandy soils).
At present 143 B occupies a very small, but important place in the
South African grape industry. It remains the most important rootstock
for the raisin grape industry in the lower Orange River Valley on the
heavy organic matter-rich alluvial soils where risk of phylloxera and
nematode attack is low. The main reason for this choice of rootstock
is that the main raisin grape cultivars, Sultana and Merbein Seedless,
are less prone to restricted spring growth (known in Afrikaans as
“groeistilstand verskynsel”), a very common physiological phenomenon in the lower Orange River Valley, associated with high nitrogen
levels and poor reserves of the vines before bud break. It is the only
region that still plants 143 B, irrespective of its poor history of phylloxera sensitivity. 143 B only found application as rootstock in South
Africa and Austria.

(Source: Boerdery in Suid-Afrika.)

(Photo: J.A. Teubes.)
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143 B.

At the time of the rootstock survey by the Stellenbosch Wine
Institute in 1966 the following information for 143 B was on record:
By 1939 it was already a popular rootstock due to its easy rooting
and good vigour. It had good compatibility with commercial Vitis
vinifera cultivars, except Merbein, showed early bud break and good

drought tolerance. The commercial potential of this rootstock looked
promising. Professor C.J. Theron said in 1955 that it was too early to
make comments about the long term potential of 143 B, but due to
the good drought tolerance (better than Jacquez and 101-14) it had
to be investigated further
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History of rootstocks in South Africa (Part 7)

WineLand October 2014
Keywords: Rootstocks, nematode resistance, Freedom, Harmony, VR 039-16, RS-3, RS-9.

Freedom is an American bred rootstock developed in 1967 by Doctors J.H. Weinberger and F.N. Harmon at the USDA Agricultural
Research Service station near Fresno, California. It is a cross between open pollinated seedlings of 1613 Couderc and Dog Ridge
(Vitis Champinii x Vitis vinifera x Vitis labrusca x Vitis riparia). The
main reason for the crossing was the continued search for nematode
(especially dagger nematode) resistant rootstocks for the San Joaquin
Valley. 1613 Couderc was imported to South Africa in 1939 and was
known as Fairy. It never gained importance though, mainly because
of its poor phylloxera resistance and moderate vigour.
Freedom has recently been re-imported to South Africa from the
USA by the South African Plant Improvement Organisation (SAPO).

The first rootstock cuttings will be available within the next two
years for grafting and evaluation from the foundation plot at VoorGroenberg Nurseries. This rootstock has been used extensively in
the United States, Mexico and Egypt, mostly for table grape production. It has high vigour (similar to Richter 99) and performs well on
sandy/loamy soil. It is not suited to shallow, compacted and dry soils
unless under irrigation. It has only moderate resistance to drought,
saline soil conditions, subsoil wetness and high soil lime content.
Experience gained in Egypt and Mexico confirms the above limited
application under saline and high pH soil conditions.
According to American literature and Egyptian field experience,
Freedom’s greatest attribute is its exceptional resistance to root knot
and dagger nematodes. It has moderate resistance to root lesion nematodes, but is highly susceptible to ring nematodes. The root system exhibits much the same characteristics as 101-14, being heavily branched
with many fine roots. The depth of penetration is, however, similar to
Richter 99 and Ramsey. This is in contrast to the natural root systems
of 1613 C and Dog Ridge, Freedom’s parents. Freedom has a long
vegetative cycle and tends to delay the ripening of the crop, similar to
Ramsey. The phylloxera resistance of Freedom is questionable due to
its 1613 C parentage. It has, however, been used for more than 40 years
in the San Joaquin Valley without any phylloxera associated problems.
This area has deep, well-drained high-potential loamy soils where vine
vigour can overcome the effects of phylloxera.
It seems Freedom inherited all the negative characteristics of its
1613 Couderc parent, except the nematode resistance. The strong
vigour and nematode resistance inherited from Dog Ridge makes
this rootstock a very good option on medium-potential sandy-loam
soils under irrigation. As rootstock, Freedom grows very well and
has a high production of rootstock cuttings; a nurseryman’s dream.
Freedom requires extensive research in South Africa before it can be
considered as a rootstock option for long-term use. Its potential probably lies in the warmer growing regions for high yielding cultivars

Freedom.

Harmony.

This is the seventh article in the series on the history of rootstocks
in South Africa and it focuses on some interesting rootstocks used
with success in other parts of the world. Some have been in use for
many years while others are still relatively unknown. All were bred
in the USA where the focus is mostly on nematode resistance. These
include Freedom, Harmony, VR 039-16, RS-3 and RS-9.

Nematode resistant rootstocks
The most progressive rootstock development programme is conducted by the United States of America Department of Agriculture
(USDA) research station situated near Fresno, California. The
USDA has focused rootstock research on developing rootstocks with
increased nematode resistance for the irrigated San Joaquin Valley.
Freedom and Harmony came from this period of research and were
developed in the 1960s but have not been evaluated in South Africa
on an extensive scale. RS-3 and RS-9 are the first releases from a
new programme that started in 1987 that focuses on broader nematode resistance. VR 039-16 is a special rootstock developed by the
University of California as far back as 1948.

(photo: A. Teubes)

(Photo: A. Teubes)
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under irrigation on medium-potential soils (a position somewhere
between Ramsey and US 8-7) where nematodes are prevalent and
potential for phylloxera attack limited. It can be used for both wine
and table grapes.

Harmony
Harmony was recently re-imported by SAPO from the USA. It is an
American-bred rootstock made in 1966 by Doctors J.H. Weinberger
and F.N. Harmon at the USDA Agricultural Research Service station near Fresno, California. It is a cross between open pollinated
seedlings of 1613 Couderc and Dog Ridge (Vitis Champinii x Vitis
vinifera x Vitis labrusca x Vitis riparia), the same parents as Freedom. The main reason for the crossing was the continued search for
nematode (especially dagger nematode) resistant rootstocks for the
San Joaquin Valley.
Harmony exhibits only moderate vigour (similar to Richter 110)
compared to Freedom. It has moderately high resistance to root knot
nematodes, but only moderate to low resistance against root lesion
and dagger nematodes. Its other characteristics (resistance to salinity,
subsoil wetness, drought and especially lime induced chlorosis) are
at best moderately low. It shows more sensitivity to calcareous soils
than 101-14. Harmony should only be used on soils of high potential
without any physical or chemical restrictions, with the availability of
irrigation. Its phylloxera tolerance is under suspicion, similar to that
of Freedom. Experiences in Mexico and Egypt have shown limitations of this rootstock on soils of marginal potential. Harmony has
already failed in vineyards on the north coast of California due to
phylloxera and cannot therefore be recommended in regions where
this pest is present. It therefore has limited potential for South Africa
where phylloxera is present in all grape growing areas.
Historically, world-wide only rootstocks with Vitis vinifera parentage have succumbed to phylloxera. How much Vitis vinifera “blood”
Freedom and Harmony possess is not known, and accordingly no
confidence can be placed in their long-term phylloxera resistance.

VR 039-16
VR 039-16 was bred by Professor H.P. Olmo of the University of
California (Davis) in 1948. It was patented and released to the industry in 1988. It is a hybrid of Vitis rotundifolia x Vitis vinifera cv
Almeria and selected specifically for its resistance to grapevine fan
leaf virus and its vector Xiphinema index. This rootstock not only
shows poor feeding of Xiphinema index on its roots, it also maintains
vigour and yield even when infected with fan leaf virus. The reason
for this anomaly with Vitis vinifera parentage may be because fan
leaf virus is thought to have coevolved with Vitis vinifera in the Mid-

dle East; cultivars from this region may possess fan leaf resistance
or tolerance to some degree. It does, however, only have moderate
resistance to other nematode species, especially root knot nematode
(similar to Richter 110).
Other characteristics of VR 039-16 are found in American literature. It has moderate compatibility when Vitis vinifera cultivars
are grafted to it and tends to root with difficulty (from its Vitis
rotundifolia parentage). VR 039-16 has a long vegetative cycle and
ripens its fruit late. It is considered a high vigour rootstock that can
support high yields. It has poor tolerance to drought, salinity and
soil with high lime content. VR 039-16 should not be established
on sandy soils under irrigation due to its moderate resistance to root
knot nematodes. It therefore should only be used where Xiphinema
index is the main nematode with the presence of fan leaf virus.
Phylloxera resistance of VR 039-16 has been studied in California
and has not shown any degeneration over an extended period. It,
however, still carries Vitis vinifera parentage and therefore has to
be evaluated over a much longer period before commenting on this
very important aspect.
It could be an interesting option for use in the lower Breede River
Valley where Xiphinema index and fan leaf virus are known to exist.

RS-3
RS-3 rootstock is an inter specific cross between Ramsey (Vitis
Champinii) and Schwarzmann (Vitis riparia x Vitis rupestris) produced by doctors David Ramming and Michael McKenry of the
USDA Research Service near Fresno, California. It was released in
2004. RS-3 has recently been imported to South Africa by SAPO
and established in the foundation plot at Voor-Groenberg Nurseries.
The first grafted plants were supplied to the industry in 2013. Initial
results show that RS-3 has moderate vigour that can be confirmed
from its performance in a non-grafted state. Californian research also
claims moderate vigour in the grafted state.
The most impressive characteristic of this rootstock is its excellent
resistance to a wide spectrum of nematodes. Californian literature
states that RS-3 is the first medium-vigour rootstock with resistance
to all species of root knot nematode, Meloidogyne spp., including
virulent populations of M. incognita, M. arenaria and M. chitwoodi.
It is also resistant to root lesion nematode, Pratylenchus vulnus; pin
nematode, Paratylenchus hamatus; and dagger nematode, Xiphinema
index. It is slightly susceptible to citrus nematode, Tylenchulus semipenetrans, and supports less than half the population level normally
associated with ring nematode, Mesocriconema xenoplax. To date
it has not supported populations of any nematode species in great
numbers, thus we refer to it as having broad nematode resistance.
Other reports list RS-3 to be somewhat sensitive for subsoil wetness and salinity, characteristics it inherited from its Schwarzmann
parentage. It can be postulated that higher potential soils should be
preferable for this rootstock. Phylloxera resistance should be adequate considering its non-Vinifera parentage. No other information
currently exists for RS-3, but it could have potential in both the wine
and table grape industries for vigorous cultivars on high-potential
irrigated sites with nematode infestations.

(Photo: A. Teubes)

RS-9

Harmony (left) and Paulsen 1103 (right) in Egypt on a lime-rich soil. Note
the yellow lime chlorosis symptoms on the Harmony due to its poor
resistance to high soil pH conditions.

RS-9 rootstock is an interspecific cross between Ramsey (Vitis
Champinii) and Schwarzmann (Vitis riparia x Vitis rupestris) made
by doctors David Ramming and Michael McKenry of the USDA
Research Service near Fresno, California. It was also released in
2004. RS-9 has recently been imported to South Africa by SAPO
and established in the foundation plot at Voor-Groenberg Nurseries. The first grafted plants were supplied to the industry in 2013.
Initial results show that RS-9 has moderate to low vigour (similar to
101-14) that can be confirmed from its performance in a non-grafted
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RS-3.

RS-9.

state. Californian research also claims moderate to low vigour in the
grafted state, definitely less than RS-3.
RS-9 has nematode resistance characteristics similar to RS-3
except it is more susceptible to ring nematode but more resistant to
Xiphinema index. The only difference between RS-9 and RS-3 seems
to be the lower vigour of RS-9. Phylloxera resistance should also be
adequate since RS-9 have the same parentage as RS-3. The lower
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vigour of RS-9 may limit its use in the table grape industry, but it
definitely should be tested and evaluated for its use as wine grape
rootstock. Higher soil potential sites would probably be preferred.
Other characteristics such as drought tolerance, salinity, subsoil
wetness and Phytophthora cinnamomi resistance must first be evaluated in field trials over an extended period before commenting on its
potential for South African conditions.
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History of rootstocks in South Africa (Part 8)

WineLand November 2014
Keywords: Rootstock, statistics, plantings, wine regions.

This is the eighth and final article in the series on the history of
rootstocks in South Africa. It evaluates the changes in the rootstock
spectrum since the early 1960s to the present day and more specifically in the different wine regions. The reasons for these changes are
discussed, as well as the expected future trends in rootstock use.

Changes that occurred in the rootstock spectrum
in South Africa over time
Table 1 lists the percentages of vines grafted per rootstock by registered nurseries for five seasons since 1961. Although this does not
reflect actual figures of vines established, it provides a good indication of rootstock popularity and demand. Jacquez’s fate was already
sealed by the mid-1960s, decreasing to insignificance by 1990.
Initially Jacquez’s position was mainly taken over by Richter 99 and
101-14. Richter 110 has shown steady growth over the last 20 years.
Paulsen 1103 showed some growth over the last 10 years. Probably
the most interesting is the rapid growth in popularity of US 8-7 and
especially Ramsey.

Historical rootstock application per wine region
Table 2 shows the percentage distribution of rootstocks (of total area
under grapes) in the wine industry over the past 41 years. These figures
confirm the continuous changes in the industry. When one considers
that Jacquez constituted approximately 90% of the total area under
wine grapes in 1960 (the balance being made up of mostly 101-14, and
small amounts of Richter 99 and 143 B), its decline within 11 years to

only 36% is a revelation. No other rootstock has since shown such a
dramatic drop in popularity within such a short period. Accurate figures
are not available for 1960 for the other rootstocks Richter 99, 101-14
and 143 B, but 101-14 was the dominant partner probably around 7 to
8%. 143 B was next and Richter 99 just emerging. The information in
Table 2 shows the following:
• Dramatic increase in Richter 99 and 101-14 in the period immediately after Jacquez’s demise. These were the main rootstocks
to replace Jacquez.
• 101-14 would reach its peak by 1978, dropping quite significantly
to stable levels by 1983. This drop was mainly due to the fact that
Richter 99 started from a much lower base than 101-14 in 1960.
As Richter 99 became more available, 101-14 decreased and eventually stabilised. The past 12 years saw 101-14 in a steady decline.
• Richter 99 rose to a maximum level of almost 50% of total surface in 2000, but slowly decreased to the 1990 level by 2012. Its
main competition came from Richter 110 that took up most of
this decrease.
• Richter 110 and Ramsey made slow but steady progress throughout.
• Jacquez disappeared and 143 B decreased to insignificant levels.
• US 8-7 showed strong growth over the last seven years from a
very low base.
• Paulsen 1103 and Ruggeri 140, have made slow gains since 1990.
Table 3 shows the distribution of each rootstock expressed as percentage of the total surface under wine grapes per region for 1990, 2000
and 2012. The value in brackets below indicates the actual establish-

TABLE 1. The percentage distribution of grafted vines per rootstock for five seasons since 1961.
Rootstock

Percentage grafted by registered nurseries*
1961

1964

1990*

2000*

2010*

Jacquez

74.6

62.1

0.1

-

-

101-14

15.7

22.0

27.4

25.6

7.7

Richter 99

5.0

10.1

42.9

40.0

19.3

Richter 110

-

-

17.4

19.0

20.4

Ramsey

-

-

11.5

5.9

27.5

Paulsen 1103

-

-

-

2.9

4.5

Ruggeri 140

-

-

0.4

2.0

2.2

143 B*

3.6

4.8

0.1

0.6

0.5

US 8-7

-

-

-

3.4

16.6

Other

1.1

1.0

0.2

0.6

1.3

TOTAL

100

100

100

100

100

* These figures only relate to wine grapes.
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TABLE 2. Percentage distribution of the 10 most important rootstocks in the South African wine industry between 1960 and 2012.
Rootstock

1960

1971

1978

1983

1990

1995

2000

2005

2010

2012

Richter 99

-

18.1

24.8

37.5

42.6

47.5

49.6

47.4

43.5

41.2

Richter 110

-

-

2.0

3.5

7.1

8.7

11.7

16.5

19.4

20.0

101-14

-

40.9

41.8

26.0

24.9

24.8

24.3

21.9

19.1

17.7

Ramsey

-

0.2

5.6

3.4

5.4

6.7

8.0

8.5

11.0

12.6

Jacquez

90.0

36.0

19.4

19.0

18.4

10.8

4.6

1.5

0.7

0.5

US 8-7

-

-

-

-

-

-

0.5

1.5

2.8

3.9

Paulsen 1103

-

-

-

-

0.2

0.3

0.3

0.9

1.5

1.7

Ruggeri 140

-

-

-

-

0.4

0.4

0.5

1.1

1.4

1.4

SO 4

-

-

-

-

-

-

0.1

0.2

0.3

0.3

143 B

-

2.0

1.2

0.9

0.9

0.8

0.6

0.4

0.4

0.2

ment of the rootstock expressed as a percentage of the specific year’s
total plantings in the specific region. For example: In 1990 Richter
99 in Stellenbosch constituted 56.2% of all plantings in the region.
42.7% of all new plantings made in Stellenbosch in 1990 consisted
of Richter 99. The figure in brackets therefore is an indication of the
popularity of the rootstock.
It is interesting to note the changes in rootstock application and
distribution in the different wine regions over the past 22 years.

do not have the drought tolerance of the two Richters. There were
also small increases from a low base for Paulsen 1103 and Ruggeri
140, but these will not significantly influence the domination of
Richter 99. The annual new plantings of Richter 99 and Richter 110
show a definite trend in that the percentage on Richter 99 steadily
decreased from 80.3% in 1990 to 36.3% in 2012, while for Richter
110 it increased from 12.3% in 1990 to 40.4% in 2012. Richter 110
is definitely gaining on Richter 99.

Stellenbosch

Worcester

Richter 99 showed a sharp decline of 21.8% while Richter 110 and
101-14 increased by 18.8% and 10.4% between 1990 and 2012
respectively. The other rootstocks remain unimportant as they constitute less than 10% of the surface. The most probable reasons for
the growth in Richter 110 and 101-14 are that both these rootstocks
induce less vigour than Richter 99, which is a quality parameter in
Stellenbosch, and also due to the increased availability of irrigation.
More vineyards could therefore be established on 101-14 because
it could be ameliorated with irrigation during summer. Richter 110
is a better drought resistant rootstock in Stellenbosch than Richter
99 on high potential sites. The decline of Richter 99 and increase of
Richter 110 and 101-14 can also be seen in the annual plantings of
these rootstocks since 1990. Noticeable is the rise in new plantings on
US 8-7, which amounted to 9.1% in 2012 compared to 0.5% in 2000.

This region presents an interesting case. Richter 99 (14%) and
Richter 110 (5.7%) showed significant increases between 1990 and
2012. Although their total plantings increased, both showed a drop
in annual plantings compared with other rootstocks. Richter 99
decreased from 44% in 1990 to 23.1% in 2012, while Richter 110
dropped from 22.5% to 13.5% for the same period. The surface under
101-14 decreased by only 1.8% over the last 22 years, but its annual
plantings dropped from 17.3% in 1990 to only 1.5% in 2012. US 8-7
showed the most remarkable increase from no commercial plantings
in 1990 to 7.2% in 2012, making up 16.5% of all new plantings in
2012. Ramsey gained considerably, with an increase from 7.8% in
1990 to 22.5% in 2012. Ramsey was also the most planted rootstock
in 2012 constituting 38.9% of the total. These increases had to go
hand-in-hand with a decrease in one or more of the other rootstocks,
since the region did not expand as much as the above shifts suggest.
The biggest “loser” was obviously Jacquez, which declined from
44.2% in 1990 to 0.8% in 2012 of the total area planted. Only a few
very old Jacquez vineyards still exist.

Paarl
More than 85% of rootstocks in the Paarl region are constituted by
Richter 99, Richter 110 and 101-14. Richter 99 increased by 9.9%
and Richter 110 by 8.7% between 1990 and 2012, while 101-14
declined by 5.4% in the same period. Ramsey remained more or less
constant. No major shift in rootstock use occurred in Paarl during the
past 22 years, except the decline of Jacquez (that made up 15.7% in
1990). 101-14 will probably continue its decline due to the requirement of higher vigour rootstocks that can support higher yields. Both
US 8-7 and Ramsey, with new plantings of 10.3% and 7.1% in 2012
respectively, are also finding a foothold on the Berg River’s alluvial
soils at the expense of Richter 99.

Malmesbury
Richter 99 is still the mainstay rootstock for the dry-land vineyards
of the Swartland and increased from 66.3% to 72.6% of the total
surface between 1990 and 2012. Richter 110 increased by 12% in
the same period. These increases were mainly at the expense of Jacquez (12.6% decrease) and 101-14 (10.4% decrease), both of which
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Robertson
Changes in the rootstock spectrum over the past 22 years were the
most pronounced in this region. Richter 99 and 101-14 declined
significantly from 29.9% to 11.9% and 51.7% to 24.1% between
1990 and 2012 respectively. The drop in 101-14 is fascinating as
it constituted more than half of the Robertson surface in 1990. It
seems 101-14 is on its “last legs” as its percentage of annual plantings dropped from 54.5% in 1990 to 1.5% in 2012, probably never
to return again. Richter 99’s annual new plantings dropped from
26.0% in 1990 to 4.1% in 2012, clearly showing the unpopularity of
this rootstock. Richter 110 showed a dramatic increase from 4.9%
in 1990 to 33.8% in 2012. This trend is still continuing as Richter
110 constituted 41.7% of all new plantings in Robertson in 2012.
Ramsey also showed strong growth to reach 15.9% of the total surface in 2012. It also constituted 27.1% of all new plantings in 2012.

vineyard

TABLE 3. Distribution of each rootstock expressed as a percentage of the total surface and annual plantings established under wine grapes for 1990, 2000
and 2012.

Paulsen 1103

Ruggeri 140

SO 4

143 B***

Orange River

US 8-7

Klein Karoo

Jacquez**

Olifants River

Ramsey

Robertson

101-14

Worcester*

Richter 110

Malmesbury

Richter 99

Paarl

Rootstock

Stellenbosch

Region

1990

56.2 (42.7)

33.1 (46.2)

66.3 (80.3)

22.6 (44.0)

29.9 (26.0)

71.5 (68.4)

40.6 (48.3)

89.0 (95.0)

2000

49.0 (31.5)

42.1 (39.4)

76.1 (77.3)

39.4 (37.5)

21.6 (15.4)

74.0 (72.3)

42.5 (29.6)

72.1 (49.9)

2012

34.4 (19.8)

43.0 (37.7)

72.6 (36.3)

36.6 (23.1)

11.9 (4.1)

57.8 (19.6)

32.4 (5.4)

56.6 (15.8)

1990

8.5 (26.0)

8.4 (19.1)

4.9 (12.3)

7.7 (22.5)

4.9 (10.8)

3.9 (8.7)

6.0 (20.5)

5.2 (6.0)

2000

16.9 (26.6)

10.3 (13.9)

8.5 (13.7)

10.2 (13.7)

15.3 (30.4)

4.1 (6.3)

9.4 (23.9)

14.9 (18.0)

2012

27.3 (37.7)

17.1 (20.1)

16.9 (40.4)

13.4 (13.5)

33.8 (41.7)

6.1 (6.8)

19.5 (22.5)

24.5 (40.2)

1990

19.5 (29.5)

31.0 (22.5)

13.0 (2.5)

15.5 (17.3)

51.7 (54.5)

11.9 (10.9)

31.9 (22.1)

2.3 (0.0)

2000

25.9 (39.0)

30.2 (40.3)

7.5 (2.0)

19.2 (28.7)

49.5 (43.4)

10.4 (16.5)

32.2 (38.6)

4.5 (3.2)

2012

29.9 (28.8)

25.6 (16.4)

2.6 (0.8)

13.7 (1.5)

24.1 (1.5)

7.9 (2.6)

20.3 (2.4)

3.7 (2.6)

1990

2.8 (1.9)

7.3 (11.8)

3.3 (4.2)

7.8 (15.5)

3.6 (8.6)

8.1 (11.9)

2.6 (9.4)

0.6 (0.2)

2000

2.5 (0.6)

8.6 (4.2)

3.8 (2.4)

14.2 (6.0)

6.7 (6.8)

12.5 (3.2)

6.8 (2.7)

5.7 (24.2)

2012

2.1 (0.0)

6.5 (10.3)

3.5 (5.2)

22.5 (38.9)

15.9 (27.1)

24.3 (60.1)

18.6 (46.6)

9.0 (20.3)

1990

9.1

15.7

11.7

44.2

6.5

3.6

16.6

0.8

2000

2.2

4.7

2.3

12.5

1.5

0.4

5.6

0.2

2012

0.5

0.7

0.1

0.8

0.2

0.1

0.5

0.1

1990

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

2000

0.1 (0.5)

0.3 (1.2)

0.1 (0.4)

1.8 (8.4)

0.2 (1.6)

0.2 (1.0)

0.0 (0.7)

0.0 (3.6)

2012

1.0 (9.2)

2.4 (7.1)

1.0 (5.1)

7.2 (16.5)

8.1 (21.6)

2.0 (6.4)

6.2 (20.5)

1.5 (16.5)

1990

0.1 (0.0)

0.3 (0.0)

0.0 (0.0)

0.2 (0.0)

0.2 (0.0)

0.3 (0.0)

0.0 (0.0)

0.0 (0.0)

2000

0.3 (0.7)

0.3 (0.6)

0.2 (0.0)

0.5 (2.8)

0.3 (1.0)

0.2 (0.3)

0.5 (3.9)

0.2 (1.0)

2012

1.3 (2.7)

2.2 (3.9)

0.6 (0.9)

2.9 (5.4)

1.1 (2.3)

1.1 (2.8)

1.5 (2.4)

1.0 (3.4)

1990

0.7 (0.0)

0.6 (0.5)

0.1 (0.6)

0.4 (0.6)

0.2 (0.2)

0.3 (0.0)

0.2 (0.0)

0.5 (0.8)

2000

0.7 (0.7)

0.6 (0.4)

0.2 (3.4)

0.7 (2.7)

0.1 (1.3)

0.2 (0.3)

0.0 (0.0)

0.2 (0.0)

2012

2.1 (1.1)

0.9 (3.8)

2.1 (11.3)

2.2 (1.2)

0.6 (1.0)

0.4 (0.4)

0.5 (0.0)

0.3 (1.4)

1990

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

2000

0.1 (0.5)

0.1 (0.0)

0.1 (0.7)

0.0 (0.1)

0.1 (0.1)

0.0 (0.2)

0.0 (0.7)

0.0 (0.0)

2012

0.4 (0.6)

0.3 (0.6)

0.1 (0.0)

0.1 (0.0)

0.8 (0.7)

0.2 (1.4)

0.0 (0.0)

0.1 (0.0)

1990

0.7

1.5

0.2

0.3

2.1

0.3

1.4

1.0

2000

0.2

0.7

0.1

0.1

1.8

0.1

0.9

1.8

2012

0.1

0.1

0.1

0.1

0.7

0.0

0.4

3.3

Year

* Worcester figures include Breedekloof.
** No new plantations between have been made using Jacquez since 1990.
*** Figures do not include Merbein Seedless and Sultanas in the Orange River.
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Mechanisation of vineyard activities for higher yields require higher
vigour rootstocks for which Ramsey is particularly suited. Richter
110 replaced 101-14 on the shallow duplex heavy red clay soils that
show subsoil wetness and salinity, while Ramsey replaced 101-14 on
the alluvial sands/sandy loam soils (also containing some salinity).
US 8-7 should also increase in popularity in future years.

Olifants River
At the time of the 1966 survey of the Stellenbosch Wine Institute no
grafted vineyards of significant age could be found. Grafted vines
only made their appearance in larger volumes in the lower Olifants
River (Trawal, Klawer, Vredendal and Lutzville) by the early 1970s.
The Olifants River region was traditionally Richter 99 based as most
vineyards were planted on the alluvial silts under flood irrigation. Since
the coming of drip irrigation and storage capacity for water, more soils
outside of the alluvial plains and “above the canal” became available
for establishment. Richter 99 is still the dominant rootstock, but its
surface declined from 71.5% in 1990 to 57.8% in 2012. Its percentage
of annual new plantations shows the same downward trend from 68.4%
in 1990 to 19.6% in 2012. Its position is mainly being taken over by
Ramsey which grew from 8.1% of the total surface in 1990 to 24.3%
in 2012. 60.1% of new vineyards were planted to Ramsey in 2012.
101-14 dropped from 11.9% to 7.9% between 1990 and 2012, and only
2.6% of new plantings in 2012 were made with 101-14 as rootstock. It
is expected that 101-14 will decline even further in future as the region
has very limited soils suitable for it. Richter 110 has never been an important rootstock in the Olifants River region and is expected to remain
that way. The Olifants River is a white cultivar dominated high yield
region and for this reason Ramsey is the most suitable rootstock. US
8-7 will also find some application on the alluvial soils and Richter 99
on the Karoo and buitegronde for red cultivars. Richter 99 will stay the
most important rootstock for the dry land, mostly bush vine established
vineyards, of the Piekenierskloof.

The case of Ramsey
Ramsey is by far the most important rootstock in the table grape industry. The table grape regions are distributed between the Northern
Province (around Potgietersrus/Groblersdal); lower Orange River
(Upington, Kakamas, Augrabies); Olifants River (Trawal, Clanwilliam, Vredendal); Berg River (Piketberg, Riebeek, Paarl) and Hex
River (De Doorns, Worcester). The total area under vines is around
15 000 ha, but this excludes the approximately 10 000 ha Sultanas
in the Orange River that is utilised either for table, raisin and/or
wine grapes, depending on price and demand. It is safe to say that
approximately 75% of all table grape production is established on
Ramsey, with the balance grafted to Richter 110 and a small amount
to Paulsen 1103.

The case of 143 B
Special mention has to be made for plantations of vines grafted to 143
B. No new plantations were made in the wine industry since 1990
since it is used almost exclusively for Sultanas and Merbein Seedless,
the two principal cultivars in the raisin industry. Renewed activity
in the raisin industry has seen plantations of 143 B soar since 2006.
Establishment of 143 B increased as follows (figures adapted from
Plant SA nursery surveys):
•
•
•
•
•
•
•

2006
2007
2008
2009
2010
2011
2012

161 ha
95 ha
109 ha
145 ha
288 ha
431 ha
537 ha

Klein Karoo

Rootstock characteristics

The Klein Karoo was also mostly planted to non-grafted vines until
the mid-1960s. Richter 99 (40.6%), 101-14 (31.9%) and Jacquez
(16.5%) were the dominant rootstocks until 1990. Jacquez is now
insignificant, but both Richter 99 and 101-14 decreased to 32.4%
and 20.3% of the total surface by 2012 respectively. Richter 99 only
constituted 5.4% of new plantations in 2012, while 101-14 fell to
2.4%. Richter 110 increased from 6% of the total surface in 1990
to 19.5% in 2012 with a steady 22.5% of new vineyards planted in
2012. Ramsey correspondingly increased from a meagre 2.6% of total
plantings in 1990 to 18.6% in 2012, with 46.6% of newly established
vineyards in 2012. US 8-7 increased to 6.2% of the total surface
within the last 10 years. It made up 20.5% of new vineyards planted
in 2012. Richter 110 and Ramsey will probably continue growing at
the expense of 101-14 and Richter 99.

Table 4 gives a summary of rootstock characteristics for the most
important rootstocks in commercial use in South Africa. These characteristics are based on field experience under South African conditions.
Please note that the tolerance to lime induced chlorosis is not included
in this table because it is not an important aspect under South African
conditions. The occurrence of lime is common in the warmer inland
grape growing regions, but because it is mostly in a hard, crystalline
form, it is not as active as in a cool climate and therefore has little or
no effect on rootstock performance in South Africa.

Orange River
The Orange River region stretches from Jacobsdal in the east to Augrabies in the west, a distance of more than 450 km over which conditions
change considerably, especially in terms of climate. The area was and
is still dominated by high yielding white cultivars like Chenin blanc
and Colombar together with Sultanas and Merbein Seedless which
are either used for wine or raisin grapes, depending on prices and
demand. Until the mid-1980s most vineyards in the lower Orange
River Valley were planted without rootstocks. Richter 99 was and still
is the dominant rootstock, but its popularity declined from 89.0% of
total plantings to 56.6% between 1990 and 2012. This can also be seen
from the drop in annual plantings that declined from 95% to 15.8% for
1990 and 2012 respectively. Richter 110 gained much of this decline in
Richter 99 as it grew from 5.2% of the total surface in 1990 to 24.5% in
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2012, constituting 40% of all newly planted vineyards in 2012. Ramsey
increased from a low base of 0.6% to 9.0% of total surface between
1990 and 2012, a significant increase.
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Summary
South Africa has been using rootstocks since the 1890s, a period of
more than 110 years. A wide range of rootstocks have been trialled,
evaluated and commercially used. Initially the available rootstock
spectrum was so limited that almost any rootstock was used to replace phylloxera devastated vineyards, even some with Vitis vinifera
in their blood line. This led to the demise of many such as 1202, 333
EM, 1613 C (Fairy) and the Aramons. Jacquez dominated for almost
60 years before succumbing to phylloxera, after which 101-14 and
Richter 99 started to gain popularity. These two together with Richter
110 and Ramsey are still the most widely used rootstocks in South
Africa today.
Most rootstocks in commercial use, not only in South Africa but
also world-wide, were bred or selected in Europe between 1875 and
1910. It is remarkable that very few new successful rootstocks have
been developed since and therefore one has to greatly admire the
work of these European pioneer breeders. Rootstock breeding does
not have priority in international research programmes anymore due
to decreased funding. This fact, together with the long and success-

vineyard

TABLE 4. Viticultural characteristics of rootstocks.
Resistance to
Rootstock

Ramsey

Nematodes

Vigour

5

Root knot

Dagger

Root
lesion

5

3.5

5

Phytophthora
cinnamomi

Wetness

Drought

Salinity

Vegetative
cycle

5

5

3

4.5

Very long

Richter 99

4

4

2.5

2.5

1

2

4.5

2

Long

Richter 110

3.5

3.5

2

2

3.5

3.5

4.5

3.5

Long

101-14

2.5

4

3

3

4

4.5

2.5

4

Short

143 B

3.5

2.5

2.5

2.5

4

4

3.5

3.5

Medium short

Paulsen 1103

4

3.5

3.5

n.v.t.

1

4

4

3

Long

Ruggeri 140

4.5

2.5

1.5

n.v.t.

2

2

4.5

2.5

Very long

US 8-7

3.5

4

n.v.t.

n.v.t.

4

4

3.5

3.5

Medium short

SO 4

3.5

4

4

n.v.t.

4

4

3

2

Medium short

Key: 5 = Very good; 4 = Good; 3 = Moderate; 2 = Poor; 1 = Very poor.

ful history and experience of the 100+ year old rootstocks already in
use, will probably not see the introduction of one or more phylloxera
resistant rootstocks replacing them. Nematode resistant rootstocks
for use in intensively irrigated regions without phylloxera (like parts
of the San Joaquin Valley in California, Chile, Mexico and Egypt)
are being developed by the USDA in California and has seen some
successful implementation (Freedom, Harmony and VR 039-16).
South African rootstock breeding under Professor Chris Orffer saw
the introduction of the successful US 8-7. This rootstock has Vitis
vinifera parentage and has been used extensively without phylloxera
induced decline. One has to take into account though that Jacquez
survived for 60 years before succumbing to phylloxera, and similarly
AXR#1 in California.
The current rootstock spectrum in South Africa has been highly
successful on a diverse range of soil types, climatic conditions and
production environments. Significant changes are not expected in
the immediate future, although shifts may occur between rootstocks
according to changes in demands of the industries. This has been
shown repeatedly over the past 100 years.

Burger, J. & Deist, J., 1981. Wingerdbou in Suid-Afrika, Viticultural and
Oenological Research Institute, Private Bag X5026, Stellenbosch, 7600,
South Africa.
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Perold, A.I., 1927. A Treatise on Viticulture.
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Bonita Floris-Samuels (SAWIS)
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Chemical control of leafhoppers to
combat aster yellows in vineyards
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Introduction
Aster Yellows is a phytoplasma disease that was first identified in
South Africa in 2006 in the Vredendal area (Engelbrecht et al., 2010).
Since then the disease has also been found in the Waboomsrivier and
Robertson areas and classified as a quarantine disease. Serious crop
losses and dieback of grapevines occur in all areas and within two to
four years infected blocks may deteriorate to such an extent that they
have to be replaced entirely. No measures exist worldwide to control
the disease directly and consequently it poses a serious threat to the
entire grapevine industry, especially with regard to the availability of
clean plant material.
In overseas countries Aster Yellows is transmitted by leafhoppers
which thus play a large role in the spreading of the disease within
blocks and to other blocks in the vicinity. Only one leafhopper species
(Acia lineatifrons) is a well-known pest in South African vineyards,
causing leaf edges to dry out and and leaves to drop prematurely before
harvest, known as “Hopper burn” (De Klerk, 1981). It is, nevertheless,
a sporadic pest which only assumes problematic numbers in certain
years. According to a current survey 34 species have already been
found in areas infested with Aster yellows (Stiller et al., in preparation)
and one species (Mgenia fuscuvaria) has already been proven a vector
of the disease (Douglas-Smit et al., 2010).
In view of the fact that there was no longer any chemical pesticide
registered for the control of leafhoppers in South African vineyards,
various products for the control of leafhoppers and especially to
control the vector, were evaluated as part of a large number of field
trials over four seasons. Special attention was paid to “soft” products
that are more environmentally friendly and have to be applied with
the least frequency possible, in order to prolong the accumulation of
resistance to the products.

