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1. INTRODUCTION AND PURPOSE OF THIS STUDY 

There is an increasing interest in vineyard sites within reputedly cooler viticultural areas of 

the world, a trend also observed in South Africa.  Numerous indices have been formulated to 

classify viticultural regions into climatic zones, ranging from those applicable at a global 

scale to those that have more regional or localized application (Gladstones, 1992, Carey, 

2001, Bonnardot, 2005, Roux, 2005). At a macroclimatic scale, many of these have been 

shown to be too generalized to be of use in accurately assessing the viticultural suitability of 

a specific area, given the complex interaction of natural environmental and human factors 

involved. Climate also has significant effects on the physiological functioning of vines, 

including photosynthesis and development of colour and aroma. This has serious planning 

and economic implications, ranging from vineyard establishment and viticultural 

management, to the resulting quality of grapes, styles of wine produced and the markets for 

wines. Temperature is recognized as being one of the most important parameters of climatic 

zoning and forms an important part of most of the well known indices. The temperature 

measurement most often used for these is the mean daily and monthly temperatures, and 

often only calculated for the warmest or harvest months.  

The aim of this study is to look briefly at some of the factors that have led to greater interest 

in cooler climate viticultural areas within South Africa and then to focus on two areas that are 

generally classified as being cooler (in the South African context) namely, Elgin and Elim. 

These two sites are compared with Nietvoorbij, in Stellenbosch and Witchcliffe (Margaret 

River region, Australia) in the main study. An inter-Elgin study is also conducted.  

A literature review of international and South African approaches to viticultural climate 

classification follows in Chapter 2. The selection of the study sites and methodology is 

described in Chapter 3, followed by the results and analysis in Chapter 4. The conclusions 

drawn from the analysis are contained in Chapter 5 together with some indication of possible 

implications for the areas focused upon and noting further research required. 

1.1 Background 
Possible reasons for the increase in grape vine cultivation in cooler areas include the 

scrapping of the quota system, a diversification of crops due to less profitable markets for 

existing plantings, market competition and consumer trends, global warming and the fact 

that higher temperatures have been linked to higher alcohol levels. 
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1.1.1 The quota system 

Overproduction and the economic depression prevailing in the South African wine and 

brandy industry in the early 1900s led to the start of the co-operative systems and the 

resultant formation of the Ko-operatiewe Wijnbouwers Vereeniging van Zuid Africa Beperkt, 

hereinafter referred to as the KWV, on the 8th January, 1918.  The Wine and Spirit Control 

Act 5 of 1924, which ratified the KWV’s powers to fix the minimum annual price of their wine 

for distillation, was the start of a progressively expanding set of laws which effectively 

delegated control and protection of the South African wine industry to the KWV. Act 23 of 

1940 legally empowered the KWV to set the minimum annual price for ‘good’ wine (wine 

other than distillation wine) and required producers to acquire a KWV permit to produce and 

sell wine, with limitations on the amount one could sell, the ‘surplus’ to be given to the KWV, 

gratuitously, for distillation. Legislation passed in 1956 introduced further restrictions 

authorizing the KWV to impose the ‘quota system’.  This limited the number of vines which 

permit holders could plant. Unlike the comparable French system this did not limit the choice 

of cultivar or style of wine. Initial quotas were fixed with effect from 21st June 1957 and 

subsequently increased over the years. Regulations under this law limited where grapes 

could be grown since quotas were generally given to those already farming in existing 

demarcated areas.  Limited period quota extensions (5 years) were only granted when there 

were shortages of wine. These quotas mostly went to existing quota holders thereby 

preventing new areas from being opened up. At that time Elgin was mostly an apple growing 

area and expansion of viticulture, by way of quota extensions, was not considered for this 

area, nor were any applied for in the Elim area. Further legislation expanded the KWV’s 

powers and control, regarding the price and sale of wine, as well as the distillation thereof 

(Kench, Hand & Hughes, 1983). 

Wine of Origin legislation was passed in 1973, with subsequent amendments, providing the 

legal basis from which our present day geographical divisions into regions, districts, wards 

and smaller units, has developed. Some viticultural expansion started before the quota 

system was finally scrapped in 1992. Since then virgin viticultural territory could be explored 

legally. This heralded an era of exciting experimentation in new areas from Koekenaap (for 

some of the Vergelegen Sauvignon blanc) up the West Coast, to vineyards in the Langkloof 

and the mountains just north of George/Knysna (Lloyd, 2006).  Since 1990 the South African 

wine industry services (SAWIS) has kept records of all vineyards, including expansions (F. 

van Niekerk, 2006, pers. com.). 
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1.1.2 Market trends 

Gladstones (1992) noted that over the last two or three decades there has been an 

increasing consumer demand for higher quality wines, and that it is no longer sufficient to 

produce mediocre, albeit technically sound, wines. Overproduction and the growing glut of 

wines in the last decade has coincided with an awareness of the limitations of winemaking 

technology to improve quality. This has refocused producers’ attention on grape quality. 

Gladstones highlights two key viticultural influences on grape quality: the one being vineyard 

location and the natural environment and the other, vineyard management. Ultimate wine 

quality would result when the grapes and the winemaking are at their combined best. Quality 

in the strict sense is a difficult concept to define and I endorse Gladstones’ view that it is 

preferable to recognize that there are different styles of wine, the appreciation of which is 

dependent on individual palates, fashion and different wine markets. In recent years there 

has been a discernable trend in certain markets to wines that show more balanced 

characteristics and to an awareness of excessively high alcohol levels. The chairman of the 

Old Mutual Trophy wine show has expressed the view that many of the quality wines tended 

to come from the cooler sites in South Africa (M. Fridjohn, 2006, pers. com.).  

South Africa does not have a long history of wine production which would allow delimitation 

based on empirical experiences, resulting in a particular wine style within the concept of 

terroir (as occurs in traditional wine producing areas such as France). Consequently our 

delimitations into regions and districts, are more administratively or theoretically defined (see 

paragraph 1.1.1 above, and Carey, 2001). A more detailed understanding of our wine 

producing areas is needed in order to show a more direct link with their prevailing natural 

environment and provenance. This is important from both a market differentiation 

perspective in an increasingly competitive international arena, as well as consumer interest 

in wines showing a unique and distinct origin. Wards, such as Elim and Elgin, were 

demarcated on application by the producers who felt their wines reflected their particular 

natural environment. In the case of Elgin there were also clear geographical features which 

delineated the area. 

Recognition of single vineyard wines as well as ongoing research to identify ‘natural terroir 

units’ (inter alia, Carey, 2001, 2005) and linking optimal physiological functioning of the vines 

to the most suitable corresponding viticultural environments (Hunter & Steenkamp, 

2003/2004), all help to meet consumer demands and target the relevant global markets 

(Carey, 2001). 
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South Africa has become renowned as a producer of quality Sauvignon blanc wines over the 

past few years with New Zealand being our major New World competitor. As New Zealand 

has a distinctly cool climate there has been a trend to seek out similar cool climate 

viticultural areas in our country to meet the increased international demand for this style of 

wine.  

1.1.3 Global warming 

Climate change is a natural phenomenon which has been linked by scientists to shifts in the 

earth’s orbital axis, the movement of the continents and change in solar output. This has 

occurred throughout the earth’s history. It is, however, anthropogenic climate change and 

the increased rate thereof over the last 150 years which is a matter of growing worldwide 

concern. The Intergovernmental Panel on Climate Change reports (IPCC, 2001 & 2007) 

attribute the global warming, caused by increased carbon dioxide and methane (greenhouse 

gas) levels over the past 150 years, to human activities such as deforestation and the 

burning of oil and coal. Models developed to predict global climatic change indicate an 

increase in the average global temperature over the next 100 years of between 1.5°C and 

6°C, with an average rise of 3°C (Chapman & Weaver, 2006). The IPCC reports (2001 & 

2007) are two of a number of reports (Goode, 2004; Jones et al., 2005) showing that global 

warming is a real and escalating phenomenon that will have a profound impact on many 

facets of life on earth. As temperature is fundamental to the growth and ripening of wine 

grapes (Saayman, 1977; Gladstones, 1992; Carey, 2001) and forms the basis of the zoning 

of the world’s wine producing regions (Carey, 2001, Jones et al., 2005, Roux, 2005), the 

effects already observed, and those predicted for the world’s wine growing regions, are 

significant and will affect viticultural choices and wine quality (Goode, 2004; Jones et al., 

2005; Steenkamp, 2005).  Jones et al. (2005) analyzed 50 years of growing season 

temperature data for 27 of the world’s wine regions (including 18 of traditionally recognized 

high quality areas) and correlated these data with Southeby’s vintage ratings.  The results 

showed an average increase in the growing season temperature of 1.26°C, together with a 

significant relationship (between 10% and 62%) between the increased temperature and 

vintage rating improvement.  The cooler climatic regions, such as the Rhine and Mosel 

valleys, showed the most marked increase.  The cooler regions in the northern hemisphere 

will benefit most from this predicted trend for the next 50 years with an increase of 0.42°C 

per decade and 2.04°C overall.  There is a heterogeneous impact in different areas of the 

world.  This could result in different cultivar choices and improved ripening of existing ones in 

cooler regions. The outlook is less optimistic for those regions already operating near, at, or 
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above their optimum temperature thresholds. This would include many of the intermediate 

and warm European and North American regions. Jones et al. (2005) points out that the 

effects on the Southern Hemisphere appear to be less uniform. According to these 

predictions South Africa would experience an overall 0.88°C increase in the growing season 

temperatures.  

Whatever the actual rate of increase there appears to be overwhelming consensus that, in 

the absence of significant and timeous mitigatory action to reduce greenhouse gas 

emissions, global temperatures will increase (IPCC, 2001). This may push already warm 

regions in the Western Cape beyond the thresholds for producing balanced quality wine, 

thus enhancing the status and potential of cooler areas to plant a greater range of cultivars 

(Wrottesley, 2004). Site choice and appropriate viticultural adaptation will be important to 

produce a variety of styles of wine (Goode, 2004; Jones et al., 2005). 

1.1.4 Warmer temperatures and higher alcohols 

The link between higher temperatures and higher alcohol levels has not been proved 

conclusively, as simultaneously there have been universally acknowledged improvements in 

both viticultural practices and wine making technology. According to Johnson & Robinson 

(2001), cool-climate wines tend to have a lower alcohol content together with higher acidity 

in comparison with wines from warmer climates.  According to Jones et al. (2005), 

regardless of the human and technical inputs in winemaking, climate has, and is likely to 

continue to have a significant effect on the variations in quality between vintages. An 

increased alcohol content of wines has been noted in an Australian study which shows an 

increase in mean alcohol levels from 14% to between 14.8% and 16.5% in a quarter of the 

samples, during the period 1984 – 2002 (Goode, 2004).  

Jones et al. (2005) also noted, in regard to wine quality, that unbalanced wines (lacking 

acidity and often high in alcohol) and rapid vine growth are two of the common tendencies 

associated with warmer growing conditions. These styles of wines tend to come from 

warmer rather than ideal areas, while cooler areas would have a greater potential of 

producing more balanced styles of wines. This accords with the sentiments expressed by 

many wine judges and commentators after the 2006 Old Mutual Trophy wine show. Judges, 

including Michael Fridjohn (chairman), Michael Schuster and Carrie Adams, all expressed 

concern about the trend towards higher alcohol levels in wine. Carrie Adams, who is also a 

wine retailer, reported an increasing aversion by the wine buying public to wines with an 
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excessive alcohol level, noting that consumer needs were better served by wines that 

showed better balance between fruit, tannin and alcohol (Weaver, 2006). 

Personal communications with a number of internationally recognised journalists (including 

Tim Atkins, Stephen Brook, Oz Clark, Tim James and Matthew Jukes) during the period 

2000 – 2006, confirm their growing concern about the increasing levels of alcohol in natural 

wine. Similar sentiments have also been expressed by Margaret Rand (Rand, 2006).  
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2. LITERATURE REVIEW 

2.1 Climate and Temperature 
Climate forms part of the concept of terroir, which succinctly put, is the grapevine’s 

ecosystem (Seguin, 1986). Terroir has been defined as a unit of the earth’s biosphere which 

has relatively homogenous climatic, pedological (soil) and topographical features which 

express themselves through interaction with the vine and resulting in a wine that shows a 

distinct character relating to that identifiable origin (Carey, 2001). Terroirs, therefore, 

comprise a complex of natural environmental factors which are not easily modified by the 

producer (Carey, 2001).  The wine, however, will reflect a combination of this terroir and the 

short and long term cultivation and management practices. The complex interactions of both 

environmental and human factors that are responsible for wine character and quality are 

depicted in Annexure 1. 

Grape vines, although grown most favourably within Mediterranean climates, are capable of 

cultivation in a wide variety of climatic zones from relatively cold climates through humid 

tropical areas to arid semi desert type environments (Saayman, 1992). Climate plays a 

major role in vine growth, in determining the character of the wine, and is universally 

accepted as being one of the most influential factors in relation to wine quality (Saayman, 

1977; Saayman & Kleynhans, 1978; De Villiers et al., 1996; Carey, 2001; Roux, 2005).  