Material and methods
The trial layout for all field trials (except for commercial applications) was designed according to a 4 x 4 or 5 x 5 Latin square. Each

repetition consisted of one unit between trellis poles (6 grapevines)
and one unit was left untreated on either side of each repetition in the
row. Vines in adjacent rows of a repetition were also left untreated.
Applications were made using a motorised high pressure backpack
spray pump on both sides of the grapevines for a fixed duration of 80
seconds per side, representing a volume of spray mixture of 1 000 L/
ha. In the case of Mospilan a wetting agent was added, namely LI
700 at 100 ml/100 L water.
For the Confidor treatment, 0.75 g was dissolved in 1 L of water
using a special measuring device and applied in a small hollow measuring approximately 40 cm in diameter around each of the data
vines. Approximately two hours after the application the product was
washed into the soil with a further 1 L of water per vine. Normal
irrigation was subsequently applied.
Leafhoppers were collected using a motorised suction device
(D-Vac) at a fixed duration of two minutes per repetition. Collection
took place on one side of the data grapevines. Collected samples were
treated in the field with acetone to kill all insects, then sieved in the
laboratory and all leafhoppers were removed using a stereo microscope and identified to genus level. The particular sites were chosen
based on high infestations that had occurred during the previous
season.
Statistical analyses of each trial’s data were done to point out
significant differences. Analysis of variance (ANOVA) was conducted on all observed variables by making use of SAS statistical
software version 9.2 (SAS Institute Inc., Cary, NC, USA). The Shapiro-Wilk test was conducted to test for normality of the data (Shapiro & Wilk, 1965). Student’s smallest significant difference (SSD)
was calculated at a 5% significance value to compare treatment
averages (Ott, 1998). A probability of 5% was considered significant
for all significance tests. As a result of the large number of trials
conducted, the repetitions of each are not shown. Only the average
percentage control vis à vis the untreated control of each trial is
compared in order to enhance the client friendliness of the report. For

The following products were evaluated in the respective trials:
Brand name

Active ingredient

Formulation

Dosage

Prev-am

Borax & orange oil

10 g & 50 g/L

500 ml/100 L water

Steward

Indoxacarb

300 g/kg WG

20 g/100 L water

Cascade

Fluphenoxuron

100 g/L DC

75 ml/100 L water

Mospilan

Acetamiprid

200 g/kg SP

50 g/100 L water

Dursban

Chlorpyrifos

480 g/L EC

75 ml and 100 ml/100 L water

Dursban

Chlorpyrifos

750 g/kg WG

64 g/100 L water

Movento

Spirotetramat

240 g/L SC

15 ml and 25 ml/100 L water

Confidor

Imidacloprid

700 g/kg WG

0.75 g/grapevine

Imidacloprid

Kohinor

350 g/L SC

1.5 ml/grapevine

WG = water dispersible granule; DC = dispersible concentrate; SP = water soluble granule; EC = emulsifiable concentrate; SC = suspension concentrate.
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the same reason additional information about how the trials were
conducted is provided briefly under Results and directly before each
group of trials.
Large scale commercial applications with Kohinor were made by
the producers themselves via the drip irrigation system at 1.5 ml per
vine. After the application, the usual irrigation times were followed.

Results
Evaluation of pesticides

During the 2009/10 season two field trials were conducted in Vredendal and one in Waboomsrivier using Prev-am, Movento, Cascade
and Steward. Trial 1 in Vredendal was conducted in a Colombar
vineyard and applications made before the harvest on 21 January
2010 and evaluated 12 days later. Only adults and immature nymphs
of Mgenia occurred in the block.
The second trial in Vredendal was conducted in a Chenin blanc
vineyard, with post-harvest treatments on 16 March 2010, and an
evaluation after 14 days. Mgenia and Acia represented 26,0% and
33,6% respectively of the leafhopper population, while 40,4% consisted of four other genera.
The third trial in Waboomsrivier was conducted in a Chenin blanc
vineyard, with post-harvest treatments on 5 March 2010, and an
evaluation after seven days. Only Acia and Mgenia occurred with
Acia 99,1% and Mgenia 0,9% of the total population.
The results of the three respective trials are indicated in Table 1.
In all three trials Steward provided good and statistically significant
control of 70,2% on average. Although Cascade provided reasonable
and statistically significant control in two of the trials, the average
control was only 52,2%. Prev-am and Movento provided poor control
in all three trials.
In view of the fact that Movento is a newly improved, systemic
chemical, the poor control obtained was disappointing. Two further
field trials were therefore conducted in Vredendal at an increased
dosage of 25 ml/100 L water. One trial was conducted in a Cabernet
block and the second on weeds between the rows of a Chenin blanc
vineyard. Applications were after harvest and evaluated 14 days
later. Once again Movento provided unsatisfactory control on grapevines (51,9%), as well as on weeds (57,9%) (data not shown).
Since Cascade causes a hormone disturbance that prevents development from immature to adult, the effect on the presence of nymphs
was also determined in each of the three trials. Average control of
53,1% was obtained, compared to an average of 52,2% for adults plus
nymphs. Control of nymphs with Prev-am, Movento and Steward
was in all instances practically the same as with adults plus nymphs
(data not shown).

During the same season different concentrations and dosages of
Dursban were evaluated in Vredendal as well as Waboomsrivier. In
Vredendal applications were made in a Chenin blanc vineyard before
harvest on 12 January 2010 and evaluated after seven days, as well
as 21 days. In Waboomsrivier the same treatments were made in a
Chenin blanc vineyard post-harvest on 5 March 2010 and evaluated
after seven days. In Vredendal the leafhopper population was predominantly Mgenia (92%) and in Waboomsrivier Acia predominated
(96%). The concentrations and dosages that were applied, as well as
the percentage control, are indicated in Table 2.
In both trials all three treatments provided very good and statistically significant control of 71,7 to 86,5% on average. In the case of
Vredendal, seven days after application the control was significantly
better using the granular formulation compared to the liquid formulations. The average control of the three treatments indicates a tendency for the granule formulation to provide better control. In general, granular formulations are considered to be safer than liquid
formulations, especially during application.
Dursban was also applied on a commercial scale in a Chenin blanc
vineyard in Vredendal at a concentration of 48% emulsifiable concentrate and a dosage of 100 ml/100 L water. The vineyard, as well
as the weeds between the rows, were treated on 8 April 2010 and
evaluated separately 12 days later. Very good control was obtained
in the vineyard (83,1%), as well as on the weeds (78,7%). Four kinds
of leafhoppers occurred in the plot. Mgenia was only present on the
grapevines and represented 31% of the grapevine population (data
not shown).
During the 2010/11 season one field trial was conducted in Vredendal and one in Waboomsrivier using Steward, Mospilan and
Confidor. In Vredendal a Colombar vineyard was used and applications made on the following dates: Confidor 15 September 2010;
Mospilan 7 December 2010; Steward 7 and 21 December 2010.
Evaluation took place on 4 January 2011. Mgenia adults and nymphs
represented 100% of the leafhopper population.
The trial in Waboomsrivier was conducted in a Chenin blanc vineyard
and the application dates were the following: Confidor 30 September
2010; Mospilan 28 December 2010; Steward 28 December 2010, as well
as 11 January 2011. Evaluation took place on 25 January 2011. Acia
represented 88,5% of the population and no Mgenia occurred.
The results of the two trials are indicated in Table 3. Two applications of Steward in Vredendal provided excellent control of 94,2%
compared to the one application in the 2009/10 season (Table 1)
providing an average of 71,0% in two trials. Mospilan fared extremely well in both areas with an average control of 87,9%. In both trials
Confidor provided more than 90% control, with an average of 94,4%.

TABLE 1. Percentage control of leafhoppers using different pesticides in various field trials and areas.
Dosage per 100 L
water

Vredendal
Trial 1

29.649 mm

Waboomsrivier
Trial 3

Average % control

Prev-am

500 ml

32.6

10.3

38.6

27.2

Movento

15 ml

26.1

29.1

37.9

31.0

Cascade

75 ml

34.8

55.4*

66.4*

52.2

Steward

20 g

73.9*

68.1*

68.6*

70.2

Treatment

* Differs significantly from the untreated control (5% level).
TABLE 2. Percentage control of leafhoppers using Dursban at different concentrations and application dosages in various field trials and areas.

Dursban 480 EC

Dosage per 100 L
water
75 ml

Vredendal
After 7 days
75.0*

Vredendal
After 21 days
69.1*

Waboomsrivier
After 7 days
71.0*

Dursban 480 EC

100 ml

80.8*

74.5*

70.5*

75.3

Dursban 750 WG

64 g

98.1*

76.4*

85.1*

86.5

Treatment/Concentration

Average % control
71.7

* Differs significantly from the untreated control (5% level).
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Long-term control
The two field trials in Vredendal and Waboomsrivier that were conducted in 2010/11 (Table 3), were further evaluated without additional applications to determine how long good control can be
maintained. In the case of Confidor applications were made in September 2010 and evaluations took place after four months (January
2011), seven months (April 2011) and 16 months (January 2012). In
the Vredendal trial, excellent control of 88,4% on average was maintained over the entire period of 16 months. In Waboomsrivier average
control of 81,0% was still maintained after 16 months (Table 4).
Although good control was initially obtained using Steward, as
well as Mospilan, this was not maintained over long periods and poor
control was already prevalent after 2.5 and three months respectively (data not shown). The exceptionally long lasting control
offered by Confidor could be due to a repelling action directly after
the application, with the result that the leafhopper population does
not build up again quickly.

In each block 12 rows were left untreated on one side and the rest of
the block was treated. Applications were given via a drip irrigation
system. The incidence of leafhoppers was determined three times
after four, seven and 17 months by means of a D-Vac suction device
in each block. In the untreated section, as well as the treated section,
three rows were chosen at random and six adjacent units of six grapevines each were sampled in each row. With each observation different
rows were sampled.
From the data in Table 6 it is clear that one application of Kohinor
in September in the Vredendal trial provided excellent control of
leafhoppers after four months (100%) and seven months (99,4%).
Even after 17 months the control was still 88,0%. In Robertson
similar results were obtained with an average control of 94,3% over
the three observation periods. In Vredendal Mgenia represented
99,4% of the leafhopper population and in Robertson 89,0%.

Time of application

Several field trials in different viticultural areas revealed that the
contact pesticides Steward, Dursban and Mospilan provide excellent
control of leafhoppers. These pesticides must be applied before the
harvest in accordance with the relevant safety period and repeated
after 14 days if necessary. Other contact pesticides, namely Prev-Am
and Cascade, provided unsatisfactory control.
The systemic product, Confidor, also provided excellent control
even up to 16 months after a single application. An early application
in September (10 cm shoot length) and a post-harvest application
(two to three weeks after harvest) provided the same measure of
control. Commercial applications using Kohinor also provided very
good control up to 17 months after application. Both pesticides have
a particularly long safety period (112 days) that has to be managed
properly. Movento, however, provided poor control.
Steward, Dursban and Kohinor are currently registered for the
control of leafhoppers on wine grapes.

Summary and recommendation

Application times are dependent on the safety period of each particular
pesticide and must be adhered to strictly for safety reasons. The safety
period of Confidor is 112 days and it must therefore be applied very
early in the growing season. This creates various problems especially
with early cultivars. As a result of the extremely long control period,
Confidor was also tested in Vredendal and Waboomsrivier as a postharvest application and compared to an early application in September.
The two trials in Vredendal and Waboomsrivier where Confidor was
applied in September 2010 were further extended by a post-harvest
treatment with Confidor in April 2011. The dosage and application
method were the same as with the September treatment. Evaluations
were done in January 2012. Mospilan and Steward were not applied or
evaluated in April 2011, since it had already been established that these
pesticides do not provide long term control, unlike Confidor.
The results are indicated in Table 5. In both areas the post-harvest
treatment provided significant control even after nine months at the
end of January 2012. In Vredendal 100% control was obtained and
in Waboomsrivier 90%. Although not statistically significant, the
post-harvest treatment appears to have provided better control than
the September treatment.
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Long-term control with commercial applications
Large scale applications of Kohinor by producers were made in
Vredendal and Robertson in September 2012 and 2013 respectively.

TABLE 3. Percentage control of leafhoppers using different products in various field trials and areas.
Dosage per
100 L water

Vredendal

Waboomsrivier

Average % control

Steward 2 x

20 g

94.2*

74.7*

84.5

Mospilan

50 g

86.4*

89.3*

87.9

Confidor

0.75 g¹

97.4*

91.3*

94.4

Treatment

Dose per grapevine (0.75 g = 1.5 ml).
* Differs significantly from the untreated control (5% level).

1

TABLE 4. Long term control of leafhoppers using Confidor in various field trials and areas.
Time and % control after application in September 2010
Area

January 2011
After 4 months

April 2011
After 7 months

January 2012
After 16 months

Average % control

Vredendal

97.4*

85.4*

82.3*

88.4

Waboomsrivier

91.3*

74.3*

77.5*

81.0

Average

94.4

79.9

79.9

84.7

* Differs significantly from the untreated control (5% level).
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FIGURE 1. Leafhopper species that occur on grapevines are small, sucking
insects ranging in size from 3 mm to 7 mm. Mgenia left and Acia right.

FIGURE 2. A motorised D-Vac suction device used to collect leafhoppers
from grapevines.

TABLE 5. Effect of Confidor on the control of leafhoppers using different application times in various field trials and areas.
Area
Vredendal
Waboomsrivier

Application time

Duration after application

Sept 2010: Pre-harvest
April 2011: Post-harvest
Sept 2010: Pre-harvest
April 2011: Post-harvest

7 Months: April 2011
9 Months: January 2012
7 Months: April 2011
9 Months: January 2012

Pre-harvest
Post-harvest

Average

7 Mnths
9 Mnths

% Control
85.4
100
74.3
90.0
80.0
95.0

TABLE 6. Long term control of leafhoppers using commercial applications of Kohinor in various areas.
Area and
Application time

Time and % control after application
January
4 Months

April
7 Months

February
17 Months

Average % control

Vredendal
September 2010

100

99.4

88.0

95.8

Robertson
September 2011

100

88.7

94.2

94.3

Average

100

94.1

91.1

95.1

Vredendal: Abrie and Franco Botha (Goedemoed); Dirk and D.J.
van Zyl (Arendshof); Willie Botha (Weltevrede); E.B. de Waal (Retshof); Johan Nieuwoudt (Wespoort).
Waboomsrivier: Danie Zeeman (Witelsboom); Cornie Zeeman
(Witelsboom); Phillipus Botha (De Hoop); Coenie Lategan (De
Brug); André Zeeman (De Brug).
Robertson: Billy Kloppers (Die Poort); Dawie van Deventer
(Goedemoed); Jaco Bruwer (Drie Eike); Stefan Bruwer (Silver Vale);
Francois Bruwer (Vruchbaar).
All contributions are sincerely appreciated.
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Introduction
The South African wine industry consists of many important facets,
ranging from high priced icon wines to rebate wine, distilling wine
and grape juice. Irrespective of the end product, the successful
establishment of commercial vineyards requires large capital input.
South Africa is divided into several grape growing regions which
cross various climatic zones. The Lower Orange River area has
always been judged as suitable for the mass production of grapes and
high production levels are recorded annually in this area. However,
due to high establishment and annual production costs, profitable
production of grapes for grape juice, rebate wine and distilling wine,
even in this area, is nearly impossible. High costs make it almost
impossible for new producers, especially those from previously
disadvantaged communities, to enter the industry. To address this, a
project was done to investigate alternative cultivation methods with
the aim to reduce vineyard establishment and production costs
especially for grape juice, rebate and distilling wine (Volschenk &
Hunter, 2007).

Establishment of an unconventional vineyard
Due to the high cost of grafted plant material (±25% of the establishment costs of traditional vineyards), Colombar cuttings with
a length of approximately 35 cm were collected during pruning from
a visually healthy vineyard with moderate vigour. After being soaked
overnight in water and treated with fungicide, the cuttings were
stored in a cold room until planting. Some of the cuttings were also
buried in the ground after treatment. This is a common practice
among producers in the Lower Orange River region who do not have
cold room facilities. Furthermore, cuttings with a piece of two year
old wood at the bottom and cuttings with a length of ±80 cm were
also collected and stored. The 80 cm length cuttings were long
enough to be tied directly to the cordon wire after planting.
To determine the survival percentage, cuttings were planted in a
research vineyard in sandy, silt soil that was ripped to 60 cm at the
end of August 2004. Cuttings were planted ±20 cm deep, with a
planting density of 15 cm in the row and 1 m between rows. Before
planting all cuttings, except for those of the control, were treated with
the rooting agent NAA (1-Naphthalene acetic acid) by dipping the
bottom 2 - 3 cm of the cutting in a 1 g/L solution. The cuttings that
were buried after collection were slightly dried out and were soaked
overnight in water before planting in the same manner. Depending
on the position of vines that survived the first growth season, an
average of two thirds of the cuttings were removed during the
following winter to achieve a final vine spacing of ±45 cm. Cuttings
were also planted in a nursery with 5 cm between cuttings in the row;
the rooted vines were then planted in the vineyard during the
following season at a vine spacing of ±45 cm. Vines were cane
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pruned and trained onto a 60 cm (cordon wire height) 3-wire hedge
trellising system with two moveable foliage wires during the
following winter.

Results
A good survival rate of nearly 90% and good vegetative growth were
recorded for most treatments, even for the control cuttings where no
NAA was used. The lowest survival rate of ±40% was recorded for
the 80 cm cuttings. Most of the buds on these 80 cm cuttings burst,
but growth stopped after six weeks and the new growth started dying
from the top after eight weeks, which eventually resulted in the death
of a large number of cuttings. For the cuttings that survived, new
growth was found only at the bottom part of the cutting and it was
impossible to train these green shoots onto the cordon wire early in
the season, as anticipated. A good survival rate was also recorded for
the cuttings that were first planted in the nursery, but the labour input
required to manually uproot the vines in the nursery and to replant
them in the unconventional vineyard, makes this practice non-viable.
As expected, the grafted vines grew more vigorously than the cuttings
during the first growth season. However, the high cost of grafted
vines makes this a non-viable option.
Good survival rates and vegetative growth were recorded for the
control cuttings, NAA treated cuttings, cuttings with a piece of two
year old wood, and, although to a lesser extent, also for the buried
cuttings. An average production of ±3.9 t/ha was recorded during the
second growth season for these four treatments/practices. Any of
these four methods could be used to establish an unconventional
vineyard. It is recommended that cuttings be planted in a nursery or
in plastic bags a year prior to the establishment of the unconventional
vineyard. They can then be used to replace cuttings that do not
survive. Furthermore, a vine spacing of ±45 cm in the row should
already be used at the establishment phase. This will reduce the
amount of cuttings to be collected, stored and planted, as well as the
labour input to remove the excess vines.

Weed control
The climate of the region creates favourable conditions for the
growth of vines and weeds. In addition, the high density plantings
also create difficulties for weed control. Chemical, mechanical
(rotary plough) and labour intensive methods (e.g. hoeing) as well as
combinations of these, were investigated to determine the most
practical and economically viable methods for weed control.

Results
The application of a pre-emergence herbicide two weeks after
planting, in combination with one post-emergence herbicide

vineyard

application and manual removal of weeds in the vine row, was the
most efficient and cost effective method for weed control in an
unconventional vineyard (Fig. 1 & 2). Post-emergence herbicide
applications were also efficient, but three to four applications were
required during the growth season, which resulted in much higher
costs. Manual labour was still required to remove weeds from the
vine row. Weed control by means of hoeing using spades, was the
most expensive method evaluated. This method was also not as
effective as the herbicide applications, in combination with manual
weed removal.

Methods evaluated to prevent/reduce frost damage
Although soil preparation and irrigation are done at a much lower
cost on the low lying, fertile soils in the region, vines in these areas
commonly experience spring frost. The risk of frost damage is also

FIGURE 1. Six month old Colombar vines that were planted as cuttings in
an unconventional vineyard. Chemical and manual weed control applied.

increased by the lower type of trellising and training systems used
for these unconventional vineyards. In an effort to prevent or reduce
frost damage, vines were pruned at two week intervals from the
middle of July to middle October to determine whether it was
possible to restrict or prevent frost damage by pruning after spring
frost occurred. High growing cover crops were also evaluated to
determine the extent to which a protective environment may be
formed around the vines to reduce frost damage (Fig. 3).

Results
No spring frost occurred during the entire research period. The
preventative methods could therefore not be fully evaluated.
However, production of vines decreased sharply when it was pruned
after the end of August. Temperatures (measured at cover crop level
in the row) during spring also indicated little difference between

FIGURE 3. Dense cover crop plantings during October that covered pruned
vines to reduce frost damage in spring, and the setup to measure temperatures at cover crop level.

FIGURE 2. A four year old unconventional Colombar vineyard in which various unconventional viticultural practices were applied.
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first season and, consequently, the ability to train vines with sufficient
cane length onto the trellising system. This led to a very good
production of 13.2 t/ha for Villard blanc. The age of these vines is
comparable to vines after the first growth season in conventional
commercial vineyards, where no harvest would have been possible.
It may have been possible to increase the vegetative growth of the
other six cultivars during the first season with application of
fertilisers, but that would have increased costs as well as the risk for
cold injury during the first winter and for growth arrestment and
dieback during spring (Volschenk & Hunter, 2009).
Yield of Villard blanc during 2007 was excellent when compared
with grafted Colombar or Chenin blanc vines in conventional
vineyards with the same age (second growth season) (Fig. 4). Yields
were also similar to those of vines in the third season or vines in full
production (G. van Wyk & H Burger, personal communication 2010).
Compared to Villard blanc, production of the other cultivars was very
low, except for Viura where a moderate harvest was recorded.
Moderate harvests, although below the average for the region (±32
t/ha for all wine grape cultivars and ages), were also recorded for
Villard blanc and Colombar during 2008. Moderate yields were
recorded for all cultivars, except for Chenel during 2010, while a
good production of 36.9 t/ha was recorded for Villard blanc. A
general decrease in production was found from 2010 to 2012 for most
cultivars, except for Villard blanc, in which case an enormous
increase to more than 47 t/ha was recorded. Yields of Chenel were
lowest throughout the research, except in 2013 when different plots
were used because the original sub-plots were nearly destroyed by
frost and cold injury. In 2013, a slight increase in yield occurred for
Chenin blanc, Palomino and Colombar. A decrease in yield was
recorded for Viura and Ceresa, while a marked decrease was recorded
for Villard blanc. During the research a large variation in yield was
found between replicates of all the cultivars.
All the cultivars were harvested on the same date, prior to the
occurrence of rot or sunburn of the most mature grapes (commonly
Chenin blanc). The average grape must composition (sugar, acidity
and pH) of all the cultivars over the research period indicated that it

vines covered by cover crop and clean cultivated vines. It seems that
spring frost will be a big risk and difficult to prevent successfully,
even for commercial producers.

Performance of wine grapes in an unconventional
vineyard
Seven wine grape cultivars known for high yields, namely Chenin
blanc, Palomino, Chenel, Ceresa, Viura, Villard blanc and Colombar
were planted in August 2004 in an unconventional research vineyard
on the Eiland Experiment Farm in Upington. Cuttings with a length
of ±35 cm were treated with a rooting agent as described previously,
before being planted 15 cm apart in the row and 1 m between rows.
Cuttings of each cultivar were planted in a single row and the rows
were divided into nine sub-plots of 7.5 m long. Four sub-plots were
randomly selected to determine yield, grape composition and cane
mass. During the first growth season vines were left to develop
without any manipulation. During the winter of 2005, an average of
two thirds of vines were removed to achieve a final vine spacing of
±45 cm, whereafter the vines were cane pruned and trained onto a 60
cm (cordon wire height) 3-wire hedge trellising system with two
moveable foliage wires. From the second year vines were spur pruned
with approximately eight two bud spurs/m cordon length. Weed
control was done manually and chemically, using pre-emergence and
post-emergence herbicides. When required, disease control was done
manually, using knapsack sprayers.

Results
Visual evaluation of vegetative growth was done in February 2005.
The most vigorous vegetative growth was found for Villard blanc;
the growth of the other cultivars was therefore compared with that.
The performance of the seven grape cultivars is presented in Table 1.
Good growth was also found for Chenin blanc, Viura and Colombar.
The survival rate of cuttings for most cultivars was very good, even
for Ceresa, which received a 2.3 growth evaluation. Yield during
2006 was to a great extent related to the vegetative growth during the
TABLE 1. Performance of grapevines in an unconventional vineyard.

Cultivar
Parameter

Chenin
blanc

Palomino

Chenel

Ceresa

Villard
blanc

Colombar

Growth evaluation during February 2005 (Score out of 10)

5.8

3

3.3

2.3

6

10

6.5

Survival rate in August 2005 (%)

78

82

88

90

88

92

89

Yield 2006 (t/ha)

3.8b

0.9d

0.6de

0.06e

2.0c

13.2a

4.3b

Yield 2007 (t/ha)

19.1bc

12.7c

4.6de

2.8e

21.5b

32.1a

11.8cd

Yield 2008 (t/ha)

17.4b

19.1b

8.6c

7.6c

18.5b

28.7a

24.4a

Yield 2009 (t/ha)

20.5bc

25.1ab

12.3cd

10.0d

16.3cd

32.9a

26.8ab

Yield 2010 (t/ha)

26.7b

27.0b

16.0c

25.8b

26.5b

36.9a

25.1b

Yield 2011 (t/ha)

20.7b

28.1b

12.0c

23.9b

22.2b

49.5a

21.8b

Yield 2012 (t/ha)

19.5b

21.0b

8.0c

14.8bc

19.2b

47.3a

16.4b

Yield 2013 (t/ha)

24.9b

26.3b

17.7cd

11.0d

15.2cd

33.9a

19.3c

Total yield 2006 - 2013 (t/ha)

152.4b

159.0b

79.5c

94.9c

141.4b

272.0a

149.9b

Total soluble solids (°B)*

20.78a

18.67c

18.29c

17.98d

18.71c

19.91b

19.59b

pH*

3.61c

3.70b

3.59c

3.80a

3.50d

3.50d

3.35e

Titratable acidity (mg/L)*

6.40b

3.77d

5.67b

3.83d

4.89c

6.00b

7.21a

Cane mass (t/ha)**

3.86a

3.92a

2.76b

4.25a

1.73c

3.20b

2.97b

* Average from 2006 - 2013.
** Average from 2007 - 2012.
Values followed by the same letter in a row do not differ significantly (p = 0.05).
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FIGURE 4. Vegetative and reproductive growth of three year old Villard blanc vines in an unconventional vineyard.

was possible to produce grapes that are acceptable for the production
of grape juice and distilling wine. The total soluble solids of most
cultivars could easily be increased by postponing the harvest by a
week or two, especially for Ceresa.
The average cane mass does not correspond to the yield of the
cultivars. The lowest cane mass was recorded for Viura, with an
average production, while the highest cane mass was recorded for
Ceresa, with one of the lowest yields. Although the cane mass
recorded for Villard blanc was comparable to that of Chenin blanc
and Colombar, its total production was nearly two times higher than
that of the Chenin blanc and Colombar.

Labour requirements for unconventional grape cultivation
Unconventional grape production requires high labour input during
the first three years. The collection and cutting of plant material are
quite labour intensive. In contrast, rooted vines can be purchased at
high cost, but with low labour input. The planting of vines using
garden forks and planting cables does not require that much more
labour than the planting of vines in a commercial vineyard. However,
very high labour input is required for pruning and the training of
vines onto the trellising system during the first winter (22 222 vines/
ha at a density of 1 m between rows and 45 cm between vines in a
row), for cleaning of the stems (future trunks) during the second and
third growing season, and for annual suckering. Although pruning
and harvesting requires little more labour than for a conventional
vineyard, all harvested grapes must be carried out of the vineyard by
hand.

General conclusions and recommendations
Results from this research showed that Villard blanc, a FrenchAmerican interspecific variety, is the most suitable choice for a
cultivar for the unconventional cultivation of grapes in the Lower
Orange River region. This cultivar tends to be more resistant to
powdery and downy mildew and also cold injury than conventional
cultivars (observations made during the research period). Plant
material is currently more freely available from several producers
who are already using this cultivar commercially. Training of vines
onto a trellising system is not a necessity. Vines could initially be
trained as bush vines and later trained onto a trellising system when
it is affordable. It is important for newcomers to communicate with
their local winery and to start with a small and manageable vineyard
that can be increased when they are more familiar with the cultivation
practices.
This research demonstrated that the unconventional cultivation of
grapes for rebate wine, distilling wine and grape juice could be a
viable option for disadvantaged communities owning a small piece
of land with available water. However, it should be kept in mind that
grape growing is a long term investment and knowledge and skills
are essential in order to be successful and economically viable.
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The traditional South African vineyard areas are located mainly along
the coastal zone and toward certain inland areas of the Western Cape
Province. This landscape is characterised by very old geological formations that are still clearly visible due to sustained tectonic uplift (probably
due to a hot plume of mantle rock below the southern and central part of
the African continent) and subsequent erosion, resulting in steep, folded
mountains that roughly parallel the coast, with younger deposits found
in the high laying inland areas. The oldest rocks are the Malmesbury
group (pre-Cambrian Namibian Epoch, 980 - 830 Ma) of shale, phyllite,
schist and greywacke, that occur in pockets as foothills and lower laying
undulating hills around Stellenbosch and Somerset West and also form
a prominent range of high hills (Tygerberg) around and north of Durbanville. Here it was baked (hardened) by intruding hot magma, rendering
it more resistant to erosion and levelling. The Malmesbury deposits also
occur extensively further north in the Swartland area around Malmesbury, Riebeek Mountain, Moorreesburg and Piketberg.
Cambrian granite magma intruded about 630 - 500 Ma ago into the
Malmesbury deposits and coagulated as plutons (domes) about 10 - 15
km below the then land surface. Through land uplift and subsequent
erosion these plutons were exposed or levelled and then covered again
by the deposition of deep sandy material, the present day Cape Super
group (600 - 425 Ma) of sandstones and shales. Permian to Triassic
(300 - 200 Ma) orogeny (mountain building through tectonic movement pressure) and subsequent erosion, resulted in the present day
Cape Fold Belt Mountains, roughly paralleling the southern and western coastlines of the Western Cape. Erosion also exposed the granite
intrusions, at present clearly discernible in several areas, such as the
basements of sandstone mountains like Table Mountain, the mountains
around Somerset West, Stellenbosch and Franschhoek and the moun-

tains east of Paarl and Wellington. In other places these granite plutons
are prominently visible as rounded hills and low, dome-like mountains
like Bottelary Hills, Paarl Mountain, Paardeberg and a range of low
hills north of Malmesbury, as well as the Darling range of high hills
close to the west coast. Isolated exposed intrusions also occur along
the south-western coastal belt.

Landscape in the Franschhoek region.

Landscape in the Stellenbosch region.
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Soils
In the coastal regions, the very old geological formations and the long
periods of exposure to weathering, without extensive covering by
younger material of glacial or alluvial epochs, resulted in viticulture
being practiced on some of the oldest materials and soils in the world.
The advanced state of weathering resulted in soils with kaolin and
sesquioxides (iron and aluminium oxides) as dominant clay minerals,
with a low exchange capacity (3 - 5 cmol kg-1, compared to 10 - 15
cmol kg-1 of younger soils) and with increasing acidity with depth (<4.0
- 5.0, measured in 1N KCl), as most basic cations have been lost
through leaching and subsequently replaced by hydrogen ions. This is
quite unique, but the effect of this on wine character compared to soils
with higher pH or soils containing free lime, has not been unravelled
yet. However, the inhibiting effect of too low a pH on root development and functioning is well documented and measures to increase the
soil pH to at least 5.5 by incorporating lime to depths of 1.0 - 1.2 m by
trench ploughing before planting, are standard practises. Such intensive
deep soil preparation before planting is a hallmark of South African
viticulture and virtually unparalleled worldwide.
The soils of the inland areas beyond the coastal mountain ranges,
like the Breede River Valley, and further north along the Olifants and
Orange Rivers, are not acidic and often contain free lime.

vineyard

South African vineyard soils are also notoriously low in phosphorus, except for soils along the lower reaches of the Olifants River.
This limitation is also readily rectified by incorporating adequate
quantities of phosphorus during the deep ploughing soil preparation
operations.
Due to the pronounced topographical diversity over short distances, soils also vary similarly, ranging from shallow, rocky soils on
plateau and steep slope positions, to deep, highly weathered yellow
to reddish-brown soils (oxisols) along mountain foothills in the Constantia, Stellenbosch, Paarl and Wellington areas, as well as on
ranges of hills in the Durbanville, Malmesbury and Darling areas.
These soils are remnants of a former land surface and soils formed
during a tropical epoch, estimated at c. 50 Ma ago. On the Malmesbury shale and schist in lower landscape positions, more strongly
structured and heavier textured soils are usually found, often with a
duplex character (double soil; sandy/gravelly material top layers with
an abrupt transition to heavy textured, structured subsoil material),
often prone to periodical wetness. However, when properly ameliorated, both physically and chemically, high wine quality wines can
be obtained on these medium vigour soils.
In low lying and valley positions and along river courses, quaternary sediments occur on which sandy to organic rich, often hydromorphic soils (prone to waterlogging) developed. These soils are
generally not highly regarded for quality wine production in the
coastal zone, but are extensively utilised in the warmer inland areas
like the Breede River Valley and along the banks of the Olifants and
Orange Rivers for high production vineyards of which, the grapes are
mainly destined for bulk and distilling wine. Also in the inland areas,
reddish-brown soils, often with calcrete (hardened limestone) and/or
duripan (silica cemented material) layers present in the profile, occur
on higher lying old terraces and are extensively used for viticulture
and fruit production. Again, deep soil preparation is necessary on
these soils to break up the hard layers. Once properly done, these
soils can induce high vigour, but have a reputation for inducing better high wine quality wines than the alluvial soils.

same latitudes in the Northern Hemisphere. In the coastal zone this
is predominantly due to the influence of the nearby oceans. The cold
Benguela current from the South Pole flows northwards along the
western coast (Atlantic Ocean) and the warmer Mozambique current
from the equator (Indian Ocean) follows the south coast in a westerly direction, the two currents or oceans meeting each other between
Cape Agulhas and Cape Point. The cooling effect of prevailing winds
and breezes from these oceans on nearby land, have been scientifically studied and verified.
An old Cape saying goes that “a vineyard that can see the sea, is a
good vineyard”. This seems to be largely true in view of the outstanding varietal character that is obtained in such vineyards, especially in
the case of terroir sensitive cultivars like Sauvignon blanc, Sémillon,
Shiraz and Pinot noir. Concerning temperature, the coastal regions,
which usually are not more than 30 - 40 km away from the sea, generally fall in the Winkler GDD (Growing Degree Days) Region III,
with vineyards closer to the coast and at higher altitudes falling in
Region II. Further inland and along the river courses, GDD temperature ranges fall into Regions IV and even V. But even in the higher
temperature ranges, due to prominent topographical features such as
altitude and southern to eastern aspects (slopes) that induce cooler
conditions, pockets of terroir are to be found that, with the right
cultivars and with competent management, can yield wines of outstanding quality.
Rainfall generally decreases from the coast to the inland areas and
from south to north. The varied topography of the Western Cape
further causes rainfall to be highly variable, with mountains and
associated valleys generally receiving higher rainfall than surrounding areas. Rainfall usually ranges from 400 - 800 mm per year, with
about 30% falling during early summer and virtually nothing during
late summer and the ripening period. This forces producers to hoard
winter rain in dams where possible and then use the water as irrigation during dry spells as necessary.

Viticulture development

The traditional coastal and bordering inland vineyard areas benefit
from a Mediterranean climate, but are cooler than similar areas at the

South African viticulture originated in the vicinity of the Cape in
1652 with the advent of VOC (Vereenigde Oost-Indische Compagnie)
Dutch settlers. The first wine was produced in 1658 from gardens
around the fort, with the first wine terroir selections probably the

Example of red-brown Oakleaf soil.