Although the influence of soil and geology is relevant to vine growing, its influence on wine 

quality is more controversial (Gladstones, 1992). Geology, however, does have an indirect 

effect on wine quality in that the nature of the local rocks will determine the physical 

properties of the resulting soil and thus vine vigour and moisture relations which would, in 

turn, influence wine quality (Saayman & Kleynhans, 1978; Gladstones, 1992). Carey (2005) 

and Roux (2005) have done further research which includes the effect of soil as one of a 

suite of environmental factors on Cabernet and Sauvignon blanc vines in the Stellenbosch 

district. 

Climate affects the vine at the: 

 micro level, within the immediate vicinity and canopy of the individual vine;  

 meso level, the site or topo climate which would be affected by aspect, slope, altitude 

or distance from a large mass of water; and  
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 macro climatic level, referring to the region’s climate with smaller scale variations in 

temperature (Smart & Robinson, 1991; Carey, 2001). 

Of all the climatic factors, temperature appears to be the most important, influencing most 

functions of the vine (Carey, 2001).  Not only is the growth and development of the vine and 

grapes dependent on temperature, but it also influences the enzymatic activities which result 

in the process of photosynthesis, the metabolism of acids and accumulation of sugars, and 

the formation of compounds that are responsible for  the aroma, colour and flavour in grapes 

(Calo et al., 1996; Hunter & Bonnardot, 2002; Hunter & Steenkamp, 2003/2004).  

The effect of temperature during the different stages of vine growth leading up to 

physiological ripeness have been the subject of numerous studies, with some differences in 

opinion (Coombe, 1987; Helm & Cambourne, 1988; Gladstones, 1992; Jackson & Lombard, 

1993; Roux, 2005). Despite these differences, Gladstones (1992) reiterates the fundamental 

principle that for full physiological ripeness optimal conditions for photosynthesis are 

necessary. This is to ensure a regular supply of sugar to the bunches to produce quality 

grapes and to enable enzymatic processes for the formation of aroma, colour and flavour to 

take place. Kreidemann (1977) found that below 20°C and above 30°C photosynthesis 

declined. According to Archer (1998) the optimal temperature range for photosynthesis, 

given that other environmental factors are constant (inter alia, light intensity, humidity, 

carbon dioxide and oxygen concentrations, and correct viticultural practices) was between 

25°C and 28°C. As constants seldom prevail, this optimum range can vary (Archer, 1998).  

Research by Gladstones (1992), in the viticultural regions of Australia, indicates that well 

balanced musts for both dry and sweeter wines would be obtained from optimum mean 

temperatures of 15-21°C in the final month of ripening. Ranges between 21°C and 24°C 

would suit fortified styles of wine such as port and muscat. Mean temperatures of between 

20°C and 22°C during the ripening month are optimal for the synthesis of aroma, flavour and 

colour as well as the physiological ripening. Relatively constant intermediate temperatures 

and minimal day to day and day-night variability during the growth and ripening months are 

also beneficial (Gladstone, 1992). This is similar to Kliewer’s (1977) findings which show 

optimal temperatures for the above characteristics of 20-25°C during the day, and 10-15°C 

at night.  He differs from Jackson & Lombard (1993), who assert that to obtain low pH values 

and greater natural acidity in grapes grown in warm daytime conditions, low night 

temperatures are necessary.  
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Figure 2.1:  Generalised effects of temperature on the chemical composition of grape 
berries (Coombe, 1987). 

Studies by Buttrose, Hale & Kliewer (1971) and Coombe (1987) showed that grapes ripening 

at low temperatures (20°C) contained lower concentrations of potassium which resulted in 

correspondingly lower concentrations of the salts of malic and tartaric acid (see Figure 2.1). 

The grapes also had a lower pH, lower proline levels, and higher acidity (malic and tartaric) 

levels than grapes ripened at higher temperatures (32°C). 

2.2 Climatic index classifications 
Various indices have been formulated to classify the climates of wine growing regions, 

however, they only give a broad, macro-climatic perspective and do not give the detail 

required for a more accurate climatic profile of areas within such a classification (Carey, 

2001).  
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Temperature (mean daily and monthly), particularly during the growing season, forms the 

basis of many of these indices. These indices have been used to guide the location of 

vineyards, select suitable grape varieties and potential wine styles, and to predict harvest 

dates (Kirk, 1986).  According to Kirk (1986), Reamur devised the temperature summation 

system which is calculated over the growing season in 1735.  Alphonse de Candolle used 

the same system in the 19th century, noting that only temperatures above 10°C (50°F) were 

relevant to the calculation, as the vine showed little significant growth below this threshold 

(Kirk, 1986). 

Carey (2001) notes that some classifications are of global application, such as Branas, 

Bernon & Levadoux, 1946; Smart & Dry, 1980; Huglin, 1986; Gladstones, 1992; Tonietto, 

1999). Subsequent adaptations have made them more applicable to specific countries (Le 

Roux, 1974; De Villiers et al., 1996) or regions (Amerine & Winkler, 1944). Other 

classifications represent a combination of various indices, for example Tonietto’s most 

recent classification, the Géoviticulture MCC classification (Tonietto & Carbonneau, 2004).  

Branas, Bernon & Levadoux (1946) devised a system referred to as the Heliothermic 

product, which has greater application in the northern hemisphere, in areas where day 

length is of relevance to the heliothermic requirements of the relevant cultivars (Carey, 

2001).   

Amerine & Winkler’s (1944) climatic index (hereinafter referred to as the Winkler index), 

originally devised for the Californian region and now referred to world wide, is a modern 

version of temperature summation above 10°C/50°F, calculated over a seven month period 

(April to October in the Northern hemisphere and October to April in the Southern 

hemisphere). The equation below results in the creation of five climatic regions, each with a 

value in degree days, in increments of 500°-days: 
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Where : GDD  =  growing degree days 
  Tm   =  daily mean temperature 

 
And: 
 
Region: 
 
I            ≤ 2500  degree days 
II  2501 – 3000 degree days 
III  3001 – 3500 degree days 
IV  3501 – 4000 degree days 
V  ≥ 4001 degree days 
 
Using only one dimension, this system has been criticized for being over simplistic, although 

widely adaptable. Being California-orientated it does show a bias in favour of the higher end 

of the temperature range and under represents the cooler areas (Kirk, 1986). 

Smart & Dry (1980), adopted a more multi-dimensional approach by using the mean 

temperature of the warmest month (January in the southern hemisphere) as used by 

Prescott (1965), as follows:  “cold” (≤ 16.9°C), “cool” (17-18.9°C), “warm” (19-20.9°C), “hot” 

(21-22.9°C) and including a continentality (CTL) factor. Continentality is a measure of 

extreme temperature fluctuations, measured by subtracting the mean July temperature from 

the mean January temperature. The resulting five categories ranged from maritime 

(CTL < 10°C) to very continental (CTL ≥ 17.5°C) (Carey, 2001; Roux, 2005). Wine growing 

areas situated close to large water masses experience a moderating effect of these 

extremes in temperature.  Kirk (1986) points out that using only the warmest month’s 

temperature, the continental areas tend to be overestimated and maritime category 

underestimated. 

Kirk (1986) proposed an adapted form of the Winkler model, in an attempt to remedy the 

abovementioned shortcomings. Similar to the Winkler index and Smart & Dry (1980), he 

used the seven month growing season and increments of 300 rather than 500 degree days, 

creating six climatic categories ranging from: “Cold” (≤900 degree days C (hereafter 
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abbreviated ddC)) to “Very hot” (≥2100 ddC). When applied globally the findings showed 

reasonable correlation with the currently recognized climatic categories. However, this index 

also showed limitations of generalization similar to the other climatic indices based on 

temperature summation. For example, two areas in Australia (Nowra on the New South 

Wales coast and Young, 230 km inland) which shared similar temperature summations but 

very different continentality factors (9.7°C for Nowra and 15.9°C for Young), were 

categorized together (Kirk, 1986).  

Huglin’s index (1986), referred to below (IH), linked the potential of a particular area to ripen 

grapevine cultivars with the heliothermic conditions prevailing during the September to 

March growing season. His calculation includes a coefficient (k) to allow for the greater 

photosynthetically active radiation that occurs with longer days at higher latitudes, with 1 

being used for the latitude of the South Western Cape, at 34° south. 

( ) ( )[ ]∑ ⋅−+−=
0331

1001 2
1010.

.

kTxTmIH  

 
where:   IH  =  Huglin Index 
  Tm  =  daily mean temperature (°C) 
   Tx  =  daily maximum temperature (°C) 
     k  =  1 for the South Western Cape (latitude ca. 34° South)  
 
Constaninescu (1967) formulated a very comprehensive climatic index, including many 

factors, such as temperature, rainfall, insolation and the period of vegetative growth. This 

index is regarded as being too country-specific and not readily adaptable to other growing 

conditions (Huglin, in Carey, 2001).  

Tonietto (1999) formulated a ‘cool nights’ classification of the cultivation potential of 

grapevines based on Huglin’s temperature-based index. He created six classes which range 

from – “very cool”, where only very early cultivars or cold-resistant hybrids ripen, to “very 

hot”, where the potential for two harvests a season and possible high temperature stress 

exists (Carey, 2001). This index is applicable to the Southern Hemisphere and uses the 

mean minimum temperature in March to classify cultivation potential (March is deemed to be 

the month in which a number of the red grape cultivars ripen). Tonietto & Carbonneau (2004) 

have devised a new classification index, the Géoviticulture MCC or ‘multicriteria climatic 
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classification’ system, which they suggest may have global application.  This combines three 

indices:  

 an adaption of Riou’s index (Riou, Morlat & Asselin, 1995) which relates to the 

potential water balance of the soil over the growing period, now referred to as the DI 

or dryness index; 

 the cool night index; 

 the heliothermal index as per Huglin’s classification of GDD above the base 

temperature of 10°C. 

Winkler’s heat summation index was adapted to the Western Cape by Le Roux (1974) who, 

similar to De Villiers et al. (1996), divided the winegrowing potential of the Cape into five 

regions. Their classification is shown in Table 2.1 and Figure 2.2 below. 

 

 

 

 

 

 

 

 

 

Figure 2.2:  Growing degree days over the growing season (September to March) of 
the Western Cape (De Villiers et al., 1996) 
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Table 2.1:  Climatic classification of regions for the South Western  
Cape viticultural areas (adapted from De Villiers et al., 1996). 

DEGREE-DAYS (°C) REGION VITICULTURAL POTENTIAL 
< 1389 I Quality red and white wine 

1389 – 1666 II Good quality red and white table wine 

1667 – 1943 III Red and white table wine and port 

1944 – 2220 IV Dessert wine, sherry and standard quality table wine 

>2200 V Dessert wine and brandy 

 

Since February appeared to be the month in which most varietals are harvested and eighty 

percent of the Western Cape’s weather stations showed this to be the hottest month, De 

Villiers et al., (1996) proposed a further classification using the mean February temperature 

to categorize the Cape’s viticultural regions (see Table 2.2 and Figure 2.3). This was based 

on the work of Smart & Dry (1980) who used the mean January temperature to similarly 

categorise wine growing areas in Australia (Carey, 2001; Roux, 2005). He noted, as have 

other researchers, (Carey, Archer & Saayman, 2004; Hunter & Steenkamp, 2003/2004), the 

need for more detailed weather data to classify South African winelands more accurately.  
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Figure 2.3:  Mean February temperature (MFT) (°C) of the Western Cape 
(De Villiers et al., 1996) 

 

 

 

Table 2.2:  Climatic classification of regions according to the mean February 
temperature (MFT) for the Western Cape viticultural areas (adapted from De Villiers et 

al., 1996) 

MFT (°C) DESCRIPTION POTENTIAL 
17 – 18.9 Cold High quality white table wine (High acids, low pH, 

excellent cultivar character) 

19 – 20.9 Cool High quality white and red table wines (High acids, low 
pH, excellent cultivar character) 

21 – 22.9 Moderate High quality red table wines (High acids, low pH, 
excellent cultivar character) 

23 – 24.9 Hot Low acid, high pH 

>25 Very hot Low acid, high pH 
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Bonnardot’s (2005) study detailed the climatic characteristics of the broad spectrum of South 

African wine producing regions and has calculated many of the abovementioned climatic 

indices for these regions (see Table 2.1 in Annexure 2).  

Based on Gladstones’ (1992) reasoning that climatic indices do not take sufficient note of 

both temperature variability and the even accumulation of heat over each day in a particular 

growing season, Erland Happ applied a ‘heat load’ based classification in Western Australia 

(Happ, 1999a, 1999b, 2000). The heat loads, for different varietals are calculated as the 

degree-hours above a base temperature of 22°C for the 28 day period prior to harvest, using 

hourly logged temperatures. The base temperature of 22°C is, according to Happ (1999a), 

the one that provides the greatest discrimination between different environments. He found 

that the cooler the ripening conditions, the lower the heat load and the greater the flavour, 

irrespective of the grape variety. Most of the renowned French wine growing regions, 

including Bordeaux, and Burgundy, he noted, have cool conditions during their ripening 

periods. This enables grapes to accumulate heat more slowly and evenly (hence a longer 

ripening season), culminating in a lower heat load at harvest than in warmer areas. The 

reasoning accords with the generally held perception that associates cooler conditions with 

slower ripening, later harvesting and generally of maintenance of flavour (Marais, Hunter & 

Haasbroek, 1999; Johnson & Robinson, 2001; Knight & Taljaard, 2002). 

Francois Knight compiled a graph comparing nine wine growing regions of the world, 

showing the rate of heat unit accumulation, including three of the sites studied for this thesis 

(Figure 2.4).   
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Figure 2.4:  Comparative (International) linegraph showing the rate at which the Winkler Units (°days) accumulate per day 
 (Knight, F. in litt., 2006,) 
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A desire for greater credence in viticultural zoning, and market trends showing the need for 

wines showing provenance and some identifiable typicity, has stimulated further research to 

refine the concept of terroir and relate it to zoning of areas (Falcetti, 1994; Falcetti & Iacono, 

1996; Morlat, 1997; Vaudour, 2002; Carey, 2001; Carey & Bonnardot, 2002; Deloire, Lopez 

& Carbonneau, 2002; Tonietto & Teixera, 2002; Carey, Bonnardot, & Knight, 2003; Carey, 

Archer & Saayman, 2004; Saayman, 2004).  

Irrespective of the terroir or zone in which vines are grown, their quality remains directly 

dependent on the extent to which their key physiological processes took place. Studies by 

Hunter & Bonnardot (2002) and Hunter & Steenkamp (2003/2004) have taken the logical 

approach of linking the climatic profiles of the sites they studied to the sites’ potential for 

achieving optimum physiological processes in grapevines (e.g. photosynthesis, colour and 

aroma development, sugar and acidity). This was done by superimposing recognized 

parameters for optimal physiological processes on the mean hourly temperature and wind 

data, together with other climatic information, to assess their coincidence and frequency. 

This approach can be developed into an interactive method for viticultural classification and 

zoning for wine grape cultivation. Prior to these studies, the physiological functioning of vines 

and their relationship to specific aspects of climate were studied in isolation. For example, 

wind velocity (Freeman, Kliewer & Stern, 1982; Kobriger, Kliewer & Lagier, 1984; Hamilton, 

1989), humidity (Champagnol, 1984) and temperature (Kreidemann, 1968; Kliewer, 1971, 

1977; Lakso & Kliewer, 1978; Coombe, 1987; Marais, Hunter & Haasbroek, 1999). The link 

between the vine’s physiological functioning and aspects of climate was only referred to 

briefly, but not developed further, by Pirie (1979), Coombe (1987) and Iland (1989). A recent 

study by Carey (2005) on the identification of terroir units also considered the viticultural and 

oenological responses of Sauvignon blanc and Cabernet sauvignon vines to their growing 

environment. Carey’s method (using ‘classification and regression tree analysis’) uses a site-

specific ‘decision tree’ to analyse the vine’s response to its growing environment. She 

proposes that the method could be used to study other cultivars at different spatial scales, 

from farms to districts (Carey, 2005).  

There is research underway aimed at further evaluating and refining the classification of 

climatic regions using temperature ranges for the main physiological processes of the vine. It 

is hoped that the greater accuracy in classification resulting from these studies will assist in 

the correct site selection and viticultural practices and thus improve grape quality and the 

resulting potential wines (J.J. Hunter, 2006, pers. com.). 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver Chapter 2, Page 2-13 

Irrespective of the method or technical advances in the equipment used (for example, 

geographical information system (GIS) technology, spatial analysis techniques and remote 

atmospheric sensing), ground truthing with field trials will always be necessary (Vadour, 

2002). The availability of reliable environmental data from weather stations will be essential.   

2.3 Temperature and winter dormancy  
Temperature during the winter dormancy period is also regarded as important in vine 

cultivation as it affects the budding during the subsequent growing season and will have an 

effect on grape quality. Insufficient winter chill during the critical dormancy period has been 

linked to, inter alia, delayed budding and resultant uneven ripening (Smit, 1985; Pienaar, 

1988; Moncuft et al., 1989; Goussard, 1993).  

Pienaar (1988) showed a direct correlation between delayed budding experienced in the 

Cape coastal region in the 1987 vintage and higher temperatures in the preceding May and 

June period. There are four stages of vine dormancy and of these the breaking of dormancy 

(endodormancy) is the most important. Different cultivars have different ideal minimum 

temperatures, however, generally a minimum temperature of 10°C is needed. Fluctuating 

temperatures during this period delay this endodormancy stage. Sufficiently low 

temperatures during this stage are thus needed for the breaking of ‘dormancy’ and not for 

the purposes of ensuring ‘sufficient winter rest’ (E. Archer, 2006, pers. com.). According to 

Archer most of the South African viticultural regions, except some areas in the Northern 

Cape, would experience sufficiently cold endodormancy periods. 

2.4 Wind and Temperature  
Wind is another important parameter, which together with other climatic variables, make up 

the natural environment for vine cultivation. Wind measurements were originally described 

using the Beaufort Scale (Cole, 1970) but are now measured in metres per second (the unit 

used in this study denoted as ‘ms-1’). Unlike mobile living creatures, the vine cannot escape 

the effects of wind but can only adapt to it (Pienaar, 2005).  The effect of wind on the 

physiology, morphology and anatomy of the vine, could be direct or indirect, depending on 

the interrelationship with the other climatic factors, the most important of which is 

temperature (Ewart, Iland & Sitters, 1987). The positive effects of wind (Calò, et al., 1996) 

include cooling and reduction in the occurrence of diseases (Thomas, Marois & English, 

1988).  Negative effects relate to the stunting or breaking of vine shoots, the blowing away of 

pollen at flowering time and stomatal closure. These negative effects can be, to some extent, 
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ameliorated by correct row orientation, trellising and pruning (Dry, 1993; Dry & Botting, 1993; 

Jackson & Lombard, 1993). 

Although grapevines in the South Western Cape are exposed to strong synoptic southerly 

and southeasterly winds and local sea breezes, little is known about the effect of wind on 

grapevine performance (Pienaar, 2005). There have been a number of studies where the 

effect of wind is noted in relation to other aspects such as climatic zoning (Le Roux, 1974; 

Saayman, 1981; Bonnardot et al., 2001; Carey, 2001; Carey & Bonnardot, 2002). A 

subsequent study by Bonnardot et al. (2002) focused mainly on the effect of sea breezes. A 

recent study by Pienaar (2005) on the effect of wind on sheltered and exposed Merlot 

grapes at Morgenster, Somerset West, is one of the first to quantify the effect of moderate 

winds on grapevines in the Cape. The findings showed that wind has a significant effect on 

both physical and physiological responses between sheltered and exposed vines, resulting 

in different wine styles.  

2.4.1 Wind and topography 

Topographical features, such as aspect, altitude, slope inclination and shape, and proximity 

to large bodies of water influence the effect of the prevailing winds on vines (Robinson, 

1994; Bohmrich, 1997; Carey, 2001).  Along the southern Cape coast, mountain ranges 

prevent the flow of winds inland, resulting in winds of high speed blowing along the coastline 

(Kendrew, 1961).   

Areas exposed to wind, such as slopes facing prevailing winds, hill crests and flatter open 

peninsulas, would generally experience lower temperatures than protected areas and 

sheltered valley floors. At night, the opposite occurs when the cooler, heavier air, moves 

under gravity to the lower altitudes. This in turn would affect the growth of the vine, 

composition of the berries and potential wine style (Carey, 2001; Pienaar, 2005). 

Pienaar (2005) confirms that the lapse rate i.e. that for every 100m increase in altitude, there 

is a corresponding decrease in temperature of 0.3°C, with some seasonal and area 

variation, applies in the South Western Cape. Significant temperature variation would 

generally occur when areas of higher altitudes are exposed to prevailing winds (Wilson, 

1998; Carey, 2001). Summer daytime temperatures would thus be lower at higher altitudes 

than in lower lying areas, with the inverse occurring at night (Bohmrich, 1997; Carey, 2001). 

Aspect refers to the direction that a particular vineyard slope faces, with those in the 
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southern hemisphere that face more north and west being regarded as warmer than 

southern and eastern facing ones (Carey, 2001). The angle of the slope would affect the 

perpendicularity of the sun’s rays and thus also affect the temperature, with steep eastern 

slopes that receive direct sun warming up more quickly in the morning (Carey, 2001). The 

wind, however, could also affect the temperature of both cooler and warmer slopes (Pienaar, 

2005). Concave terrain would receive more direct sunlight (Wilson, 1998) and show greater 

soil moisture accumulation and greater day-night temperature variation, than convex 

landscapes (Wilson, 1998; Carey, 2001). 

Vineyards close to the sea and other large bodies of water often benefit from the cooling 

breezes that result from the temperature differential between the land and the water during 

the day and a moderating effect of night time temperatures (Bonnardot et al., 2002).  

2.4.2 Effect of wind on the anatomy and morphology of the grapevine 

Wind can have a beneficial or negative effect on vines, with the wind speed being the main 

determinant. Negative effects may include loss of shoot tips and inflorescences and the 

resultant loss of berries or bunches, the burning of leaves, defoliation, deformation and 

toughening of the entire plant (Hamilton, 1989; Dry, 1993; Pienaar, 2005). These examples 

of mechanical stress caused to plants are termed ‘thigmomorphogenesis’.  

Thigmomorphogenesis can result, inter alia, in thicker shoots, shorter stems and smaller 

leaves and berries, altering the permeability of plant membranes and may also affect 

transpiration and photosynthesis of leaves and the chemical composition of plants (Jaffe & 

Forbes, 1992). Pienaar (2005) notes that thigmomorphogenesis has not yet been studied in 

relation to grapevines, although there have been studies done on other plants (Jaffe, 1973; 

Jaffe & Forbes, 1992; Brown & Leopold, 1973).  

Studies comparing vegetative and reproductive growth between sheltered and exposed 

vines (Bettiga, Dokoozlian & Williams, 1996 – on Chardonnay; Dry & Botting, 1993 – on 

Cabernet franc (Hunter, 2000; Pienaar, 2005), have shown distinct differences. The various 

cultivars have different tolerances to wind. Matching the correct varietal with the correct 

vineyard site (Table 2.3), with consideration for topography and the other interrelated 

climatic factors (Annexure 1), is important for the production of quality grapes.  
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Table 2.3:  General indications of cultivar susceptibility to wind (from Orffer, 1979; 
Kerridge & Antcliff, 1999) 

CULTIVAR COMMENT 
More susceptible to wind damage: 
Colombar susceptible to damage in the early parts of the season 

Merlot noir shoots break and tumble 

Palomino bunches are often blown off by strong winds 

Sémillon highly susceptible during early season 

Shiraz moderately susceptible to wind damage 

Tinta Barocca sensitive to wind damage 

Trebbiano susceptible to damage 

Resistant to wind damage: 
Riesling Tolerant to wind 

Weisser Riesling Fairly tolerant to wind 

Cabernet franc Fairly tolerant to wind 

Cabernet Sauvignon Tolerant to wind 

Chenin blanc Highly tolerant to wind 

 

2.4.3 The effect of wind on vine physiology and berry composition 

The main effect of wind on grape vines is stomatal closure which increases commensurately 

with greater wind velocity. Campbell-Clause (1998) indicated that winds of more than 

3-4 ms-1 can cause leaf stomata to close, which inhibits photosynthesis, physiological 

development and thus the balance of all essential components of the grapes, including their 

flavour, aroma and colour.  

Wind stress has also been shown to increase levels of abscisic acid which promotes closing 

of stomata and of auxins (a growth regulator) which hasten the aging and dropping of 

leaves.  This, in turn, limits both photosynthesis and transpiration (Dry, 1993) and thus 

general plant performance, the effects of which may only become evident during the next 

growing season (Dry & Botting, 1993). 
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Photosynthesis is the complex process, which takes place in the leaves, in which 

carbohydrates are metabolised into sugars and conveyed to the berries in the form of 

sucrose. Sucrose is the main product of photosynthesis and the most important 

carbohydrate affecting the longevity and the yield of the vine, and the quality of the grapes. 

The quality of berries is directly related to the sucrose export status of the leaves. This will 

depend on, inter alia, the age, exposure and position of the leaves (apical or basal), the 

period in the growth cycle of the vine and the microclimatic conditions (Hunter, Skirvan & 

Ruffner, 1994). Wind has a direct effect on these conditions and has an indirect effect on 

stomatal conductance in the following ways: 

 leaf temperature is reduced; 

 the CO2 concentration decreases with wind which contributes to the closure of 

stomata; 

 the leaf boundary layer is reduced in that there may be some localised drying out of 

the leaf cells in conditions of sustained exposure to strong winds; 

 sustained exposure to winds of 7-10 ms-1 may negatively affect cell and structural 

development that plays an important role in the functioning of stomata; and 

 the wind may damage the cuticle and epidermal cells of the leaves (Weyers & 

Meidner, 1990). 

Reduced transpiration limits the supply of nutrients transported in water flow (Campbell-

Clause, 1998) which can cause leaf temperature to rise and increased respiration 

(Campbell-Clause, 1998; Bettiga et al., 1996). According to Freeman, Kliewer & Stern 

(1982), wind has no direct effect on leaf water potential, with stomatal closure rather being 

caused by the increased concentrations of abscisic acid in leaves, this increase being 

associated with wind. Severe and extended water stress does result in increased abscisic 

acid levels in leaves (Liu et al., 1978). 