Example of Kroonstad/Longlands soil.

Climate
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Constantia, Vergelegen (Somerset West) and Stellenbosch areas. The
industry slowly expanded during the eighteenth century, but exports
increased dramatically due to preferential tariffs introduced in 1813
by the then British occupants of the Cape. It reached a low point in
the early 1850’s due to unscrupulous exports of inferior quality wines
and crashed completely with the cancellation of prefenrential tariffs.
However, the industry picked up again after overcoming the phylloxera disaster which struck in 1886, but suffered from subsequent
overproduction towards the end of the nineteenth century, initiating
the establishment in 1918 of the KWV (Co-operative Wine Farmers
Association). From then, KWV controlled production by i.e. issuing
grape production quotas, mainly to established producers, thus prohibiting any unauthorised new plantings. This system guided the wine
industry through the troubled early twentieth century but prevented
the industry from expanding to new, mainly cooler localities and
areas that were at that stage already considered to have potential for
high quality wines.
When the regulatory function of the KWV was abolished in 1992,
the industry experienced great improvement in viti-viniculture during
the 1990s and beginning of the 21st century as new regions were
developed, mainly along the coasts. Among the most prominent is the
Darling range of hills on the west coast, where viticulture is practiced
mainly on deep, reddish-brown soil derived from granite, at elevations of 200 - 350 m and exposed to cooling winds from the Atlantic
Ocean, about 10 km away. Rainfall is relatively low (c. 500 mm/year),
with very few options for storing winter rain. However, dry land
production is viable because of the extreme depth of the soils and its
high water holding capacity.
South of Stellenbosch and Somerset West is another significant
development, viz. the mountain basin of Elgin, formally almost exclusively an apple- and pear producing area. This is a cool area, situated
12 - 20 km from the sea, with mean February (ripening stage) temperatures of 19 - 20°C. Soils are predominantly ferruginous (iron rich)
gravel on highly weathered, soft Bokkeveld Group shale, situated at
200 - 300 m altitude and surrounded by Table Mountain sandstone
mountains at heights of about 500 - 1 000 m, sheltering the area from
the often extremely strong south-easterly winds in summer. Rainfall

is ample (c. 1 000 mm/year), with a well-developed infrastructure for
storing water and irrigation, the latter being only rarely necessary for
vineyards.
Other localised plantings took place further to the south-east around
Walker Bay and in the Hemel-en-Aarde Valley in the vicinity of
Hermanus. Still further south-eastward are reputable vineyards at
Stanford, Uilenkraal and in the vicinity of Elim. Soils vary considerably, being derived from shale, granite, sandstone or even calcrete
material, the main consideration here being the cool climate as most
of these plantings are not further than 15 km away from the sea. These
areas and plantings recently received their own encompassing region
of origin, named Cape South Coast.
Further inland, in the quest for cool locations, sporadic plantings
can be found at high altitudes in areas like Ceres, the Cederberg,
Sutherland, the Langeberg and Swartberg. Here the soils are very
diverse and of lesser importance.

Protection of origin
The diversity of South African vineyard and wine landscapes are
regarded as a great asset, yielding great wines with pronounced but
divergent character and styles. The effects of natural factors (climate,
topography and soil/geology) on wine character have been scientifically verified since 1977, with follow-up studies receiving high priority and yielding confirming results. Even before this, the importance
of the demarcation and legal protection of areas of origin was realised
and the South African ‘Wine of Origin’ scheme was instituted in
1973, with a Wine and Spirit Board for the upkeep, administration
and running of the scheme. Due to a lack of long-term tradition and
experience, especially in new areas, it is the policy of the Board to
demarcate potential areas or units of origin according to a distinctive
pattern of natural factors. This is usually done by request of producers
or the industry, who are then allowed, without prescriptions, to
develop their own unique wines by means of cultivar choice, production methods and winemaking techniques. Today, the demarcation of
areas of origin is generally accepted by the wine industry and is well
developed and administered.

Summary
The distinctive and diverse topography and geology of the South African vineyard and wine landscapes, characterised by magnificent
sandstone mountains, granite foothill bases, low mountains and prominent ranges of hills, which merge into undulating shale hills, are
outstanding natural components and regarded as a great asset. As a result of this diverse topography and geology, even more diverse soil
types occur, as well very diverse mesoclimates due to variation in altitude, sunlight interception and exposure to prevailing winds and their
effects on temperature and water availability. The importance of these natural factors in determining wine character and style had been
realised since the establishment of viti-viniculture at the Cape, and have since been scientifically verified and today form the basis on which
South Africa’s wines of origin areas are identified, demarcated and protected.

For further information contact Dawid Saayman at saaymand@telkomsa.net.
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Introduction

Principles of soil biofumigation

High population densities of plant-parasitic nematodes cause
economically significant production losses in most agricultural crops,
including grapevines. In South Africa, plant-parasitic nematodes
impact negatively on the production of good quality grapes.
Consideration of more environmentally friendly options for the
control of soil-borne plant pests and diseases has increased the
interest in biofumigation. This review investigates the potential of
cover crops with biofumigation properties for the suppression and
control of plant-parasitic nematodes in South African vineyards.

Biofumigation takes place when certain soil-borne pests and diseases
are suppressed as a result of the biocidal activity of glucosinolatecontaining plants, when they are incorporated into the soil after the
biomass have been macerated/bruised. The fumigant action of the
volatile compounds that are released during the biodegradation of
organic matter suppresses plant pathogens.
Glucosinolates (GSLs) and isothiocyanate (ITC) are the main
active compounds involved in biofumigation. GSLs are sulphurcontaining secondary metabolites produced by certain crops that are

FIGURE 1. Seedlings of Eruca sativa cv. Nemat (A), Sinapis alba cv. Braco (B), Brassica juncea cv. Caliente 199 (C)
and Brassica napus cv. AV Jade (D).

This article is adapted from a review manuscript entitled: Kruger, D.H.M., Fourie, J.C. & Malan, A.P., 2013. Cover crops with biofumigation properties for
the suppression of plant-parasitic nematodes: A Review. South African Journal of Enology and Viticulture 34(2): 287 - 295.
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TABLE 1. Relative glucosinolate content of selected rotation crops used for
potatoes.
Crop/Cultivar

Scientific name

Glucosinolate
content

Oats

Avena sativa

None

Ryegrass (Lemtal)

Lolium multiflorum

None

Barley

Hordeum vulgare

None

Canola (Hyola 401)

Brassica napus

Low

Rapeseed (Dwarf Essex)

Brassica napus

Moderate

Turnip (Purple top)

Brassica rapa

Moderate

Radish (oilseed)

Raphanus sativa

Moderate

Yellow mustard (Ida Gold)

Sinapis alba

Moderate

Indian mustard

Brassica juncea

High

The role played by biofumigation in integrated
pest management (IPM)
The positive biological activity of the GSL degradation products used
for the suppression of some pathogenic fungi and nematodes serves
to open up new perspectives on IPM, because it has been proven to
be effective against weeds, plant diseases, and nematodes. Research
has proved that many Brassica species show nematicidal activity on
plant-parasitic nematode species.

Plants containing GSL

(Adapted from Larkin & Griffin, 2007.)

The family Brassicaceae (brassicas) contains more than 350 genera,
with 3 000 species, of which many are known to contain GSL. Most
GSL-containing genera, however, are clustered within the
Brassicaceae, the Capparaceae, and the Caricaceae families. Some
rotation crops tested for the presence of GSLs are listed in Table 1.
The main cultivars with good biofumigation potential, and
currently commercially available in South Africa are Nemat (Eruca
sativa cv. Nemat), white mustard (Sinapis alba cv. Braco) and
Caliente 199/Indian mustard (Brassica juncea cv. Caliente 199).
Various Canola cultivars (Brassica napus), for example (Brassica
napus cv. AV Jade), are also available in South Africa, but Canola are
seen as a crop with a low biofumigation potential (Fig. 1).

Nemat
hydrolysed by the enzyme myrosinase (MYR) to form ITCs, in a
process that is known as the GL-MYR system. The ITCs have a toxic
effect on many soil-borne pathogens. Breakdown products, including
the active compound ITC, are released when the plant cell walls are
damaged, or broken, during maceration of the plant biomass.

As Nemat reduces the size of plant-parasitic nematode populations,
it can be included in a crop rotation programme. Nemat is unique in
its mode of action of suppressing certain nematodes by functioning
as a trap crop that also has the ability to form ITC when it is applied
as a green manure.

TABLE 2. Nematode resistance of certain grapevine rootstocks.
Root-knot nematode

Ring nematode

Dagger nematode

Root lesion
nematode

Citrus nematode

Ramsey

R

–

–

R

R

SO4

R

–

–

–

–

Dog Ridge

R

S

S

MR

MR

Freedom

R

S

S

MR

S

Harmony

R

S

S

S

S

Paulsen 775

R

–

–

–

–

Richter 99

MR

S

S

S

MR

101-14 Mgt

MR

–

–

–

–

143-B-Mgt

MR

–

–

–

–

Paulsen 1103

MR

–

–

–

–

Richter 110

MS

–

–

–

–

US 8-7

MS

–

–

–

–

Paulsen 1447

MS

–

–

–

–

Metallica

S

–

–

–

–

140 Ruggeri

S

–

–

–

–

Jacquez

S

–

–

–

–

Rootstock

R = resistant; MR = mildly resistant; MS = mildly susceptible; S = susceptible; – = unknown (Storey, 2007).
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FIGURE 2. Slashing of crops with slasher (A); Texture of slashed crops (B); Slashed green material on the soil (C);
Rotavating the green material into the soil (D).

White mustard
White mustard shows potential as a cover crop in vineyards, and as
a rotation crop in rotation programmes that include annual crops.
Nematodes are suppressed by this crop when the active compound is
released during the incorporation process 60 - 75 days after planting.
It also has an effect on the life cycle of certain nematodes by slowing
down, or by preventing, the completion of their life cycle in the roots.

Caliente 199/Indian mustard
Caliente 199 is an annual, cool season crop that requires a short
growing season. To maximise biomass production, adequate soil
moisture and sufficient nutrient levels should be maintained
throughout the growing season. Caliente 199 can be included very
successfully in a rotation programme as it suppresses soil-borne
diseases, weeds and nematodes very effectively when applied
correctly. Caliente 199 is seen as a very effective biofumigation crop
and is compatible in planting programmes together with Nemat.

Canola
Canola is primarily planted in a crop rotation system that includes
wheat (Triticum aestivum) in the winter rainfall areas of South Africa.
Root-knot nematode reproduction on 14 Canola cultivars has been
investigated in previous research, and all cultivars were found to be
poor hosts that maintained low root-knot nematode numbers.

Aspects that influence GSL release and ITC activity
Techniques that ensure the maximum rupturing/maceration of the
cells involved, as well as effective incorporation, ensure the best
release of ITC. This aspect, together with a cover crop variety with
high GSL content and enough water present for hydrolysis to take

place, ensures optimum biofumigation. To ensure the effective release
of ITC, the leaves should be slashed with a slasher, and immediately
thereafter incorporated into the soil, using a rotavator or disc harrow
(Fig. 2).
The growth stage of the crop, the amount of biomass produced,
and the correct incorporation into the soil all contribute towards the
success of biofumigation. Different types of GSLs are present in the
roots and shoots of different plant species. The flowering stage of the
plant has a higher GSL, with the biofumigation effect being expected
to be more effective later on in the growing season, prior to seed set.

Control of plant-parasitic nematodes in vineyards
The three most important plant-parasitic nematode genera in South
African vineyards, measured in terms of their presence and amount
of potential damage, are root-knot nematode (Meloidogyne species),
ring nematode (Criconemoides xenoplax) and dagger nematode
(Xiphinema species).
Root-knot nematodes (Heteroderidae) have a wide host range, are
widely distributed in agricultural soils, and can cause extensive loss
of yield and quality in numerous crops. Damage symptoms on rootknot nematode-infested vines include stunted growth, poor vigour,
and substandard yields.
Ring nematodes (ectoparasites) are often found on such woody
perennials as vines. They feed on the epidermal cells of the feeder
roots, where they cause root stunting and collapsed roots, thereby
influencing the uptake of nutrients and water through the root system.
Criconemoides xenoplax is the only species of ring nematode found
in the vineyards of South Africa.
Dagger nematodes (Longidoridae) are ectoparasites that feed on
the root tips of mostly woody perennials. Their feeding behaviour
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FIGURE 3. Root-knot nematode galls and egg masses on the roots of a host plant.

slows down the root development of susceptible cultivars. For vines,
Xiphinema index is the most economically important dagger
nematode in South Africa, as they not only damage the roots of
susceptible vine cultivars, but are also able to transmit grapevine
viruses.
Plant-parasitic nematodes can be present in the soil of the vine
inter-row, or in the vine row, although most species are present in the
vine row soil, where they can infect the young, active feeder roots.
Nematodes are primarily controlled chemically in South African
vineyards using fenamiphos, cadusafos and furfuraldehyde that are
registered on grapevines, and/or by planting nematode-resistant
rootstocks (Table 2).
ITC suppressed fungi, bacteria, nematodes, and weeds in numerous
in vitro experiments. The question arises as to whether biofumigation
crops growing in the grapevine inter-row can have an effect on the
nematode population in the vine row area, after being incorporated
mechanically into the soil. Research has indicated that Brassica
juncea cv. Nemfix (Indian mustard), incorporated into the inter-row,
or into the vine row, as a green manure, suppressed Meloidogyne
javanica.
Research also showed that Brassica species planted in the
grapevine inter-row reduced the root-knot nematode population over
a period of three years. Biofumigation with the cover crops was
observed to be as effective as were mustard seed meal and
fenamiphos applications over a three-year period.

Nematode biofumigation bioassays
Green manure
The brassica green manures suppressed root-knot nematodes
significantly under controlled environments. It was perceived that the
suppression was not caused by the GSL content of the brassica green
manures alone, but also by other secondary metabolites that are
released during the biofumigation process. Another possibility
regarding the suppressing effect of biofumigation on plant-parasitic
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nematodes lies in the stimulation of competition for food sources,
which can occur after incorporating green manure into the soil. The
main focus, however, is on the role that volatiles and non-volatiles
play during the decomposition of plant residues in the soil.
In a pot trial with vines, conducted by Rahman et al., 2011, the
suppression of root-knot nematodes by fenamiphos, two Brassica
species applied as green manure, and Indian mustard seed meal was
evaluated. No statistical differences were observed over a period of
three years.

Nematode host status of different biofumigation
crops
The ideal cover crop to be applied in vineyards for nematode
suppression should either be resistant, or it should have a poor host
status, in addition to having a biofumigation suppressing effect on
the target nematode, when applied as a green manure to the soil. The
possibility exist that Brassica species, when used as cover crops in
vineyards, might also be susceptible to a nematode species that
requires suppressing. If the target pest manages to reproduce
effectively on the cover crop before it is incorporated into the soil as
a green manure, these Brassica species should not be used as a cover
crop.
Although root-knot nematodes (Fig. 3) can complete their life
cycle on several Brassica species, there are major differences in their
susceptibility. In glasshouse studies, certain brassicas were rated as
poor, or as non-hosts (resistant), as maintenance hosts (tolerant), or
as good hosts (susceptible). Nemat was evaluated for its potential as
a trap crop for root-knot nematode. No eggs were produced in 80%
of the plants, indicating it to have the potential to act as trap crop for
Meloidogyne hapla.

Conclusion
Biofumigation is a concept that has been studied for a long time, with
definite potential and good results being shown, where the method
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has been applied correctly, for the management of nematodes, soilborne diseases, and weeds. The challenge is to understand the
complex interactions during biofumigation, and to ensure that the
different factors that play a role in optimal biofumigation are applied.
The main factors concerned include the basic principles of
fumigation, Brassica species selection and biomass production,
glucosinolate concentration and spectrum, isothiocyanate concentration and spectrum, and the maceration and incorporation
process.
The potential for biofumigation as part of an IPM approach
consists primarily of the role played by isothiocyanates in suppressing
soil-borne diseases, nematodes, and weeds. However, the
incorporation of the plant fibre into the soil has a secondary effect,
which plays a very important role in promoting microbial and other
micro-organism diversity in the soil. Such incorporation can,
therefore, be expected to have a positive impact on the stimulation
of competition among soil micro-organisms in the rhizosphere. The
susceptibility, or the resistance, of brassica crops, which are

considered for biofumigation, to nematodes could also impact on the
suppression of nematodes.
Applied correctly, and with proper medium to long term planning,
biofumigation could play a substantial role, as part of a cover crop
rotation programme in vineyards.
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Summary
Plant-parasitic nematodes are a problem in vineyards worldwide, with some species acting as vectors of grapevine soil-transmitted
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on the use of cover crops with biofumigation properties for the suppression of plant-parasitic nematodes in vineyards.
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Effects of weathered granite and
shale soils on Merlot grafted onto
110 Richter and 101-14 Mgt
rootstocks in the Stellenbosch area
WineLand November 2014
Keywords: Granite, 101-14 Mgt, 110 Richter, shale, wine quality.

Introduction
Many vineyards on the undulating lowlands and mountain slopes
around Stellenbosch and Helderberg are underlain by granite (Fig. 1)
or shale (Fig. 2). Both are strongly weathered. Soils derived from
granite and shale might affect grapevines differently through their
abilities to supply potassium (K) from their constituent minerals.
Where soil K levels are adequate, the capacity of the soil minerals to
supply K to grapevines is probably of no consequence. However,
many vineyards receive no K until after deficiency symptoms have
appeared in order to reduce the risk of luxury K consumption leading
to high must pH and to poor colour in red wines (Conradie, 1994).
Grapevine performance is nevertheless likely to be curtailed long
before deficiency symptoms become apparent. The research
described here compared the effects of weathered granite and shalederived lithic soils from previously uncultivated ridge-crest sites on
the performance of Merlot grapevines grafted onto two rootstocks of
dissimilar parentage. To minimise environmental variables the trial
was carried out under controlled conditions.

Materials and methods
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soil x rootstock treatment was replicated in six randomised blocks.
Lime and superphosphate were mixed into the soils in sufficient
quantities to neutralise exchangeable acidity and bring the soil P
concentration to around 30 mg/kg. No K was applied. The grapevines
were planted during the winter of 2005, trained to a vertical trellis
during the 2006/2007 season and pruned to a single two-bud spur per
15 cm cordon length each winter. The soils were separately irrigated
by micro sprinklers at matric potentials between -0.07 MPa and -0.08
MPa. Soil sampling and analysis were carried out annually in spring.
Wines were made and sensorially assessed in seasons 2007/2008 to
2011/2012. Yield, trunk circumference, cane weight, single leaf area
and total leaf area per grapevine were determined each season.
Leaves and petioles were sampled at fruit set and analysed. Midday
leaf water potentials were determined two days before harvest at soil
matric potential c. -0.07 MPa. Midday leaf water potentials averaged
-1.55 MPa and did not differ between treatments (mild stress,
Myburgh, 2011).

Results and discussion

Merlot grapevines grafted onto 110 Richter (110 R) (Vitis berlandieri x V. rupestris) and 101-14 Mgt (V. riperia x V. rupestris) rootstocks were grown on granite and shale-derived Glenrosa soils in 1.5
m deep, free-draining, 3.0 m x 1.5 m concrete tanks (Fig. 3). Each

The granite-derived soil materials contained more stone and coarse
sand than the shale (Table 1), corresponding to the generally gravelly character of granite soils. In the field state both soils contained
similar amounts of Bray II K (BK). These were below the optimum
for the Stellenbosch area of 70 - 80 mg/kg, but above 30 mg/kg, at

FIGURE 1. Deeply weathered granite with finer grained corestone.

FIGURE 2. Shale profile on Malmesbury Group shale (greywacke).
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FIGURE 3. Merlot grapevines growing in shale (left) and granite-derived soils (right).

TABLE 1. Characteristics of granite and shale-derived soils in field state and averaged over the trial period (seasons 2007/2008 to 2011/2012).
Characteristic

State

Granite

Shale

Texture

–

Sandy loam

Sandy clay loam

Stone (%)

–

63

40

Coarse sand (%)
pH (KCl)
Bray II K (mg/kg)
T-value (sum of exchangeable Na, K, Ca, Mg and acidity) (cmol+/kg)
K saturation (% of T-value)
Ca saturation (% of T-value)

and below which level maintenance K applications are essential
(Conradie, 1994). Averaged over the trial period, BK in the granite
soil differed little from its field level, whereas BK in the shale soil
was appreciably lower during the trial than in its field state. The
granite mineral assemblage therefore maintained BK levels better
than that of the shale soils. In their field states the K saturations of
both soils compared favourably with the recommended saturation of
4% of CEC (Conradie, 1994), but were lower over the trial period,
notably in the shale soil. The lower K saturations during the trial were
due to lime additions that increased the T-values and relative Calcium
saturations. In both soils the silt and clay fractions were dominated
by, respectively, quartz, which is a primary mineral, and kaolinite,
which forms from products of silicate mineral breakdown. Since
neither quartz nor kaolinite supply K, the observed difference in BK

–

23

10

Field

4.3

4.0

Trial

5.9

5.3

Field

64

67

Trial

63

42

Field

2.4

3.7

Trial

6.1

5.8

Field

6.9

4.6

Trial

2.9

1.9

Field

35.6

27.1

Trial

77.0

72.4

probably reflected dissimilarities in the mineral assemblages of the
coarse sand fraction and of the finer stone fragments. The coarse
material in the granitic soil contained degraded feldspar and a little
mica, both of which are potentially capable of supplying small
amounts of K, whereas that of the shale soil mostly consisted of
crumbling fragments of rock from which most of the K had been
removed by weathering (Bühmann et al., 2004).
Average leaf blade K concentrations did not differ between soil x
rootstock treatments (Table 2) and were within the normal range
(0.65% to 1.30%; Conradie, 1994). Neither did the petiole K concentrations differ from the norm (1.00% to 2.90%; Conradie, 1994)
despite the prevailing low soil K saturations. Petiole K concentrations
were significantly (p ≤ 0.05) higher in the shale x 101-14 Mgt than
the granite x 101-14 Mgt and shale x 110 R treatments. Yields were
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TABLE 2. Effects of soil and rootstock on foliar K concentrations, grapevine performance and wine characteristics in Merlot. (Data averaged over seasons
2007/08 to 2011/12).
Parameter

Granite

Shale

101-14 Mgt

110 R

101-14 Mgt

110 R

Leaf blade (%)

1.16a*

1.08a

1.09a

1.08a

Petiole (%)

2.12b

2.23ab

2.52a

1.94b

Yield (kg/vine)

5.94ab

6.60a

5.21b

5.32b

Trunk circumference (cm)

10.8a

10.2a

10.4a

9.4b

Cane mass (kg/vine)

2.02a

1.60b

1.95a

1.28c

Leaf area (cm /leaf)

100.8a

98.9ab

97.8ab

93.8b

Total leaf area (m /vine)

2

12.05a

10.37bc

10.60b

9.13c

Overall wine quality**

5.3a

5.0ab

5.0ab

4.6b

Astringency**

3.9a

3.5c

3.6bc

3.8ab

Fullness**

5.1a

4.7b

4.8ab

4.6b

2

* Values in the same row that are followed by the same letter, do not differ significantly (p ≤ 0.05).
** Determined using an unstructured, 10 cm line scale.

higher in the granite x 110 R than the shale treatments (both rootstocks). However, trunk circumferences were lower in the shale x 110
R than in all other treatments. On both soils cane mass of vines
grafted onto 101-14 Mgt were greater than vines grafted onto 110 R.
Cane mass of vines grafted onto 110 R were higher on the granite soil
than the shale soil. The shale x 110 R treatment was associated with
low single-leaf areas, and low total leaf areas per grapevine, particularly in comparison with granite x 101-14 Mgt. The greater cane mass
and total leaf areas of grapevines on 101-14 Mgt compared to 110 R
(both soils) indicate that 101-14 Mgt promoted a more extensive
canopy than 110 R. Overall wine quality from granite x 101-14 Mgt
grapevines was significantly higher than that from the shale x 110 R
treatment. A contributory factor was the greater fullness in wines
from the granite x 101-14 Mgt treatment than in wines produced on
110 R, irrespective of soil.
Merlot/110 R grapevines produced greater yields, trunk circumferences and cane mass on the granite than the shale soil. In contrast
these grapevine performance parameters did not differ between soils
in the Merlot/101-14 Mgt grapevines. Petiole K concentrations were
30% greater in the granite x 110 R than the shale x 110 R treatment.
However, this difference was not significant. Conversely, petiole K
concentrations in grapevines grafted onto 101-14 Mgt were greater
on the shale than the granite soil, despite the slightly lower average
BK levels and K saturations in the shale soil. 110 R may therefore be
less able to absorb K from low K soils than 101-14 Mgt.
Petiole K concentrations on the coarser-textured granite soil differed little between rootstocks, but differed between rootstocks on
the finer-textured shale soil. The higher petiole K concentrations in
the shale x 101-14 Mgt treatment were not associated with higher
yields or better wine quality than from the shale x 110 R treatment,
even though the former treatment resulted in thicker trunks, greater
cane masses and greater total leaf areas. Implications of these results
are that Merlot/110 R grapevines are likely to produce slightly

higher yields from weathered, mostly granite-derived soils than
Merlot/101-14 Mgt. Merlot/110 R grapevines may also promote
higher yields when grown in granite than in shale soils. Rootstock
has little effect on overall wine quality in either soil.

Conclusions
In disturbed, irrigated, limed and P-supplemented soils, Merlot
grapevines grafted onto 101-14 Mgt rootstocks growing in a soil
derived mainly from granite were more vigorous and produced wine
of better quality than those on 110 R growing in a shale-derived soil.
Yields tended to be highest in the combination of Merlot/110 R and
granite soil.
To the extent that soil texture and mineralogy reflect those of the
parent rock, soil and rock type should be considered when selecting
rootstocks for Merlot in the western coastal foreland of the Western
Cape. Where K availability levels are adequate, parent rock type is
probably not important from a demarcation viewpoint.
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Introduction
Petri disease and esca are two of the most important grapevine trunk
diseases that compromise the sustainability of viticulture worldwide.
Petri disease is caused by Phaeomoniella chlamydospora and
Phaeoacremonium species, while esca is caused by Fomitiporia
species together with Petri disease fungi (Fig. 1). Other trunk disease
pathogens, including Phomopsis species (Phomopsis dieback),
Eutypa lata (Eutypa dieback) and species in the family Botryosphaeriaceae (Botryosphaeria dieback) (Fig. 1) are also associated
with esca (White et al., 2011). These pathogens cause the decline and
dieback of grapevines, which leads to severe economic losses due to
the reduction in quantity and quality of grapes, as well as shortening
of the lifespan of grapevines.
The control of trunk disease pathogens is difficult, since no
fungicides are registered for this purpose in South Africa. Consequently, the management of inoculum sources must form part of an
integrated disease management strategy. Infected planting material
is a known source of inoculum of Petri disease and esca pathogens,
however, the mechanisms by which these pathogens spread from
infected to healthy vines in vineyards remain unclear. Arthropods
(animals with segmented bodies and legs, including spiders, scorpions, mites, millipedes, centipedes and insects) have been suspected
of playing a role in the spread of these pathogens (Edwards et al.,
2001; Van Niekerk et al., 2010), but little is known about the extent
to which arthropods are associated with these pathogens. The aims
of this research were to determine whether any of the arthropods
occurring on declining grapevines are associated with trunk disease
pathogens and with pruning wounds, and whether any of these
arthropods could act as vectors of trunk disease pathogens.

Materials and methods
Arthropods were collected weekly in two vineyards (Stellenbosch
and Rawsonville, South Africa) infected with grapevine trunk
diseases for two years, using trunk and cordon traps (Fig. 2A),

pruning wound traps (Fig. 2B), as well as visual inspections.
Arthropods were rinsed with 2 ml of distilled water to collect fungal
spores on their surfaces. DNA was extracted from 1 ml of these water
samples and tested with specific primers to verify the presence of
Phaeoacremonium spp. and Phaeomoniella chlamydospora. The
remaining 1 ml was plated out on growth medium and fungal cultures
thus obtained were identified by DNA sequencing.
Since Portuguese millipedes (Ommattoiulus moreleti) and cocktail
ants (Crematogaster peringueyi) were found to be the most abundant
arthropods on diseased grapevines, the potential of grapevine sap as
a food source for these species was investigated in laboratory assays.
Individual millipedes were offered a choice between water and
grapevine sap (Fig. 3A), whilst ants in nests were presented with
grapevine sap, tuna and water (Fig. 3B) and monitored for ingestion
of sap. Subsequently, the ability of both groups to transmit a DsRedtransformed Phaeomoniella chlamydospora isolate to fresh pruning
wounds on potted vines was tested. Millipedes and ants were
confined on fungal cultures for 24 hours, transferred to the base of
the plants and removed after three days. Faecal pellets of millipedes
were also evaluated as potential sources of inoculum. Millipedes
were fed on Phaeomoniella chlamydospora cultures for 24 hours,
surface sterilised and allowed to defecate in sterile Petri dishes
overnight. Faecal material was collected, macerated in water and
plated onto potato dextrose agar.

Results
A total of 10 875 arthropod individuals, belonging to more than 31
families, were collected from declining grapevines (Moyo et al.,
2014). The most abundant arthropods were millipedes, ants, spiders
and beetles. Visual observations showed that Portuguese millipedes
and cocktail ants were closely associated with fresh grapevine
pruning wounds (Fig. 4). 33% of the 5 677 water samples analysed,
contained spores of grapevine trunk disease pathogens. Of these, 37%
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FIGURE 1. Symptoms of major grapevine trunk diseases.
A: Cross section of a Petri-diseased vine showing brown/black spots in the xylem vessels.
B: Longitudinal section through a Petri disease infected pruning wound showing brown/black
streaking of the xylem vessels.
C: Tiger-stripe leaf symptoms of an esca-diseased vine.
D: White rot associated with esca-diseased vines.
E: Cross section showing a wedge shaped necrosis associated with Eutypa dieback.
F: Cross section showing a V-shaped necrosis associated with Botryosphaeria dieback.
G: Wood necrosis associated with Phomopsis dieback.

A

B

FIGURE 2. Traps used to collect arthropods from vineyards.
A: Cardboard trunk and cordon traps.
B: A transparency paper funnel that served as a pruning wound trap.
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M
FIGURE 3. Experimental set-up for food choice experiments. A: Petri dish (with lid open) showing the arrangement of water and grapevine sap
with a millipede (M). B: Perspex box used to test food preferences of cocktail ants. Petri dishes containing grapevine sap, water or tuna were placed
at either side of wood pieces (in the centre) containing ant nests.

A

B

FIGURE 4. Arthropods on fresh grapevine pruning wounds. A: Millipedes. B: Cocktail ants.

FIGURE 5. Fruiting bodies of Petri disease pathogens inside cracks and
crevices of an old vine. Spores formed within these structures are released
through long necks which are facing towards openings. Spore droplets can
also form at the tip of these necks and are then picked up by arthropods for
dispersal.

were recovered from Portuguese millipedes, 22% from cocktail ants,
15% from spiders, 10% from beetles and the remaining 16% from
various arthropods, such as springtails, bugs and earwigs. Spores of
all the major groups of grapevine trunk diseases were detected on the
arthropods. Phaeoacremonium species were detected in 1 242
samples, while Phaeomoniella chlamydospora was identified from
855 samples. Other fungi isolated included members of the Botryosphaeriaceae, Diatrypaceae and Diaporthales.
Results from the feeding experiments showed that both millipedes
and ants preferred grapevine sap over the other food items, indicating
close association with pruning wounds. A month after exposure to
millipedes and ants, isolations from pruned shoots of potted
grapevines revealed that Phaeomoniella chlamydospora was transferred onto pruning wounds and caused infection. Spores of Phaeomoniella chlamydospora survived passage through the gut of
millipedes and viable spores present in their feaces were able to form
colonies of Phaeomoniella chlamydospora.

Conclusions
A wide variety of arthropods were shown to be associated with
grapevines infected with trunk diseases. Portuguese millipedes and
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FIGURE 6. Millipedes inside cracks and crevices of a trunk disease infected arms of 35-year-old Pinotage vines.

cocktail ants were the most abundant of the species from which
fungal spores were recovered. They are highly attracted to fresh
pruning wounds, where they feed on the plant sap. It was shown that
they are able to transfer spores of Phaeomoniella chlamydospora to
infect grapevine pruning wounds while feeding on pruning wounds.
It is highly likely that other grapevine trunk disease pathogens are
transmitted in the same manner. Millipedes and ants are opportunistic
or incidental vectors of trunk diseases, as they acquire the spores by
coming into contact with the fruiting bodies of the fungi when spores
are released or by feeding on the sap of diseased vines.
Fruiting bodies of Petri disease fungi occur within cracks and
crevices of diseased grapevines, as well as on surfaces of old pruning
wounds (Edwards & Pascoe, 2001; Baloyi et al., 2013). The fruiting
bodies of Phaeoacremonium species have long necks which are often
oriented towards the openings of cracks, pruning wounds and insect
tunnels (Fig. 5). The cracks and crevices of diseased vines were
observed to be prime habitats for several arthropods in this study
(Fig. 6). The presence of fruiting bodies inside cracks and insect
tunnels in grapevines supports an association between arthropods and
Petri disease pathogens and enhances transmission of spores by
arthropods.
It is evident that effective management of trunk diseases in
vineyards can only be achieved by preventing the spread of fungal
spores by these vectors. This can be done by preventing them from
gaining access to pruning wounds by placing barriers or toxic baits
at the base of the plants, or by protecting pruning wounds with
chemical or biological control methods (Halleen et al., 2010).
Removal of dead and diseased wood will not only reduce inoculum
load, it will also help reduce arthropod populations, as dead wood is
a prime habitat for them. Several ant control methods are available
in South Africa and these can be applied in vineyards where ants have
been identified as a problem. The control of ants, especially in older
vineyards with visible Petri disease and esca symptoms, will in turn
help to curb the spread of grapevine trunk disease pathogens.
At present we do not know whether millipedes feeding on
grapevine buds and leaves cause economic damage. Given that they

have been identified as vectors of trunk disease pathogens, further
study in this regard is recommended before the application of control
measures for millipedes can be justified. Further studies should also
determine whether other arthropods (like spiders), which were also
found to carry grapevine trunk disease pathogens, are involved in the
transmission of these pathogens to fresh pruning wounds.
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Introduction
Tannins consist of a set of monomers named catechins, epicatechins,
epigallocatechins and epicatechin-gallate (Kennedy et al., 2000b).
These monomers occur in different polymeric lengths in the skin and
seed of the grape berry (Kennedy et al., 2000b; Downey et al., 2003).
There is also a difference in the composition of monomers between skin
tannins and seed tannins. Only seed tannins contain epicatechin-gallate.
The importance of tannins was underestimated for a long time.
With the development of newer vinification technology, the value of
tannins has become increasingly apparent. It is currently known that
tannins are important in wine for taste (bitterness) (Monagas et al.,
2005), mouthfeel (astringency) (Gawel, 1998; Monagas et al., 2005),
stabilisation of colour (Monagas et al., 2005), maturation potential
(Lorenzo et al., 2005) and health (Cordier, 2007).
The grapevine has a genetic ability to synthesise tannins, but this
ability is largely influenced by environmental factors. Factors such as
day and night temperatures (Jackson & Lombard, 1993; Mori et al.,
2005 & Tarara et al., 2008), sunlight (Kennedy et al., 2000 and Pastor
del Rio & Kennedy, 2006) and water stress (Hardie & Considine, 1976
and Matthews & Anderson, 1988) impact on tannin synthesis. Other
factors that come into play are slope, aspect, cultivar, terroir, et cetera.

Once nature and the viticulturist have played their part to increase
the tannin concentration in the grapes, it is the winemaker’s turn to use
various techniques to extract these tannins from the grapes. Different
techniques may be employed, each producing different end results. The
most controversial method is cold soaking, which was developed in
the mid-1980s to extract colour from Pinot noir. Crushed grapes are
chilled for a certain period, usually three or more days, at 10°C at least
(Gomez-Plaza et al., 2000). This is supposed to extract colour from the
skins. For extended skin contact the skins are left on the wine for a
further two weeks so that the alcohol in the wine will extract more
tannin from the skins and seeds (Joscelyne & Ford, 2008). With thermovinification the skins and juice are heated to 60 - 80°C for 20 - 30
minutes (Ribereau-Gayon et al., 2000). During this heating stage the
cell walls are broken, thereby releasing the tannins and anthocyanins.
Whole bunches may also be fermented (carbonic maceration) thus
producing fruity wines, with less tannins (Sacchi et al., 2005). Other
methods are also available such as the addition of enzymes (Arnous &
Meyer, 2009) and sulphur (Spagna et al., 2003).
The old adage holds true therefore, that something which can be
measured, can be managed. Various methods are available to measure

FIGURE 1. The different monomers of which tannins are composed.

For further information on this series contact Anton Nel at nelap@cput.ac.za.
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FIGURE 2. The average tannin concentration in Cabernet Sauvignon from the two farms as crushed in 2009.

FIGURE 3. The average tannin concentration in Shiraz from the two farms as crushed in 2009.

phenols and also tannins specifically. The most popular methods
currently to measure tannins are precipitation methods. Californian
BSA (bovine serum albumin) uses a protein to bind to the tannins
and the MCP (methylcellulose) method uses a polysaccharide to bind
to the tannins. These two methods were used in this study.

Material and method
Two farms in different climatological areas were chosen for this study.
One of these (Morgenster) is situated in a Winkler scale III and is
called the cooler farm. The other farm (Plaisir de Merle) is in situated
in a Winkler scale IV and is called the warmer farm. Two cultivars
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were used, namely Cabernet Sauvignon (CS) and Shiraz (SH). The two
cultivars were crushed at two degrees of ripeness, namely before the
commercial harvest (LB) and after the commercial harvest (HB).
Five different vinification treatments were used. The treatments
are the following:
• Control (C) – the grapes were crushed, inoculated with WE372
and pressed at the end of fermentation.
• Enzyme treatment (E) – as for the control, except that a pectolytic preparation was used.
• Cold maceration (CM) – the crushed skins were held at 10°C for
three days before the grapes were inoculated with WE372. After
fermentation the grapes were pressed.

cellar

• Post maceration / extended skin contact (PM) – crushed grapes were
inoculated with WE372 and after fermentation the skins were left
on the wine for a further two weeks before being pressed.
• Combination of cold maceration and post maceration (CM + PM)
– crushed skins were kept at 10°C for three days before the grapes
were inoculated with WE372. After fermentation the skins were
left on the wine for a further two weeks before being pressed.
Tannins were measured by making use of the BSA and MCP methods.

Results
According to Figure 2 the tannin concentration of the Cabernet Sauvignon CM treatment, of the LB on both farms, had a negative effect
compared to the control. In the HB no treatment had any effect on
tannin concentration (Figure 2), except that the CM treatment showed
a negative effect on the cooler farm (Figure 2). The only treatment that
showed a significant effect in tannin concentration is the E treatment
(Figures 2 and 3).
Figure 3 shows that the CM treatment had a positive effect on the
tannin concentration of Shiraz in the LB on both farms, although the
increase is not significant. No treatment had any effect in the HB, except
for the CM + PM treatment which showed a negative effect on tannin
concentration. Once again the E treatment showed the most significant
increase in tannin concentration. A major reason why enzymes have
such a significant effect on tannin extraction is that enzymes break down
the combinations between tannins and cell wall components, thereby
causing more tannin to be extracted (Arnous & Meyer, 2009).
Interestingly the BSA method displayed the same trends as the
MCP method (data not shown). The E treatment is also indicated by
this method as the treatment able to extract the most tannin from the
skins and seeds.

Conclusion

Thanks also to the personnel at the Distell experiment cellar and the
respective farms who sacrificed their grapes.
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The winemaker has various techniques at his/her disposal to extract
tannins in the wine. For techniques such as cold soak, time is a prerequisite. In cold soak the skins must be left on the juice for a minimum
of three days. The cost of cooling must be taken into account. During
extended skin contact the skins must be left on the wine for at least two
weeks. During this period the wine is by no means protected against
micro-organisms and oxygen and the wine is susceptible to becoming
oxidised and the volatile acid (VA) may even increase as a result of
spoilage organisms. Space may also become a problem seeing that
these techniques require the skins and juice/wine to be left in tanks and
during the crush there is usually much jostling for tank space.
This study showed that the treatments had no significant effect on
tannin concentrations. The only treatment that showed a significant
effect was the enzyme (E) treatment. By making use of pectolytic
enzymes, the tannin concentration in the wine may increase.
As with any study, questions arise that may be addressed in future
by further study. The study showed that extended skin contact did not
have a significant effect. The wines were not treated with enzymes
either. The question is therefore posed about the effect of using
extended skin contact together with pectolytic enzymes.
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Summary
Tannin is very important in wine as it contributes to taste (bitterness), mouth feel (astringency), colour stability, maturation potential and
has health benefits. Although there are a couple of things that a viticulturist can do to enhance the tannin concentration in the grapes, the
most important effect is dependent on environmental factors. This study was done on two farms: a cooler farm (Winkler scale III) and a
warmer farm (Winkler scale IV). Cabernet Sauvignon and Shiraz were harvested at two different ripeness levels, namely before commercial harvest (LB) and after commercial harvest (HB). This study shows that no winemaking techniques had a positive effect on tannin
concentration except for the use of pectolytic enzymes.
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The extraction of anthocyanins through different winemaking
techniques (Part 2)
WineLand September 2014
Keywords: Anthocyanins, cold maceration, extraction.

Material and method

Introduction
The notion that more anthocyanins may be obtained through a prealcoholic maceration (Gonzales-Neves et al., 2008) is widely held.
This concept dates from the mid 1980s when it was first applied by
a Lebanese winemaker, a certain Guy Accad, to Pinot noir. His
contention, that cold maceration would extract more colour from
Pinot noir, was apparently correct. The question then arose whether
it would apply to all cultivars.
Improved tannin extraction takes place through an alcoholic
medium, therefore more tannins will be extracted during alcoholic
fermentation, or even during extended skin contact. This concept was
addressed in a previous article. More tannins in a wine have the
potential to stabilise the colour during maturation and to improve the
ageing potential of the wine.
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FIGURE 1. Different types of anthocyanins.

This brings us to the importance of anthocyanins in wine. It is
obvious that anthocyanins provide the red colour in wine and that,
with tannins, they stabilise the colour. There are five main groups of
anthocyanins in wine, namely delphinidin, malvidin, peonidin,
petunidin and cyanidin (Fig. 1). Each of these anthocyanins are
derivatised with coumaric acid and acetate, resulting in the 15 types
of anthocyanins encountered in wines today. These anthocyanins,
with their derivatives, occur in different concentrations and combinations and also range in colour from pink to red.
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Two farms in different climatological areas were chosen for this
study. One farm is situated in a Winkler scale III and is called the
cooler farm. The other farm is situated in a Winkler scale IV and is
called the warmer farm. Two cultivars were used, namely Cabernet
Sauvignon (CS) and Shiraz (SH). The two cultivars were crushed at
two levels of ripeness, namely before commercial harvest (LB) and
after commercial harvest (HB).
Five different vinification treatments were used. The treatments
are the following:
• Control (C) – the grapes were crushed, inoculated with WE372
and pressed at the end of fermentation.
• Enzyme treatment (E) – as for the control, except that a pectolytic
preparation was used.
• Cold maceration (CM) – the crushed skins were held at 10°C for
three days before the grapes were inoculated with WE372. After
fermentation the grapes were pressed.
• Post maceration / extended skin contact (PM) – crushed grapes
were inoculated with WE372 and after fermentation the skins
were left on the wine for a further two weeks before being
pressed.
• Combination of cold maceration and post maceration (CM + PM)
– crushed skins were kept at 10°C for three days before the grapes
were inoculated with WE372. After fermentation the skins were
left on the wine for a further two weeks before being pressed.
Total anthocyanins were measured by making use of the Iland
method. Colour density was measured by adding A420 + A520 +
A620 and colour hues were measured by dividing A420 / A520 into
each other.

Results
From Figure 2 it is obvious that on Plaisir de Merle (warmer farm)
the PM treatment had a negative effect. A possible explanation may
be that with an increase in tannins, polymerisation occurs that binds
to excessive anthocyanins, thereby effecting a decrease in total
anthocyanins. The CM treatment shows a slight increase in total
anthocyanins, but the increase is not significant. For the LB the CM
+ PM and E treatment showed no effect, whereas for the HB the E
treatment showed the most significant increase in total anthocyanins.
On Morgenster (cooler farm) all the treatments showed negative
effects for the LB. For the HB, the PM treatment showed a negative
effect, while the other treatments did not show any effect. This trend
was also observed in Shiraz (data not shown).
An interesting case is the effect of the E treatment on the extraction
of anthocyanins. One would have expected enzymes to promote the
extraction of anthocyanins, but it looks as though enzymes have a

cellar

FIGURE 2. Total anthocyanins of Cabernet Sauvignon from the 2009 harvest season.

FIGURE 3. Colour density of Cabernet Sauvignon from the 2008 harvest season.
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bigger effect on the extraction of tannins than anthocyanins. The
reason is possibly that enzymes break down the bondings between
the tannins and the cell wall components and that the enzymes
themselves do not break down the cell walls (Arnous & Meyer,
2009). Likewise, improved release of anthocyanins occurs through
mechanical breakdown of cell walls (Arnous & Meyer, 2009).
According to Figure 3 it is clear that the CM treatment had a
positive effect on both farms and at both degrees of ripeness. The PM
and CM + PM treatments in turn show negative effects. This may be
because more aldehydes are formed during extended skin contact,
which results in the formation of pyrano-anthocyanins that tend
towards the yellow-brown colour spectrum. Although the CM
treatment showed a positive increase, it is not significant compared
to the control.
The colour intensity (“hue”) indicates the ratio of yellow-brown
compared to the red spectrum. This may be a good way of measuring
wine that could be oxidised or aged. In older wine, or in wine that
has oxidised, the colour spectrum shifts toward the yellow-brown
spectrum, thereby increasing the colour intensity.

Conclusion
In the course of this study it became obvious that cold maceration
had no noteworthy effect on the increase of total anthocyanins. This
applied to both Cabernet Sauvignon and Shiraz. According to studies
conducted by Gomez-Plaza et al. (2000 and 2001) on Monastrell,
Alvarez et al. (2009) on Tempranillo and Gil-Munoz et al. (2009) on
Cabernet Sauvignon and Shiraz, it was found that the longer the
period on skins (5 to 7 days) and the colder the temperature (8 to
10°C), the higher the total anthocyanins in the eventual wine. This
raises the question of whether cold maceration has any effect on other
cultivars and whether the effect will be greater if the skins are left on
the juice for a longer period at colder temperatures. According to Dr
Johann Marais (2003) Pinotage benefits from cold maceration.
This study was conducted without using enzymes apart from the
treatment where a pectolytic enzyme was used. The question is what
the effect on cold maceration and extended skin contact will be if

enzymes are used as a matter of course in everyday winemaking? The
answers to such questions await further research.
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Summary
It is well-known that Pinot noir is a cultivar that does not have much colour. It is not known as the heartbreak cultivar for nothing. In the
mid 1980s, however, a Lebanese winemaker came upon a method to extract more colour from Pinot noir. That method is now known as
cold soaking or cold maceration. But, the question on everyone’s lips is, does it work? In this study it was found that cold soaking does
not have any significant effect on the extraction of total anthocyanins. It also shows that PM and CM + PM treatments have a negative
effect on total anthocyanin. This is probably due to polymerisation with tannins. Cold soaking does not show significant increases in colour
density and again the PM and CM + PM treatments show negative effects on colour density. The hue is the ratio between yellow-brown
and the red spectrum. The older the wine or more oxidised the wine, the higher the hue of the wine will be.

For further information contact Anton Nel at nelap@cput.ac.za.
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Monopigments (MP), small polymeric pigments (SPP) and large
polymeric pigments (LPP) (Part 3)
WineLand October 2014
Keywords: Monopigments (MP), small polymeric pigments (SPP), large polymeric pigments (LPP).

Introduction
An encounter with the words monopigments or polymeric pigments
leads one to wonder what they mean exactly. Tannins are divided into
two basic groups, namely the flavonoids and the non-flavonoids. The
non-flavonoids consist of gallic acid, ellagic acid, hydroxycinnamic
acid and hydroxybenzoic acid and their derivatives. Flavonoids
consist of flavonols, flavan-3-ols, flavan-3,4-ols and anthocyanins.
The basic building blocks of tannins and polymeric pigments come
from the two sub-groups, flavan-3-ols and anthocyanins. Flavan-3-ols
consist of (+)-catechins, (-)-epicatechins, (-)-epigallocatechins and
(-)-epicatechin gallate (Fig 1). There are a few others, but these are
not as important as the four mentioned above. The anthocyanins
consist of five main groups, namely delphinidin, malvidin, peonidin,
petunidin and cyanidin (Fig. 2). Each of these anthocyanins is
derivatised with coumaric acid and acetate.
The different flavan-3-ols usually bind to each other at the C4-C6
and C4-C8 positions to form dimers (Fig 3). If more flavan-3-ols bind
to each other, trimers, tetramers, oligomers and eventually polymers
are formed (Hanlin et al., 2009). Therefore, polymers are long chains
of flavan-3-ols. Anthocyanins also occur freely in the wine at the
beginning of fermentation. These anthocyanins, being very unstable,
are influenced by the pH balance and SO2. At this stage of winemaking,
anthocyanins and other flavonoids stack on top of each other and this
phenomenon is called co-pigmentation (Boulton, 2001). After fermentation and with maturation, interactions take place between these
flavonoids. Flavan-3-ols react with flavan-3-ols to form tannins.
Flavan-3-ols react with anthocyanins to form other colour pigments.
Anthocyanins may also react with acetaldehydes to form more stable
colour pigments. The more anthocyanins react with flavan-3-ols, the
more stable they become against pH imbalance and SO2 bleaching.

In a study done by Harbertson et al. (2003) it was found that by
altering the BSA precipitation method with a bisulphite bleaching
process, it is possible to test for monopigments and both small and
large polymeric pigments.

Material and methods
The BSA precipitation method described in Harbertson et al. (2003)
was used to determine monomeric anthocyanins (MP), small
polymeric pigments (SPP) and large polymeric pigments (LPP). The
measurements were taken at the following times: After alcoholic
fermentation (AF), after bottling (BOT) and after three months
ageing (3MD). The software STATISTICA (version 10) was used to
analyse the data and compile the graphs.
Five different vinification treatments were used. The treatments are
the following:
• Control (C) – the grapes were crushed, inoculated with WE372
and pressed at the end of fermentation.
• Enzyme treatment (E) – as for the control, except that a pectolytic
preparation was used.
• Cold maceration (CM) – the crushed skins were held at 10°C for
three days before the grapes were inoculated with WE372. After
fermentation the grapes were pressed.
• Post maceration/extended skin contact (PM) – crushed grapes
were inoculated with WE372 and after fermentation the skins
were left on the wine for a further two weeks before being
pressed.
• Combination of cold maceration and post maceration (CM + PM)
– crushed skins were kept at 10°C for three days before the grapes
were inoculated with WE372. After fermentation the skins were
left on the wine for a further two weeks before being pressed.
Tannins were measured using the BSA and MCP methods.

Results

FIGURE 1. Different monomers from which tannins are constructed.

It was to be expected that a large amount of MP would be found after
AF and that the MP would be reduced in due course of time. This is
exactly what happened in the course of this study (Fig. 4), seeing that
the flavan-3-ols and anthocyanins were released from the skins and
grape seeds during the fermentation process. They did not have
sufficient opportunity to polymerise either.
According to Figures 5 and 6 the amount of SPP and LPP after AF
is very little. The amount of SPP and LPP increases from alcoholic
fermentation to bottling. The increase is steeper for SPP than for LPP,
which shows a more gradual increase. A possible reason for this is the
process by which polymers are formed. Monomers first bind to each
other to form dimers, then another binds to form a trimer and so forth
until they form polymers. The more SPP and LPP are formed, the more
stable the colour pigments in the wine will be (Villamor et al., 2009).
Harbertson et al. (2003) also found that more SPP are formed after AF.
Villamor et al. (2009) found that more LPP are formed in the bottle.
This may explain the steeper increase of the LPP from BOT to 3MD
stage and the more gradual increase of SPP over the same period.
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FIGURE 2. Different types of anthocyanins.

STAGE

FIGURE 4. Monomeric pigments (MP) of Shiraz from the 2009 harvest
season.

STAGE

FIGURE 6. Large polymeric pigments (LPP) formed of Cabernet Sauvignon
from the 2009 harvest season.
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FIGURE 3. Binding location of flavan-3-ols to form dimers.

STAGE

FIGURE 5. Small polymeric pigments (SPP) formed of Cabernet Sauvignon
from the 2009 harvest season.

TREATMENT

FIGURE 7. MP amounts of the various Cabernet Sauvignon treatments
crushed in 2009.
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TREATMENT

FIGURE 8. MP amounts of the various Shiraz treatments crushed in 2009.

The MP of Cabernet Sauvignon shows that CM, control and PM
treatments all displayed negative effects, while the CM + PM and E
treatments displayed positive effects (Fig. 7). This is not the case with
Shiraz (Fig. 8). Here CM + PM and PM treatments displayed a negative
effect, while the CM, control and E treatments displayed positive effects.
One thing is clear, namely that enzymes have an enormous influence on
the release of flavan-3-ols and anthocyanins and the corresponding
polimerisation thereof. It also looks as though the success of the various
treatments depends on the cultivar being used. One would expect any
treatment that influences the concentration of flavonoids, such as the CM
and PM treatments, to display a significant effect on the MP, SPP and
LPP amounts. In the CM + PM treatment, one would expect
polymerisation to take place more rapidly, this being a combination
treatment of cold maceration and extended skin contact. This was indeed
the case for Shiraz, but not for Cabernet Sauvignon.

Conclusion
From this study it transpired that the majority of monomeric anthocyanins (MP) are formed during alcoholic fermentation and in turn
very few small polymeric pigments (SPP) and large polymeric pigments (LPP) are present in the wine. As the wine ages, more SPP and
LPP are formed, whereas there is a decrease in MP. Once the wine is
in the bottle, more LPP than SPP are formed, and the colour pigments
become more stable.
Seeing that the enzyme treatment had such a significant effect on
MP, SPP and LPP, one would also like to see what the effect of the
other treatments combined with an enzyme treatment would be. Very

few studies have been conducted on MP, SPP and LPP. There is
hardly any information on the effect of winemaking techniques on
the formation of SPP and LPP, which means that there are plenty of
opportunities for further research. Further research is also necessary
to determine the differences between cultivars with regard to the
formation of MP, SPP and LPP.
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Summary
Harbertson et al. (2003) found that when he modified the bovine serum albumen (BSA) assay to include a bisulphite bleaching, he could
determine the monomeric anthocyanins (MP), small polymeric pigments (SPP) and large polymeric pigments (LPP). He also found that
the SPP do not precipitate with a protein, but that the LPP do precipitate with a protein. With this method the evolution of MPP, SPP and
LPP can be followed in fermenting wine and also what happens to the polymeric pigments during maturation. In this study it was found
that there was a large concentration of MP after alcoholic fermentation and this concentration decreased with time. The SPP and LPP were
low in concentration after alcoholic fermentation, but the concentration increased as the wine matured.
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Introduction
Tannins are classified as flavonoids and non-flavonoids. Non-flavonoids consist of gallic acid, ellagic acid, hydroxycinnamic acid and
hydroxybenzoic acid and their derivatives. Flavonoids consist of
flavonols, flavan-3-ols, flavan-3,4-ols and anthocyanins. Tannins are
also known as the phenolic composition of the wine, total polyphenols or wine phenols.
A wide variety of methods may be used to analyse wine for phenols. These methods range from simple to complex. There are three
principal methods to analyse for phenols or tannins. These methods
are the colorimetric, gravimetric and precipitation assays. As early
as 1912, Otto Folin and W. Denis started developing a method to
analyse the total phenols of wine. In 1927, Otto Folin and Vintila
Ciocaltue adapted the original Folin-Denis to improve analysis of
total phenols. To this day it is known as the Folin-Ciocaltue method.
It is a long method that takes almost three hours and is read at 765
nm on a spectrophotometer.
In 1978, Californians Ann Hagerman and Larry Butler developed
a precipitation method, whereby a protein is used to bind to tannins.
Hagerman and Butler used bovine serum albumin as a protein and
the method is therefore known as the BSA method. James Harbertson
adapted this method in 2003, incorporating a bleaching with bisulphite. The reason for this adaptation was that mono pigments (MP),
small polymeric pigments (SPP) and large polymeric pigments (LPP)
could be analysed. BSA is a more indirect method of establishing
tannin, seeing that it is read at 510 nm on a spectrophotometer. Three
years later, in 2006, Sarneckis and his colleagues developed a precipitation method in Australia. They used a polysaccharide, methyl
cellulose, to bind to tannins. This method, a more direct option since
it reads at 280 nm, is known as the methyl cellulose precipitable
(MCP) method.

found that the two methods did not precipitate the same amount and
type of tannins (Seddon & Downey, 2008 and Harbertson & Downey,
2009). The correlation obtained by Seddon and Downey (2008)
between the BSA and HPLC (R2 = 0.28) and the MCP and HPLC (R2
= 0.32) was very poor. A possible reason for this poor correlation is
that the standards for the HPLC do not include dimers and polymers.
These types of tannins are consequently not quantified and may result
in a misconception about tannin concentrations. Sarneckis et al.
(2006) found the contrary and obtained a good correlation between
MCP and the HPLC (R2 = 0.74). On the other hand Seddon and
Downey (2008) found a poor correlation between MCP and HPLC
(R2 = 0.25), but a good correlation between BSA and HPLC (R2 =
0.91).

Material and methods

Repeatability

Three criteria were used to compare the two methods with each other,
namely ease of practice, repeatability and time efficiency. The evaluation was done on six wine samples that were analysed by hand and
each wine was tested in triplicate. The evaluation made use of the
complete BSA method. Two cultivars, Cabernet Sauvignon and Shiraz,
were harvested on two farms (Plaisir de Merle and Morgenster).

As mentioned above, each wine sample was analysed in triplicate.
An average for each of the wine samples was taken and a standard
error obtained.
According to Table 1 the average standard deviation (stdev) is 3
mg/L for the BSA and 86 mg/L for the MCP. Furthermore it is clear
that the average coefficient of variation, expressed as a percentage of
the average (CV%), is 1.5 - 3.6% for the BSA and 1.9 - 2.1% for the
MCP. The two methods are therefore equally repeatable.
As in each study there will be contradictions. This is indeed the
case with regard to the two precipitation methods. Harbertson et al.

Results
In the course of this study it was found that the tannin extraction, as
measured by the BSA and MCP methods, followed the same trend
(data not shown). The big difference between these two methods is
the concentration, measured as g/L epicatechin (MCP) or catechin
(BSA) equivalents. The BSA method was found to be approximately
4.5 times lower than the MCP method.
The correlation between the BSA and MCP was also found to be
very good (R2 = 0.88), whereas Seddon and Downey (2008) found
their correlation to be very poor (R2 = 0.41). Seddon and Downey
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Ease of practice regarding the execution and time
required for analysis
The MCP method is a relatively simple method to use as there are
only four steps with a total waiting time of 15 minutes. The MCP
takes approximately 45 minutes to analyse six wine samples. The
BSA is a more complicated method. There are approximately 15
steps, with a total waiting period of approximately 60 minutes. The
entire BSA method takes approximately 90 minutes to conduct.
The reason why the BSA takes so long is that the method analyses
not only total tannins, but also mono pigments (MP), small polymeric pigments (SPP) and large polymeric pigments (LPP). If an
analysis of MP, SPP and LPP is not required, these steps may be
eliminated. The process will thus be shortened. Because the BSA
method entails so many steps, different reagents are required and
different amounts of these reagents have to be added. The more steps
in a process, the bigger is the risk that something can go wrong.

TABLE 1. Table showing the repeatability of the two precipitation methods.
BSA

MCP

Stdev

3 mg/L

86 mg/L

CV%

1.5 - 3.6%

1.9 - 2.1%
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(2008) analysed 1 325 red wines using the BSA assay. The cultivars
being used were Cabernet Sauvignon, Merlot, Shiraz and Zinfandel,
obtained from countries such as the United Kingdom, Australia and
France. Harbertson found the standard deviation to be at least half of
the average tannin concentration. In another study Brooks et al.
(2008) found large variations between the tannin concentrations of
the same wine sample analysed by different laboratories. Each wine
sample was sent to five different laboratories and the tannin concentrations determined according to the BSA assay. The CV% among
the laboratories was 27% and Brooks and his collaborators found that
the BSA assay was not very repeatable.

Conclusion
There is ample scope for further research. The correlation between the
methods and the HPLC may be further investigated. If the standardisation of the HPLC does result in a misrepresentation of tannin concentration, the use of polymeric standards should be investigated. The
repeatability of a method also depends on the laboratory and the person
doing the analysis. In view of the inconsistency between the two precipitation methods, it would be better to standardise using one method.
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Summary
The two most use methods for tannin analyses in the wine industry are the BSA (bovine serum albumin) and the MCP (methyl cellulose
precipitable) assays. It was found that there was a 4.5 times difference in concentration levels between these two methods. These methods
were compared for ease of practice, time efficiency and repeatability. This study proves that the MCP is easier to do (45 minutes) than the
BSA (90 minutes). BSA can analyse not only for tannins but also for monopigments (MP), small polymeric pigments (SPP) and large
polymeric pigments (LPP). It was also found that the repeatability of the two methods was very good, but there are discrepancies in other
studies.
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Introduction
The macromolecular fraction of red wine consists inter alia of
polysaccharides and polyphenolic compounds such as procyanidins
and anthocyanins (Vidal et al., 2004a). It has been proposed that
anthocyanins may impact on the astringency of wine, whether directly,
or in reaction to procyanidins (Gawel 1998; Vidal et al., 2004a; Gawel
et al., 2007 & Oberholster et al., 2009). Brossaud et al. (1999) realised
that anthocyanins complement the grape’s astringency and do not
contribute to bitterness. Astringency is a tangible sensation and may
be described as dry (the absence of lubrication in the mouth), coarse
(uneven texture in the mouth) and puckering (pinching together of the
mouth, lips and cheeks). Astringency occurs when tannins bind with
the saliva and precipitate (Gawel et al., 2001; Vidal et al., 2004b &
Landon et al., 2008). It has also been found that seed tannins are more
astringent than skin tannins (Oberholster et al., 2009).
Gawel et al. described astringency as follows in 2001: “is a result
from the cross-linking of polyphenols with glycoproteins found
between and above the epidermal cells of the mucosal tissue in the
mouth and/or from the binding and subsequent precipitation of
salivary proteins by polyphenols. The polyphenol-protein interaction
results in saliva with poorer lubricating properties and greater friction
between mouth surfaces. The increased friction ultimately activates
the mechano-receptors in the mouth, leading to the perception of
astringency.” From this description it is clear that astringency is a
characteristic of unripe grapes (Vidal et al., 2004b). Astringency of
young red wines may be more intense and will gradually decrease as
the red wine matures (Vidal et al., 2004b).
Various other molecules in red wine may contribute to the
perception of astringency or bitterness, such as polysaccharides that
are responsible for softness and fluidity (Vidal et al., 2004a). Acidity
in red wine contributes to astringency by improving the binding
between polyphenols and saliva (Gawel et al., 2001). Furthermore,
alcohol may reduce astringency in red wine (Gawel et al., 2001 &
Fontoin et al., 2008). Gawel (1998) warns, however, that astringency
in red wine may increase with the repeated swallowing of the red
wine in question and that this sensation will occur more quickly if
there is a short pause between different intakes.
The objective of this study was to investigate the mouthfeel of
Shiraz wines with the accompanying chemical compounds. The
difference between the mouthfeel of two wines from different
climatic zones, as well as two different ripeness levels, was also
investigated. The outcome of the investigation may shed light on the
effect of different winemaking techniques on the mouthfeel of wine.
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Material and methods
Grapes
Shiraz grapes were crushed on Plaisir de Merle, Simondium (Winkler
scale IV) and Morgenster, Durbanville (Winkler scale III). The grapes
were crushed at two different ripeness levels, namely before
commercial harvest (LB) and after commercial harvest (HB).

Wine
Five different vinification treatments were used. The treatments are
the following:
• Control (C) – the grapes were crushed, inoculated with WE372 and
pressed at the end of fermentation.
• Enzyme treatment (E) – as for the control, except that a pectolytic
enzyme preparation was used.
• Cold maceration (CM) – the crushed skins were held at 10°C for
three days before the grapes were inoculated with WE372. After
fermentation the grapes were pressed.
• Extended skin contact (PM) – crushed grapes were inoculated with
WE372 and after fermentation the skins were left on the wine for
a further two weeks before being pressed.
• Combination of cold maceration and post maceration (CM + PM)
– crushed skins were kept at 10°C for three days before the grapes
were inoculated with WE372. After fermentation the skins were
left on the wine for a further two weeks before being pressed.
Tannins were measured by making use of the BSA and MCP
methods.

Panel
It was a very interesting experience for the panel comprising 11 welltrained members, all of whom are regularly used by the sensorial
division of Distell. The panel trained for eight weeks (2 x 2 hour
sessions per week) at which time they received representative
samples of different wines and were tested to recognise the different
mouthfeel characteristics in the wines and measure them in a
repeatable way (Organogram 1 and 2). Panel members were also
given tangible standards to help them distinguish between the
different mouthfeel characteristics (Organogram 3).

Statistics
ANOVA, PCA and AHC were performed on XLStat Version
2009.1.02 (Addinsoft, www.xlstat.com).
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Results and discussion
The effects of climate on the mouthfeel of
Shiraz wines
PCA of the mouthfeel characteristics was performed to investigate
the effect of climate, ripeness levels and tannin extraction (Fig. 1).
All the samples from the cooler farm had a positive count on PC2.
Except for the enzyme treatment, all the samples from the warmer
area had a negative count on PC2.
The overall impression of wines from the cooler area was strongly
associated with “numbing” and “puckering” compared to wines from
the warmer area. Wines from the warmer area were more associated

with “grippy” and “drying”, which are considered negative characteristics. The PCA also pointed out differences between wines
from before the commercial harvest (LB – green) and wines from
after the commercial harvest (HB – blue). Wines from grapes that
were harvested before the commercial harvest (LB) were associated
with finer surface smoothness, whereas wines from grapes that were
harvested after the commercial harvest (HB) were associated with a
particulate/grainy mouthfeel, as well as a more bitter aftertaste.

The influence of different ripeness levels on the
sensorial characteristics of Shiraz in a cooler area
The PCA graph was drawn to indicate the contribution of aroma, taste

FIGURE 1. PCA that indicates the difference between warm and cold climates.
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FIGURE 2. PCA of the effect of ripeness levels on the sensorial characteristics of the mouthfeel of Shiraz in the cooler area.

FIGURE 3. PCA of the effect of phenolic composition on the sensorial characteristics of the mouthfeel of Shiraz in the cooler area.

and mouthfeel relative to grapes harvested in a cooler environment.
On the PCA graph (Fig. 2) there is an obvious difference between
wines from grapes that were harvested before and after the commercial harvest. The wines from before the commercial harvest (LB)
are associated with “drying, adhesive” characteristics, whereas the
wines from after the commercial harvest (HB) are associated with a
bitter aftertaste, as well as a “numbing, particulate grainy and
puckering” mouthfeel.

The influence of phenolic composition on the
different ripeness levels in a cooler area
The PCA graph (Fig. 3) shows that there is an obvious difference

between mouthfeel and the different areas, as well as the different
ripeness levels. Wines harvested before the commercial harvest (LB)
are associated with higher levels of hydroxycinnamate procyanidin
B1, as well as delphinidin-3-glucoside-p-coumaric acid, “dryness”,
“surface smoothness” and “adhesiveness”. Wines harvested after the
commercial harvest (HB) are associated with the other anthocyanin
derivatives, as well as epicatechin-gallate and p-coumaric acid.

The influence of phenolic composition on the
various ripeness levels in a warmer area
On the PCA graph (Fig. 4) it is clear that the grapes which were
harvested after the commercial harvest (HB) show a positive
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FIGURE 4. PCA of the effect of phenolic composition on the sensorial characteristics of the mouthfeel of Shiraz in the warmer area.

FIGURE 5. PCA of the influence of MP, SPP and LPP on the mouthfeel of Shiraz.

association with PC2, whereas the grapes that were harvested before
the commercial harvest (LB) show a negative association with PC2.
The former is associated with gallic acid, bitterness, caffeic acid and
procyanidin B2, whereas the latter is associated with epicatechingallate and a “numbing” mouthfeel.

The influence of LP, SPP and LPP on the mouthfeel
characteristics of Shiraz wine
A PCA (Fig. 5) was performed to investigate the relationship between
the monomeric pigments (MP), short polymeric pigments (SPP) and
long polymeric pigments (LPP) and the mouthfeel characteristics.
LPP, MP and SPP are strongly correlated with each other and with
PC1. Furthermore the compounds have a stronger relationship with
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the wines from the warm climatic region, after commercial harvest
(HB) and the different winemaking treatments. SPP, LPP and MP also
correlated with a bitter aftertaste, “particulate grainy”, acidic
aftertaste, “grippy” and a dry mouthfeel. The MP, SPP and LPP
correlated negatively (Pearson’s correlation coefficient of P <0,05)
with procyanidin B1, epicatechin and gallic acid.

Conclusion
Three experimental factors were used in this study, namely climatic
region, ripeness level and tannin extraction method. Of these three,
the climatic region had the greatest effect on the mouthfeel and
phenolic composition.
The wines from the cooler region were generally associated with
higher levels of non-flavonoids and total anthocyanins and more
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intense “numbing” and “puckering” sensations. As a group the wines
from the warmer region, on the other hand, were more readily
associated with a dry and “grippy” mouthfeel, as well as total
anthocyanins and non-flavonoids. It also transpired that a warmer
climate is able to promote the compounds of p-coumaric acid and
delphinidin-3-glucocide, although this has to be confirmed by further
studies.
Among the wines that were harvested in a cooler climate, the
ripeness level had a bigger impact on the mouthfeel and phenolic
composition than the treatment. There was a tendency for the wines
that were harvested before the commercial harvest (LB) to have more
“adhesive”, “grippy” and “surface smoothness” characteristics,
whereas the wines harvested after the commercial harvest (HB) were
more bitter and “numbing”. In the cooler region the ripeness level
also impacted on the phenolic composition of the wines. The wines
harvested after the commercial harvest (HB) were associated with
many of the anthocyanins/anthocyanin derivatives and were negatively associated with hydroxycinnamate, procyanidin B1 and
delphinidin-3-glucocide and p-coumaric acid. The inverse relationship between p-coumaric acid and delphinidin-3-glucocide was
observed where p-coumaric acid was associated with riper grapes.
As with the wines from the cooler region, the ripe grapes are
associated with a “particulate grainy” and a “numbing” sensation,
bitter aftertaste and an “adhesive” mouthfeel. In terms of phenolic
composition the riper grapes are associated with anthocyanins/
anthocyanin derivatives, but here there is a strong relationship with
procyanidin B2, caffeic acid, p-coumaric acid, catechin and nonflavonoids.
The effect of tannin extraction methods on the sensorial characteristics in the wines from the warmer region was more outspoken
than in the wines from the cooler region. In both regions there was a
bigger difference between treatments when ripe grapes were used,
both in terms of mouthfeel and phenolic composition. In both regions
the specific effect of the treatments on the mouth changed as the
ripeness levels of the grapes increased. This was especially noticeable
in wines from the cooler climate. In addition, the effect of the
treatment on the phenolic composition of the wines was more
outspoken in the riper grapes.
Generally the enzyme treatment was related to “dryness” and an
“adhesive” character. Interestingly the enzyme treatment had a bigger
effect on the mouthfeel than the phenolic composition, in the cooler
climate especially. This is further proof that chemical composition is
not always a direct indication of assumed sensorial characteristics.
It appears furthermore that the cold maceration (CM) treatment
generally had the least effect on mouthfeel and phenolic composition,
whereas the post-maceration (PM) treatment had the greatest effect,
regardless of ripeness or region. The control (C) and cold maceration

(CM) treatments were related to cyanidin-3-glucocide-acetate in
grapes harvested before the commercial harvest (LB), whereas the
post-maceration (PM) treatment was related to catechin, gallic acid
and total flavonoids in riper grapes.
In conclusion, strong phenolic composition and mouthfeel are
influenced by climatic region. In the warmer climate the effect of
ripeness on mouthfeel was smaller than in the cooler climate. The
effect of the five tannin extraction methods differs depending on
climatic conditions and ripeness levels. At this stage it is not clear
whether the specific way in which bitter mouthfeel occurs in wine
may be manipulated by tannin extraction methods. SPP, LPP and MP
also correlate with a bitter aftertaste, “particulate grainy”, acidic
aftertaste, a “grippy” and dry mouthfeel.
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Background
Various wine writers and judges often comment on a mint characteristic that they perceive in certain wines. What is meant by that? Is
it mint as in spearmint or menthol (peppermint) such as the substance
in a well-known, translucent ointment that your mother used to rub
into your nostrils and on your chest as an alleged cure for colds,
despite loud protests and heavy resistance?