Wind effect on berries and wine composition 

Studies have shown differences in berry composition of some cultivars as a result of wind 

exposure. These include: 
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 A higher colour index in Merlot grapes from exposed vines, while grapes from 

sheltered vines showed significantly lower potassium concentrations and lower pH 

values and malic acid content than grapes from exposed vines (Pienaar, 2005). A 

sensory evaluation of the resultant wine showed that sheltered vines tended to show 

more vegetative undertones, a better acid balance, as well as greater complexity in 

regard to mouth feel. The wines from sheltered vines were found to be of better 

overall quality than those from more exposed vines. 

 Leaves in denser canopies experienced lower wind speed and visa versa. The air 

movement around bunches has a cooling effect on the temperature of grapes within 

bunches (Rojas-Lara & Morrison, 1989).  This, together with less exposure to 

sunlight, proved to be beneficial for methoxypyrazine production in Sauvignon blanc 

grapes (Marais, Hunter & Haasbroek, 1999) and for the aroma and flavour of 

Cabernet Sauvignon (Morrison & Noble, 1990).  

 Links between wind speeds and higher a pH in berries and the resultant wine have 

been made in a number of studies (Hamilton, 1989; Jackson & Lombard, 1993; 

Bettiga, Dokoozlian & Williams, 1996; Carey, Archer & Saayman, 2003, 2004; 

Pienaar, 2005). 

2.5 Summary 
An overview of the international and South African literature on the characteristics of 

viticultural climate classification has been provided in this chapter. It is clear from the 

literature that macro climatic classification based on single variables (e.g. mean daily and 

monthly temperatures) has limited use and there is a need to consider more detailed climatic 

profiles in relation to the physiological functioning of the vine at key stages of growth and 

development. In addition, recent research findings are presented that highlight the 

complicating effect of wind on grape vines and resultant wine quality. 
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3. SITE SELECTION AND METHODS 

3.1 Selection of comparative sites  
The four sites compared in the main study are Elim, Elgin, Nietvoorbij and Witchcliffe 

(Western Australia). Four sites within Elgin were also compared in an inter-Elgin study. 

Nietvoorbij in Stellenbosch and Witchcliffe (situated close to the western Australian coast) 

share the same maritime influence that Elim and Elgin do and are all situated at similar 

latitudes (33 to 35°S) Witchcliffe also gets regular daily cloud cover from the ocean winds, 

similar to Elgin and Elim (Figure 3.1; Tables 3.1; 3.2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.1:  Western Cape, South Africa and South Western Australian study sites 
showing weather station locations referenced to latitude and longitude. 
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Although it is not the coolest Australian wine growing area, Witchcliffe is part of the Margaret 

River region, which was one of the pioneering cooler viticultural areas identified in the 1970’s 

(Johnson & Robinson, 2001). Elgin, and more recently Elim, are both generally regarded as 

examples of pioneering South African cooler areas, not previously utilised for viticulture.  

Nietvoorbij in Stellenbosch is regarded as being warm, although not excessively so 

(Bonnardot, 2005) with a mean February temperature of 1°C more than moderate areas 

such as Constantia (Groot Constantia, 20.8°C) and 1.5°C more than Hermanus (Oude 

Hemel en Aarde, 20.3°C) (Bonnardot, 2005).  Nietvoorbij also had complete hourly logged 

weather data for the two seasons studied and thus would provide a good comparative site 

against which to contrast Elim and Elgin. See Annexure 2 (Tables 2.1 and 2.2).  

Both Nietvoorbij and Witchcliffe fall within recognised wine growing regions i.e. Stellenbosch 

and Margaret River respectively, and have established local and international recognition for 

both red and white wines. There are increasing plantings of both red and white cultivars 

grown in the Elgin and Elim wards (see Annexure 3, Tables 3.1 and 3.2), although cooler 

regions in South Africa are often perceived only to be suited to white varietals (Becker, 

1977). Margaret River falls within region II of the Winkler index and Witchcliffe is even cooler 

than Margaret River (Gladstones, 1992).  Figure 2.4 shows a fair similarity in accumulation 

of heat units (GDD > 10°C) over the growing season between Margaret River, Elgin and 

Bordeaux, which is renowned for red wines (Johnson & Robinson, 2001).  It also shows 

Nietvoorbij and Constantia to be warmer than the former three locations.  

The Elgin producers often compare their ward to European wine growing regions such as 

Bordeaux and Burgundy showing how similar they are to Elgin given the Winkler and other 

indices (Annexure 4). These European regions have regulated viticultural regimes and long 

established terroir and cultivar choices, in comparison to the relatively unrestricted New 

World wine producing regions. A comparative site within a New World wine region was 

therefore considered to be a suitable choice for this study. 

The inter-Elgin sites were chosen based on hourly climatic data availability, where these 

could be linked to established wine producers within the ward and show some differences in 

aspect and topography. They are also situated towards the north, south, north east and 

north west of the ward, thus covering a wide range of aspects.  
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3.1.1 General description of the South African sites 

Elim and Elgin are both wards under the Wine of Origin system and the Nietvoorbij weather 

station falls within the District of Stellenbosch (Figure 3.2). The sites are all situated relatively 

close to the southern Cape coastline, which is flanked by two oceans. The Indian Ocean and 

its warm Mozambique and Agulhas currents to the south and east and the Atlantic Ocean 

with the cold Benguela current to the west (Bonnardot, 2005). They are exposed to this 

maritime influence, which has a moderating effect on the climate (Schulze, 1997) and 

consequently have comparatively cooler prevailing conditions than some international wine 

regions situated at similar latitudes (Huglin, 1978). The temperate Mediterranean type 

climate of the Cape wine regions is characterized by warm and dry summers and winter 

rainfall, which falls mainly from late Autumn to early Spring. The moderating influence of the 

ocean results in average winter temperatures above 10°C, with frost rarely a problem, and 

cooler summers with less extremes in temperature. There is likewise, lower variation 

between day and night temperatures (Bonnardot, 2005). The complex topography created 

by the Cape folded mountains that run parallel and in close proximity to the southern 

coastline, results in marked variation in temperatures occurring within short distances of the 

coastline (Bonnardot et al., 2001, 2002; Conradie et al., 2002; Carey, Archer & Saayman, 

2003)  

Unlike Nietvoorbij, Elim and Elgin (and Witchcliffe) experience regular cloud cover during 

summer, limiting direct sunlight and moderating temperatures. Sufficient analytical data are 

not yet available to measure the duration and full effect of this cloud cover.  It is, however, 

generally believed by producers in these regions that clouds have a positive cooling effect 

which, together with the other interrelated terroir factors, result in improved grape quality (P. 

Wallace, 2006, pers. com.).  All the Western Cape wine growing regions experience plentiful 

sunlight, and unlike the northern latitude countries, sunlight is not a limiting factor.  

A study by Bonnardot (2005) (Annexure 2) includes a broad range of climate classification 

indices for the South African wine regions and includes sites focused on in this thesis viz. 

Nietvoorbij and an Elgin site, the Elgin Experimental Farm, which is also indicated in 

Figure 3.3.  Also see Annexure 2, Table 2.2. 

A more detailed description of the sites for both the main and inter-Elgin studies is given in 

Annexure 5. 
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Figure 3.2:  Topographical map showing the location of the South African study sites 

 

 

 

 

 

 

 

 

 

Figure 3.3:  Topographical map showing sites used in the inter-Elgin study 
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3.2 Methods 
Climate and soil are both primary environmental factors that impact on the vine’s 

development and are interrelated in their effects on the vine (Carey, 2001; Hunter & 

Bonnardot, 2004). There are a complex range of soil types found throughout the locations 

that form the subject of this study. For the purposes of this thesis I have focused on 

temperature during the pre- and post-véraison periods up until harvesting (including 

references to the effects of wind), using readily available weather data.  

In order to show a more detailed climatic profile of the areas studied and to assess whether 

their status as cooler or warmer viticultural sites is appropriate (as classified by the general 

macro climatic indices), mean hourly temperature and wind data have been used. These 

data are used in two separate studies:  

 In the first, main study, four different sites: Nietvoorbij (Stellenbosch), Elgin, and Elim 

in South Africa, and Witchcliffe (Margaret River region), Western Australia, are 

compared using mean hourly temperature and wind data. The hourly data were 

obtained from automatic weather stations, the locations of which are given in 

Table 3.1. 

 As the Western Cape shows considerable climatic diversity even within smaller areas 

(Bonnardot, 2005; Steenkamp, 2005) the second study is an inter-Elgin, comparative 

study, using climatic data from four sites within the Elgin ward. For the inter-Elgin 

study weather stations were sought that had hourly logging data available for the 

season studied and where they were linked to existing wine producers, from whom 

harvest dates could be obtained. The automatic weather stations used for the data 

are shown in Table 3.2. This study was to assess whether there are significant 

differences within a cooler ward, such as Elgin. 

 Personal interviews were conducted with the Elim and Elgin wine producers during 

February and March 2006 at their respective wineries. Numerous subsequent 

telephone discussions with the aforementioned wine producers were also held to 

glean additional relevant information. 
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Table 3.1:  Automatic weather station locations for the main comparative study 
between the Elim, Elgin and the two comparative regions, Stellenbosch and 

Witchcliffe, Western Australia. 

WEATHER STATION  LATITUDE LONGITUDE ALTITUDE 
De Rust (Elgin) 34, 1711 S 19, 1080 E 325m 
Agulhas Wines (Elim)  34, 65819 S 19, 76497 E 80m 
Nietvoorbij (Stellenbosch) 33, 54 S 18, 52 E 146 m 
Witchcliffe (W Australia)  34, 01 41 S 115, 06 15 E 80m 

 
 
Table 3.2:  Automatic weather station locations for the inter-Elgin study between the 

four selected sites.  

WEATHER STATION  LATITUDE LONGITUDE ALTITUDE 
De Rust 34, 1711 S 19, 1080 E 325m 
Beaulieu 34, 09.57 S 19, 01.40 E 330m 
Iona (Highlands) 34,16 56.3S 19, 05 15.9 E 450m 
Oak Valley 34, 6012 S 19, 0568 E 348m 

 
 

3.2.1 The main study  

Four different sites: Nietvoorbij, Elgin and Elim in South Africa and Witchcliffe, Margaret 

River region, Western Australia, as shown on Figures 3.1 and 3.2, were compared.  Mean 

hourly temperatures and wind speeds for each location were calculated for the pre-véraison 

(November and December) and post-véraison (January to April) periods and for the 

2003/2004 and 2004/2005 seasons. SAS statistical software (SAS/STAT 1999) was used for 

the calculations. The mean hourly temperatures and wind speeds are depicted in line 

graphs, together with an analyses thereof in Chapter 4 (Figures 4.1(a-b) to 4.4(a-b)).  

Research has shown that temperature and wind both have an effect on the physiological 

processes of the vine (Hunter & Bonnardot, 2004). As the quality of grapes are directly 

dependent on the extent to which these physiological processes take place, resulting in 

potentially different styles of wine, a further dimension of analysis was applied. Using Excel, 

hourly figures were used to calculate total occurrences within certain temperature and wind 

ranges (referred to as ‘models’ in this study), which represent scientifically recognised 
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parameters for optimum physiological processes in grapevines (Hunter & Bonnardot, 2002; 

Hunter & Steenkamp, 2003/2004). The following physiological processes were considered: 

photosynthesis, colour and aroma development (diurnal and nocturnal) and the effect of 

wind speed on these processes.  This was done for all four sites in the main study for the 

combined and the pre- and post-ve raison period. The period of study for the post-véraison 

was extended from March (the month normally used to calculate climate indices) to April as 

harvesting regularly still extends into April, particularly in Elgin and Elim.  

The number of occurrences are expressed as percentages and tabulated in 5 separate 

tables of model groups (Annexure 6). The data in Annexure 6 are then depicted in column 

graphs (using Excel). The column graphs together with an analysis thereof are presented in 

Figures 4.5(a-d) – 4.7(a-d) and 4.8(a-h) in Chapter 4. The description of the fifteen models 

used to characterise temperature and wind ranges for optimum physiological processes in 

grape vines is given in paragraph 3.2.3. 

3.2.2 Inter-Elgin study 

Using the methodology described in paragraph 3.2.1, a comparative inter-Elgin analysis was 

conducted. The data were depicted as mean hourly line graphs (Figures 4.9(a-b) to 4.12(a-

b)), as well as tables of model groups (Annexure 6) and column graphs (Figures 4.13(a-d) to 

4.17(a-d). Four different sites located north, northwest, northeast and south respectively 

within the Elgin ward were used. The data used in the main study for Elgin were from the De 

Rust weather station.  These data were also used in this inter-Elgin study to represent the 

north eastern site.  

For all of the comparisons the weather data pertaining to the 2003/2004 and the 2004/2005 

seasons were used. There was the greatest similarity between the data sets for these years 

as hourly logging had only recently started at some of the weather stations e.g. at Agulhas 

wines (Elim ward) on November 2003 and at Oak Valley on February 2003. Missing data 

and incomplete data logging, when mechanical faults occurred at automatic stations, also 

resulted in incomplete data sets. The study was thus based on the available data, with the 

appropriate numerical adjustments made to compensate for missing data.  