Preliminary indications
Already in the 1980s, during tasting sessions of experimental wines
at Nietvoorbij, a blue gum character was identified in certain wines
and the consensus was that this was the so-called mint character that
wine writers/judges talked about. Closer scrutiny revealed that this
character occurred only in red wine and that it is associated with the
proximity of blue gum trees. At that stage the popular perception was
that the ‘mint’ character was associated with the so-called Schleip
clone (CS 163 clone) of Cabernet Sauvignon. The reason for this
was probably that the Schleip clone was at that stage the only virus
tested Cabernet clone available and thus received preference in terms
of new plantings, mostly on newly developed, high altitude landscape
positions, in many cases close to, or bordering blue gum plantations,
usually Eucalyptus cladocalyx. The proximity of blue gum trees was
obviously the cause of the blue gum character in red wine, although

Blue gums close to vineyard.
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a prominent wine academic was at that stage of the opinion that this
postulation was madness. As was further revealed, this character was
not only limited to Cabernet Sauvignon, but also occurred in wines
of other red cultivars. It was realised that this blue gum or ‘mint’
character was in reality a form of contamination and that knowledge
thereof should be handled with discretion because various trade
names already laid claims to a ‘mint’ character, implying a terroir
effect, and using it as a sales point.

Local investigations
During this time and on the strength of the above-mentioned preliminary indications, more dedicated, but still informal investigations
were launched at Nietvoorbij and experimental wines were made
from grapes harvested at various distances from blue gum trees. The
organoleptic evaluation of these wines indisputably showed that
the proximity of blue gum trees was indeed the cause of blue gum
character in red wine. The mechanism was still unknown. There
were some opinions that the blue gum character was transferred to
vines through the roots of neighbouring trees, which were known to
penetrate over long distances into vineyards. However, anyone who
has parked a car beneath a blue gum tree during flowering will have
experienced that the car gets covered in fine globules of nectar or
gum. It, therefore, follows logically that it is probably this nectar/
gum globules or similar compounds that are carried by wind and
end up among others on bunches of vines. The flowering stage of
blue gums varies according to cultivar but is generally spread over a
long period during summer, also during the harvesting time of wine
grapes. Naturally, the type of blue gums and the strength, direction
and duration of prevailing winds will affect the prominence of blue
gum character in wine from exposed vineyards.

Flowering stage of the Red gum tree.
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Why does the blue gum/eucalyptus character occur only in red
wines? Again, logic indicated that in the making of red wine the
substance concerned is more extracted because of skin contact than
in the case of white wine, where skin contact is usually only brief.
The substance concerned is also probably more soluble in alcohol,
in which case fermenting red wine on the skins should induce still
higher concentrations thereof in the resulting wine.
During Kobus Louw’s term as head of the Soil Science Section
at Nietvoorbij, experimental wines were again informally made in
a similar fashion as above. The conclusions were the same – the
presence and distance of blue gum trees from grape vines is directly
related to the intensity of a blue gum or eucalyptus characteristic in
red wines (K. Louw, 2013, personal communication).
During 2000/1, experimental wines were made at Bergkelder
with grapes obtained from two Cabernet Sauvignon vineyards at
Durbanville and Devon Valley, both with a reputation of having blue
gum character in the wines made from them. Naturally, there were
blue gum trees bordering these vineyards. Distances of experimental
plots from these trees were 30, 120 and 230 m in the case of
the Devon Valley vineyard and 15, 85 and 155 m in the case of
the Durbanville vineyard. The active compound of the eucalyptus
characteristic was not known at that stage and analytical facilities
were in any case not available, therefore, the experimental wines
were only organoleptically evaluated. The results were again quite
straightforward – the closer the blue gum trees, the more pronounced
the blue gum/eucalyptus character showed in the wines concerned,
which in certain circles were described as having a ‘mint’ character.
The cause then of the ‘mint’/blue gum/eucalyptus character in
some red wines was therefore known in informed circles in South
Africa for quite a while, but because of aforementioned reasons,
never formally made known.

Australian research
In Australia, where blue gum trees are indigenous and often used
as windbreaks, the so-called ‘mint’ character was certainly also
known for quite a while, but until recently not mentioned, probably
because it was considered unwanted in some cases or because
of some uncertainty whether this character is acceptable for the
consumers and to what extent. In 2008 viticulture consultant, John
Whiting, wrote that the Bendigo wine region was inter alia searching
for the better management of what he plainly described as the
‘minty’/eucalypt’ character in their red wines (Whiting, 2008).
Descriptive terms for this were later given as: eucalyptus, fresh,
cool, medicinal, camphoraceous (Lindh, 2009), very much like the
properties of mother’s feared ointment. In reaction to findings of the
ETS Laboratory in the USA, namely that 1,8-cineole or eucalyptol
relates to the blue gum/eucalyptus character in wine, research on
this in Australia by the AWRI (Australian Wine Research Institute)
was announced in 2009 (Lindh, 2009). A survey showed that out of
146 commercially available red wines from all over Australia, 40%
contained more eucalyptol than the sensory threshold value of 1.1
µg/ℓ. No eucalyptol concentrations above 0.9 µg/ℓ were recorded in
any of the 40 white wines that were tested.
In spite of the now already convincing results from field trials
that the proximity of blue gum trees is linked to the eucalyptol
concentration in wine (Van Leeuwen et al., 2007; Capone et al., 2009;
Lindh, 2009), there were still two other theories, namely that eucalyptol
develops from chemical forerunners during the wine-making and
bottle ageing processes, or that grapes produce the compound naturally
(Saliba, 2009). However, not one of these theories could be verified.
AWRI research showed the forerunner compounds in grapes are
not able to generate 1,8-cineole concentrations higher than sensory
threshold levels (Capone et al., 2012).

Red gum trees.
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Field investigations aimed at the mechanism of transfer of
eucalyptus characteristics from blue gum trees to grapes undeniably
proved that the eucalyptus (eucalypt) character is carried over
through the air in various forms like volatile aroma compounds, but
also as leaves and pieces of bark. Vine leaves and stems had even
higher eucalyptol concentrations than berries (Capone et al., 2012).
The contribution of blue gum leaves and bark, but also vine leaves
and stems to eucalyptus character, will naturally be higher in cases
where grapes are machine harvested.
Now that the real cause of eucalyptus characteristics in red wines
was scientifically confirmed, there are investigations into methods
to manage the potential impact thereof and to determine the levels
of eucalyptol in wine still acceptable to consumers. Investigations
indicated that the ‘consumer rejection threshold’ or CRT, is about
27.5 µg/ℓ (ppb) (Saliba, 2009). Results also indicated that a moderate
eucalyptus character should not be regarded as contamination and
that some consumers even have a preference for it. It was also found
that the threshold value of eucalyptol varies according to the specific
wine and grape cultivar.

French experience
During the OIV (Office Internationale de la Vigne et du Vin) congress
in Avignon (2002), it was announced that research was conducted
on flavour compounds in wines that may possibly be carried over
from the garriques vegetation, which commonly occur in the Gard
district (Languedoc environment) and from which a distinctive
honey is obtained. The garriques is a mountain plant kingdom type
of biome, which reminds one of our fynbos, in which some highly
aromatic plants occur, like wild thyme. It seems that no results on
this have yet been published, possibly because they were negative, or
if positive, the French have discreetly decided that such compounds
are not natural grape components and are therefore not acceptable.

Own opinion
Here in South Africa, references to fynbos characteristics in certain
wines by over enthusiastic wine evaluators are also sometimes
experienced. Even from some producers and winemakers,
comments were heard that inter plantings in vineyards of indigenous
aromatic plants such as buchu, may have a market value if the
specific character is transferred to the wine. The claims of fynbos
characteristics in wines and the exposure of grapes to neighbouring
or interplanted aromatic plants, are highly controversial. The latter
is artificial and if flavour compounds can be carried over in this way,
they still are not natural grape flavour compounds. Where to draw
the line? Surely it is easier to add fynbos flavour as an extract out of

a bottle. Then we are back to the embarrassing situation of a while
ago concerning the artificial addition of methoxy-pyrazines in some
Sauvignon blanc wines and the more recent phenomenon of very
prominent and highly suspicious coffee characteristics in some red
wines.

Synopsis
The natural factors that determine terroir are climate, topography
and soil, together with biological factors such as human intervention
by means of cultivar choice, cultivation and wine-making practices
that bring the natural terroir factors to maximum expression in
order to create a unique agricultural product, not necessarily wine.
Neighbouring aromatic plants are no part of this. The only non-grape
flavour compounds which, because of a centuries old tradition,
is accepted by the OIV in natural wines, are that derived from
oak. Nevertheless one should grant the Australians their natural
environment of blue gum trees and follow with interest their efforts
to manage the eucalyptus character in wines and to determine what
levels are acceptable. In South Africa blue gum trees are aliens and
in many situations quite prolific or unwanted invaders. However,
the eucalyptus character in some South African wines is a reality
and can surely not be summary declared as unwanted. Therefore,
as in Australia, the management of the eucalyptus character and the
levels up to which it is acceptable merit attention (analysis facilities
to support this management are now available). Furthermore, an
increasingly better informed consumer market will most probably
in any case eventually determine to what extent eucalyptus
characteristics will be acceptable, if at all.
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Introduction
The oxidation of wine is still a problem in many South African wine
cellars. The oxidation of white wine can reduce the aroma and quality
of white wine drastically and it is thus important to understand factors
that influence this process. Factors that affect the oxygen
consumption rate of wine thus need attention. Sulphur dioxide (SO2)
is an anti-oxidant that is often used in winemaking. Glutathione
(GSH) is also an anti-oxidant of which the usage in winemaking is
also increasingly being investigated. The principle aim of this study
was to investigate some factors that may influence the oxygen
consumption rate of wine and synthetic wine.

Materials and methods
A 2010 Sauvignon blanc wine with pH 3.5 was collected from a
commercial cellar immediately after the completion of alcoholic
fermentation. The wine was then treated with activated carbon at 0.4
g/L to remove most phenolic compounds. The total SO2 level of the
wine was 19.7 mg/L and the free SO2 5.5 mg/L. The total SO2 was
then adjusted to 50 mg/L as indicated in Table 1. GSH and caffeic
acid (as a phenolic substrate) were then added to the wine as
indicated in Table 1. The Fe concentration was adjusted to 5 mg/L
and the Cu concentration was left at 0.12 mg/L. A synthetic wine
solution was also made, consisting of 12% alcohol, 5.5 g/L tartaric

acid and a pH of 3.5 with more or less similar adjustments made as
in the real wine (Table 1). Fe and Cu levels were also similar in the
synthetic wine as in the real wine. The wines were then saturated with
oxygen and hermitically sealed and left at 37°C to enhance oxygen
consumption. Oxygen levels were monitored on a daily basis with
the aid of the PreSens oxygen technology. Chemical analyses were
performed on the wines at certain intervals where total phenolics,
reduced glutathione, oxidised glutathione, SO2, Fe and Cu were
measured, as well as colour measurements at 420 nm (brown) and
440 nm (yellow).

Results and discussion
In Figure 1 the oxygen consumption rate between the different
treatments can be seen. It is clear that where SO2 was added the O2
consumption increased drastically, with oxygen levels lower than 0.2
mg/L being measured after 20 days in the wines where this antioxidant was added (Fig. 1A). However, in the wines with no SO2
additions, this took about 45 days to occur. The same trend was also
observed in the synthetic wines (Fig. 1B). The addition of GSH did
not drastically increase the O2 consumption rate in the wine, but this
rate increased slightly where both GSH and SO2 were added (w/+c/+/
high SO2). Interestingly enough in the low SO2 wine, the opposite
was observed, with the O2 consumption being slightly lower where

TABLE 1. Code and layout of the different treatments.
Addition
Treatment code

Medium

Concentration

Caffeic acid

GSH

Total SO2

mg/L

mg/L

mg/L

Not added

17

w/+c/-G/low SO2

Wine

39.6

w/+c/+G/low SO2

Wine

39.6

67.5

17

w/+c/-G/high SO2

Wine

39.6

Not added

50

w/+c/+G/high SO2

Wine

39.6

67.5

50

w/-c/-G/low SO2

Wine

Not added

Not added

17

s/+c/-G/low SO2

Synthetic wine

39.6

Not added

20

s/+c/+G/low SO2

Synthetic wine

39.6

67.5

20

s/+c/-G/high SO2

Synthetic wine

39.6

Not added

50

s/+c/+G/high SO2

Synthetic wine

39.6

67.5

50

s/-c/-G/low SO2

Synthetic wine

Not added

Not added

20
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A
GSH was added. However, in the synthetic wine the addition of GSH
led to a slightly higher O2 consumption, irrespective whether SO2 was
added or not. GSH, being an anti-oxidant itself, may thus increase O2
consumption rates in a combination with SO2. However, in the
presence of low SO2 levels this might change, due to the GSH
protecting certain phenolics in the absence of high SO2 levels, thereby
preventing their oxidation to an extend and thus reducing O2
consumption. The formation of acetaldehyde-bridged (+)-catechin
dimers have been found to be inhibited by GSH in model wine
systems, and the same might occur in real wine as well. In the
synthetic wines the absence of caffeic acid (s/-c/-G/low SO2) led to
O2 consumption basically being inhibited, due to the absence of a
main substrate for oxidation. However, this did not occur in the real
wine (w/-c/-G/low SO 2), which indicates that other phenolic

OW!
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A
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compounds in wine (which was not removed with the activated
carbon) or other substrates for O2 removal also occurs in white wines.
In Figure 2A the concentrations of reduced glutathione (GSH) and
oxidised glutathione (GSSH) can be seen. In the synthetic wine GSH
levels decreased quicker than in wine, irrespective of the SO2 level.
However, in the real wine the GSH levels decreased slower, especially
where SO2 was present at higher levels. The formation GSSH was also
lower where higher levels of SO2 were present, which was expected
given the anti-oxidant function of SO2. However, the formation GSSH
did not account for the net loss in GSH, especially in the real wine
(results not shown). This could be due to the formation of other
oxidation products which was not measured in this study.
In Figure 2B the SO2 concentrations of the wines can be seen. Total
SO2 decreases were more rapid in the synthetic wine and the addition

FIGURE 1. Oxygen consumption of the different treatments over time.

FIGURE 2A. Reduced glutathione (GSH) and oxidised glutathione concentrations (GSSH) of the different treatments over time.
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FIGURE 2B. Total SO2 concentrations of the different treatments over time.

of GSH did not influence this rate. The yellow and brown colour
measured at 420 and 440 nm were also significantly higher where
low SO2 levels were present in the beginning of the trial compared
to higher levels of this anti-oxidant. Hydroxycinnamic acids (HCA),
the main phenolics in white wine, were also higher where SO2 was
added at higher concentrations. Again GSH additions per se did not
really influence the HCA levels and the colour of the real wines. At
this stage it is not completely clear how SO2 influence the colour of
white wine, but this could be due to an anti-oxidant effect, thereby
preventing the formation of brown quinones, or reducing and thereby
bleaching the brown quinone.
We also performed correlation studies between certain of these
compounds and O2 consumption. Correlations between O2 consumption and GSH, SO2 and copper were positive (0.64, 0.44 and
0.68 respectively) in real wine. Negative correlations were found
between oxygen consumption and 420 and 440 nm (-0.75 and 0.73
respectively) in the real wine. This indicates the role these compounds
play in the consumption of oxygen in wine.
Basically similar trends were found in the synthetic wines and real

wine in terms of oxygen consumption. SO2 enhances O2 consumption,
while higher GSH levels can also slightly enhance it in combination
with SO 2. Certain parameters in wine, such as anti-oxidants,
phenolics, Fe and Cu levels thus play an important role in oxygen
consumption in white wines. The next article will focus on oxygen
consumption of different commercial wines and the factors
influencing such consumption.
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Introduction
Cold stabilisation of wine is an important step in the winemaking
process. Crystals in bottled wines may be perceived by uninformed
consumers as being shards of glass and the formation thereof should
preferably be avoided by the winemaker. These crystals normally
consist of potassium bitartrate, although calcium tartrate may also
form in rare cases. A number of procedures or additions are nowadays
available to the winemaker to avoid the formation of these crystals.
In South Africa most wines are still cold stabilised by cooling the
wine to a low temperature for a few weeks. The cold temperature
induces crystal formation, and the crystals are then separated from
the wine when the wine is racked and filtered. However, this
procedure can lead to a higher demand for energy.
Other practices such as ion exchange, electrodialysis, as well as
several additives such as metatartaric acid, mannoproteins and
carboxymethylcellulose (CMC) are also available to the winemaker.
CMC consists of a cellulose backbone on which different substitutions of glucose or carboxyl groups can occur. The usage of CMC
in wine in South Africa has only been approved a few years ago, but
it has been used in other food industries for a long period of time.
CMC is allowed at up to 100 mg/L by the OIV and is used in South
Africa for cold stabilisation of especially white wines. A number of
different CMC products are currently available on the market and the
aim of this study was to investigate their effectiveness in cold
stabilising white, rosé and red wines. Mannoproteins are also reputed
to bring about cold stability, thus a commercial mannoprotein was
included as part of this study.

Materials and methods
2011 Sauvignon blanc, rosé (made from Pinotage) and Pinotage red
wines were used in this study. The wines were all made in commercial
cellars using standard winemaking techniques and treated with 60 g/
hL bentonite before the start of the experiment. Three types of
commercial CMCs (CMC1, CMC2 and CMC3) were added to the
wines at 0, 40 or 100 mg/L, according to the supplier’s recommendations. The mannoprotein was added at 100 and 300 mg/L. All
additives were added to the wines and carefully mixed and the wines
were then left at -4ºC for two weeks. After this period of time
different tests including pH, total acidity (TA), tartaric acid concentrations, as well as potassium concentrations were performed on
the wines. Visual inspections of the wines were also made after the
two weeks of cold exposure to assess the amount of crystal formation
in the wines. A four-point scale was used: 0 – no crystals; 1 – fine
crystals; 2 – moderate amount of crystals; 3 – medium amount of
crystals; and 4 – large amount of crystals. We also treated an unstable

136

technical yearbook 2014

2011 Sauvignon blanc wine with the three different commercial
CMCs at 40, 60 and 100 mg/L, and compared these sensorially with
the control after it was kept for one week at room temperature. This
was done with a blind, triangle tasting session by experienced wine
tasters of the Department of Viticulture and Oenology, Stellenbosch
University.

Results and discussion
Total acidity levels in the Sauvignon blanc wines decreased from
around 6.5 g/L in the wine before cold exposure to about 5.1 g/L in
the control and mannoprotein treated wines (Fig. 1). However, in the
CMC treated wines this level only dropped to around 5.6 g/L.
Potassium and tartaric acid levels (Fig. 2 and 3) stayed constant
between the CMC treated wines, while the control and mannoprotein
treated wines showed a large decrease. The pH levels did not vary
much (3.59 - 3.61). Visually (Table 1) the CMC treated wines did not
exhibit any crystal formation, while the control and 100 mg/L
mannoprotein wines had a level 3, with the higher mannoprotein
dosage leading to a slightly lower level of crystal formation (level 2).
In this wine the different commercial CMCs were thus equally
effective in preventing crystal formation, with the mannoproteins
being less effective.
Interestingly enough in the rosé wines the different treatment led
to slightly different pH values after cold exposure, but these were
again not large in general winemaking terms (ranging from 3.44 to
3.48). Total acidity showed a large decrease in the control, the
mannoprotein treated wines, as well as in the CMC1 treated wines at
40 mg/L (Fig. 4). The same trends were observed for the potassium
(Fig. 5) and tartaric acid concentrations (results not shown). This
TABLE 1. Degree of visual crystal formation of the different treatments.
Treatment
Control before cold treatment
Control after cold treatment
CMC1 40 mg/L
CMC1 100 mg/L
CMC2 40 mg/L
CMC2 100 mg/L
CMC3 40 mg/L
CMC3 100 mg/L
Mannoprotein 100 mg/L
Mannoprotein 300 mg/L

Sauvignon blanc Rosé
0
3
0
0
0
0
0
0
3
2

0
3
3
0
2
0
1
0
4
3

Pinotage
red wine
0
4
3
1
2
0
0
0
4
4
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FIGURE 1. Total acid levels (g/L) of Sauvignon blanc treated with different
CMC types and doses, followed by exposure to -4°C for two weeks
(bracketed values expressed in mg/L).

FIGURE 2. Potassium levels (mg/L) of Sauvignon blanc treated with different
CMC types and doses, followed by exposure to -4°C for two weeks
(bracketed values expressed in mg/L).

FIGURE 3. Tartaric acid levels (g/L) of Sauvignon blanc treated with different
CMC types and doses, followed by exposure to -4°C for two weeks
(bracketed values expressed in mg/L).

FIGURE 4. Total acid levels (g/L) of rosé wine treated with different CMC
types and doses, followed by exposure to -4°C for two weeks (bracketed
values expressed in mg/L).

FIGURE 5. Potassium levels (mg/L) of rosé wine treated with different CMC
types and doses, followed by exposure to -4°C for two weeks (bracketed
values expressed in mg/L).

FIGURE 6. Tartaric acid levels (g/L) of Pinotage red wine treated with
different CMC types and doses and mannoproteins, before and after cold
storage (bracketed values expressed in mg/L).
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indicates that the mannoproteins and CMC1 at 40 mg/L were not
suitable for cold stabilisation of the Pinotage rosé wine. However,
CMC1 led to cold stability in the rosé wine at a concentration of 100
mg/L. The visual inspection yielded some crystals in the treatments
where 40 mg/L CMCs were used, ranging from level 3 for CMC1
and level 1 for CMC3 (Table 1). This indicates that the ability of the
commercial CMCs to cold stabilise this wine differed, depending on
the brand used, as well as the dosage.
Tartaric acid levels also varied significantly between the different
red wine treatments (Fig. 6). The control, mannoprotein and CMC1
and 2 treatments at 40 mg/L led to significantly lower levels of the
tartaric acid. However, the CMC3 treatment did not lead to significantly lower levels, which was also reflected in the visual crystal
observations, where these wines scored 0, compared to the other
treatments which ranged from 2 to 4.
The sensory results of the Sauvignon blanc wine to which different
CMC levels were added showed that the panel could only distinguish
CMC1 at a level of 60 and 100 mg/L from the control in terms of
mouthfeel. CMC1 had the highest viscosity of the three products,
which could have contributed to this observance.
This work indicates that the commercial CMCs that were tested
are suitable to induce cold stabilisation in white wines, but that
producers should be careful when selecting CMC for rosé or red
wines. CMC is often not recommended for red wine in any case. The

differences in the effectiveness of CMCs might be due to the different
degree of substitution or polymerisation of the molecule. When
considering using CMC on especially rosé and red wines, it is
recommend that producers rather do their own tests to assess the
effectiveness of the product. This can easily be done by adding 50
and 100 mg/L CMC to a small sample of the wine and leaving it for
two weeks at 4°C before evaluating it visually for crystal formation.
The mannoproteins that were tested as part of this study were not
always as successful in inducing cold stability as the CMCs, but bear
in mind that different commercial mannoproteins also exist and that
their effectiveness may also differ.
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The designation of some wines as “natural” is actually misleading although hopefully
not intended. This relative concept of “natural” can fall anywhere within a wide
spectrum, extending from the natural wine made by Noah to the present
technological driven wines where all legal modern equipment and processes are
utilised to eventually make an “unnatural” wine. To complicate matters even more,
there are legal (natural or artificial) and illegal additives that could be added during
the winemaking process. The use of some of these must be indicated on labels, but
the rest can be added without any notification.

More than a century ago French producers from Languedoc in Southeast France held a mass protest that led to the proclamation of legislation in 1907 concerning the addition of water and excessive sugar
during the process of winemaking. Posters with the heading “Viva le
vins naturel” were part of the protest. It was the first indication of
concerns about the integrity of wine. During the last 30 years the
interest of consumers in a healthy lifestyle, handcrafted products,
organic and biodynamic cultivation and sustainable farming, further
forced winemakers to attend to this matter. It is during this time that
sustainable vineyard and wine programmes were developed in almost
all wine producing countries.
The puristic viewpoint of natural wine will most probably comprise the organic or biodynamic cultivation of vineyards, no use of
chemicals or additives in the vineyard or the cellar, no use of techniques like reverse osmosis, the use of natural fermentation, limited
use of new barrels, limited or no sulphur dioxide in the wine and also
limited handling or processing of the grapes. This approach implies
the least possible interventions by the viticulturist or winemaker. It
is possible to make good wines in this way; however, as a result of
the approach of limited intervention there is a greater possibility of
faults or spoilage like turbidity, secondary fermentation, high volatile
acidity concentrations or deviating colours. Yet, in spite of the faults
and spoilage in these wines, they can still be acceptable in elite restaurants or fashionable drinking spots. Contrary to the naturalists
some dedicated winemakers utilise available technology to make
exceptional wines without faults or spoilage, but these wines cannot
be typified as “natural”. In any event, unlimited, irresponsible and
reckless additions should not occur (Marriott, 2013).
The most controversial viewpoint of natural winemaking is probably the addition of flavour substances to wine. Flavour substances
are used in food production to improve or preserve the flavour, texture and colour thereof. Present legislation does not allow the addition of natural or artificial flavour substances during winemaking.
However, this approach is not consistent as legal additives like
organic acids, milk, egg white, preservatives and wood in different
forms, definitely change the flavour and taste profile of wine. Modern
coopers boast about their ability to meet the demand of coffee, pepper, toasting and vanillin flavours by supplying specific barrels or
alternative wood products to cellars. An Australian consumer survey
was recently conducted to research the viewpoint of the public
regarding the addition of flavour substances during winemaking.
About 1 300 people participated nationwide and the additives
researched included legal additives, natural flavour substances as
well as artificial flavour substances. The respondents had to rank the
acceptability of the different additives with the aim of improving the
flavour quality of the wines. The majority of the respondents
favoured the addition of natural flavour substances, contrary to the

Is the use of barrels which can
cause different flavours in wine
natural or unnatural?

Tartaric Acid
Is the addition of tartaric acid
which occurs naturally in grapes
natural or unnatural?

legal addition of tartaric acid and preservatives. Consumer groups
were consequently requested to blind taste Chardonnay and Shiraz
wines made with added natural flavour substances. Most of the consumers indicated that the flavoured wines were more complex, less
bitter and also had a pleasant mouthfeel. They indicated (especially
those younger than 35) that they will buy such wines if it tastes better
than traditional wines.
However, consumer preferences will not be the reason that the
addition of flavour substances to wine be legalised even though
natural flavour substances have no safety or health risks for consumers. Wine is in most countries defined as “the product of the complete
or partial fermentation of fresh grapes, or a mixture of that product
and products derived solely from grapes”. If flavour substances of
other fruits or vegetables are thus added to wine, it will loose its
present identity. If individual countries allow the addition of natural
flavour substances to wine, such a ruling will only be applicable to
the domestic consumption and will not apply to export countries
which do not have the same ruling. And, in spite of the controversy
regarding certain legal additives that are presently allowed, wine
traditionalists and traditional wine countries will most probably not
be willing to damage the integrity of wine (Arbuckle, 2013).
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Potatoes present solutions to wine cellars

WineLand April 2014
Keywords: Potatoes, allergens, fining agents.

Potatoes are generally associated with different food dishes like fried chips, mash potatoes or salad. Potatoes have never been used as a winemaking aid but the sensitivity of consumers for potential allergens, forced researchers to identify alternative protein sources to serve as fining agents.
Potatoes are one of those sources.
The protein based fining agents which are traditionally used in cellars
are all of animal origin. Gelatine, casein, egg white and isinglass
originate from pork, cow’s milk, hens and fish respectively. If these
fining agents are used during winemaking such wines will be unsuitable for vegetarians and vegans. Seeing that these fining agents are
also potential allergens, the use thereof must be labelled on wine
bottles. Consequently a need for proteins of plant origin with no
allergen risk for the fining of wines exists. Pea proteins were initially investigated and the use thereof were legalised by the EU in
2006. Different pea based proteins were then developed and commercialised.
In 2009, Laffort initiated research to use a potato protein, patatin,
as an alternative for the pea proteins developed until that stage.
Because of the low allergen risk and the emulsifying properties of
patatin, it is widely used in the food industry. Research confirmed
that it is a suitable alternative to animal based and allergen risky
products and that it can also be used at a lower dosage. In 2013 the
OIV approved the use of patatin as a plant protein in the wine industry and it is expected to be approved by the EU during 2014. Laffort
is the sole distributor of patatin under the brand name of Vegecoll®.
Compared to gelatine, egg white and pea proteins, Vegecoll® has a
high electrical charge which favours its sedimentation rate.
As part of the development process the characteristics of Vegecoll®
regarding the fining of juice, flotation, fining of red wines and thermovinification were compared with other winemaking additives.
During 2011 an oxidised Italian white cultivar, Falanghina, was
treated with equal dosages of bentonite, casein and Vegecoll®. The
latter product settled and clarified the fastest and was also the most
effective in removing the brown colour pigments. During 2012 a
Sauvignon blanc was treated with pea proteins, Polymust Press (isinglass, PVPP and bentonite), Polymust V (pea proteins and PVPP),
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Polymust Org (pea proteins and bentonite), Polyact (PVPP and
K-caseinate) and Vegecoll® respectively. The Vegecoll® had the same
clarification effect as the other products, but at a lower dosage. However Polymust V was more effective at a higher dosage than Vegecoll® regarding the removal of the yellow colour pigment. During
2013 Vegecoll® was compared with Polyact, Polymust V and two pea
proteins. Vegecoll® removed more oxidised colour pigments, but at
a lower dosage.
Commercial scale experiments were also done with Colombar in
France during 2012. It was found that Vegecoll® serves as a very good
alternative for gelatine during the flotation process. The clarification
was faster and the lees were more compact. The resulting wine had
more ester and thiols and a significant colour improvement was also
obtained.
Red wines are fined to clarify it, improve its sensorial characteristics and to stabilise the colour of it. In laboratory fining trials
Vegecoll® was compared with Albucoll (liquid egg white), Gecoll
Supra (liquid gelatine) and Polymust Org (pea protein and Ca-bentonite). Vegecoll® clarified red wine as effectively as the other
products, but at a lower dosage. It also softened the harsh tannins.
Thus, the pure potato protein, patatin, is sometimes more effective
at a lower dosage than animal products and allergen alternatives
(Iturmendi et al., 2013).
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vineyard & cellar update

Tannin management
WineLand June 2014
Keywords: Tannins, ripeness, astringency, colour.

Seeing that tannins in wine originate from different sources, its nature and concentration in wine will also be determined by different inputs.
Vineyard practices, the stage of picking and different winemaking practices executed in the cellar, as well as different additives used are some of
the factors which will influence tannin concentration.
The skins, seeds and stalks contribute significantly to the tannin concentration of wine. On a fresh fruit basis 20% to 30% are skin tannins
and 70% to 80% are seed tannins. The vineyard practices are consequently the first step in tannin management. Traditionally grapes were
picked at a stage mainly determined by the sugar content of the grapes,
but the emphasis shifted increasingly towards physiological or phenolic ripeness. Red wines made from unripe grapes taste bad as a result
of the herbaceous taste, caused by high methoxipyrazine concentrations
and unripe or green tannins. It is known that grapes ripening in the
shade contain less tannins and their nature also differs from other
grapes. Grape seeds contribute considerably to the tannin concentrations of wine and if the seeds are unripe and green they will influence
the wine quality negatively. The ideal will obviously be if the sugar
concentration and phenolic ripeness are optimal at the same stage.
Much focus is presently placed on the identification of specific compounds which can serve as markers of phenolic ripeness (Goode). The
cultivar, location, season and vineyard management play an important
role in the tannin content of grapes. A table grape cultivar like Red
Emperor has more skin tannins than wine cultivars with high tannin
levels like Nebbiolo and Tannat. The skin tannin levels of Shiraz and
Cabernet Sauvignon are the same as for Tannat. Seasonal differences
are however the most important factor concerning grape tannins. Vines
with vigorous growth usually produce grapes with less tannin. Other
practices that influence tannins are irrigation, canopy management,
trellising, nutrient status, pruning, harvest stage, cover crops, mulching
and the rootstock (Rieger, 2013).
After the picking and delivery of the grapes to the cellar, the way
in which tannins and colour are extracted from the grapes plays an
important role in the quality and style of the final wine. Various decisions must be taken regarding aspects like fermentation temperature,
pump overs or punch downs of the skins and juice, the type of fermentor used, cold soaking prior to fermentation, malolactic fermentation (MLF), enzyme additions, heat extraction, extended skin
contact and the application of micro oxygenation (MOX). Pump
overs or punch downs do not differ regarding tannin extractions and
the use of rotating fermentors only have a labour advantage. The
removal of juice prior to fermentation (“saignee”) promotes colour
and tannin concentrations, but the effect thereof is also influenced by
the berry size. Extended skin contact causes the extraction of more
seed tannins, which can make the final wine more bitter and astringent. Not only does alcohol influence the extraction of seed tannins
because the outer layers of the seeds are broken down by it, alcohol
also influences the observation of bitterness and fruit character of the
wine (Goode; Rieger, 2013). It is generally accepted that cold soaking
prior to fermentation causes a more intense, good quality colour with
more delicate, softer tannins. However, research at the Davis University of California proved the contrary, as well as the following:
• The phenols which are extracted from the skins tend not to move
from the skins to the juice between different pump overs.
• The volume and frequency of pump overs also do not influence

•
•
•
•

the concentration of phenols extracted from the skins and merely
serve as a mixing of the skins and juice. Relatively few pump
overs are actually required.
The fermentation temperature influences the rate of extraction,
but not the amount of phenols which are extracted.
Fermentation temperature has an important influence on the phenol extraction from the seeds.
The extraction from the skins occurs quickly and already peaks
after a few pump overs during fermentation.
The extraction from the seeds does however occur later during
fermentation (Philips, 2013).

Tannins originating from different sources such as wood, skins and
seeds can also be added during winemaking. The tannin concentration in wood is determined by different factors like origin, species
and individual trees. The seasoning of the wood prior to the assembly
of the barrels and the toasting during coopering decreases the tannin
concentration of the wood. The different exogenous tannin products
are added to improve colour stability, precipitate grape proteins, react
as anti-oxidants and adjust the green character of wines. Research at
the Washington University evaluated different exogenous products
and found that colour and tannin levels were initially higher, but at a
later stage it did not differ from the control wine, although it tasted
more astringent (Rieger, 2013). Research regarding the addition of
exogenous products also found that the percentage of tannins in the
products varied substantially, that the recommended dosages are
much lower than the natural tannin concentration of grapes, that the
recommended dosages have a limited impact on the tannin concentration of the final wines and if dosages are increased significantly the
sensory quality of the wines is negatively influenced (Philips, 2012).
Although MOX has a definite influence on the mouthfeel and
structure of wine it is presently unknown how tannin compositions
are influenced by it.
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Choosing the best barrel
WineLand August 2014
Keywords: Barrel types, barrel choice, barrel evaluation.

Except for the purchasing of grapes, the cost for the acquiring of barrels is the second highest production expenditure in currently by wine cellars.
Because of the physical nature of barrels it is however easy to specify your requirements. Yet, it is astonishing how many barrels are bought by
wine cellars without applying a comprehensive scientific evaluation prior to their purchase.

The winemaker at Halter Ranch in California believes that besides
the vineyards and fermentation, barrels are the third most important
factor contributing to the production of premium wines. Halter Ranch
produces Rhône and Bordeaux style red wines from grapes grown on
the estate and he believes that the wood plays a determining role in
the flavour of the wines. It is consequently essential that the most
suitable barrels from the most suitable cooper(s) are used. Halter
Ranch implemented a research trial, which can also be used by other
cellars as a template for barrel evaluation. The same wine (2012
Halter Ranch Cabernet Sauvignon) from a single fermentation was
used and all the barrels were inoculated with the same strain of
malolactic bacteria. Samples of the wine were periodically tasted
blind with the first tasting taking place in March of the following year
(approximately six months after the harvest). The comparison
consisted of two barrels each of 16 different barrel types from 10
different coopers. In order to limit the differences between the wines
of the two barrels the wine was racked from the barrels into a tank
and then returned to the same barrels. Wines were bottled after 16
months barrel maturation. Topping wine was the same for all the
barrels and was obtained from a neutral barrel. The following barrels
were evaluated:

the heavy toasted barrels tended to suppress the fruity character of
the wine.
The Ermitage barrels, originating from different French forests,
also differed less, here the Allier barrels gave a smoky tar character
to the wine and the Bertrange barrels imparted more prominent wood
and tannins to the wine.
The Taransaud barrel had an elegant, subtle influence on the wine
that did not suppress it’s fruity character, but rather added a wellbalanced toasting and oak tannin characteristic to the wine.
After the necessary evaluation of the barrels, decisions regarding
the choice of the specific barrels need to be taken. The technical
specifications of the barrels such as the capacity, type and number of
hoops, thickness of the staves et cetera are all self-explanatory
however; the determining factors are those that influence the effect
on the wine like wood type, toasting, wood origin et cetera. The wood
character plays a determining role in the taste and flavour profile of
the wine and cellars should know which wine characteristics are
essential in order to comply with the needs of the consumer (Stern,
2014).

• Sequin Moreau American oak, “Icon” barrel, medium-long
toasting with roasted heads.
• Sequin Moreau French oak, “Selection” barrel, medium-plus
toasting.
• Sylvain, French oak, medium-plus toasting.
• Sylvain, French oak, heavy toasting.
• Ermitage, Allier forest.
• Ermitage, Bertranges forest.
• Taransaud, French oak, reference 112.
The results of the sensory evaluation can be summarised as follows:
After tasting the wines from the Sequin Moreau barrels, where
French and American oak were compared, the majority of the tasters
preferred the French oak because the American oak imparted very
prominent vanillin and coconut flavours to the wine. In spite of this
and as a result of the lower price some American oak barrels were
purchased. The use thereof must, however, be planned properly, this
may, for instance, imply a shorter maturation period.
The differences between the medium-plus and heavy toasted
Sylvain barrels were less prominent. The medium-plus toasting
imparted peppery, spicy and leathery flavours to the wine, whereas
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The degree of toasting is just one of the different factors determining the
wood character in the wine.

Reference
Stern, Eric. 2014. Choosing the Best Barrel for Your Wine Program. Wine
Business Monthly, May 2014:18 - 20.

vineyard & cellar update

The sanitation of barrels
WineLand September 2014
Keywords: Barrel sanitation, sanitation methods, sanitising agents.

As a result of the alcohol in wine, no human pathogens can grow in it and poor cellar sanitation cannot cause diseases in consumers, but can
only spoil the wine. The porosity of barrels and micro flora present in wine can cause the micro contamination of wine if barrels are reused. Thus
the cleaning of barrels does not only involve the cleaning of the inside surface thereof, but also the crevices in the barrel, where micro-organisms
can hide.
In order to understand the sanitation of cellars and equipment, it is
important to understand the terminology used in this regard. Cleaning,
sanitising, disinfection and sterilisation are not synonyms although they
are frequently used in that sense. The correct sequence of the processes
is important. Sanitation can only be applied after cleaning and
disinfection only after that. Cleaning is a macroscale process where
residues which can hide micro-organisms, are removed.
As a result of the alcohol content of wine, the definition of
sanitation differs from that of products without alcohol. In alcoholfree products 99.999% of human pathogens must be killed or
removed by sanitation in comparison with 99.9% of spoilage
organisms which must be removed from wine by sanitation. It is,
however, not necessarily practically sufficient, because 0.1% of
remaining Brettanomyces cells can still spoil a wine.
Disinfection is the decrease, or elimination of all detrimental
micro-organisms. The difference between sanitation and disinfection
is the decrease of the micropopulation. While 99.9% elimination must
be obtained by sanitation 99.9999% elimination is required for disinfection. Sterilisation is the ultimate to eliminate the mi cropopulation, because 100% must be removed by sterilisation.
The most general sanitation methods used in cellars are sulphur
dioxide, peroxyacetic acid (PAA), chlorine dioxide, steam and ozone.
Due to the differences between the various methods there are
different advantages and disadvantages.
Sulphur dioxide is commonly used in the wine industry as an antioxidant and antimicrobial agent. Winemakers do, however, not always
understand the important difference between the two functions. The
antimicrobial function is pH-dependent and more effective at a lower
pH. The form of sulphur dioxide application is consequently important.
If it is added as a gas from a cylinder, it is more efficient than when
added as an aqueous solution. The burning of a sulphur wick is also a
way of gas addition. It is consequently a more effective way to sanitise
barrels than by using an aqueous solution. Sulphur dioxide is a cheap

and efficient agent against spoilage organisms in wine cellars. In
solution the antimicrobial effect is however pH-dependent and some
yeast strains have a high sulphur dioxide tolerance. The use of sulphur
dioxide in gas form also requires the use of safety equipment by
workers, sufficient ventilation and the safety training of cellar staff.
Peroxyacetic acid is a mixture of acetic acid and hydrogen
peroxide. It is effective at low dosages over a wide temperature
spectrum. It is also decomposed to acetic acid and water. It is,
however, corrosive if used over a long contact time and less effective
against certain spoilage yeasts.
Chlorine dioxide (ClO2) is a potent anti-microbial compound
which is often used in municipal water systems. It is a very effective
sanitation agent, which can also be produced at the cellar. It is,
however, not suitable for barrel sanitation, because it reacts with
organic material and the risk of a mouldy character formation like
trichloro-anisole also exists.
Steam kills micro-organisms as result of its heat property. The most
important advantage of steam is its ability to kill almost all microorganisms if the temperature is high enough. It is also non-toxic. The
most important disadvantage is the energy cost to generate it.
Ozone (O3) is a strong oxidising agent which can kill a wide
spectrum of micro-organisms. It includes gram positive and gram
negative bacteria and fungal spores. Certain biofilm growth can also
be controlled. It decomposes in water and oxygen. The most
important disadvantages are the fact that ozone deactivates easily and
the damage that it causes to rubber equipment such as gaskets
(Philips, 2014).
The comparative advantages and disadvantages of the different
sanitation methods are summarised in Table 1.
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TABLE 1. The comparative advantages and disadvantages of different sanitation agents.
SANITATION AGENT

ADVANTAGES

DISADVANTAGES

Sulphur dioxide

Cheap.
Effective over wide spectrum.
Wine spoilage organisms.

Tolerance of certain yeast species.
Requires safety equipment.
Requires sufficient ventilation.
Safety training of staff.

Peroxyacetic acid

Efficient at low concentrations over wide temperature range.

Corrosive.
Less effective against some spoilage yeasts.

Chlorine dioxide

Very effective.

Unsuitable for wooden containers.
Risk of TCA formation.

Steam

Non-toxic.
Very effective.

High energy consumption.

Ozone

Wide spectrum anti-microbial agent.

Easy deactivation.
Detrimental to rubber equipment.
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The making of wine for high altitudes
WineLand November 2014
Keywords: Wines, airlines.

Basic advice for comfortable long distance flights is that alcohol consumption should be limited during flights, because it causes dehydration, which
leads to more discomfort of the passengers. In spite of the advice, passengers will always drink wine, either moderately or excessively, during
flights. Cellars also use the opportunity of serving their wines during flight as a marketing exercise. Airlines sometimes claim that expert panels
select their wines, but this is rather a marketing statement seeing that the wines are not always of exceptional quality and that the negotiated
price is more important. However, the reality is that the expectations of the passengers are often not met when food and wine are served during
flights.

The dry air in aeroplane cabins is one of the reasons why food and
wine do not taste the same as under normal conditions. The
observation of flavours is restricted and if something cannot be
smelled, the taste will also be influenced. Research
has also confirmed that the observation capacity of
human senses are less than normal at altitudes of
35 000 feet (approximately 10 000 metres). Chefs of
food served on flights, realised that all five human
senses must be addressed in order to improve the
perception of the food quality. The Seattle based
cellar, Percept Wine and Alaska airlines consequently
decided to launch a mutual project to improve the
perceptive quality of wines at high altitudes.
To address the problem, the cellar developed two
wines with the Canoe Ridge trademark. The approach
was to increase the tannin concentration and oak
profile of red wines to make the flavour more
prominent. The residual sugar concentration of the
white wines was increased slightly to soften the
sharpness of the acid taste. They investigated
different blends of Pinot gris and Merlot. The residual
sugar content of the Pinot gris was increased from 2
to 6 g/l, which not only made the flavour of the wine
more prominent, but changed the structure of the
taste. Shiraz was added to the Merlot, which also
made the flavour and taste of the red wine more
prominent. To draw a comparison, the wines had to
be tasted before take-off, as well as during flight.
Passengers on different flights were also requested to
comment on the wines. Their feedback was so
positive that, as a result of it, different marketing
actions to promote local products were launched and
the sales of the wines also increased. Furthermore,
promotion activities were initiated in collaboration
with local breweries and cheese factories (Perdue,
2014).
Thus, a project that was initially launched to make
wines more acceptable during flights eventually led
to a promotion action by Alaska airlines and some
Washington cellars.

144

technical yearbook 2014

Reference
Perdue, Andy. 2014. Making Wine for High Altitudes. Wine Business Monthly,
July 2014: 26 - 31.

wood & wine update
The utilisation of used barrels
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Keywords: Barrel stave straightening, infra red stave treatment.

As a result of the shallow penetration of wine into the interior surface of barrels, huge parts of barrels are not utilised. The repeated use of barrels
is consequently also limited. During the assembly of barrels the staves are bent and the exterior of the stave surface cannot be used just by turning
the staves around. Thus, after an expensive purchase and a few years in the cellar, barrels end up being used for ornamental purposes like furniture,
serving trays, shelves and as pots for plants.
During barrel maturation different volatile compounds, which can
contribute to the character of the wine, are extracted from the wood.
The most important compounds and their flavour contributions are
indicated in Figure 1.
The cis-oak lactone is probably the most important volatile compound because of its high concentration and low threshold detection.
The extent of extraction of these compounds from barrels can differ significantly among the barrels because of species differences,
leaching processes and toasting processes that can all contribute to
the individual barrel differences.
The extraction of these compounds is unfortunately limited and
decreases with time. The wood influence of barrels is consequently
limited to approximately five to six years. Thereafter a thin layer of
wood of about 5 mm can be shaved from the inside of the barrel.
However, such barrels have less extractable flavour compounds than
new barrels. Should these barrels be re-toasted, the wine that may
still be in the barrels could become caramelised. This can lead to a
burnt character in the wines matured in such barrels. The microflora
in used barrels that have been shaved, can also lead to the contamination of wine in the recycled barrels.
An Australian research project was done to investigate the recycling of used barrels as a source of unused wood, as well as evaluating the potential microbiological contamination of wine by such
wood. Various French and American barrels were broken down and
the interior layers which had wine contact were removed. Thereafter
it was split in the length into battens and the barrel grooves were
removed to expose the unutilised parts. Pressure and far-infrared
(FIR) were used to straighten the battens and to form volatile oak
compounds in the battens. In this way 2.1 m2 internal surface of a 225
litre barrel was converted into 8 m2 of unutilised recycled surface. To

evaluate the flavour potential of the recycled wood, battens of the
wood were left in a 20% alcohol solution at room temperature for
seven days. The flavour compounds were then analysed using a gas
chromatograph. Comparison of these analyses with those of unused
wood, indicated that the concentrations of cis-oak and trans-oak
lactone (coconut and vanilla), guajacol (smoky and burnt bacon),
4-methyl guajacol (smoky), vanillin (vanilla) and eugenol (cloves)
were alike. The recycled wood was thus suitable for winemaking.
In order to research the potential carryover of Brettanomyces spoilage in the recycled wood the concentrations of 4-ethylphenol and
4-ethylguajacol were determined. No 4-ethylphenol was detected and
only traces of 4-ethylguajacol occurred. Because of the possibility
that the specific investigated barrels were not exposed to Brettanomyces spoilage, some of the recycled battens were inoculated with
Brettanomyces and incubated thereafter. These battens were then
toasted with infrared (FIR). No viable Brettanomyces yeast was
found in the toasted wood. The temperature during the toasting process (200°C inside the battens and 250°C on the surface) was consequently not only sufficient to form volatile oak wood compounds, but
could kill all microflora in the wood.
The recycling of unutilised wood from used barrels creates the
possibility to regain about 60 battens of unutilised wood from a barrel. The recycling process cost approximately AUS$ 2.50 per batten
or AUS$ 150 per barrel. (Wilkinson et al., 2013).
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FIGURE 1. The most important volatile compounds extracted from wood and the flavour contributions they deliver.
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The use of alternative containers as barrels

WineLand March 2014
Keywords: Barrel alternatives, STAKVAT, ROC CUVE.

According to the Afrikaans explanatory dictionary a barrel is “a hollow, round, slightly arched object which is used to preserve or store among
other wine, beer, butter, meat and salt”. This corresponds mainly with the original purpose of barrels, namely to serve as a suitable container.
The influence of the wood character on the product in the barrel developed in the course of time. The positive contribution of wood flavour
and taste on wine and spirits is also coincidental. The limited lifespan as a source of wood character and the ever increasing purchase price of
barrels forced wine industries and researchers to investigate alternative products.
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The Spanish ROC CUVE was developed in the Castilla La Mancha
wine region. It is a cubic barrel with wooden sides, held together by
a steel framework. These barrels can be transferred using a fork lift.
The wood type of the sides and the wood treatment can be selected
by the cellar and also replaced if required.
It is easy to assemble and the utilisation of
storage space is 4 to 5 times more than
with traditional barrels. It can be stacked
ten high and also requires no barrel racks
or stacking structures. The wood contact
surface is 20% more than with traditional
barrels and as result of the potential
replacement of the sides different types of
wood and age can be combined. Used
wood can be sold for furniture making,
which makes the ROC CUVE environmentally friendly (www.roccuve.com,
A stainless steel
barrel.
2013).

Photo: Modern Cooperage.

A barrel is basically a porous container. Any product which is kept
in it will extract wood flavours and taste from it and will also be
exposed to the air (oxygen) which moves through the pores into the
product. The interaction between product, wood and air can consequently lead to different results in the product composition. When
considering alternatives for wooden barrels, alternative sources of
wood, air exposure or combinations of it must also be considered.
Alternative wood products can be considered in different forms like
staves, blocks, shavings or even powder and are usually combined
with micro oxygenation (MOX). It is however also possible to change
the barrel as container while both the wood and air influence are
maintained.
The Australian “STAKVAT”, launched in 1988, is a cubic container with a steel framework with removable sides. These vats can
be stacked, thus storage space is better utilised than with barrels.
Initially the sides were made of wood to obtain a wood character, but
the latest design has only two removable sides with replaceable
maturation membranes. The membranes are air permeable as this
imitates barrel maturation. The thickness of the membrane determines
the rate of air exposure, but can also be replaced by stainless steel
plates, in which case it becomes a normal container. When these
membranes are combined with alternative wood products they fulfil
the same role as MOX. Wood character can be obtained by placing
alternative wood products inside the STAKVAT. As a result of the
membrane composition, liquid evaporation is limited and the annual
evaporation loss is less than 0.05%. A recent comparison with new
and used barrels proved the STAKVAT wines to be better (Warren,
2013).
Modern Cooperage in California developed stainless steel barrels
which address the three key issues of traditional barrels namely
wood, labour and maintenance. The stainless steel barrel has an
unlimited lifespan, although the purchase price compares favourably
with that of barrels. The external dimensions are similar to those of
barrels and it fits on standard barrel racks. The use of thinner stainless
steel and the better utilisation of the external dimensions lead to a
capacity of 390 litres compared to the 300 litres of a standard barrel.
By putting 10 to 12 wood staves in the stainless steel barrel the wood
contact surface is double that of a standard barrel. The combination
of wood staves can also be changed if necessary. The stainless steel
barrel need not to be removed from the barrel racks and if required a
removable exterior handle can be used to stir the lees in the barrel.
Seeing that the stainless steel is not permeable no evaporation occurs
and topping up is also unnecessary. The cleaning of the stainless barrels can also be executed more thoroughly. After the used wooden
staves have been removed the barrel is rinsed and sterilised with
steam (Pregler, 2013).

ROC CUVE cubic barrel.
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The complexity of tannins
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Keywords: Tannins, astringency, skins, seeds, wood.

Tannins are usually associated with substances occurring in the bark of trees, which are used for the tanning of hides. The tanning process is
basically a reaction between the proteins in the hides and tannins. Wine also contains tannins, originating from the skins, stalks and seeds of the
grapes as well as wood tannins if wood is used during winemaking. Wine also contains proteins, which will, similar to the tanning process, also
react with the tannins.
Tannins occur in the bark, leaves and unripe fruit of different plants.
These tannins are frequently used by plants as a protection mechanism, because the tannins in the unripe fruit will react with the proteins in the saliva which will result in an astringent taste when eaten.
With ripening this effect decreases, creating the possibility to use
tannin concentration as a ripeness parameter for fruit, seeing that fruit
appears to be at its best when the seeds are ripe. This plays an important role in the natural survival of plants.
Tannins are complex chemical compounds and it is important to
understand their chemical composition and the terminology used in
articles about tannins. Tannins are chemically classified as polyphenols, but all polyphenols are not tannins. An example is anthocyanin,
the coloured pigment of red grapes that usually only occurs in the
skin. Anthocyanins are polyphenols but not tannins. Polyphenols are
chemically very reactive and react with different other compounds.
Except for the tannins originating from the grapes, wood will also
contribute to the tannin concentration of wine. Furthermore, new
barrels will contribute even more tannin to wine. Wine tannins can
consequently be divided in two groups, namely hydrolysable tannins
originating from wood and condensed tannins originating from
grapes. The basic difference between white and red wines or white
wines with or without skin contact is due to the tannins in the skin.
Tannins play a cardinal role in the style and taste of wines and the
applied winemaking techniques will obviously influence the tannin
concentration of wine.
Although tannins do not have specific aromas they can be observed
in different ways. This is especially applicable to the mouthfeel of
wine. Tannins can influence two taste perceptions of red wines,
namely astringency and bitterness. Bitterness is a relatively easy
concept, because it is one of the four basic taste perceptions. The
concept about astringency is, however, much more complex and it is
frequently stated that it can rather be observed by feeling than by
taste. The taste of tannin is described as astringent because it reacts
with the protein rich saliva to form a precipitate. This leads to the
perception of friction in the mouth, which can be described as dry or

coarse. Different descriptions like coarseness, drying, cloying,
chalky, full-bodied and viscous are, however, used to describe these
observations. Currently research is investigating whether there is a
correlation between mouthfeel and the structure and composition of
different tannins. The origin of different tannins also plays a role in
the eventual observation of it. For example grape seed tannins of the
same size as skin tannins taste coarser and more astringent than the
latter. Tannins with larger structures also taste more astringent
whereas colour pigments do not have specific mouthfeel properties.
It is a general belief that tannins increase in size during maturation
which causes the precipitation of the tannins, which in turn can lead
to the softening of the wine. This has, however, not been proven
scientifically. There is in fact even a possibility that tannins are split
during maturation which can lead to the softening of the wine.
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The innovation of wood barrels

WineLand October 2014
Keywords: Barrel alternatives, steel barrels, barrel properties.

In spite of the traditional properties of barrels, which were initially only a practical container, cooperages continuously launch new ideas. French
coopers could definitely not envisage that their craft of toasting will be replaced by kiln toasting. The traditional bilge shape of barrels can also be
replaced by an egg shape (the so called ovum) and original wood ports can be replaced by stainless steel. Cooperages must however, as result
of the price of barrels, be innovative to assure that cellars will still buy their products.

As result of buyers’ pressure, cooperages have had to attend to the
sustainability of the environment, saving costs and the delivery of a
uniform product. Some cooperages started using material like steel
and Plexiglas but others focussed on limiting the variation between
barrels. The conventional method of open fire toasting was, for
example, replaced by controlled heating. The Vicard Generation 7
barrel was also developed by deviating from the traditional focus on
the wood origin and grain, by using the tannin content of the wood
as a way of classification. Thus uniform barrels can be produced year
after year and barrel deviations are limited. Vicard consequently
accepted that wood origin is not a determining factor, because it
cannot be controlled by the cooper, whereas the tannin content of the
wood can be analysed and also managed. Vicard went further and
started to analyse the ellagitannin content of the wood in order to
classify the wood. The G7 barrels are consequently classified
according to their tannin content. The G7 Symetrie, the G7 Origine
and the G7 Energie barrels respectively have low, medium and high
tannin contents. Vicard also uses a computerised toasting process
called molecular toasting. The G7 red wine barrel is, for example,
toasted gradually by commencing at a temperature of 180°F (82°C)
that is increased every 20 minutes by 10°F. In this way staves are
nearly completely toasted.
The Vista Modern Cooperage in California applied another
innovative technique by changing the physical structure of the barrel,
instead of adjusting the cooperage processes. They use a steel barrel
with wooden staves of choice as basic structure. The profile of the
steel barrel is the same as that of a traditional barrel and can
consequently be stacked in the same way. This barrel can contain up
to 25 staves, although 10 to 14 staves can provide the same potential
wood extraction as that of a new wooden barrel. By replacing the
used staves continuously with new staves, the wood extraction can
be managed. The steel barrel has another advantage as, during white
winemaking, battonage can be applied by a fixed crank handle that
can be rotated without exposing the wine to air.
While fermenting wine is in a barrel or a tank, no visual
observations can be made. The cooperage company, Sequin Moreau,
developed casks with two transparent vertical staves as result of a
design competition. These staves are made from food grade Plexiglas
and can be used for casks between 2 000 and 22 000 litres. It is,
however, doubtful whether they have any real practical advantage,
except that to make a visual observation of the wine in the barrel is
interesting and/or fascinating and can be used for educational
purposes.
Wines made in cool regions are usually fruit driven with a high
acid content, however, excessive wood characters can impair these
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characteristics. The Napa based cooperage, Cooperage 1912, has
consequently developed a barrel portfolio for such wines. Although
these barrels provide all the other advantages of traditional barrels
they have subtle wood characters. They are made from French oak
with extra fine grain and three barrel types with different characteristics are available (Falchek, 2014).
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Organic grapes and wines

WineLand December 2014
Keywords: Organic grapes, organic wines.

The increase in the consumption of organic wines is more than for non-organic wines. It leads to the question whether that is the main reason
why cellars produce organic wines, or do they do it for scientific reasons to be more environmental friendly? In Europe the indication “organic
wine” may not be used on wine labels and although it is permitted in the USA certain prescriptions regarding the cultivation of organic grapes
and winemaking must be complied with. South African wine regulations also do not address organic wines and local cellars interested in selling
organic wines must comply with foreign certification bodies’ prescriptions to obtain organic accreditation. These requirements differ between the
different bodies.

In spite of differences and illegibility regarding organic wines
consensus exists that it must be made from organic grapes. The
prescriptions applicable to organic grapes are mostly scientifically
based.
Plants do not take up organic molecules from the soil, but minerals
are taken up. Whether an organic or non-organic fertiliser is used it
must be converted to mineral before it can be taken up. The
breakdown of organic nitrogen sources requires a diversity of soil
microbes and will encourage a diverse and higher population of
micro flora and micro fauna. Organic fertilisers are also not produced
in factories and occur in different natural forms like manures, guano,
plant material, fish emulsions, blood, bone meal and others. Such
natural sources contain proteins, amino acids and mineral forms of
nitrogen which can, together with other minerals, serve as nutrients
for plants. The production of ammonium based fertiliser from
atmospheric nitrogen requires much energy, obtained from the
combustion of fossil fuel, which has a considerable impact on the
environment. This is unacceptable from a social and environmental
viewpoint. Except for nitrogen the other minerals originate from
deposits in the earth’s crust. Potassium is added as potassium sulphate
or potassium chloride, which are mined and grounded. If it is thus
not produced in a factory it can actually be described as organic.
A wide array of synthetic products is available to protect vines
from common fungal diseases and insect pests, but only a handful of
organic materials are available. Fortunately the production of the
synthetic products became so specialised, that toxic compounds like
organophosphates, carbamates and others were phased out. New
fungicides are developed annually and can consequently be rotated
to reduce the risk of building resistance in the pathogens. Most of the
new products are systemic, which allow for longer intervals between
applications. Except, sulphur, there are only a few products which
can be used as fungicides and the most are commercial bacteria or
fungi biological control.
New synthetic insecticides have not been developed to the same
extent as fungicides and the most are neonicotinoids. They are also
systemic products which have a limited toxic effect on bigger animals
but very effective against above- and below-surface pests. The insecticides suitable for organic cultivation are, however, very limited and
not of a systemic nature.
Weed control is a major issue for organic cultivation, because no
effective, organic herbicide is available. Tillage is consequently the
only practical solution, but multiple passes through a vineyard are
expensive with high fuel consumption. The latter is not environ-

mental friendly. Although herbicides are apparently not harmful to
soil microbes, the absence of plant growth will definitely influence
the micro population and spectrum. Organic growers have to decide
whether the high cost of tillage is worth the results obtained
(Greenspan, 2014).
Although organic wines must in all cases be made from organic
grapes the legal definition of organic wines differs between countries.
The differences are mainly based on the use, or prohibition of
preservatives used during winemaking. Sulphur dioxide is the
preservative which is mostly used during winemaking and the
maximum levels allowed determine, in most cases, the definition of
organic wines. Terms like “organic wine”, “made with organic
grapes”, “no added sulphites” and “contains sulphites” which appear
on wine labels can consequently be very confusing to the general
consumer and consumers must ensure that they are not misled by
such label claims.

Organic cultivation.
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tips for cellar workers
The use of mixers in the cellar
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WineLand January 2014
Keywords: Mechanical mixers, electric motors, blades.

Mechanical mixers are used to mix the contents of different containers with different capacities at the following different stages of
winemaking:
• The rehydration of dry yeast for the alcoholic fermentation of
grape juice.
• The addition of yeast nutrients during alcoholic fermentation.
• The addition of fining agents like bentonite, gelatine and other to
clarify or stabilise juice or wine.
• The addition of sulphur dioxide in different forms to protect the
juice or wine against oxidation.
• To enhance the cold stabilisation of wine.
• The mixing of different wines and/or concentrate to ensure a
homogenous blend.
• The mixing of turbidity to promote more effective filtration or
centrifugation.
• The mixing of yeast lees (battonage) after alcoholic fermentation
to promote contact of yeast lees in tanks or barrels.
Because cellars usually use pumps to transfer juice or wine between
different containers they also use this pumping action as a mixing
process. This may however have different negative consequences. It
can lead to excessive aeration with resulting oxidation and is also
more expensive than using mixers because more energy and manual
labour are required.
Mixers basically exist of a driving shaft with an electric motor on
the one side and an impeller blade on the other side. The electric
motor drives the blades of the impeller which in turn causes the
movement of the liquid. The capacity of the container where the
liquid must be moved will determine the horsepower of the motor
and the size of the impeller. The design of the blades is also important
to ensure that the liquid is moved without shaking it and creating
undesirable turbulence. Mixers can either be fixed or portable. Fixed
mixers are usually used for bigger tanks. The capacity of the tank will
determine the specific mixer fixed on to the tank. To ensure the most
effective mixing in the shortest possible time the position and angle
of fixing the mixer is important. Tank bottoms can be flat, round,
conical or sloping and the fixing angle of the mixer will differ for the
different tank bottoms.
Portable mixers have the important advantage of being versatile.
Portable mixers can be used for different containers like tanks, tubs,
drums and barrels and consequently also for the different aims of the
mixing. It is usually light weight and can be temporarily clamped to
containers or mounted through different tank valves. In the case of
barrels, folded blades will be used to insert the mixer through the
bung hole of the barrel.
By using the right mixer for the right container for the right reason
the quality of wine can be maintained, which can lead to a saving on
energy costs, time and manual labour.

A mixer which can be fixed on to a tank.

A portable mixer
which can be
clamped.

The folded
blades of a
portable mixer.
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tips for cellar workers

Cellar equipment: Grape destemmer-crusher

WineLand March 2014
Keywords: Destemming, crushing.

• Grapes are always destemmed first and then the berries are
broken.
• Stems taste astringent and decrease wine quality.
• Seeds are bitter and astringent.
• Keep fingers and hands away from moving parts.
Although it is generally referred to as a grape crusher this reference
should also include “destemmer” or “destalker” seeing that this
equipment is usually used to destem the grapes and break or crush
the berries.
The destemming part of the equipment consists of a perforated
drum, with an axis and beaters inside the drum, as illustrated in Figure 1. The drum is usually made from stainless steel and the beaters
can be made from stainless steel or other inert material. After the
grapes are transferred from the hopper of the crusher it moves to the
rotating drum, where the berries are beaten from the stems by the
beaters that move into the opposite direction of the drum. The berries
fall through the perforations of the drum to the rollers of the crusher
where the berries are broken. As a result of the position of the beaters
on the axis the stems are moved to the outside of the drum from
where they are moved or blown to the outside of the cellar.
Grape stems contain many tannins. Tannins cause the astringent
taste when stems are chewed. If stems are consequently crushed with
the berries it will cause an astringent taste in the resulting wine. It is
consequently important to destem the grapes before they are crushed,
therefore the two processes are separated in the grape crusher and
destemming is always done first.

FIGURE 1. The rotating perforated destemmer of a destemmer-crusher.

The crushing part of the equipment consists of two splined rollers
rotating in opposite directions, as indicated in Figure 2. The berries
falling through the holes of the perforated drum of the destemmer are
broken by the rollers in order to set the juice free. The distance
between the rollers is important and can be set. If the distance is too
wide the berries of cultivars with small berries will not be crushed
and if it is too narrow the berries will not only be broken but crushed
and the seeds also broken. This may result in more flesh and skin
particles ending up in the juice, increasing the lees percentage of the
juice. The broken seeds can also cause more bitterness and astringency in the resulting wine.
Different safety hazards exist during the crushing and destemming
of grapes. Due to the breaking of the berries, the floor surface will
be slippery and cellar workers must walk carefully in this area. The
crusher is driven by an electric motor and driving belts. Workers must
be very careful around exposed electric cables and moving belts.
There are also various moving metal parts and these must at all times
be covered correctly with safety plates. Fingers and hands must be
kept away from these moving parts. Depending on the locality of the
equipment the noise may be excessive in which case the necessary
ear protection must be worn.

FIGURE 2. Splined rollers of a grape crusher.
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Cellar equipment: Grape mash cooler
WineLand May 2014
Keywords: Mash cooler, brine, yeast, bacteria.

•
•
•
•

Grape skins protect the contents of the berries.
Excessive air causes the browning of the juice.
Grape flavours evaporate easier at higher temperatures.
Unknown yeasts and bacteria which occur on grape skins sometimes
prefer higher temperatures.

After grapes have been destemmed and crushed, the juice is not
protected by the skin anymore and is exposed to air and everything
which occurs on the grape skin. Air consists of among other aspects
of oxygen, which can cause browning of the juice. Different microorganisms that are not visually detectable occur on the outside of the
berry. These micro-organisms can be yeasts or bacteria; however, we
do not know whether they are good or bad. Once the berries are
broken, the juice flavours can evaporate during the processing of the
crushed grapes. One of the ways to prevent or minimise the abovementioned problems, is by cooling the grapes as soon as possible
after crushing. It is, however, practically difficult because the crushed
grapes consist of juice, skins, seeds and stem particles. The skins,
seeds and stem particles can easily block the cooling equipment and
therefore a special grape and juice cooler, known as a mash cooler is
used. To effect the cooling as soon as possible after the crushing of
the grapes, the grape mash cooler is always installed as close as possible to the crusher.

of the tubes can be used to monitor the cooling efficiency. The flow
rates of the crushed grapes and the water or brine and its respective
temperatures will determine how cold the crushed grapes will be after
cooling. The sleeve of the inner tube separates the crushed grapes
from the cold water or brine, and the contact between the two tubes
causes the decrease in the temperature of the crushed grapes. While
the temperature of the crushed grapes decreases, that of the water or
brine increases. Thus the heated water or brine is pumped to a cooling
plant, where it is cooled for recycling.

FIGURE 2. How the mash cooler works.

FIGURE 1. Grape mash cooler.

A mash cooler is sometimes also called a tube cooler, because it
consists of double jacket stainless steel tubes. To save space the tubes
are horizontally mounted and connected by U-couplings. The quantity of grapes, which can be cooled, is determined by the total length
and diameter of the tubes. The way the cooler works can be described
according to Figure 2. The crushed grapes (“must or water”) is
pumped through the inner tube of the cooler and the cold water or
brine (”refrigerant”) is pumped in the opposite direction through the
outer tube of the cooler. Thermometers on the inlet and outlet sides
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Two practical problems usually occur with these coolers. Firstly it
can block easily and secondly cream of tartar can precipitate on the
inside of the tube where the mash is transferred.
Blocking can occur if pruning shears, trellising wire or other foreign material is delivered in the grape loads and move through the
grape crusher to the mash cooler. It usually blocks the U-couplings,
which must then be loosened to remove the foreign material.
Cream of tartar occurs naturally in grapes, but when the temperature decreases cream of tartar crystals, which precipitate on the surface of equipment, are formed. These crystals are sharp and look like
glass particles. They can be seen on the inside of grape crushers,
mash coolers and tanks. When they precipitate on the tubes of the
mash cooler, the cooling of the mash is not as effective as it should
be. The precipitated cream of tartar must therefore be removed regularly. This is usually done at the end of the day by rinsing the tubes
with hot water and thus dissolving the cream of tartar and by cleaning
the tubes weekly with a caustic solution. If the latter is used the tubes
must then be rinsed with a citric acid and water solution, before the
mash cooler is used for crushed grapes again.

tips for cellar workers

Cellar equipment: Presses
WineLand July 2014

•
•
•
•
•

Crushed grapes contain free run juice and press juice.
Free run juice has the least colour and tannins.
Free run juice produces more delicate wines.
The more pressure is applied to wet skins the more juice will be extracted from it.
Press juice browns easier and tastes astringent.

FIGURE 1. A basket press.

At a certain stage after grapes have been crushed and destalked the
juice and skins must be separated. In the case of white wines it is
usually done prior to fermentation, but for red wines it is usually done
during or after fermentation, to ensure that sufficient colour and
tannins are extracted from the skins. This separation can be done in
different ways. The easiest way is to pump the crushed grapes into a
separator, which usually has perforations on the inside. The juice can
move through the perforations, but the skins and seeds are kept
inside. Juice collected in this way is called free run juice. In the case
of white wine this juice is seen as the best quality juice and it is also
frequently referred to as A-juice. After the free run juice has been
separated, the skins still contain enough juice that can be used for
lower quality drinking wine, brandy, distilling wine or grape juice
concentrate. This juice can, however, only be recovered from the
skins by pressing the wet juice. The more pressure applied to the
skins, the more juice or wine can be recovered, but the quality thereof
will decrease with increasing pressure.
The pressure that is applied can be measured with a pressure meter,
also known as a manometer. The units used to measure pressure are
atmosphere, bar, kilopascal (kPa) or pounds per square inch (psi).
The approximate relationships between the units are the following:
1 atmosphere = 1 bar = 100 kPa = 14.5 psi. (Most car tyres have a
pressure of approximately 200 kPa and bottled sparkling wine is
usually 600 kPa.)
Presses are usually used to extract the juice out of the wet skins.
Different types of presses namely basket presses, bag presses or
worm presses can be used.
Basket presses (Figure 1) usually consist of vertical wooden strips
or a metal cylinder into which the wet skins are transferred. The strips
or metal screen prevent the skins from excaping, but not the juice
which drains through it and is collected at the side of the press.
Pressure is applied by means of a circular horizontal disc that can be
rotated on a vertical axis either manually or hydraulically while
pressing the skins down. This process can be repeated if the skins are

FIGURE 2. A bag or
horizontal press.
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FIGURE 3. A final or worm press in combination with a dejuicer (left).

loosened between different pressing actions. This type of press is
usually used in smaller cellars, due to limited capacity and operational
time. Good quality juice is delivered, but the juice can be exposed to
excessive air.
Bag presses (Figure 2) have been developed more recently and as
they are available in different capacities they can be used by different
size cellars. These presses are mobile and can be moved around in the
cellar. A bag press consists of a horizontal perforated inner drum that
holds the skins and seeds back, lets the juice through. The inner drum
is usually inside an imperforated outer drum which protects the juice
against undesirable air contact. Both drums are usually made from
stainless steel. Inside the inner drum is a rubber bag which can be
inflated by air, after the drum is filled with wet skins. The inflation of
the bag causes the pressing of the skins against the inside of the inner
drum that in turn causes the juice to move through the perforations to
the outside drum, where it is collected while the pressed skins are kept
inside. The rubber bag on the inside can be ruptured by sharp objects
like pruning shears. The press action usually consists of different cycles
of pressing, loosening the skins and pressing again. The number of
pressing cycles and the applied pressures are usually set by computer
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programmes installed in the press. The quality of different press
fractions will be determined by the selected programme. High volumes
of good quality juice are usually obtained using these presses, but they
are very expensive.
Worm presses (Figure 3) are usually big, heavy and immobile. A
worm press consists of a horizontal metal worm and operates in the
same way as a mincing machine. Wet skins are transferred into the
receiving hopper of the press and pressed by the rotating worm. Skins
are pressed very dry in this way, but the quality of the resulting juice
or wine is usually low because skins and seeds are crushed by the
blades of the worm and the juice or wine is also excessively exposed
to air. Consequently worm presses are mainly used to press the last
juice from the skins after the latter has already been pressed with bag
presses, explaining why this press is frequently referred to as the final
press. It can however press continuously because wet skins are
transferred into the one side and dry skins are removed on the other
side. Worm presses are, however very expensive. In many cases it is
used in combination with dejuicers or pre-presses. The latter operate
in the same way as final presses, but because the applied pressure is
lower, the quality of the juice or wine is slightly better.

tips for cellar workers

Cellar equipment: Pumps

WineLand September 2014
Keywords: Pumping of wine, wine pumps.