The harvest report for the 03/04 and 04/05 season (SAWIS, 2004, 2005; Platter, 2006) is 

presented in Annexure 7. 
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3.2.3 Descriptions of the fifteen models used to characterise temperature and 
wind ranges for optimum physiological processes in grapevines 

 
Model 1:  Photosynthesis pre- and post veraison 
Represents total number of hours the vines experienced temperatures above or equal to 
25°C and below or equal to 30°C. The latter temperature range being the recognized 

optimum range within which photosynthesis takes place (Hunter & Bonnardot, 2004). The 

diurnal window period used was between 9 am and 3 pm (time is expressed as for the 

South African Standard Time: Greenwich Meridian Time+2) (Hunter, Skirvan & Ruffner, 

1994). The time period combines both the pre-ve raison period November to the end of 
December and the post-véraison to the harvesting period of January to the end of 
April.  This period was extended to April as some of the Elgin harvesting dates occur within 

this month.  

 
Model 2:  Colour and aroma pre- and post véraison 
Represents the total number of hours the vines experience temperatures of greater 
than or equal to 20°C and less than or equal to 25°C.  This temperature range being the 

recognized optimum range within which colour and aroma compounds are developed during 

the day (Hunter & Bonnardot, 2004). The diurnal window period used was between 6 am 
and 6pm. The time period combines both the pre-véraison period November to the end 
of December and the post-véraison to the harvesting period of January to the end of 
April.  This period was extended to April as some of the Elgin harvesting dates occur within 

this month.    

 
Model 3:  Colour and aroma pre and post-véraison 
Represents the total number of hours the vines experience temperatures of greater than 
or equal to 10°C and less than or equal to 15°C. This temperature range being the 

recognized optimum range within which colour and aroma compounds are developed during 

the night (Hunter & Bonnardot, 2004).  The nocturnal window period used was between 6 
pm and 6am. The time period combines both the pre-véraison period November to the 
end of December and the post-véraison to the harvesting period of January to the end 
of April.  This period was extended to April as some of the Elgin harvesting dates occur 

within this month. 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver Chapter 3, Page 3-9 

 
Model 4:  Photosynthesis pre-véraison  
Model 1 for the pre-véraison period only (November to the end of December).  

 
Model 5:  Photosynthesis post-véraison 
Model 1 for the post-véraison period only (January to the end of April).  

 

Model 6:  Colour and aroma (diurnal) 
Model 2 for the pre-véraison period only (November to the end of December). 

 
Model 7:  Colour and aroma (diurnal)
Model 2 for the post-véraison period only (January to the end of April). 

 
Model 8:  Colour and aroma (nocturnal)
Model 3 for the pre-véraison period only (November to the end of December). 

 
Model 9:  Colour and aroma (nocturnal) 
Model 3 for the post-véraison period only (January to the end of April). 

 
Model 10:  Combined pre- and post-véraison wind  
Wind speed measured hourly, for the range of below 4 ms-1 during the diurnal window 

period of 9 am to 3 pm.  This was given a factor of 1 if below this range. 

 
Model 11:  Combined pre- and post-véraison wind
Wind speed measured hourly, for the range above 4 ms-1 during the diurnal window period 

of 9 am to 3 pm.  This was given a factor of -1 if above this range. 
 
Model 12:  Pre-véraison wind  
Wind speed measured hourly for the range below 4 ms-1 for the period between 9 am to 
3 pm (November to the end of December). 

 
Model 13:  Post-véraison wind  
Wind speed measured hourly for the range below 4 ms-1 for the period between 9 am to 
3 pm (January to the end of April). 
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Model 14:  Pre-véraison wind  
Wind speed measured hourly for the range above 4 ms-1 for the period between 9 am to 
3 pm (November to the end of December). 

 
Model 15:  Post-véraison wind  
Wind speed measured hourly for the range above 4 ms-1 for the period between 9 am to 
3 pm (January to the end of April). 
 

Explanatory note:  The pre- and post-véraison division was included as there are a number of 

important processes which occur both pre- and post-véraison which effect grape quality.  

The temperature profiles (as well as other climatological related factors) during these periods 

will have an impact on whether these processes are able to be optimally performed. This is 

because important precursors for secondary compounds for phenolics, colour, flavour and 

aroma, as well as organic acids, are formed during pre-ve raison. During post-ve raison these 

compounds are maintained and the colour further developed (Robinson, 1994; Hunter & 

Archer, 2001; Hunter & Steenkamp, 2003/2004). 
 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver  

Chapter 4: 
 

RESULTS AND DISCUSSION 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

Meryl Weaver Chapter 4, Page 4-1 

4. RESULTS AND DISCUSSION 

The previous chapter described the approach taken and methodology used in this study.  

This chapter presents the results of these analyses for both the main and the inter-Elgin 

comparative study, in the form of a series of mean hourly line and column graphs, as well as 

a brief discussion of these graphs.  

4.1 Main Study - Analysis and discussion of mean hourly 
temperatures and mean hourly wind speeds  

4.1.1 General comments/trends: 

The mean hourly graphs (Figures 4.1(a-b) – 4.4(a-b)) clearly show how long each of the four 

sites in this main study (Nietvoorbij, Elgin, Elim and Witchcliffe), encountered particular 

temperature ranges and wind strengths over a 24 hour period. This gives a more detailed 

impression of actual temperature conditions experienced by each site. They highlight for 

example, the longer periods of higher midday temperatures for Nietvoorbij as opposed to 

shorter periods and cooler temperatures for the Elim and Witchcliffe sites. The difference 

between the two seasons is also evident from the results. The cooler Western Cape 03/04 

season generally shows lower temperatures, as well as shorter higher temperature periods.  

This coincides with midday and thus steeper, shorter graph peaks than the longer sustained 

periods at higher temperatures in the hotter 04/05 season. The opposite seasonal trend was 

experienced in Western Australia, where Witchcliffe experienced a warmer 03/04 season 

than the cooler, more erratic 04/05 vintage (Happ, 2006b). Other than the post-ve raison 

03/04 period, both seasons show similar trends and graph patterns. Witchcliffe and Elim are 

cooler and windier than Elgin and Nietvoorbij, the latter being the warmest of the four sites, 

particularly during post-ve raison. Witchcliffe consistently shows the coolest night time 

temperatures of all the sites, during both seasons. Macro climatic index classifications for the 

sites (Annexure 2), which shows Nietvoorbij classified as warmer and the other 3 sites as 

cooler areas, correspond with these post-ve raison trends. These classifications, however, do 

not give the hourly detail evident in these graphs, which clearly shows how cool the sites are 

and at what times of the day. 
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Season 03/04 - Post-véraison (January to end April)
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Figure 4.1:  Mean hourly temperatures for the pre-véraison (a) and post-véraison (b) 
periods of four wine regions during the 03/04 season  
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Season 04/05 - Post-véraison (January to end April)
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Figure 4.2:  Mean hourly temperatures for the pre-véraison (a) and post-véraison (b) 
periods of four wine regions during the 04/05 season 
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Season 03/04 - Post-véraison (January to end April)
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Figure 4.3:  Mean hourly wind speeds for the pre-véraison (a) and post-véraison (b) 
periods of four wine regions during the 03/04 season 
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Season 04/05 - Post-véraison (January to end April)
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Figure 4.4:  Mean hourly wind speeds for the pre-véraison (a) and post-véraison (b) 
periods of four wine regions during the 04/05 season 
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4.1.2 Pre- veraison 03/04 

This was generally a cooler and longer ripening season in South Africa and a warmer one in 

Witchcliffe (Figure 4.1a). Witchcliffe was, however, still the coolest site, followed by Elim. 

Elgin and Nietvoorbij showed similar pre-ve raison temperatures for this cooler season 

(Figure 4.1a). Elgin experienced less wind than Nietvoorbij, especially in the afternoon 

(Figure 4.3a), which would account for its slightly higher temperature during this season. 

There was a direct correlation between wind speed and temperature. The warmer 

Nietvoorbij and Elgin experienced only moderate winds (<4 ms-1).  Witchcliffe and Elim’s 

cooler temperatures corresponded directly to consistent, strong (>4 ms-1) daily winds. Elim 

experienced relatively warmer early morning temperatures in comparison to the other sites 

as the wind died down during this period and because of the moderating influence of the 

ocean. 

4.1.3 Post-veraison 03/04 

Elim was the cooler site during midday, followed by Witchcliffe (Figure 4.1b), which showed 

the effects of the warmer Australian season. Witchcliffe’s night time temperatures were the 

coolest of all sites, for both seasons (Figures 4.1(a-b) and 4.2(a-b)).  Strong winds of >4 ms-1 

were again a factor in these two cooler sites as both are located on relatively flat and 

exposed, coastal landscapes, directly influenced by onshore winds. Nietvoorbij, the warmest 

site (both in terms of day and night-time temperatures), experienced higher temperatures for 

longer during midday, than Elgin, with only moderate winds <4 ms-1 for both of these sites.  

Elgin, being located within a circular shaped mountain basin, is far more protected than 

Nietvoorbij, which does experience coastal winds in the afternoon from False bay 

(Figure 4.3b). Elgin, Elim and Witchcliffe do get regular afternoon cloud cover from these 

winds, and this also helped to moderate temperatures. 

4.1.4 Pre- and Post-véraison 04/05  

The trend for both the pre- and post-ve raison 04/05 periods followed the same ranking and 

are thus discussed together. Witchcliffe was again the coolest, followed by Elim, Elgin and 

Nietvoorbij the warmest (Figure 4.2(a-b)). This 04/05 season was warmer in the Cape than 

the 03/04 season, and visa versa in Australia (Figures 4.1(a-b) and 4.2(a-b)). Higher 

temperatures, especially post-ve raison, were evident for all the South African sites. 

Nietvoorbij experienced higher temperatures for longer periods than Elgin, especially at 

midday, with Elim and Witchcliffe markedly cooler.  There was the same trend in wind 
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described above, although Elim experienced marginally less very strong winds (> 6 ms-1) in 

the afternoon than in 03/04 (Figures 4.3(a-b) and 4.4(a-b)). 

4.2 Main study – Analysis and discussion  
Percentage tables of occurrences within certain optimum temperature ranges, used in the 

column graphs are contained in Annexure 6. 

4.2.1 Photosynthesis – optimum temperatures between 25-30°C from 
 9am-3pm  

During the pre-véraison period (November and December) Elgin had the longest period of 

optimal photosynthesis temperatures and Witchcliffe the shortest of the four sites during 

2003/04 (Figure 4.5a). During post-véraison (January to the end of April), Nietvoorbij vines 

experienced a photosynthetic advantage, while those of Elim performed on a lower 

photosynthetic level (Figure 4.5b).  Over the whole 03/04 season, vines in Elgin experienced 

a photosynthetic advantage over those in Witchcliffe and Elim and were only marginally less 

advantageous than the Nietvoorbij site. Higher photosynthetic values would result in an 

increase in sugar accumulation and earlier ripening than the lower values shown by the 

cooler sites. Rates of accumulation are however also important (Gladstones, 1992; Happ, 

1999a, 1999b, 2000).  The cooler areas showed a more gradual accumulation of sugar and 

later ripening than warmer areas (see Table 4.1 showing comparative harvest dates). The 

difference between the two seasons, the cooler 03/04 and warmer 04/05 Cape season and 

visa versa in Australia, was also evident (Figure 4.5(a-d)). This showed in the difference 

between the two coolest sites. Witchcliffe showed a photosynthetic advantage over Elim 

during the post–véraison period during the 03/04 vintage and the opposite being true for the 

warmer Cape 04/05 season. During the latter season Nietvoorbij, followed by Elgin, 

experienced a clear photosynthetic advantage over both Elim and Witchcliffe. The optimum 

photosynthetic temperatures experienced by the four sites studied correlated to the wind 

speeds encountered at those sites (see Figure 4.8 (a-h)).  
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Figure 4.5(a-d):  Occurrence of daily optimum temperatures between 25°C and 30°C 
for photosynthesis from 9 am to 3 pm for different wine regions, seasons and growth 

stages 
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Table 4.1:  Comparative harvest dates for two sites in Elgin (De Rust and Iona), Elim 

(Agulhas wines), Nietvoorbij and Witchcliffe 

SITE 
VARIETAL YEAR DE RUST - (NE) 

(PAUL CLUVER) IONA(S) AGULHAS NIETVOORBIJ 

Sauv blanc      

 03/04 17/2-3/3 16-19/3  10/02 

 04/05 8-17/2 4-10/3 7-14/2 11/02 

 05/06 8-15/2,7/3 7-17/3 10-28/2  

Sémillon      
 05/06  8/3   
Gewürztraminer      
 03/04 22/2    
 04/05 12/2    
 05/06 18-21/2    
W/Riesling      
 03/04 19-25/2    
 04/05 10/2,3/3    
 05/06 17/2,3-15/3    
Viognier      
 05/06     
Chardonnay      
 03/04 8-18/3   26/02 
 04/05 16-22/2   13/02 
 05/06 23/2,8-14/3 7/3   
Pinot noir      
 03/04 26-27/2    
 04/05 14/2    
 05/06 13-22/2, 8/3    
Shiraz      
 03/04  6/5  16/03 

 04/05 23/2 18/4 6/3  

 05/06 5–13/4 27/4 9/3 7/03 

Cab Sav      
 03/04 30/3–8/4   1/04 
 04/05 10–22/3 4–18/4  8/04 
 05/06 22/3, 12/4 13/4   
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Table 4.1:  (Continued) 

 

SITE 
VARIETAL YEAR DE RUST - (NE) 

(PAUL CLUVER) IONA(S) AGULHAS NIETVOORBIJ 

Cab franc      
 03/04  15/4   
 04/05  15/3   
 05/06  15/3   
Merlot      
 03/04 25–29/3 6–7/4  23/03 
 04/05 3–7/3 24/3–4/4  26/03 & 10/03 
 05/06 8–21/3 24/3–5/4   
Witchcliffe*      

* Approximate Witchcliffe harvest dates for early varieties - February 23rd, and later varieties - April ±9th (Happ, 

2006). 