•

Grape bunches consist of berries and stems.

•

Berries consist of seeds, flesh, juice and skins.

•

Wine is made from the juice in the berries.

•

The skins give colour and body to the wine.

•

Stem and seed contact must be limited, because it can cause
bitterness and astringency.

The operation of the different pumps can be explained with the aid
of the following figures:

FIGURE 1. Piston pump.

After grapes arrive at the cellar in boxes, bins, or truck loads, the
processes to remove the stems, prior to skin contact start, whereafter
the skins and juice or wine are separated. In the case of white wine
this separation is usually applied before fermentation, but with red
wines it can be during or after fermentation. During fermentation
yeast lees is formed, this lees has to be removed after fermentation.
Wines can then be stabilised and bottled, or they can be matured in
barrels for either months or years before being bottled.
During all these processes the grapes, stems, skins, juice or wine
must be transferred or removed from one place to another. The
separation of the stems, skins, juice or wine is the separation of the
unwanted (skins and stems) from the wanted (juice or wine) and the
processes to execute it, differ considerably. The removal of the stems
and skins must be done in the most effective way, and the handling
of the juice and wine must ensure that the quality thereof is not
influenced. The transfer of solids (stems and skins) also differs
substantially from the transfer of liquids (juice or wine).
The transfer of juice and wine can be done in two ways, either by
free flow from the one container to another container (gravitation) or
by pumping it between the containers. The pumping of juice and wine
can be done with different types of pumps.
Pumps used in cellars can basically be divided into two groups,
namely positive displacement (PD) pumps like piston or mono
pumps, and centrifugal pumps.
PD pumps replace the liquid with every revolution of the pump
elements, which can be rotors, gears, pistons or lobes. These pumps
transfer the juice or wine from the receiving side of the pump to the
delivery side of the pump and are usually self- priming, and can
deliver a constant flow at different pressures.
Centrifugal pumps have a rotating impeller, which can transfer
juice or wine as a result of the rotating speed.
Piston and mono pumps differ considerably from centrifugal
pumps regarding pump height, liquid density and pressure. With
piston and mono pumps, the volume output remains practically
constant at different heights, whereas with centrifugal pumps the
volume output decreases with increasing heights. The mechanical
efficiency of centrifugal pumps is also influenced considerably by
pressure differences, while this has practically no influence on piston
or mono pumps.

The juice or wine is transferred into the pump by the top piston (in
red) and transferred out of the pump by the bottom piston (in red).

FIGURE 2. MONO pump.

The rotating rotor (in orange) transfers the juice or wine from left to
right.

FIGURE 3. Centrifugal pump.

The juice or wine is transferred from the front of the pump (suction
side in green) by the impeller (in red) to the top of the pump (pressure
side in green).
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FIGURE 4. A tank which imploded because the tank ports were not open.

If juice or wine is pumped it is always important to ensure the
following before starting the pump:

• Are the correct valves and breathers of the container(s) closed or
open?

• Are the delivery tanks and receiving tanks the correct tanks?

• Are the tank ports of the delivery tanks open?

• Is the receiving tank big enough for the product to be transferred?

If the latter is not checked properly the delivery tank will implode as
illustrated in Figure 4.

• Is it the correct product that is transferred?
• Are the pipe connections sound and firm to prevent leakages or
the suction of air?
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The clarification of white juice prior to alcoholic fermentation

WineLand November 2014
Keywords: Clarification, settling, flotation, centrifugation, filtration.

Seeing that the removal of skin particles, stem particles, flesh residue,
seeds, dust, unwanted yeasts and bacteria, which originate from the
vineyard, ensures that better colour, more flavour and a more delicate
wine with a pure taste is obtained, white juice is usually clarified
prior to alcoholic fermentation. The degree of juice clarity required,
is left to the winemaker to decide, as excessive clarification can also
lead to fermentation problems. Settling, flotation, centrifugation and
filtration are the processes most frequently applied for the clarification of white juice prior to alcoholic fermentation.
The most natural way to clarify any liquid is to allow the particles
causing the turbidity to settle to the bottom of the liquid. The rate of
settling is, however, mainly determined by the particle size and the
viscosity of the liquid. It can consequently be time consuming, which
can lead to the onset of alcohol fermentation, before sufficient clarification has been obtained.
The natural settling process can also only take place when there is
no movement in the juice. Thus, the onset of alcoholic fermentation
causing gas formation and temperature differences in the tank can
impair the settling process. In order to minimise the settling distance,
horizontal tanks are usually used for the clarification of white juice.
The settling method is the closest to the natural clarification of white
juice, except that sulphur dioxide is added and cooling of the juice is
applied to delay the beginning of alcoholic fermentation. Settling

enzymes or fining agents such as gelatine or bentonite are also generally added to enhance the settling of turbidity. The settling can be
delayed if rotten grapes are used and because certain cultivars settle
more difficultly than others. Considerable tank space is required for
settling and the excessive delivery of grapes can limit the available
tank space, which can lead to insufficient settling of juice.
Flotation is actually the opposite of the settling process seeing that
the turbidity moves to the surface of the juice instead of moving to
the bottom of the tank. It is accomplished by dosing a fining agent
like gelatine in line with an inert gas like nitrogen. The gelatine reacts
with the turbidity in the juice causing the flocculation thereof, which
is consequently carried to the surface by the gas moving through the
juice. The clear juice can be removed from the bottom of the tank and
the turbidity can be removed from the surface. The process can be
continuous and thus it is much faster than settling and less tank space
is required.
A centrifuge uses centrifugal force to separate turbidity from juice. It
is done by rotating the turbid juice or wine at a high speed in the drum
of the centrifuge. The turbidity is moved to the side of the drum where
it is removed and the clarified juice or wine moves out of the centrifuge.
It is a very efficient mechanical process for clarifying juice or wine. It is
also continuous and tank space is saved. The cost of a centrifuge is
however very expensive, putting it out of reach of smaller cellars.

FIGURE 1. Horizontal tanks used for settling.
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FIGURE 2. Flotation dosage equipment.

FIGURE 3. Centrifuge.

Filtration is seldom used to clarify white juice prior to alcoholic
fermentation. Although there are different filtration types, they often
lack capacity, furthermore the turbid juice can easily block the filter
medium. The latter problem can be overcome partially by using a
filter aid, but this must be removed as solid waste after it has been
used. This has a considerable environmental impact. A rotary vacuum
filter is often used to clarify settling lees. The rotary vacuum filter
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consists of a horizontal, perforated drum in a bath with the turbid
product and filter aid in it. While the drum rotates, a vacuum is drawn
though a central axis. The turbid product is then sucked by the vacuum through the drum’s surface that is covered by the filter aid,
leaving the turbidity on the surface while the clear product is sucked
to the inside of the drum. The process is continuous, but cannot be
used for quality wine because of the excessive air contact.

tips for vineyard workers
Managing MOG and other important
sanitation practices during the crush
WineLand February 2014

CONRAD
SCHUTTE

Viticultural consultant,
VinPro,
Stellenbosch

Keywords: MOG, material other than grapes.

What is MOG (Material Other than Grapes), nongrape material or foreign matter?
MOG comprises leaves, stems and other foreign matter in harvested
grapes. This foreign matter may also include insects, shoots, weed
residue, stems, parts of trellis systems, stones, irrigation systems,
pressing equipment, etc.
Apart from the fact that the material may damage mechanical
harvesters and pressing/cellar equipment, it may also contribute to
odours and tastes that are mostly undesirable in the end product, i.e.
wine. It is therefore necessary to take the utmost care that the abovementioned objects do not end up in the press bin. If any of said material does end up among the grapes during the crushing process, it will
have to be removed so that it does not affect the wine quality or
damage the machines.

It is very important for the harvesting teams to understand that the
MOG may impact negatively on wine quality, as these are the teams
who have to ensure that the grape bunches which end up in the picking crates should be as clean as possible (Photo 3). For that reason
they have to remove all undesirable material from the picking crates
before these are delivered to the larger crush bins. It therefore makes
sense to have someone stand alongside the crush bin who can remove
all undesirable material when the grapes are offloaded (Photo 4).

PHOTO 1. Example of a press bin that is contaminated with MOG, in particular leaves and stems.

Manual harvesting

PHOTO 3. A harvesting team should take care to ensure that the least
amount of leaves, stems and shoots end up in the picking crates.

When manual harvesting takes place, it is critical to ensure that all
harvesting equipment, such as shears, picking crates, bins and bulk
crates, are thoroughly cleaned both before and after use. It is easy to
clean the sticky grape juice and dust that cling to such harvesting
equipment by washing with lukewarm water and permissible cleaning
aids (Photo 2).

PHOTO 2. A vineyard manager who ensures that picking crates are cleaned
thoroughly on a daily basis after harvesting.

PHOTO 4. An extra person to sort and remove MOG from the crush bin,
could make a positive contribution to the wine quality.
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Removal of MOG at the cellar
Mechanical wine grape sorting machines may also help to ensure the
delivery of ‘clean’ grapes to the cellar. These machines use the latest
technology to remove undesirable material.
The use of sorting tables where grapes are on a conveyor belt and
are sorted manually before progressing to the crushing cellar is also
common practice in some of the wineries that produce high quality
wines.
Mechanical wine grape sorting machines and sorting tables may
be used either on their own or in combination (Photo 7).

PHOTO 5. Examples of picking crates that were properly sorted in the
vineyard.

Mechanical harvesting
Where mechanical harvesting is the order of the day, it is very important to clean the machine thoroughly beforehand and also after each
day’s usage. The settings of the harvester should also be appropriate
to the specific block where it will be used. It may also be beneficial
to remove undesirable material, such as high weeds and poor quality
grapes (e.g. rotten grapes), before the harvester moves through the
block. Obviously the use of clean bulk crates in which the grapes are
transported to the cellar is also crucial, as with manual harvesting.

PHOTO 6. A harvester with a thoroughly cleaned harvesting chamber before
it enters a block.

PHOTO 7. An example where a sorting machine is first used before manual
sorting of grapes takes place on a sorting table.

For further information contact Conrad Schutte at conrad@vinpro.co.za.

160

technical yearbook 2014

tips for vineyard workers

The correct way to make profile
pits and soil sampling

BRAHAM
OBERHOLZER
Soil Scientist,
VinPro, Paarl

WineLand April 2014
Keywords: Profile pit, soil sample.

Information obtained from a good profile pit and soil sample can be
used to optimise planning for fertilisation, drainage, as well as other
soil cultivation practices. Consequently high potential growth conditions can be created for grapevines to develop a good root system that
will produce high quality and constant crops. It goes without saying
that sufficient knowledge is required of the correct method of soil
sampling.

Choice of profile pit position
Profile pits should be demarcated to include obvious problem areas,
as well as parts of the vineyard that perform well. The pits should be
spread evenly across the block. Each pit should be indicated with a
specific number on a map. It is preferable for the pits to be approximately 20 cm from the vineyard rows, so as to properly represent the
soil at the roots.

90cm

How to take the sample
Soil samples should preferably be taken from each specific soil layer.
In practice this would mean taking soil samples at 30, 60 and 90 cm
soil depth. Take care that the sample represents as much as possible
of the layer. Any large stones (bigger than 25 mm) should be removed
from the sample.

How to make the hole and what it should look like
The hole can be dug with a spade, or a digger if available. The dimensions of the profile pit should be 2 m deep, 3 m long and 1 m wide.
The walls of the hole should be as even as possible. Holes should
preferably be made in autumn when the soil is fairly dry and the
grapevines have removed the required nutrients.

What to do with the sample
Approximately 1 kg of soil at each layer of depth should be placed
in a plastic bag. The bags should be clearly marked, stating the name
of the farm, the block number and pit number, as well as the reference depth. If any large stones (bigger than 25 mm) are obvious at a
certain depth, this should be indicated on the bags. The bags should
be thoroughly closed/tied as soon as the sample has been taken.

For further information contact Braham Oberholzer at braham@vinpro.co.za.
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Making plant holes – do’s and don’ts
HEINRICH
SCHLOMS

GIS/Soil expert,
VinPro, Paarl
WineLand June 2014
Keywords: Plant hole, grapevine, roots, soil.

Establishment of a vineyard is a time-consuming process that requires
a lot of planning, patience and money. Planning should start at least
a year before planting and requires many steps, each of which must
be executed properly, in order to establish a vineyard for long-term
profitability.
One of these steps is often neglected, namely the correct making
of plant holes and may cause an enormous loss in production if they
are not made correctly.
The biggest mistake when making plant holes is that the walls of
the plant hole are compacted by the spade. This thin compaction
layer serves as an impenetrable barrier to the grapevine’s roots. The
development of new roots is then limited to the size of the plant hole
with the effect that a man-made flower pot is created in the soil. The
result is a bonsai effect on the grapevine which is not easily remedied.
The following steps should be taken to ensure that this phenomenon
does not occur:
1. Mark all the positions where the grapevines are to be planted.
2.

Make proper, square plant holes of 50 cm3 (50 cm x 50 cm x 50
cm) with the eventual position of the grapevine in the middle of
the plant hole.

3.

Use a fork to chisel out the compacted walls of the plant hole so
that the walls have an uneven surface.

4.

Use the soil that has been dislodged and make a mound in the
middle of the plant hole.

5.

Place the grapevine in the middle of the plant hole so that its
roots hang evenly around the mound of soil in the middle.

6.

Cover the roots with just enough soil for the grapevine to be able
to stand on its own.

7.

Carefully pull the grapevine upwards so that the graft joint is at
least 10 cm above the soil surface.

8.

Use the fork to further chisel out the walls of the profile pit and
cover the hole with the remainder of the soil from the plant hole.

9.

Carefully trample the soil around the grapevine.

Left: The roots of a typical nursery grapevine are 50 cm in length, therefore
the plant hole should have the correct dimensions to prevent the roots from
curling up. On the right is an example of roots that curl up in a plant hole
that has been made too small.

10. As soon as the grapevine has been planted, switch on the
irrigation long enough to wet the entire root zone gets wet.
Try to avoid the following:
•
Do not plant grapevines on soil if the physical and chemical
limitations have not been rectified.
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•

Do not make plant holes if the soil is too wet. If soil sticks to the
spade, the soil is too wet.

•

Try to avoid the pruning of roots, rather dig a bigger plant hole.

•

Avoid any traffic on the soil, or keep to the absolute minimum
for the first year after planting.
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Left: A compacted soil pit wall made by a spade and right, a wall that has
been chiselled by a fork.

tips for vineyard workers

Make a small mound of soil in the middle of the plant hole and place the
grapevine on top of the mound, so that the roots hang down evenly around
the mound.

Carefully trample the soil around each grapevine and switch on the irrigation
as soon as the grapevines have been planted.

Cover the roots slightly and then pull the grapevine carefully upwards so that
the graft joint is 10 cm above the surface of the soil.

Example of a 3-year-old grapevine where the roots have curled up as a result
of making the plant hole incorrectly.

For further information contact Heinrich Schloms at heinrich@vinpro.co.za.

technical yearbook 2014

163

Taking care and preparation of
grapevines before planting

JOHANNES
MELLET

Viticulturist,
VinPro, Klein Karoo
WineLand August 2014
Keywords: Grapevine, plant, storage, water, root.

1. Storage of grapevines before planting

2. Soak in water for 24 hours before planting

Store bundles of grapevines in the shed under sprayers as on the
photo, or lay in under well-drained sandy soil.

Place bundles in water up to the graft joint.

Take special care to ensure that grapevines do not dry out during
transport or storage.

Replace water if grapevines have to be stored thus for longer than 48
hours.

3. Trimming of grapevines with long roots

Before.

After.

To facilitate planting, roots may be trimmed slightly.
Roots should be at least as long as pruning shears.
For further information contact Johannes Mellet at melletj@vinpro.co.za.

164

technical yearbook 2014

tips for vineyard workers

Suckering – get the timing right,
increase productivity

HANNO VAN
SCHALKWYK

VinPro viticultural
consultant Paarl,
Wellington & Swartland
WineLand October 2014
Keywords: Sucker, aeration, renewal, sunlight penetration.

Wine grape producers are currently caught in a cost vice, which
means that costs are increasing much quicker than income. Wine
producers therefore have to look at input costs very carefully. The
thinning of shoots, or suckering as we know it, nevertheless remains
an essential action in many vineyards for the following reasons:
• Improved sunlight penetration improves fertility and quality. Red
grapes that never get any sun, do not colour well.

• Improved aeration reduces disease pressure, while improving
spray penetration.
• Vigour is channelled into the bearer shoots.
• Pruning is made considerably easier and faster. In one instance
pruners could prune 500 grapevines per day in a block that had
been suckered, compared to only 320 where suckering had not
taken place.

Start suckering early when the shoots are 5 - 10 cm in length. On the right unnecessary shoots were removed from the cordons and trunks. Such early
treatments make it considerably easier to sucker premium blocks again at a later stage.

Left: In grapevines where the clean prune and final prune actions are spaced far apart, water shoots often develop first, which may dominate the bearer
shoots on the spur. Right: Unnecessary water shoots were removed, giving the bearer shoots the opportunity to develop properly.
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In this instance a shoot was left in place the previous season to enable a renewal cut. Workers who are familiar with the principles and techniques of
winter pruning, know which shoots they will require for renewal the following winter.

This super premium block is extremely well aerated and illuminated, thanks to timeous suckering actions.
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Breaking out of grapevine leaves
– practical considerations

PIERRE SNYMAN
VinPro-viticultural
consultant, Worcester

WineLand December 2014
Keywords: Morning sun side, light housekeeping, bunch zone, aeration,
colour, grape analyses.

Introduction
In many grapevines, in the irrigation areas especially, canopies tend
to be excessively dense. This causes the inside leaves to be in the
shade, which impacts negatively on grape analyses, fertility and
diseases, amongst others. Breaking out of leaves, whether manual or
mechanical, is rapidly becoming common practice in South Africa.

• Better spraying coverage on the bunches can be achieved.
• It may replace suckering in blocks where this could not be done
in good time.

Benefits of breaking out leaves

• The colour of red grapes is improved if the leaves are broken out
just after set.

• The incidence of rot can be drastically reduced by removing the
leaves on the morning sun side, for example.

• Break the leaves severely around the bunch zone to avoid green
flavours in blocks that are known for this.

Applications of breaking out leaves
Quality improvement
•
•
•
•
•

Break a so-called window just after set.
Above the bunch zone.
This improves light housekeeping.
Photosynthesis in leaves is effective and optimal.
Grape analyses improve.

Prevention of disease
•
•
•

Colour in red grapes
•
•

Carefully break out leaves around the bunch zone just after set.
If a person who does the breaking stands upright,
he should not be able to see the bunch.

Usually the leaves are removed when disease control is critical.
Break out leaves on one side of the canopy only
(mostly morning sun side).
Obtain better aeration and better spray coverage.

Flavour aspects
•
•

Remove all leaves around the bunch zone just after set
(drastic treatment).
This should be done in blocks known to produce green flavours.

With thanks to my colleagues at VinPro for photos, as well as the Department of Viticulture and Oenology, Stellenbosch University.
NB: For more specific information about breaking out leaves in your own area, contact your VinPro regional consultant.
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Knowledge in practice (Part 1):
External sources of knowledge
of winemakers

NELIUS
BOSHOFF

Senior lecturer,
Centre for Research on
Evaluation, Science &
Technology (CREST),
Stellenbosch University

WineLand March 2014
Keywords: Knowledge, winemakers, practice.

A positive consequence of having knowledge is that it creates the
capacity to absorb even more knowledge. Eventually one ends up
with an ever-expanding pool of knowledge, suitable for the execution
of various tasks. Practitioners regularly rely on such internal knowledge pools when performing practice routines. This also applies to
winemakers as a category of practitioners. When performing routines,
winemakers often subconsciously extract from the pool of internal
knowledge, resulting in the instant recognition and application of a
workable approach – all at once, without considering any alternatives.
This is what is referred to as habits. However, if the power of habits
fails, a practitioner’s mind will shift to conscious mode. This means
that they will select from memory as they consciously search their
internal pool of knowledge, trying to figure out the relevance of existing pieces of knowledge to the crafting of a solution for the task at
hand (Boerkamp et al., 1996: 379).
If the internal pool of knowledge cannot produce a workable solution, a practitioner normally turns to external knowledge. This
implies knowledge obtained through the reading of relevant materials
or by asking others. Insights collected in this way then also become

part of the internal pool of knowledge, ready to be tapped into again
whenever a next challenge is encountered. That being said, external
knowledge is not always solicited in response to a practice-based
challenge. It is often acquired in a much more natural manner as part
of everyday human behaviour. Winemakers also socialise with others,
read magazines or attend events whenever the need arises, and in that
way pick up knowledge that eventually finds its way to the internal
pool.
In the light of the above one could rightfully ask what the external
knowledge sources of winemakers are, as these could significantly
shape their internal knowledge pool. I have tried to answer the question through a web survey of South African winemakers and assistant
winemakers. Eventually 211 winemakers completed and submitted
questionnaires. Of special interest was a question where the winemakers had to rate a number of external knowledge sources in terms
of how frequently they engage with each (Boshoff, 2012, 2014). The
responses are summarised in Table 1.
Given that four sets of ratings were used (starting with: “read
everything in each addition”, “once a month”, “at least once a month”

TABLE 1. Extent to which winemakers use external knowledge sources.

How closely do you read the following South African publications?
Wynboer in the WineLand magazine
Outlook Gazette by Anchor Wine Yeast (the Newworldwinemaker newsletter)
South African Journal of Enology and Viticulture
How often do you read/consult the following sources?
Textbooks and manuals of winemaking practice
Contributions on www.newworldwinemaker.com
Trade journals by the wine industries of other countries
Winetech Scan
Findings of Winetech-funded research in the Winetech database
International science journals
Reports by international research organisations

How often do you seek expert advice from the following people?

Other winemakers in South Africa
Staff from wine laboratories responsible for wine analyses
VinPro consultants
Winemakers in other countries
Technical consultants from other yeast manufacturing companies

Read everything in
each
edition
19%
13%
2%
Once a
month
17%
17%
8%
7%
6%
4%
4%
At least
once a
month
46%
25%
12%
8%
2%

Read
parts of
each
edition
55%
29%
32%

Read only
some
editions

Do not
read

Number
of
respondents

24%
29%
28%

2%
29%
38%

210
202
203

Never /
almost
never

Number
of
respondents

26%
37%
48%
64%
52%
60%
63%

209
207
203
203
203
209
210

Never /
almost
never

Number
of
respondents

3%
19%
47%
54%
33%

208
209
209
207
209

Once in Once in
3 months 6 months
29%
25%
17%
15%
16%
14%
11%

28%
21%
27%
14%
26%
22%
22%

At least At least
once in
once in
3 months 6 months
35%
27%
17%
13%
14%

16%
29%
24%
25%
51%

For further information on this series contact Nelius Boshoff at scb@sun.ac.za.
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At least
once a
month

How often do you seek expert advice from the following people?

At least At least
once in
once in
3 months 6 months

Never /
almost
never

Number
of
respondents

Staff from the Department of Viticulture and Oenology and/or the Institute for Wine
Biotechnology (IWBT) at Stellenbosch University

1%

8%

32%

59%

209

Technical consultants from Anchor Wine Yeast

1%

7%

47%

45%

210

Staff from ARC Infruitec-Nietvoorbij

1%

4%

22%

73%

209

Staff from Cape Institute for Agricultural Training: Elsenburg (CIAT)

0%

4%

15%

81%

208

Never /
almost
never

Number
of
respondents

At least
once a
month

How often do you do the following?

At least At least
once in
once in
3 months 6 months

Search the internet for information on issues related to winemaking

47%

31%

14%

8%

210

Obtain feedback on the quality of wine products from wine consumers

43%

31%

19%

7%

208

How often have you in the past attended the following events?

3 or more
times

Twice

Once

Never
attended

Number
of
respondents

Information sessions/seminars/workshops by Winetech/VinPro

46%

16%

18%

20%

210

Information sessions/seminars/workshops by Anchor Wine Yeast

30%

17%

16%

37%

210

Workshops and short courses by the South African Society for Enology and Viticulture

29%

18%

17%

36%

210

The annual conference of the South African Society for Enology and Viticulture

18%

14%

20%

48%

208

Relevant conferences in other countries

2%

4%

10%

84%

207

Seminars at Stellenbosch University where postgraduate students present their theses
and dissertations

2%

3%

10%

85%

205

and “three or more times”) the results are best interpreted by comparing the percentages of respondents who do not use a particular knowledge source. By doing so it can be seen that winemakers are most
likely to participate in four knowledge sourcing activities: read
Wynboer in the WineLand magazine (only 2% never do so); seek
advice from other winemakers in South Africa (3% never do so);
obtain feedback on the quality of wine products from wine consumers
(7% never do so); and search the internet for information on winemaking issues (8% never do so).
However, there are external knowledge sources that more than half of
the winemakers indicated that they never use. Some involve initiatives
developed specifically for knowledge transfer in the South African wine
industry, namely Winetech Scan and the Winetech database of funded
research (respectively 64% and 52% said they never use these). A large
lack of interest also exists with regard to reports by international research
organisations (63%) and publications in international science journals
(60%). Certain individuals also seem to be never consulted by more than
half of respondents, including staff from the Cape Institute for Agricultural Training: Elsenburg (81%), the ARC Infruitec-Nietvoorbij (73%),

and the Department of Viticulture and Oenology and/or the Institute for
Wine Biotechnology at Stellenbosch University (59%).
What needs to be stressed, though, is that frequently used knowledge sources, although contributing to a winemaker’s internal pool of
knowledge and hence indirectly shaping practice, are not necessarily
the same knowledge sources that winemakers would regard as
extremely important for their winemaking. I will explore the knowledge sources regarded as crucial by winemakers in a next article.

References
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Summary
Frequently used knowledge sources add to a winemaker’s pool of internal knowledge and in that way indirectly contribute to improved
practice. This article explores the extent to which South African winemakers use a number of external knowledge sources.
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Knowledge in practice (Part 2): Experience, personal knowledge
and fellow winemakers – three knowledge sources that
winemakers highly value
WineLand April 2014
Keywords: Experience, intuition, knowledge, winemakers.

In Part 1 (March 2014) I focused on the knowledge sources that
South African winemakers said they most frequently interact with.
The four most used knowledge sources were Wynboer in the WineLand magazine, other winemakers in South Africa, wine consumers,
and the internet. I also emphasised that these most frequently consulted sources indirectly shape winemaking practices in South Africa,
as regular exposure to external knowledge sources contributes to the
expansion and refinement of a winemaker’s internal knowledge store.
Winemakers tap into their internal knowledge stores during both
routine-based practice and when experiencing a winemaking challenge.

In this article the focus shifts to knowledge sources that the same
sample of winemakers considered crucial for their winemaking practice. The methodology involved a web survey of South African
winemakers and assistant winemakers. The winemakers had to rate
a number of sources in terms of importance for their own winemaking (Boshoff, 2012). Altogether 211 winemakers completed the
relevant section in the questionnaire.
The list of knowledge sources that the winemakers were asked to
rate appears in Table 1. The results show that the internal knowledge
store is considered by the majority of winemakers as their most
important knowledge source: respectively 76% and 74% of wine-

TABLE 1. Extent to which winemakers rated various knowledge sources as important for their winemaking (in order of importance).
Of extreme
importance

Of some
importance

Of little
importance

Of no
importance

Number of
respondents

Own experience (what has worked / not worked before)

76%

23%

1%

0%

211

Results of wine analyses from wine laboratories

76%

19%

3%

2%

211

Intuition / common sense / personal knowledge

74%

25%

1%

0%

210

Staff or colleagues at your cellar / winery / estate
South African winemakers in other cellars / wineries /
estates
Opinions of wine consumers

58%

28%

8%

7%

207

57%

35%

6%

1%

209

53%

36%

9%

2%

210

Formal training received at college / university

50%

34%

10%

6%

210

Textbooks and manuals of winemaking

45%

43%

9%

3%

209

Internet
Information sessions / seminars / workshops for the
South African wine industry
Winemaking tradition (of farm, estate, cellar, family, etc.)

45%

41%

10%

4%

209

33%

43%

15%

9%

208

25%

41%

24%

10%

209

VinPro consultants (commodity-based extension agents)

20%

40%

21%

19%

210

Information in leaflets of commercial products

19%

44%

26%

11%

211

Conferences in South Africa

17%

49%

22%

12%

210

Commercial technical consultants

16%

50%

22%

12%

211

South African researchers and lecturers

16%

48%

22%

14%

211

Wynboer in the WineLand magazine

15%

54%

24%

7%

211

Family members who know about winemaking

15%

18%

26%

41%

208

International scientific publications and reports

14%

34%

36%

16%

211

Winemakers in other countries

13%

35%

27%

25%

211

South African Journal of Enology and Viticulture

9%

43%

31%

17%

209

Trade journals by the wine industries of other countries
Outlook Gazette by Anchor Wine Yeast
(Newworldwinemaker newsletter)
Conferences in other countries

9%

41%

34%

16%

211

8%

45%

30%

17%

207

3%

26%

39%

32%

208

Knowledge sources
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makers regarded experience and personal knowledge (often finding
expression as intuition and common sense wisdom) as extremely
important for their winemaking.
The only scientifically informed knowledge source that is regarded as most valued by at least three quarters of winemakers relates to
the results of wine analyses from wine laboratories (76% rated it as
extremely important). Winemakers, in their daily practice, are confronted by situations that are contextualised, task-orientated and often
unique. Against this backdrop, the analytical output by wine laboratories can be seen as of significant importance to practitioners, as it
sheds light on issues like the micro-bacterial activity of a specific
wine, which, in turn, suggests a very specific diagnosis and course
of action.
Moreover, knowledge of fellow winemakers is prioritised above
the various explicit sources of scientific research findings. Respectively 58% and 57% of winemakers rated staff at their own and
other cellars as extremely important, compared to the significantly
smaller proportions who rated both conventional and non-conventional carriers of scientific knowledge to the same degree (e.g. South
African researchers and lecturers, Wynboer in the WineLand magazine, the South African Journal of Enology and Viticulture, and
international scientific publications and reports).
The prioritisation of the knowledge of fellow winemakers – as well
as one’s own knowledge – over the knowledge generated by science
is in no way unusual. According to Heiskanen (2006), practitioners
rely in their everyday context on experience-based techniques (called
heuristics) and shared practices to guide their activities. This is completely pragmatic as practitioners’ time and resources are limited and
they need to make decisions on the job based on the available information, while simultaneously maintaining a strong sense of confidence in the appropriateness of the action they decide upon. Experienced-based techniques, such as intuitive judgement, provide the
necessary heuristic to effectively deal with a particular situation.

Moreover, since the situation that necessitates a decision or action is
localised and context-specific, fellow practitioners are seen as more
reliable sources of information.
What also needs to be stressed is that the emphasis on personal
knowledge and experience does not necessarily imply that South
African winemakers are less scientific in their winemaking approach.
Already in the opening paragraph I alluded to the fact that a winemaker’s internal knowledge store, which incorporates personal
knowledge and first-hand experiences, consistently grows because
of regular exposure to different knowledge sources, especially frequently consulted sources (Boshoff, 2014). Some of these frequently
consulted knowledge sources, like Wynboer, are clear carriers of
scientific claims whereas others, like the internet, may or may not
convey scientific claims, depending on the website that is being
consulted. Also, the denser and richer a practitioner’s internal knowledge store becomes because of increased experiences and regular
exposure to different knowledge sources, the more automated decision-making in practice also becomes (Stolper et al., 2010). Instances of intuition, common sense and gut feeling are sparked by such a
dense network of personal knowledge.
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Summary
In a web survey of South African winemakers it was found that respectively 76% and 74% of winemakers rated experience and personal
knowledge as extremely important for their winemaking. The results of wine analyses from wine laboratories (76%) comprise the only
scientifically informed knowledge source that is also highly rated by winemakers.
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Knowledge in practice (Part 3): Winemakers and intuition

WineLand May 2014
Keywords: Intuition, knowledge, winemakers.

In a previous article I referred to a survey of South African winemakers which found that 76% regarded personal knowledge and intuition as extremely important for their winemaking (Boshoff, 2014). A
question arises as to how the notion of intuition should be interpreted.
I therefore conducted telephonic interviews with six winemakers,
asking them a number of questions concerning their understanding
of intuition in winemaking (Boshoff, 2012).
Four sets of insights emerged from the interviews. According to
the first, intuition is similar to inspiration, i.e. the unique and subconscious flow of ideas and approaches that are characteristic of creative
instinct. Background knowledge together with products and materials
comprise the “building blocks” of winemakers in the same way that
paints and brushes comprise the tools of the artist. The way that
everything is brought together to achieve the end-product (wine in
this case) occurs intuitively, with the result that wine becomes an
expression of the winemaker’s personality. The creative instinct
characterising the work of a winemaking expert is like connoisseurship. It involves “a skill that works its results in practice” but this
special skill lacks “both a comprehensive statement of method and a
rationale for that method”. (Ebitz, 1988).
The second insight concerning intuition, which emphasises the role
of the senses in knowing intuitively, needs to be treated carefully.
Knowing through sense impressions are not only considered a form
of implicit knowledge but, according to others (e.g. Pears, 1971), also
as a different type of knowledge altogether. Knowledge of general
things, like colour, taste, smell and texture, which point to the state
of things, constitutes for Pears a form of knowing that can best be
described as acquaintance. According to Pears there is some connection between acquaintance and factual knowledge, as being acquainted with the state of things on the basis of certain sensory sensations
implies additional information about the object of acquaintance.
When making an inference about the state of the wine-in-making on
the basis of a visual or olfactory sensation, some piece of factual
knowledge also comes to mind, for instance, that some aspect of the
wine, when measured, will lie outside acceptable boundaries. The
following is an example of a winemaker immediately recognising the
state of affairs when experiencing a particular sense impression,
resulting in the winemaker also knowing how to proceed.
“When I walk into the cellar in the morning I often smell the cellar.
It is the smell of the cellar that will tell me if there is a tank with a
problem. Then I need to find which tank it is and normally I know
the smell and know what it needs. Usually it will be a nutrient inefficiency.” (Winemaker 1).
Sensory perceptions, as a way of knowing by acquaintance, can
therefore unlock a winemaker’s intuitive knowledge. Intuitive knowing is a process whereby the state of affairs is instantly recognised on
the basis of implicit and subconscious knowledge of the underlying
particulars. Although the particulars are implicit, it can sometimes be
reflected upon and expressed as statements. Once implicit knowledge
can be verbalised or expressed in one’s mind as statements, it has the
potential to be codified and thus become explicit knowledge. The
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following quote involves a situation where an experienced winemaker is asked by a younger winemaker to explain the underlying principles of immediate knowing on the basis of sense impressions. The
experienced winemaker here was able to verbalise the signs or rules
of knowing.
“My [elderly family member who is also a winemaker], for
instance, would pass a tank and then he would say, listen, this tank
has a problem. And then I would ask, how do you know that, and then
he would respond that these and these and these are the signs.” (Winemaker 2).
However, there are also instances of knowing intuitively (through
the associated sense impressions) where the underlying rules of
knowing cannot be verbalised. In such instances, the implicit knowledge remains inherently tacit.
“When it comes to the finer things, you really cannot tell someone,
okay, good, this is why so and so. You just had a sensing at a
particular moment, yes, this might work better and it will be
based on knowledge that you’ve already had, or things that you’ve
already experienced, or people that you’ve already spoken to.” (Winemaker 3).
However, some interviewees were not convinced that winemakers
really rely on intuition, as they believe that intuition springs from an
underlying knowledge base that incorporates experience. They even
doubted whether the word “intuition” captures the essence of the
process of instant recognition and implicit knowing. For them it is
more the case of a reinforced link between past experiences and
certain sense impressions, which results in sharpened senses. Thus,
instant recognition occurs where a close association has been established between a past event and a sense impression, and if the winemaker now smells or sees or tastes or feels that very same thing in
the present, it will remind him/her of the corresponding event in the
past.
“It is from years of experience that one gets that intuition, in any
stage of winemaking … I mean, if the grapes coming in are too hot,
then you know you need to take certain steps because … through past
experience you know these and these problems will emerge … You
can say it’s intuition but in fact it is just your sharpened senses.”
(Winemaker 2).
The above interviewee therefore argues that knowing through the
senses is not an example of intuitive knowing. It is simply based on
good uses of the senses. This underscores the commonly accepted
juxtaposition between intuition and the senses. Intuition is often seen
as mysterious, non-scientific, speculative and even irrational, whereas sensory perceptions are based on empirical reality and sensory
data, and for that reason regarded as scientifically acceptable.
Thirdly, intuitive knowing involves a process of pattern recognition
based on past experiences. Past situations are stored in one’s memory as individual exemplars or some aggregation of exemplars, and
new situations are continuously matched against these exemplars
(Norman, Young & Brooks, 2007). Thus, representations of past
experiences form part of the knowledge stock of winemakers. Win-
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emakers unwittingly tap into this stock when confronted with challenges in their winemaking. Some winemakers interpreted the insight
sparked by the matching of past and present events as another
instance of intuition.
“So I think experience has a big part to play … like the tank that
tends to get stuck, often tends to be the same grapes each year. So
your intuition would say, hang on, we won’t want to look at those
with poor quality yeast, we’ll try to give it a decent one to help it on
its way.” (Winemaker 4).
A fourth insight also emerged from the interviews, where intuitive
knowledge – interpreted as instant recognition of the state of affairs
and how to proceed – results from the consideration of the relevant
facts and the filling of any blanks with sensorial assessments. Thus,
sense impressions, according to this perception, serve to complement
available information and data. One winemaker clearly brings this
point across.
“As winemaker it is your job to have absolute understanding …
You’ve got all the information, the block that the vineyard is growing
on, the rootstock, the clone, the closeness to the sea, the terroir, the
soil, the climate exchange … you know all of those things, what
effects those things will have on the wine … When you bring it in

[the grapes] … you have an idea, maybe call it a hunch, but you have
a pretty good idea of what it should be ... It’s still about having a
recipe, certainly, but it is trying to have as much information as possible. You know, you want as many pieces of the jigsaw to technically get what is possible and you need to fill in the blanks with the
sensorial qualities.” (Winemaker 4).
Having all the relevant facts therefore contributes to absolute
understanding of the situation and of what is feasible, and acts as a
springboard for intuition in the cellar.
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Summary
Telephonic interviews were conducted with a small number of winemakers, revealing four insights concerning their understanding of
intuition in winemaking.
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Knowledge in practice (Part 4): Three types of use
of scientific research findings

WineLand June 2014
Keywords: Research use, science, winemakers.