 
4.2.2 Optimum daily temperatures (20 -25°C) for colour and aroma 

development in wine grapes  

Since the optimum range of temperatures for colour and aroma is lower than for 

photosynthesis, cooler sites would show better values within this range. This was verified by 

the data. Elim’s cooler diurnal temperatures were the most advantageous for the vine’s 

development of colour and aroma, during both seasons, compared to vines in the other three 

localities (Figure 4.6 (a-d)). The nocturnal data however, showed the vines at Witchcliffe, 

with the coolest night temperatures, to be better off (see Figures 4.1(a-b), 4.2(a-b) and 4.7 

(a-d)).  

Windier sites could potentially result in the development of smaller berries in some cultivars 

and thus give a higher skin (and hence colour and aroma) to juice ratio. The higher values 

for colour and aroma for the cooler sites would also appear to be accentuated by windier 

conditions (Figures 4.3(a-b) and 4.4(a-b)).  
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Figure 4.6(a-d):  Occurrence of diurnal optimum temperatures between 20°C and 25°C 
for colour and aroma from 9 am to 3 pm for different wine regions, seasons and 

growth stages 

 

4.2.3 Occurrence of nocturnal temperatures (10-15°C) conducive to colour 
and aroma development in wine grapes 

Witchcliffe was generally the coolest of all the sites, with the consistently coolest range of 

night time temperatures. It thus showed a clear advantage for the nocturnal development of 

colour and aroma (Figure 4.7(a-d)). Witchcliffe’s high readings, especially in the pre-véraison 

period would be most favourable for the development of the important precursors for colour 

and aroma compounds which are formed during this time (see explanatory note regarding 

the significance of the pre- and post-véraison periods used in the study models at the end of 

paragraph 3.2.3 in Chapter 3 and Box 2 in Annexure 1). Elim also experienced less wind at 

night and early morning and a maritime moderation of temperatures during these times (see 
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Figures 4.1(a-b) to 4.4(a-b)) making it more similar to Elgin and Nietvoorbi. This accounted 

for its lower optimum temperature values for night time flavour and colour development. . 
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Figure 4.7(a-d):  Occurrence of optimum temperatures between 10°C and 15°C for 
colour and aroma (nocturnal) from 6 pm to 6 am for different wine regions, seasons 

and growth stages 

 

4.2.4 Wind speed <4ms-1 and >4 ms-1  

Taking into account winds of <4 ms-1 and >4 ms-1, Elgin and Nietvoorbij had a clear 

advantage over Elim and Witchcliffe (Figure 4.8(a-h)) for both seasons. As stomata of vine 

leaves shut down in wind speeds >4 ms-1 (see notes on wind in Chapter 2 and Annexure 1), 

the latter two localities would have had less optimal photosynthetic functioning than the first 

two, where wind speeds were consistently <4 ms-1. Temperature and wind were also shown 

to correspond with the coolest sites (Elim and Witchcliffe) which experienced regular daily 

strong winds of >4 ms-1.  This corresponded with the low values for optimal photosynthetic 

temperatures shown on Figure 4.5(a-d).  
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Considering all the parameters (Figures 4.5(a-d) to 4.7(a-d) and 4.8(a-h)) and the mean 

hourly temperature and wind data (Figures 4.1(a-b) to 4.4(a-b)), Elgin appears to have 

enjoyed the most optimal growing conditions. It had the least windy conditions and was 

cooler than Nietvoorbij, especially over the midday period. It is generally acknowledged 

(Jackson & Lombard, 1993; Johnson & Robinson, 2001; F. Knight, 2006, pers. com.; P. 

Wallace, 2006, pers. com.) that cool climate wines accumulate sugar more gradually, tend to 

be more refined, with lower alcohol and higher acidity levels than wines made in warmer 

areas. Elgin is however sufficiently warm to show reasonable percentage optimal 

temperature values for photosynthesis and colour development. Nietvoorbij ranked next, 

suffering less from the markedly windier conditions prevailing in Elim and Witchcliffe.  The 

latter two sites being the coolest and windiest, both present more viticultural challenges. 

Witchcliffe in the Margaret River region, which was the coolest of all the sites in this study, is 

however, the source of a range of internationally recognized white and red wines (see 

Annexure 5). Because of a much longer growing season, cool areas such as Witchcliffe are 

still able to achieve full physiological ripeness for a wide range of red and white varieties 

(Happ, 2006a). See the comparative harvest date tables (Table 4.1, 4.2 and 4.3). 
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Wind speeds < 4 ms-1
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Figure 4.8:  Occurrence of wind speeds (a-d) < 4 ms-1 and (e-h) > 4 ms-1 for different 

wine regions, seasons and growth stages 
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Table 4.2:  Elgin - harvesting dates showing differences within Elgin and between 
Nietvoorbij 

SITE 
VARIETAL YEAR DE RUST - 

(NE) 
BEAULIEU-

(NW) 
OAK VALLEY 

- (N) 
IONA(S) NIETVOORBIJ 

Sauv blanc       
 03/04 17/2-3/3  25/2-12/3 16-19/3 10/02 

 04/05 8-17/2 28/2 9/2 – 2/3 4-10/3 11/02 

 05/06 8-15/2,7/3 6/3 14/2-3/3 7-17/3  

Sémillon       

 03/04 22/2     
 04/05 12/2     

 05/06 18-21/2     

W/Riesling       

 03/04 19-25/2     
 04/05 10/2,3/3     

 05/06 17/2,3-15/3     

Viognier       

 05/06  15/3    

Chardonnay       

 03/04 8-18/3  23/3  26/02 

 04/05 16-22/2  8/3  13/02 

 05/06 23/2,8-14/3  9/3 7/3  

Pinot noir       

 03/04 26-27/2  4/3   
 04/05 14/2  14/2   

 05/06 13-22/2,8/3  24/2   

Shiraz       

 03/04    6/5 16/03 

 04/05 23/2   18/4  

 05/06 5-13/4   27/4 7/03 
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Table 4.2:  (Continued) 

SITE 
VARIETAL YEAR DE RUST - 

(NE) 
BEAULIEU-

(NW) 
OAK VALLEY 

- (N) 
IONA(S) NIETVOORBIJ 

Cab Sav       

 03/04 30/3-8/4 15/3 7-15/4  1/04 

 04/05 10-22/3 18/3 22/3 4-18/4 8/04 

 05/06 22/3,12/4 30/3-12/4 22/3 13/4  

Cab franc       

 03/04   15/4   
 04/05   15/3   

 05/06   15/3   

Merlot       

 03/04 25-29/3  17/2 6-7/4 23/03 

 04/05 3-7/3 9/3 9-14/3 24/3-4/4 26/03 & 10/03 

 05/06 8-21/3 15-20/3 10/3 24/3-5/4  

 
The approximate Witchcliffe harvest dates for early varieties are February 23rd, and for later 

varieties, April 9th (E-mail communication – Erland Happ, July 2006).  
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Table 4.3:  Elim ward - harvesting dates 

VINEYARD 

VARIETAL YEAR 
AGULHAS 

WINES 
(FIRST 

SIGHTING)

THE 
BERRIO 

 

ZOETENDAL LANDS 
END 

BL/OYSTER- 
CATCHER 

Sauv blanc       

 03/04  102-4/3    

 04/05 7-14/2 2/2-22/2   20/2, 1-7/3 

 05/06 10-28/2 7-28/2 20.4-23 17-21/2 8-13/2 

Nouvelle       

 04/05      

 05/06  7-13/2    

Sémillon       

 03/04      

 04/05  16/2-21/2   15-20/2 

 05/06  2-3/3    

Viognier       

 03/04      

 04/05      

 05/06      

Chardonnay       

 03/04      

 04/05      

 05/06      

Pinot noir       

 03/04      

 04/05      

 05/06 7/2 8/2    

Shiraz       

 03/04      

 04/05 6/3 23/2-3/3   30/2, 1-7/3 

 05/06 9/3 8/3   28/2-9/3 
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Table 4.3:  (Continued) 

VINEYARD 

VARIETAL YEAR 
AGULHAS 

WINES 
(FIRST 

SIGHTING) 

THE 
BERRIO 

 

ZOETEND
AL 

LANDS 
END 

BL/OYSTER- CATCHER 

Cab Sav       

 03/04  17/3-1/4    

 04/05  4/3-10/3   1-15/3 

 05/06  7-11/3   9/3 

Cab franc       

 03/04      

 04/05      

 05/06     10/3 

Petit 
Verdot 

      

 03/04      

 04/05      

 05/06     15/3 

 
 

4.3 Inter-Elgin study 
The inter-Elgin study analysed data from four sites in the Elgin basin to observe the possible 

temperature differences that occurred even within a specific ward which has been classified 

as being cooler. The four locations for the inter-Elgin study were:- Iona (representing the 

southern site), Oak Valley (the northern site), Beaulieu (the north western site) and De Rust 

(north eastern site). The same weather data used for the main comparative study was used 

for the latter mentioned north eastern site.  

4.3.1 Mean hourly temperatures and wind speeds 

Distinct differences were evident between the four sites studied (Figures 4.9(a-b) to 4.12(a-

b)). Iona, situated on the more exposed, mountain plateau on the southern edge of the Elgin 

basin, was coolest and generally the windiest, followed by Oak Valley. The latter site is 

situated on the northern side of the Elgin basin, also at higher altitudes and generally south 

facing. The strong, cooling influence of higher altitudes on temperature as well as the cloud 
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cover, was evident at these higher elevated sites. The other two sites situated to the west 

(Beaulieu) and east (De Rust) of Oak Valley (Figure 3.3) were far more protected and 

warmer.  De Rust was the warmest and was windier than Beaulieu.  

The mean hourly line graphs show the duration of time, especially at critical times of the day, 

that each of the sites in this inter-Elgin study experienced certain temperature ranges and 

wind speeds, over a 24 hour period.  This gives a more detailed assessment of the actual 

prevailing conditions than, for example, a mean February temperature reading of 19.7°C 

would give (See Table 2.2 in Annexure 2).  

Harvest dates for the different sites also generally followed the trend in ranking described 

above. The grapes at the coolest site, Iona, were the last to be picked. De Rust, the warmest 

site, often recorded the earliest harvest dates (See Table 4.4).  

The difference between the two seasons is also evident with higher day and night 

temperatures for all sites during the 04/05 harvest, as opposed to the cooler 03/04 vintage 

(Figures 4.9(a-b) – 4.10(a-b)). For both seasons the ranking from coolest to warmest sites 

were similar. The only deviation being Oak Valley’s relatively windless conditions during the 

03/04 season (confirmed to be so and not the result of mechanical malfunctioning at the 

weather station (P. Visser, 2006, pers. com.)), followed by the highest wind values (>4 ms-1) 

in the 04/05 vintage. It still retained its second coolest ranking even in the windless 03/04 

season, showing it to be an inherently cool south facing site, enhanced by its higher altitude.  

Beaulieu generally showed the least wind for both seasons. The effect of moderate wind can 

be beneficial for cooling and prevention of disease in damp weather. However, wind speeds 

of >4 ms-1 can be negative and can adversely affect photosynthesis. This would apply to 

both Iona and Oak Valley.   
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Season 03/04 - Post-véraison (January to end April)
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Figure 4.9(a-b):  Mean hourly temperatures for four sites in Elgin and for two growth 

stages, during the 2003/04 season 
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Season 04/05 - Pre-véraison (November to end December)
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Figure 4.10(a-b):  Mean hourly temperatures for four sites in Elgin and for two growth 
stages, during the 2004/05 season 
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Figure 4.11(a-b):  Mean hourly wind speeds for four sites in Elgin for two growth 
stages, during the 2003/04 season 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

Meryl Weaver Chapter 4, Page 4-23 

 

Season 04/05 - Pre-véraison (November to end December)

0

2

4

6

8

10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour

M
ea

n 
ho

ur
ly

 w
in

d 
sp

ee
d 

(m
s-1

) Beaulieu
Iona
Oak Valley
De Rust

 
(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Season 04/05 - Post-véraison (January to end April)

0

2

4

6

8

10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour

M
ea

n 
ho

ur
ly

 w
in

d 
sp

ee
d 

(m
s-1

) Beaulieu
Iona
Oak Valley
De Rust

 (b) 
 

 

 

 

 

 

 

 

 

 

Figure 4.12(a-b):  Mean hourly wind speeds for four sites in Elgin for two growth 

stages, during the 2004/05 season 
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Table 4.4:  Elgin - harvesting dates showing differences within the Elgin ward 

VINEYARD 
VARIETAL YEAR DE RUST - 

(NE) 
BEAULIEU - 

(NW) 

OAK 
VALLEY - 

(N) 
IONA (S) 