It is often believed that winemakers should be able to use the results
of scientific research in a better way by introducing some changes to
their practice on the basis of research findings. This is known as the
instrumental use of research. Instrumental use can also be more narrowly defined as the implementation of a single finding that emanated from a specific research study. However, such a narrow interpretation of the instrumental use of research tends to be more the
exception than the rule. Almost a decade ago, when I asked a winemaker about the uptake of the results of a specific research study – on
the role of micro-organisms in the formation of bitterness in wines
– he mentioned a few reasons as to why he would be hesitant to
introduce changes on the basis of a single study (Boshoff, 2005).
The first reason was the research finding itself. The correlation that
was found between bacteria and bitterness, in the words of the winemaker, “wasn’t as strong as we expected it to be” and “the activity
of bacteria was a bit unpredictable”. Actions formulated on the basis
of findings that are associated with uncertainty involve too much of
a risk to be followed through. A second and related reason was the
winemaker’s conception of the research project as only a small piece
of a larger puzzle: “there are lots of variables in the wine preparation
process. You cannot single out one variable and say that it makes a
radical change to your wine. You need to consider the whole process

and all the different variables before making a decision”. The third
reason pertained to the winemaker’s perception of scientific research,
particularly the fact that research represents the best available evidence at a particular point in time. It is therefore subject to change as
science progresses and new evidence accumulates. According to the
winemaker, “science changes and one article, one set of research
results, unfortunately, isn’t infallible. One reads the research and it’s
very interesting but I don’t think that a single research investigation
can turn everything around” (Boshoff, 2005, p. 44).
In light of the above one could ask to what extent the instrumental
use of research is typical of winemaking practice and, if instrumental
use does not seem to be the norm, what other forms of research use
characterise winemaking practice. Insights from the field of social
policy research provide some guidance as to how to deal with this
question. More than 30 years ago Carol Weiss (1979) presented a
number of models that explain how policy research findings can enter
the social policy domain. Three of these models directly speak to the
issue of research use.
The first model by Weiss (1979), called the policy driven model,
illustrates the instrumental use of research. It typifies cases where
policy makers commission research or search for research findings
that have a direct bearing on a burdening policy issue. Since the find-

CONCEPTUAL: Scientific research findings on winemaking
have led me to develop a better understanding of some
aspect of my winemaking (N=198)

SYMBOLIC: Scientific research findings on winemaking
have strengthened my personal belief concerning
winemaking (N=197)

INSTRUMENTAL: Scientific research findings on
winemaking have led me to do things differently in
my winemaking (N=198)

Strongly disagree

Disagree

Neutral

Agree

Strongly agree

FIGURE 1. Winemakers’ responses to three statements that measure scientific research use.
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ings are of immediate relevance to the policy makers, they often find
direct application in policy making. The second model, the political
model of research use, represents cases where the findings of social
policy research are used by policy makers to strengthen standpoints
that have already been taken. The underlying form of research use is
called symbolic use. The policy makers are not influenced by the
research findings but instead use the latter to back existing viewpoints and strengthen personal beliefs. A third form of research use,
conceptual use, is based on the enlightenment model. According to
this model, policy makers often cannot identify a single piece of
research that has shaped their decisions although they are very much
attuned to research and have a clear sense that research has provided
them with an underlying set of ideas on which they base their decisions and actions. Conceptual use is characterised by knowledge
creep, or the “diffuse, undirected seepage of social research into the
policy sphere” (Weiss, 1978, p. 23).
A web based survey was conducted in order to determine to what
extent the above-mentioned three types of research use are prevalent
among South African winemakers. The same survey also informed
my previous discussions on the use and relative importance of a
number of information sources for winemakers (Boshoff, 2012,
2014a, 2014b, 2014c). Altogether 211 winemakers completed and
submitted usable questionnaires but only 198 completed the three
statements that are of interest here. Each statement was designed to
measure a particular type of research use. Figure 1 shows the three
statements and the associated forms of research use, together with a
summary of the ratings provided by the winemakers. The winemakers
had to rate each statement on a five-point Likert scale in terms of
their level of agreement.
As can be seen from Figure 1, the conceptual use of research findings – which implies improved understanding of certain aspects of
winemaking because of research – constitutes the single most important type of research use in the case of winemakers. Altogether 90%
of winemakers expressed some extent of agreement with the statement, of which almost a third (31%) strongly agreed. Symbolic and
instrumental uses of research are also prominent, as respectively 80%
and 78% of winemakers indicated some level of agreement with the
two relevant statements. However, instrumental and symbolic uses
of research rarely occur in the absence of conceptual use. Table 1,
which shows the inter-relationship of the three types as a series of
shared percentages, brings this point across. The two highest percentages (97% and 98%) are both associated with conceptual use. In
other words, in only 3% and 2% of cases of instrumental and sym-

bolic use did conceptual use not also simultaneously occur. The
better understanding that develops as a result of a winemaker’s
engagement with research therefore serves as a necessary condition
for winemakers to introduce evidence-based changes to practice
(instrumental) and to be in a position to skilfully use research to
strengthen long-held beliefs (symbolic) or even refute those beliefs.
TABLE 1. Inter-relationship between the three types of research use,
expressed as shared percentages.
Shared percentages
% of winemakers reporting instrumental use (N = 154) who also reported:
•
Conceptual use (97%)
•

Symbolic use (88%)

% of winemakers reporting conceptual use (N = 179) who also reported:
•
Instrumental use (84%)
•

Symbolic use (87%)

% of winemakers reporting symbolic use (N = 158) who also reported:
• Instrumental use (86%)
•

Conceptual use (98%)
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Summary
Three types of use of scientific research findings by winemakers are briefly highlighted: instrumental, conceptual and symbolic. According
to a survey of South African winemakers conceptual use is the most prominent type, which refers to the better understanding of some
aspects of winemaking because of research.
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Knowledge in practice (Part 5): Profile of winemakers who are seen
as opinion leaders
WineLand July 2014
Keywords: Knowledge, opinion leaders, network, winemakers.

The first two articles in this series of five highlighted the importance
of fellow-winemakers as a source of knowledge (Boshoff, 2014a,
2014b). To conclude this series I thought it worthwhile to examine
the characteristics of winemakers who are frequently contacted by
others for information. To a certain extent, winemakers who are
frequently approached by their counterparts for advice can also be
regarded as opinion leaders. According to Rogers (2003, p. 27) an
opinion leader is “an individual [who] is able to influence other
individuals’ attitudes or overt behaviour informally in a desired way
with relative frequency”. Opinion leaders, as discussed by Rogers,
operate at the core of communication networks, an aspect that makes
them important actors in the dissemination of knowledge. As one of
the winemakers that I interviewed also said: “When you get to a
situation where you have hit a hard rock and you don’t know left or
right, you just phone. That’s the first thing that I do. I phone a guy
who I think has experience in that area”.
One way to measure opinion leadership is to ask winemakers to
indicate how often they are approached by others for information and
advice. The winemaker survey that I reported on elsewhere (Boshoff,
2012, 2014a, 2014b, 2014c, 2014d) included such a question.
It involved a four-point rating scale, ranging from “at least once a
month” to “never or almost never”. The results are displayed in
Figure 1 – one-third (33%) of the 208 respondents said that other
winemakers contacted them at least once a month for advice.
What underlies the knowledge of this subgroup of winemakers or,
differently put, where do these perceived opinion leaders get their

FIGURE 1. How often do fellow-winemakers come to you for information
or advice? (N = 208.)
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knowledge from? This is a relevant question, given that the contents
of the information sources that the opinion leaders rely on may also
be indirectly transmitted to other winemakers who solicit the advice
of the opinion leader. To answer this question I performed a series of
cross-tabulations between, on the one hand, the question about the
frequency of being contacted by others and, on the other hand, the
extent of interaction with a number of information sources. The
results are summarised in Table 1. Two comments are warranted
before inspecting the results. Firstly, only two comparison groups are
included, namely those who are consulted by others at least once a
month (70 respondents, referred to as “frequently consulted winemakers”) and those who are never or almost never consulted by
others (21 respondents, referred to as non-consulted winemakers).
Secondly, the figures in Table 1 are the percentages of respondents
who said that they frequently engage with the 16 information sources
listed. “Frequently” can assume one of four interpretations, depending on the information source: (1) read every edition of a
particular publication, (2) read other kinds of documents at least once
in three months, (3) seek expert advice from a certain group of
individuals at least once in every three months, or (4) attended certain
information sessions at least twice in the past.
The findings reveal that seven of the 16 information sources
significantly discriminate between the frequently consulted and nonconsulted winemakers (Table 1). Two of these sources relate to
specific publications (the online newworldwinemaker and trade
journals of other wine producing countries), another two relate to
social activities (consulting fellow-winemakers and wine consumers),
and three to information events for the local wine industry (workshops by Winetech/VinPro and the South African Society for Enology
and Viticulture, or SASEV, as well as the annual SASEV Conference).
Attendance of wine information events therefore seems to be a
defining characteristic of winemakers who act as nodes in social
networks, thereby setting them apart from those at the periphery. The
above-mentioned seven sources, in combination, imply that opinion
leaders rely on both a local and international knowledge base. In
further illuminating the knowledge base of opinion leaders one
should also highlight the sources that this subgroup of winemakers
indicated that they most frequently engage with, irrespective of
whether or not the associated percentages significantly differ from
those for non-consulted winemakers. These are Wynboer in the
WineLand magazine, other winemakers, internet searches, wine
consumers, and the information sessions by Winetech/VinPro.
Table 2 presents a number of demographic variables that also
discriminate between frequently consulted winemakers and nonconsulted winemakers. Of these, six in particular contribute towards
profiling the “average” opinion leader, namely someone who has
been making wine for more than five years and has worked in at least
two other cellars of which one is located abroad, and who currently

general

TABLE 1. Comparison between frequently consulted winemakers and nonconsulted winemakers in terms of extent of engagement with information
sources.

Information sources

% of
respondents
reading each
edition of the
following:

Wynboer in the WineLand
magazine

74%

South African Journal of
Enology and Viticulture

46%

Textbooks and manuals
of winemaking practice
Contributions on www.
newworldwinemaker.com
% of
respondents
reading/
consulting the
following at
least once in
3 months:

% of
respondents
seeking
expert advice
from the
following at
least once in
3 months:
% of
respondents
doing the
following at
least once in
3 months:

% of
respondents
attending the
following at
least twice in
the past:

FreNonSignifiquently
consulted cant
consulted
winedifferwinemakers
ence
makers
71%
30%

No
No

60%

52%

No

53%

20%

Yes

Trade journals by the
wine industries of other
countries

30%

5%

Yes

Findings of Winetechfunded research in the
Winetech database

29%

25%

No

Winetech Scan

29%

15%

No

International science
journals

27%

10%

No

Other winemakers in
South Africa

86%

67%

Yes

Staff from wine
laboratories responsible
for wine analyses

53%

52%

No

VinPro consultants

41%

24%

No

Search the Internet for
information on issues
related to winemaking

84%

71%

No

Obtain feedback on the
quality of wine products
from wine consumers

84%

Information sessions/
seminars/workshops by
Winetech/VinPro

76%

48%

Yes

Workshops/short
courses by the South
African Society for
Enology and Viticulture

63%

19%

Yes

Annual conference of the
South African Society for
Enology and Viticulture

40%

TABLE 2. Comparison between frequently consulted winemakers and nonconsulted winemakers in terms of demographics.

Demographics

Frequently
consulted
winemakers

Nonconsulted
winemakers

Significant
difference

Been making wine for more than
five years

83%

50%

Yes

Currently at cellar that exports
more than 10% of wine

81%

47%

Yes

Worked at at least two other
cellars before

80%

22%

Yes

Member of at least one wine
association/interest group

71%

33%

Yes

Between 28 - 45 years of age

70%

28%

Yes

Previously worked at an overseas
winery/cellar

68%

11%

Yes

Member of South African Society
for Enology and Viticulture

44%

17%

Yes

also prepares wine for the foreign market and is a member of least
one wine association (e.g. the Pinotage Association or the Shiraz
Forum) and is between 28 and 45 years old. To a lesser extent
membership of SASEV is also a discriminator. The typical opinion
leader therefore appears to be someone with experience, which
encompasses both international cellar experience and exporting
experience, together with specialised knowledge links as evident by
membership of select wine associations.

References
43%

10%

Yes

Yes

Boshoff, N., 2012. Knowledge utilisation in the South African wine industry.
Unpublished PhD dissertation, Centre for Research on Evaluation, Science
and Technology (CREST), Stellenbosch University, South Africa.
Boshoff, N., 2014a. Knowledge in practice (Part 1): External knowledge
sources of winemakers. Wynboer, March, 69 - 70.
Boshoff, N., 2014b. Knowledge in practice (Part 2): Experience, personal
knowledge and fellow winemakers – three knowledge sources that winemakers highly value. Wynboer, April, 67 - 68.
Boshoff, N., 2014c. Knowledge in practice (Part 4): Three types of use of
scientific research findings. Wynboer, June, 86 - 87.
Boshoff, N., 2014d. Use of scientific research by South African winemakers.
JCOM: Journal of Science Communication, 01(2014)A01. [Available at http://
jcom.sissa.it/archive/13/01/JCOM1301_2014_A01].
Rogers, E.M., 2003. Diffusion of innovations (5th ed). New York: Free Press.

Summary
Opinion leadership can be measured by asking winemakers how frequently they are contacted by others for information and advice. In
a web survey of South African winemakers 33% of respondents said that fellow-winemakers consulted them at least once a month. Based
on other information from the survey a profile of the “average” opinion leader was created.
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Wine, brandy and heart health –
what did we learn from our studies?
WineLand December 2014
Keywords: Wine, brandy, health benefits, cardiovascular risk factors, genetic risk profiles.
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Introduction
Light to moderate red wine consumption reduces cardiovascular
mortality and incidence risk for diabetes. Whether these effects are
due to alcohol or to non-alcoholic components such as flavonoids
remains unknown. The aim of the present study was to compare the
influence of moderate red wine as opposed to brandy consumption
on the lipid profile in the same experimental population of healthy
adults. Furthermore, the impact of hereditary factors on biochemical
markers of cardiovascular risk was assessed in relation to moderate
alcohol consumption. We could therefore determine the influence of
genetic risk factors in response to the alcohol intervention.

What did we learn from the “French paradox”?
High dietary intake of saturated fat is positively associated with
mortality risk from coronary heart disease (CHD). However, many
studies have reported on the so-called “French paradox”1,5, referring
to low cardiovascular mortality in the face of high fat intake, partly
attributed to the synergistic effects of moderate wine consumption, a
diet rich in olive oil and fresh produce and regular physical exercise.
These benefits provided by a Mediterranean lifestyle support the
notion that risk management for cardiovascular disease should
routinely include dietary and lifestyle assessment. A Mediterraneanstyle diet is known to be cardio-protective4, while the pattern of
alcohol consumption, with wine being consumed in moderate
quantities during mealtime as opposed to excessive or binge
consumption, may further partly account for the aforementioned
benefits. However, as traditional habits are increasingly adapted in
the framework of global westernisation of lifestyle habits, these
benefits are becoming less pronounced, with the latest prospective
data showing that the French population has similar cardiovascular
outcomes to the rest of the Western world6.
We previously demonstrated the protective effects of red wine
consumption in ameliorating CHD risk, with results presented at the
International Health Congress in Australia (2013)2,3. As wine is a
complex admixture containing antioxidants polyphenols in addition
to alcohol, it is thought that the interaction between these constituent
components promote health via their anti-inflammatory, antiatherogenic and vaso-relaxant properties, in addition to preventing

lipid toxicity and decreasing platelet aggregation, as well as blood
viscosity. It is uncertain whether consumption of brandy, which
differs in its composition compared to wine, has similar beneficial
effects. Previous studies and meta-analyses have suggested that the
benefits attributable to moderate alcohol consumption are independent of the type of alcoholic beverage consumed. However, this
is the first study to compare the alternative consumption of wine and
brandy on clinical and biochemical markers of cardiovascular health
in the local population. Assessing the impact of hereditary factors on
this relationship may ultimately facilitate the development of
standardised limits for safe alcohol consumption guided partly by
individual genotype.
We compared the health effects of alternative moderate consumption
of red wine and brandy in healthy adults. A total of 37 healthy adult
volunteers were recruited for the study, between the ages of 18 and 70
years with or without cardiovascular risk factors that fulfilled the
inclusion criteria. After a two week washout period, 50% of the
participants consumed 250/175 ml red wine per day for 28 days,
(corresponding to 33.75 g and 23.63 g alcohol per day) and 50%
consumed 50/40 ml brandy per day for 28 days (21.5 g and 17.2 g
alcohol per day) respectively for men and women. This intervention
was followed immediately by a cross-over period of wine or brandy
consumption for 28 days.

Alcohol consumption, genetic factors and
cardiovascular health
Both wine and brandy intervention resulted in a significant increase
in HDL cholesterol, which is known to have a cardio-protective effect
(Figure 1). This elevation was shown both in the presence and
absence of the APOE polymorpshism, although to a lesser degree in
the former.
A significant elevation in trigylcerides was evident only for
individuals carrying risk-associated low-penetrance mutations in the
HFE gene, previously shown to underlie the genetic disorder
hereditary haemochromatosis. This finding confirms that gene
environment interactions may play a role in determining whether
alcohol has a detrimental or beneficial effect on cardiovascular

* Dr David van Velden, MB ChB, M Prax Med, M Phil (Journalism).
Dr Van Velden is a part-time lecturer and researcher at the Faculty of Health Sciences, Stellenbosch University. He is interested in
personalised medicine and emphasising the therapeutic relationship between doctor and patient. He is a researcher and scientific journalist
and is the author and co-author of numerous published opinions and scientific articles.
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FIGURE 1. Effect of alcohol consumption on HDL cholesterol levels.

health. Genotyping performed as part of personalised risk assessment
may identify a high risk genetic subgroup of individuals set to derive
less benefit from alcohol consumption. Nutrition intervention may
be more effective to lower cardiovascular risk when the genetic
background is taken into consideration to identify gene and environment interactions. This type of assessment may be particularly
relevant to patients with features of the metabolic syndrome, a
constellation of cardio-metabolic risk factors including central
obesity, hypertension, impaired glucose tolerance and dyslipidemia
(high triglyceride levels and/or low HDL levels). There is considerable overlap between risk factors for CHD and Alzheimer’s
disease. The APOE e-4 allele provides a genetic link between these
conditions, with attributable risk increased in the context of
environmental exposures such as smoking. This highlights the
importance of addressing shared disease mechanisms early on in the
disease process to prevent cumulative risk for disease progression
and promote health and wellbeing as part of clinical practice9,10.

that alcohol intake may be contra-indicated in individuals with
certain genetic alterations that occur relatively frequently in the
general population.
4) This study indicated that early risk detection through the identification of specific genetic markers correlating with known
biochemical pathological markers for cardiovascular disease
makes it possible to develop an individually tailored preventative
medicine programme.

Conclusion

Renaud, S. & De Lorgeril, M., 1992. Wine, alcohol, platelets, and the French
paradox for coronary heart disease. Lancet. 339: 1523 - 6.

The protective benefits of moderate alcohol consumption on
cardiovascular risk factors are well-established. The most important
findings from this study may be summarised as follows:
1) The health benefits of red wine, as well as brandy were evident
from a significant increase in HDL cholesterol levels in both study
groups. Moderate alcohol consumption was shown to protect
against cardiovascular disease irrespective of whether brandy or
wine was consumed, with the additional benefits of the latter
ascribed to the presence of polyphenolic antioxidants.
2) The beneficial effect of the non-alcoholic fraction of red wine in
particular, conferring greater protective effects on cardiovascular
risk factors than other alcoholic beverages, was supported by our
findings.
3) The genetic profile influences the potential health benefits and
detrimental effects of moderate alcohol intake. Although the
antioxidant effects of red wine is well-documented, it seems clear

By performing a genetic screen of clinically relevant lowpenetrance mutations we were able to identify individuals unlikely
to derive cardiovascular benefit from alcohol consumption. Since
genetic risk factors influence the effect of alcohol on biochemical
markers of cardiovascular risk, safe limits for alcohol consumption
may in future be based partly on the genetic profile or knowledge of
the importance of genetic variation in this context.
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Summary
Light to moderate consumption of red wine has been associated with a decreased incidence of diabetes, as well as reduced risk for
cardiovascular disease and resultant mortality. However, it remains unclear whether brandy, which has a higher alcohol content and
contains less health-promoting polyphenolic compounds, has similar benefits. The aim of the present study was to compare the influence
of moderate red wine as opposed to brandy consumption on the lipid profile. We further assessed the impact of hereditary factors on
biochemical markers of cardiovascular risk in relation to moderate alcohol consumption. This study confirmed that both red wine and
brandy have a protective effect on cardiovascular health, as evidenced by an increase in HDL (good) cholesterol. Red wine, however, has
the added benefit of attenuating oxidative stress and further study in this area of research is ongoing.

For further information contact David van Velden at dpvv@sun.ac.za.

180

technical yearbook 2014

general

Winetech involved in the development
of new generation leaders

PIETER VILJOEN
Sims Khula Training,
Boland

WineLand December 2014
Keywords: Winetech, development, leaders, Sims Khula.

Is there truly a shortage of new leadership talent to cultivate? Do
concepts such as self-discipline, loyalty, work ethic, integrity and
living according to values – not to mention good labour relations,
mutual trust and respect – belong to the past?
Ample disappointments have shown that such challenges have no
instant solutions. If you are reading this article, you have probably
been involved in one or other form of supervisor and manager development and you will realise that apart from the cost of training, it
does not necessarily add value to your enterprise’s ‘raison d’être’.
Late in the second half of 2012 seven companies took a decision,
inconspicuously, to accept the challenge of a launch project in collaboration with Winetech to determine whether an intrinsic difference
could be made with regard to new leaders – one that would add
value in a win-win situation. Altogether 15 students were selected,
based mainly on the ‘belief’ of their managers that they had the
required potential to grow. As a result we gathered a widely divergent
group, some of whom had lots of management experience and others
with none whatsoever, their ages ranging from 24 to early forties.
Matric was preferable, but not a prerequisite for admission. It was
nevertheless a prerequisite that each student would have an assigned,
willing coach/mentor and they furthermore had to complete an applicable work session beforehand, as well as attend interim sessions
with the project leaders.

The generic management qualification (SAQA #57712; NQF 4)
would serve as a guideline in conjunction with material from Sims
Khula Training and be presented as a skills programme across 10
modules. This meant that any number of modules could be completed for credits and that students would find it easy to leave the
programme and/or join in. However, only those who successfully
completed all 10 modules would receive the qualification.

Modules offered:
• Intro to management & leadership
• Business strategy
• Quality
– Risk & stock
• Intro to business finance
• Meeting management
• Human resources management
• Customer service
• Business writing skills
• Managing HIV/AIDS in workplace
• Negotiation & presentation skills.

Students who attended the course: Front: Tamsyn Albertus, Jessica Alexander, Allison le Grange and Lavern Hoffman. Middle: Marion Damon,
Clife Radloff, Monica Olivier, Pieter Viljoen (Sims Khula Training), Dolf Marang, Maralyn Jacobs, Marlyn Smidt and Francois Samuels.
Back: Kearston Dowé and Denzel-Jonathan Swarts. Absent: Joseph Muller and Chantel Abrahams.
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Although the study material was in English, the mother tongue of the
intake was Afrikaans, therefore facilitation was in Afrikaans.

Results
Ten students successfully completed their qualification and the others
will have the option and the opportunity to complete it in the course
of 2015. For the first time in their lives four of the 10 successful
students now have an official Grade 12 qualification and consequently they qualify for admission to further their studies at tertiary
institutions. It is my sincere wish that these 10 students will have the
opportunity to follow a management programme at the business
school of a local university.
What may be considered critical factors for success?
• Students could only be enrolled if their company appointed a
coach/mentor for each student. This mentor had to receive applicable training and had to be available and involved on an ongoing
basis.
• The programme unrolled over a two-year period, which ensured
longer term involvement and would therefore facilitate the opportunity to learn new habits.
• Students were encouraged to share their knowledge (wherever)
and assist each other. They gathered on their own on a regular
basis during the practical periods of each module.
• Camaraderie among the students developed spontaneously, but
even more important was that they started to assume ownership
themselves, inter alia for cultivating a culture of learning and
nurturing a positive, supportive, problem solving attitude in themselves and among each other.
• The application of acquired knowledge and the consistent practice
of values and discipline in their own lives, at home, in their work
and their communities were encouraged throughout and tested
using examples.
• The following was expected of the students who completed the
full qualification successfully:
– A final panel interview during which students had to offer
proof of application in the workplace and furthermore show
sufficient grasp of acquired knowledge and skills.
– A special value building session was held at VinPro which the
students once again had to implement in their work, at home
and in the community.
The students who have just completed the full qualification say, inter
alia: “I am able to work with more self-confidence than ever, not only
with my team but also with my senior managers.”; “Good relationships with my workers and management play a bigger role.”; “I think
there is truly a place for the programme in the wine industry. The role
of mentors can be even greater.”; “My focus was to grow and make
a difference, but now I am proud as well, because my management
can trust me with greater responsibility.”; “My communication with
all levels has improved dramatically, and impacts positively on relationships in general.”
We would heartily recommend that readers contact any of the
graduates and their mentors for their opinion and/or advice. Names
of students, in no specific order, are: Denzel Swarts, Simonsig; Allison le Grange, DelVera; Francois Samuels, Mario Damon, Tamlyn
Albertus and Lavern Hoffman, DGB; Kearston Dowé, Rupert &
Rothschild; Jessica Alexander, Fairview; Monica Olivier, Distell and
Joseph Muller, Meerlust.
The process was not without its fair share of challenges and lessons. Four students had to be replaced and one could not finish
everything in the allotted time. Senior managers’ available time to
assist students was very limited and unfortunately management does
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not always have all the necessary knowledge and experience to assist
new leaders properly. This could well be a bigger shortcoming than
one would like to admit and therefore the matter should be addressed
by the industry, unless we simply accept that the gap between top
management and the rest will get progressively bigger. The saying
holds true: “If we continue to do the same things year after year, we
cannot expect anything but the same results.”
Patrick Lencioni points out that a healthy business may be measured against two components of success, namely “smart and healthy”.
He finds that most businesses are sufficiently ‘smart’, in other words
their structure and systems in respect of strategies, markets, finance
and technology are largely in place. Perhaps because these are easily
quantifiable? The allusion to ‘healthy’ refers to the presence of “little
politicising and confusion, while the morale and productivity are
high”. This may sound like a difficult, protracted intervention, or
could it simply be the establishment of good relationships, disciplines
and values, or is it our obligation and part of a purposeful life on
earth?
There is undoubtedly a place for academic leadership models, but
over the past two years it has been proven that the basis for a winning
recipe consists of good relationships, enthusiasm and sustained discipline (soft on people and tough on standards), combined with the
supportive involvement of management. A heartfelt thanks to all the
dedicated coaches and mentors in our industry – the ordinary managers who fulfil this role with passion in addition to all their other
obligations!
Test your business and personal readiness and preparedness to
apply some of the elements mentioned below:
• Do we know what the new generation leaders should look like?
• Am I prepared to assume ownership and take calculated “higher”
risks to lead in collaboration with the next generation leaders?
• Does my middle and senior management team make time and are
they able to lead by involving new leaders in decisions on a daily
basis, by showing them how, by establishing and building
foundations, by supporting them throughout and by setting an
example via their attitude and values?
Are you prepared for new leaders to measure you, their senior,
against the questions below?
• Am I sufficiently and visibly involved and given the opportunity,
even if it is simply as an observer, to accompany senior management to meetings and other occasions?
• Am I treated throughout with dignity and respect?
• Do I feel part of a multi-generation team that is committed to the
company’s vision, objectives and values?
• Am I trusted – also with new opportunities (sometimes allowed,
as an inexperienced new leader, like a ‘David against Goliath’, to
handle new situations)?
• Do I get sufficient feedback and acknowledgement?
In conclusion we can say: “A successful process demands sustained
involvement and good relationships on an ongoing basis.” The effort
is very gratifying, however, because it adds value quickly and the
win-win situation is rewarding for all involved.
The students who are now receiving their qualification should
therefore benefit from further exposure, support and training. Even
at a University Business School, where exposure will take place
together with other corporate managers, including sustained training
and mentorship in the workplace.
Where senior management follows a kind of ‘serving leadership’
approach, new leaders will soon burgeon and assume increasing
responsibility, also to improve their own reading and cypher abilities,
as well as bring innovation and productivity to the table on an ongo-
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ing basis as an esteemed member of the management team.
There are many opportunities in our industry to unlock the talents
of new leaders, even middle management. The question is whether I,
as owner, and my senior management team, are prepared to commit
ourselves to such a process.
Students who have not yet been able to finish, because they joined
the training cycle at a later stage, will have the opportunity to continue in 2015. We will nevertheless have to bring in new students to
be able to further pursue the process in a cost-effective way. This
presents an opportunity for additional participants (students and
coaches/mentors) to grow together and influence the existing culture
and climate in their companies to positive effect.

The opportunity, which was created by Winetech, could not have
taken place were it not for funding by the AgriSETA and participating
businesses. A heartfelt thanks especially to all the coaches and mentors who contributed splendidly to the success of the launch programme.
“It is easier to fight for one’s principles
than to live up to them.”
– Alfred Adler

For enquiries contact Gerard Martin at marting@winetech.co.za, or Pieter Viljoen at pieterv@simskhula.co.za

Closer collaboration for
increasing transfer of knowledge
WineLand December 2014

SANTI BASSON
Project manager,
SA Cellar Worker
Programme

Keywords: SA Cellar Worker Programme, Winetech study groups,
transfer, technology, knowledge.

Over the past few years the SA Cellar Worker Programme and the
Winetech study groups have been making a significant and innovative contribution to the transfer of technology to cellar workers. At
the same time contributions by permanent cellar workers in the South
African wine industry are being acknowledged while establishing
role models for workers.
The programme is a valuable source of information for the wine
industry to lead the way in terms of the development of human
capital. There is a serious demand for training that will develop the
practical knowledge of winemaking and the general knowledge of
cellar workers to add value to the development of workers’ careers.
The SA Cellar Worker Programme is supported by various industry
organisations and attempts to address development and training in
the wine industry in a holistic and practical manner by means of
closer collaboration with cellars and winemakers. In essence the
objective of the programme is not only to broaden knowledge and
open doors to other worlds, but also an attempt to increase productivity.
During 2014 the Winetech study groups and the SA Cellar Worker
Programme collaborated even more closely to improve the transfer
of knowledge to cellar workers. In the course of the year more than
200 workers participated in the study groups.
The study groups, presented in the respective districts, consisted
of four sessions. Each session comprised a theoretical, as well as a
practical section.
This year the wine countries of the world, the legal vinification
products and vinification processes were covered. The cellar workers
were exposed to the identification of individual flavour components
in wine and defective wines in practical sessions.
The workers were evaluated after each session and their progress
submitted to the cellars. The top 17 candidates from participating
cellar workers were announced after the fourth and last study group,
to qualify for the Cellar Worker of the Year award. The candidates
underwent a theoretical and tasting evaluation, based on the content

of the study groups, and the three finalists and the winner were
selected from this group.
This year the two finalists and winner of the Paarl region tasting
competition were also given the opportunity to participate in the
evaluation. The Paarl region tasting competition should not be
confused with the Winetech study group since it is an independent
initiative of Paarl Wine Route.
The three finalists are Gerrie Grootboom (Roodezandt Wines),
Marius Stevens (Graham Beck Wines) and Petrus Prins (Robertson
Co-op). The 2014 Cellar Worker of the Year is Gerrie Grootboom
from Roodezandt, Robertson.
The SA Cellar Worker of the Year winner was announced at the
annual Cellar Worker Information Day at Goudini Spa, Rawsonville
on 31 October. The programme of the information day may be
considered a further transfer of technology and this year for the first
time the prestigious function was sponsored by Nedbank and Old
Mutual, which undoubtedly added value to the SA Cellar Worker
Programme.
In the course of the year it was found that the dual medium
presentations in Afrikaans and English did not benefit any group and
that there was a definite requirement for study groups catering to both
the Xhosa and Afrikaans mother tongue cellar workers. The use of
interpreters cannot be seen as a solution, since there is no verification
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Robertson cellar workers.

Cellar workers from Darling.

that the content is being translated correctly. Both groups are
disadvantaged, in view of the fact that valuable time, which is already
limited during the sessions, is further compromised by the interpreting actions. This aspect will receive attention in future.
At the conclusion of the study groups an opinion poll was
conducted and participating cellar workers and winemakers were
asked to complete a questionnaire.
The feedback was extremely positive and the suggestions were
practical and considered constructive. Both winemakers and cellar
workers experienced the approach followed in the study groups this
year as extremely positive. There is a definite demand, from
winemakers as well as cellar workers, for more practical exposure in
terms of flavour components and defective wines. Several winemakers attested to the greater self-confidence, increased interest and
enthusiasm of the cellar workers. After each session the wine
countries of the world were also discussed with cellar workers by

some of the winemakers, which testified to the workers’ interest in
the subject. Winemakers confirmed that the discussions about other
wine countries opened the door to new worlds for their cellar
workers.
This year cellars received the attendance registers and evaluation
of the cellar workers after each session, so that they could monitor
the workers’ progress. Closer collaboration between the winemakers
and cellar workers enhances the success of the Winetech study groups
and the SA Cellar Worker Programme.
Only when the cellars and cellar workers take ownership of these
initiatives can a significant difference be made to the development
and empowerment of workers. According to Christo Conradie
(VinPro manager: Wine Cellars) the project has the continued support
of VinPro. The eventual objective of the study groups is to cultivate
an interest and pride in their careers and the product with which they
work.

For further information contact Santi Basson at santib@mweb.co.za
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