Sauv blanc      
 03/04 17/2-3/3  25/2-12/3 16-19/3 
 04/05 8-17/2 28/2 9/2 – 2/3 4-10/3 
 05/06 8-15/2,7/3 6/3 14/2-3/3 7-17/3 
Sémillon      
 05/06    8/3 
Gewürztraminer      
 03/04 22/2    
 04/05 12/2    
 05/06 18-21/2    
W/Riesling      
 03/04 19-25/2    
 04/05 10/2,3/3    
 05/06 17/2, 3-15/3    
Viognier      
 05/06  15/3   
Chardonnay      
 03/04 8-18/3  23/3  
 04/05 16-22/2  8/3  
 05/06 23/2, 8-14/3  9/3 7/3 
Pinot noir      
 03/04 26-27/2  4/3  
 04/05 14/2  14/2  
  05/06 13-22/2, 8/3  24/2  
Shiraz      
 03/04    6/5 
 04/05 23/2   18/4 
  05/06 5–13/4   27/4 
Cab Sav      
 03/04 30/3–8/4 15/3 7–15/4  
 04/05 10–22/3 18/3 22/3 4–18/4 
 05/06 22/3, 12/4 30/3–12/4 22/3 13/4 
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Table 4.4:  (Continued) 

VINEYARD 
VARIETAL YEAR DE RUST - 

(NE) 
BEAULIEU - 

(NW) 

OAK 
VALLEY - 

(N) 
IONA (S) 

Cab franc      
 03/04    15/4 
 04/05    15/3 
  05/06    15/3 
Merlot      
 03/04 25–29/3  17/2 6–7/4 
 04/05 3–7/3 9/3 9–14/3 24/3–4/4 
  05/06 8–21/3 15–20/3 10.3 24/3–5/4 

 

 
4.3.2 Optimum temperatures (25-30°C) for photosynthesis  

De Rust experienced more optimum temperature conditions for photosynthesis, than the 

other three sites, as it was the warmest of the four sites. De Rust was followed by Beaulieu, 

Oak Valley and the least optimum, Iona. This trend, which held true for both seasons, 

followed the temperature ranking from the warmest to the coolest site, shown in 

Figure 4.13(a-d).  Higher photosynthesis levels would result in earlier harvesting and this 

was generally borne out by the comparative harvesting table for these four sites (Table 4.4). 

The seasonal differences were also evident, with all sites showing commensurately higher 

values for the warmer 04/05 than the cooler 03/04 season. 
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Figure 4.13(a–d):  Occurrence of optimum temperatures for photosynthesis (25–30°C) 
between 9 am and 3 pm for four sites in Elgin and for different growth stages and 

seasons 

 

4.3.3 Occurrence of daily optimum temperatures (20-25°C) for colour and 
aroma development in wine grapes 

All four sites showed advantageous conditions for the development of colour and aroma, as 

the lower temperatures in this optimum range were more in line with the prevailing cooler 

temperatures for the Elgin ward (Figure 4.14(a-d), also see Figures 4.9(a-b) and 4.10(a-b)). 

Seasonal differences were again evident. Oak Valley in particular benefited from the 

windless conditions during the 03/04 season (see Figures 4.16(a-d) and 4.17(a-d) below), 

showing values similar to those of De Rust and Beaulieu. All sites showed similar higher 

values for development of colour and aroma in the relatively warmer pre-véraison period in 

the warm 04/05 season than in the cooler pre-véraison period in the cool 03/04 season (see 

Figure 4.14c as opposed to 4.14a).  The pre–véraison period is important for the formation of 

the precursors for colour and aroma. The higher values would therefore have given certain 

grape varieties (mostly the red ones) greater potential for the development of colour and 
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aroma. All sites experienced similarly disadvantageous conditions for colour and aroma, 

post-véraison, when temperatures rose higher than the optimum range in the warmer 04/05 

season (Figure 4.14d).  
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Figure 4.14(a-d):  Occurrence of optimum diurnal temperatures (20–25°C) for colour 
and aroma development between 9 am and 3 pm for four sites in Elgin and for 

different growth stages and seasons 

 

4.3.4 Occurrence of optimum temperatures (10-15°C) for nocturnal colour 
and aroma development in wine grapes 

All four sites showed the same trend in ranking, observed for hourly temperature and wind 

(Figures 4.9(a-b) to 4.12(a-b)), for both the 03/04 and 04/05 seasons and during the pre- and 

post-véraison periods (Figure 4.15(a-d)). Iona (the coolest site) showed the most beneficial 

conditions for the nocturnal development of colour and aroma at this lower range of optimal 

temperatures. Oak Valley and Beaulieu ranked next, with De Rust, the site showing the 

warmest night time temperatures (see Figures 4.9(a-b) and 4.10(a-b)), the least favourable. 

Although Beaulieu had the lowest night time temperatures (because of its lower altitude and 

protected location), the beneficial effect of more moderate night time winds experienced by 
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Iona and Oak Valley, make the latter two sites more beneficial for the nocturnal development 

of colour and aroma (see Figures 4.11(a-b) and 4.120(a-b)). Seasonal differences were also 

apparent as all sites showed lower optimum values in the warmer 04/05 season (Figure 

4.15(c-d)) than in the cooler preceding one (Figure 4.15(a-d)). 
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Figure 4.15(a-d):  Occurrence of optimum nocturnal temperatures (10 – 15°C) for 
colour and aroma development between 6 pm and 6 am for four sites in Elgin for 

different growth stages and seasons 

 
4.3.5 Wind speeds < and >4 ms-1 

The wind speeds shown in Figures 4.16(a-d) and 4.17(a-d) correlated with those in 

Figures 4.11(a-d) and 4.12(a-d) and with the locations of the different sites. The more 

exposed southerly and northerly sites at higher altitudes were generally windier than the 

more protected lower lying sites. Beaulieu, the most sheltered position of the four sites 

studied, was generally shown to have the lowest incidence of wind for both seasons. De 

Rust experienced a consistently high percentage of moderate winds of <4 ms-1 with less 

wind of >4 ms-1. Iona experienced a higher incidence of winds >4 ms-1 in both seasons. 

Although Oak Valley showed a significant lack of wind during the 03/04 season, it showed 
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exactly the opposite trend in the 04/05 vintage, with the greatest occurrence of >4 ms-1 wind. 

Wind clearly had a significant effect on temperatures and the observations made in 

paragraph 4.3.1 above relating to Figures 4.11(a-b) and 4.12(a-b) apply equally. Moderate 

wind can be beneficial for cooling and prevention of disease in damp weather. However, 

wind speeds of >4 ms-1 can be negative and adversely affect photosynthesis. This would 

apply to both Iona and Oak Valley. 

Clear differences between the sites were shown in this study using mean hourly weather 

data. These differences were consistent with their locations within the Elgin basin, the more 

protected sites being warmer than the more exposed and cooler sites. The effect of higher 

altitudes was also evident.  A greater incidence of wind was linked to cooler temperatures. 

The comparative harvesting table (Table 4.4) generally correlated with these findings. 

Considering all the parameters (Figures 4.13(a-d) to 4.17(a-d)) and the mean hourly 

temperature and wind data (Figures 4.9(a-b) to 4.12(a-b)), De Rust and Beaulieu appeared 

to show the most optimal growing conditions.  Wind plays a major role in the prevailing 

conditions at Iona and Oak Valley, and depending on the viticultural practices to ameliorate 

its effect, may be negative.  Given these differences, there is potential for different styles of 

wine even within the Elgin basin. The producers on the sites studied do show some variation 

in the grape varieties planted (Annexure 3 and Table 4.4 in Chapter 4) and do produce 

different styles of wine (Platter, 2006). 
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Figure 4.16(a-d):  Occurrence of wind speeds < 4 ms-1 for four sites in Elgin for 
different seasons and growth stages 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

Meryl Weaver Chapter 4, Page 4-31 

 

 
(a) (b) 

 

 

 

 

 

 

 

 

 

(c) (d) 

Season 03/04 - Pre-véraison (Nov  to end Dec) 

0.0

12.3

3.6

47.5

0

10

20

30

40

50

Oak Valley De Rust Beaulieu Iona

Elgin Study Sites

D
ai

ly
 o

cc
. W

in
d 

sp
ee

d 
> 

4m
s

-

1 
( %

)

Season 04/05 - Pre-véraison (Nov  to end Dec) 

34.2

7.4
2.7

27.3

0

10

20

30

40

Oak Valley De Rust Beaulieu Iona

Elgin Study Sites

D
ai

ly
 o

cc
. W

in
d 

sp
ee

d 
> 

4m
s

-

1  (%
)

Season 03/04 - Post-véraison (Jan to end April) 

3.1
6.7

0.1

36.2

0

10

20

30

40

Oak Valley De Rust Beaulieu Iona

Elgin Study Sites

D
ai

ly
 o

cc
. W

in
d 

sp
ee

d 
> 

4m
s

-

1  (%
) 

Season 04/05 - Post-véraison (Jan to end April) 
28.5

7.8

0.3

20.3

0

10

20

30

Oak Valley De Rust Beaulieu Iona

Elgin Study Sites

D
ai

ly
 o

cc
. W

in
d 

sp
ee

d 
> 

4m
s

-

1 
(%

)

Figure 4.17(a-d):  Occurrence of wind speeds > 4 ms-1 for four sites in Elgin for 
different seasons and growth stages 
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5. CONCLUSIONS 

This thesis set out to examine the factors that have led to the growing interest in cooler 

climate wines in South Africa and to assess whether the Elgin and Elim areas can justifiably 

be regarded as cool climate viticultural areas.  

A range of temperature-based climate characterisations were used to describe the Elgin and 

Elim wine growing wards.  They were compared to two similarly located (in terms of latitiude 

and proximity to the coast) and well recognised, New World wine producing areas, Margaret 

River, Western Australia (using the cooler Witchcliffe site) and Stellenbosch (the Nietvoorbij 

site).  The study confirmed the cool climate status of Elim and Elgin.  The study also 

endorsed the need for detailed hourly climatic data for a clear understanding of cause and 

effect between climate and vineyard performance.  The following ten specific conclusions 

can be drawn from the study: 

1. The mean hourly data showed both Elgin and Elim to be cooler viticultural areas, 

corroborating their classification as such, by the more general macro climatic indices. 

Witchcliffe is shown to be the coolest of the four sites studied. All three of these sites 

were cooler than the Nietvoorbij site. 

2. A detailed hourly temperature and wind profile of the four study sites, clearly 

indicated the differences in the durations of the warmer and cooler periods within the 

24 hour cycle. The warmer Nietvoorbij site experienced higher temperatures for more 

hours in the day, especially over the midday period, than the cooler sites. Using this 

data, detailed and distinct differences in the temperature and wind profiles even 

within the cooler designated Elgin ward, were observed.  An inter-Elgin study showed 

a clear trend with De Rust being the warmer site, followed by Beaulieu, Oak Valley 

and Iona. Since De Rust was shown to be a cooler area in terms of the main study, 

the other three sites in the inter-Elgin study, being cooler than De Rust; can likewise 

also be classified as cool. 

3. Wind had a significant effect on the temperatures within the vineyard and on the 

physiological functioning of vines. This effect could be both direct and indirect, 

positive or negative. The full effects of wind on the physiological functioning of vines 

is not fully understood and needs further research. Wind and temperature were also 
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closely interrelated, with the cooler sites generally experiencing greater wind than 

warmer sites. 

4. Differences between the cooler 2003/04 and warmer 2004/2005 seasons were also 

evident, although the opposite pattern occurred in Witchcliffe, Australia, with the 

2003/2004 vintage being warmer than the wetter and more erratic 2004/2005.   

5. Mean hourly data also allow the assessment of the occurrence of important 

physiological processes in vines, namely photosynthesis and the development of 

colour and aroma, within certain scientifically recognized, optimum temperature 

parameters.  

6. Coolness per se does not necessarily translate into better quality grapes. The 

pertinent question being whether a given range of varieties can ripen sufficiently for 

the style of wine required. These questions are linked to the extent to which the 

physiological processes take place in the grapes.  The styles of wines produced 

would thus depend on the vineyard sites chosen, based on accurate and sufficiently 

detailed, climatological data and the actual viticultural practices carried out both pre- 

and post-ve raison. From the perspective of optimum photosynthesis, the trend in this 

study both in the main and the inter-Elgin studies, was generally for the warmer sites 

to show higher values, and thus earlier ripening. Cooler sites showed a 

photosynthetic disadvantage and later ripening, however experienced temperature 

ranges that were more advantageous for both the development and maintenance of 

colour and aroma. Because environmental factors in the vineyard are never constant, 

optimum ranges can be expected to vary.   

7. South African cooler viticultural areas are generally regarded as benefiting white 

rather than red varieties (except possibly for Pinot noir), especially those more 

susceptible to loss of aroma and acidity during ripening, such as Sauvignon blanc, 

Gewürztraminer and Riesling. The suitability and track record for red varietals in 

cooler areas in South Africa is generally less established or recognized. Elgin and 

Elim are still relatively new areas (especially the latter) and are still establishing their 

reputation locally and internationally. Witchcliffe falls within the Margaret River region 

which is already well recognized both within Australia and internationally for a range 

of red and white varieties.  Wine styles and quality are the result of the complex 
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interaction of all the natural and human factors. Since the results of this study 

showed Witchcliffe to be considerably cooler and windier than Elgin, and slightly 

cooler than Elim; it would therefore appear that:  

o there is good potential within the Elgin ward for both white and red varieties, 

as Elgin showed greater incidences within the optimum temperature and wind 

ranges for photosynthesis and colour and aroma development (having less 

wind than the two cooler sites and lower temperatures than Nietvoorbij). The 

De Rust site (Elgin) appears to be the most favourable site of those 

compared, in both the main and inter-Elgin studies. 

o the Elim ward should likewise have the potential be able to ripen both red and 

white wine grape varieties as Elim was, despite the prevalent and sustained 

winds (similar to Witchlcliffe), warmer than Witchcliffe. This potential bears out 

the optimistic view of the growers in these areas, considering the extended 

range of white and red varieties that have been planted there. 

8. Whether the method for assessing the potential for ripening of vines is the use of 

hourly data, the calculation of heat load or carbon gain (as some Australian 

researchers do), or the use of temperature ranges utilised in this study, there is a 

definite need for continuing and systematic research. This is to understand and 

correlate, the actual growing environment of the vine and what physiological 

processes happen, at what times, in the vine’s growth cycle. This information, 

combined with the correct and timeous viticultural management, will optimise the 

potential for quality grapes for the particular styles of wine required. These viticultural 

responses are important especially considering that New World viticulture is largely 

unregulated as opposed to Old World regimes. This will result in a wider possible 

range of differences in quality and styles of wine. The analogy can be drawn to doing 

a jigsaw puzzle with each vineyard having its own configuration that will finally make 

up the optimum picture, and thus wine, within any given vintage. The more sources 

of accurately measured data there are, the more appropriate the viticulturalist and 

winemaker’s response can be, with resultant benefits for wine quality, style and 

profitability.   
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9. The expansion into cooler climate viticultural areas in South Africa appears initially, to 

have been the result of deregulation and the scrapping of the quota system in 1992. 

The poor fruit and wheat prices in the cooler areas have also played a role in the 

diversification to include viticulture. The increasing interest worldwide in cooler 

viticultural areas, may have been influenced by the greater awareness of the effects 

of global warming and/or the pursuit of different styles of wine which show more 

flavour, elegance and structure without being excessively high in alcohol. The same 

increasing interest is also now evident in South Africa. 

10. The phenomenon of global warming appears to be widely accepted. Although the 

exact magnitude and rate of future climate change is uncertain, any change will 

impact on site selection and management of vineyards, varietal choices and wine 

styles.  Areas that are closer to the warmer extremes being more negatively affected 

than cooler areas which would be less disadvantaged by global warming. Within the 

constraints of other aspects of terroir not dealt with in the course of this study, such 

as soil and water, cooler areas such as Elim and Elgin may have greater viticultural 

potential for a wide range of grape varieties and wine styles. Consequently, these 

areas have been predicted to become increasingly favoured for viticulture.  Further 

research will however be necessary to better equip wine growers to adapt 

accordingly.   

 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver  

REFERENCES 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver References Page 6-1 

REFERENCES 

 

Amerine, M.A. & Winkler, A.J., 1944. Composition and quality of musts and wines of 
Californian grapes. Hilgardia, 15,493-637.  

Archer, E., 1998. Fisiologie van die Wingerdstok. In: Burger, J. & Deist, J. (eds), 
1998. Wingerdbou in Suid-Afrika. CTP Boekdrukkers, Cape Town. p.33-41. 

Armstrong, 2006. Media release for the Elim producers. Armstrong Public Relations 
and Communication Consultants. 

Australian Weather Bureau Report 2006. 
 http://www.bom.gov.au/climate/dwo/2004&2005mmmonthlyJan-March 

Becker, N.J., 1977. The Influence of Geographical and Topographical Factors on the 
Quality of the Grape Crop. In: Proc. International Symposium on the Quality of 
the Vintage, February 1977, Cape Town, South Africa. p.169-180.  

Bettiga, L.J., Dokoozlian, N.K. & Williams, L.E., 1996. Windbreaks Improve the 
Growth and Yield of Chardonnay Grapevines Grown in a Cool Climate. In: 
Proc. 4th Int. Sym. on Cool Climate Viticulture and Enology. p.43-46. 

Bohmrich, R., 1997. Terroir. Wynboer, Feb. 1997, 28-32. 

Bonnardot, V., 2005. Some Climatic Characteristics of the South African Wine 
Producing Regions. In: Proc. Bacchus in Bourgoyne Conference, Beaune. 
p.144-167. 

Bonnardot, V., Carey, V.A., Planchon, O. & Cautenet, S., 2001. Sea breeze 
mechanism and observations of its effects in the Stellenbosch wine producing 
area. Wynboer, 147,10-14. 

Bonnardot, V., Carey, V.A., Planchon, O. & Cautenet, S., 2002. Diurnal wind, relative 
humidity and temperature variation in the Stellenbosch – Groot Drakenstein 
wine producing area. S. Afr. J. Enol. Vitic., 23(2),62-71.  

Branas, J., Bernon, G., & Levadoux, L., 1946. Eléments de Viticulture Génerale. 
Ecole Nacionale d’Agriculture, Montpellier. 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver References Page 6-2 

Brown, K.M. & Leopold, A.C., 1973. Ethylene and the regulation of growth in pine. 
Can. J. For. Res., 3,143-145. 

Buttrose, M.S., Hale, C.R. & Kliewer, W.M., 1971. Effect of temperature on the 
composition of Cabernet Sauvignon berries. Am. J. Enol. Vitic., 22,71-75. 

Calo, A., Tomasi, D., Crespan, M. & Cotascurta, A., 1996. Relationship between 
Environmental Factors and the Dynamics of Growth and Composition of the 
Grapevine. In: Proc. Workshop Strategies to Optimise Wine Grape Quality, 
p.217-231. 

Campbell-Clause, J.M., 1998. Stomatal response of grapevines to wind. Aust. J. 
Exper. Agric., 38,77-82. 

Carey, V.A., 2001. Spatial Characteristics of Natural Terroir Units for Viticulture in the 
Bottelaryberg-Simonsberg-Helderberg Winegrowing Area. MSc Agric thesis, 
Stellenbosch University, Stellenbosch. 

Carey, V.A., 2005. The Use of Viticultural Terroir Units for Demarcation of 
Geographical Indications for Wine Production in Stellenbosch and Surrounds. 
PhD Agric thesis, Stellenbosch University, Stellenbosch. 

Carey, V.A., Archer, E. & Saayman, D., 2003. Landscape Diversity in Stellenbosch: 
Implications for Viticulture. In: Proc. Colloque International Paysages de 
Vignes et du Vins: Patrimoine- Enjeux – Valorisation, July 2003, Fontevraud, 
France. p.112-117. 

Carey, V.A., Archer, E. & Saayman, D., 2004. Identification of Natural Terroir Units 
for Viticulture: Stellenbosch, South Africa, 2004. In: Proc. Joint international 
Conference on Viticultural Zoning, 15-19 November, 2004, Cape Town. 
p.671-680.  

Carey, V.A. & Bonnardot, V., 2002. Methodological Approach to Zoning. In: Proc. IVth 
International Symposium on Viticultural Zoning, June, 2002, Avignon, France. 
p.49-56. 

Carey, V.A., Bonnardot, V.M.F. & Knight, F., 2003. The Zoning of Terroirs for Wine 
Production: South Africa. In: Fregoni, M., Schuster, D. and Paoletti, A. (Eds.), 
Terroir, Zonazione, Viticoltura, Trattato internazionale. Phytoline s.r.l., Verona. 
p.227-241.  



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver References Page 6-3 

Champagnol, F., 1984. Eléments de Physiologie de la Vigne et de Viticulture 
Générale. Saint-Gely-du-Fesc, France. 

Chapman, A. & Weaver, A., 2006. Climate change: a heated debate. 
ScienceScope,1(2),2-3. CSIR, Pretoria.  

Cole, F.W., 1970. Introduction to Meteorology. Wiley, New York. 

Conradie, W.J., Carey, V.A., Bonnardot, V., Saayman, D. & Van Schoor, L.H., 2002. 
Effect of different environmental factors on the performance of Sauvignon 
blanc grapevines in the Stellenbosch/Durbanville districts of South Africa. I. 
Geology, Soil, Climate Phenology and grape composition. S. Afr. J. Enol. 
Vitic., 23,78-91. 

Constaninescu, G., 1967. Méthodes et principes de determination des aptitudes 
viticoles d’une régionet du choix des cepages appropries. Bulletin del’OIV., 
441,1179-1205. 

Coombe, B.G., 1987. Influence of temperature on composition and quality of grapes. 
Acta Hort., 206,23-25.  

Deloire, A., Lopez, F., & Carbonneau, A., 2002. Réponses de la vigne et terroirs. 
Eléments pour une méthode d’etude. Progrès agric. Vitic., 119,78- 86.  

De Villiers, F.S., Schmidt, A., Theron, J.C.D. & Taljaard, R., 1996. Onderverdeling 
van Wes-Kaapse wynbougebiede volgens bestaande klimaatskriteria. 
Wynbou Tegnies, 78,10-12. 

Downes, C., 2004. Elgin information report prepared for the CWM student’s study 
group. Unpublished. p.1-5. 

Dry, P.R., 1993. Exposure to wind affects grapevine performance. Austr. Grapegr. 
Winemaker., Ann. Tech. Issue, 1993,73-75. 

Dry, P.R. & Botting, D.G., 1993. The effect of wind on the performance of Cabernet 
Franc grapevines. Wine Industry J., 8(4),347-352. 

Ewart, A.J.W., Iland, P.G. & Sitters, J.H., 1987. The use of shelter in vineyards. 
Austr. Grapegr. Winemaker, Apr.1987,19-22. 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver References Page 6-4 

Falcetti, M., 1994. Le terroir. Qu’est-ce qu’un terroir? Pourquoi l’enseigner? Bulletin 
del’OIV., 67, 246-275. 

Falcetti, M., & Iacono, F., 1996. Ecophysiological description of sites and wine 
sensory properties as a tool for zoning in viticulture. Acta Hort., 427,395-404. 

Freeman, B.M., Kliewer, W.M. & Stern, P., 1982. Influence of windbreaks and 
climatic region on diurnal fluctuation of leaf water potential, stomatal 
conductance, and leaf temperature of grapevines. Am. J. Enol.Vitic., 33,233-
236. 

Gladstones, J., 1992. Viticulture and Environment. Winetitles. Adelaide. p.8-33, 72-
78. 

Goode, J., 2004. Global warming and its implications for viticulture. Wines and Vines, 
November 2004,36-45.  

Goussard, P.G., 1993. Uitbodproewe om doeltreffendheid van winterkoue op 
rusbreking van wingerdmateriaal te bepaal. Wynboer Tegnies, 56,11–12.  

Gunn, A., 2006. Comparative Table Showing the Temperatures and Rainfall of Iona 
(Elgin Ward) and Bordeaux. Unpublished. 

Halliday, J., 2005. The Pocket Guide to Wines of Australia. Harper-Collins, Sydney.   

Hamilton, R.P., 1989. Wind and its effect on viticulture. Austr. Grapegr. Winemaker, 
March 1989,16-17. 

Happ, E., 1999a. Indices for exploring the relationship between temperature and 
grape wine flavour. Austr. and New Zealand Wine Industry J., 14(4),1-6. 

Happ, E., 1999b. Story time: no grape needs heat in the ripening cycle. Austr. and 
New Zealand Wine Industry J., 14(4),68-73. 

Happ, E., 2000. Site and varietal choices for full flavour outcomes in a warm 
continent. Austr. and New Zealand Wine Industry J., 15(1),54-62. 

Happ, E., 2006a. Grape growing for winemakers.  
http://www.winepros.com.au/jsp/cda/countries/region topic.jsp?id=586  and 
http://www.wineaustalia.com/global/Regions/WineRegion.aspx?p=19andwr=5
8  (accessed, June 2006). 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver References Page 6-5 

Happ, E., 2006b. E-mailed harvest report, July, 2006. 

Helm, K.F. & Cambourne, B., 1988. The Influence of Climatic Variability on the 
Production of Quality Wines in the Canberra District of South East Australia. 
In: Proc. 2nd International Cool Climate Viticulture and Oenology Symposium, 
Auckland, New Zealand. p.17-20. 

Huglin, P., 1978. Nouveau mode d’évaluation des possibiltés héliothermicues d’un 
milieu viticole. C.R. Acad. Agr. France, 1117-1126. 

Huglin, P., 1986. Biologie et Ėcologie de la Vigne. Editions Payot Lausanne, Paris.  

Hunter, J.J., 2000. Implications of seasonal canopy management and growth 
compensation in grapevine. S. Afr. J. Enol. Vitic., 21,81-91. 

Hunter, J.J. & Archer, E., 2001. Short-term Cultivation Strategies to Improve Grape 
Quality. In: Proc. 7th Viticulture and Enology Latin-American Congress, 12-16 
November 2001, Montevideo, Uruguay.  

Hunter, J.J. & Bonnardot, V., 2002. Climatic Requirements of Optimal Physiological 
Processes: A factor in Viticultural Zoning. In: Proc. 4th International 
Symposium on Viticultural Zoning , 17-20 June 2002, Avignon, France, p.553- 
565.   

Hunter, J.J. & Bonnardot V., 2004. Climatic Requirements for Optimal Physiological 
Processes: A Factor in Viticultural Zoning. In: Proc. Joint International 
Conference on Viticultural Zoning, 15-19 November 2004, Cape Town, South 
Africa. 

Hunter, J.J., Pisciôtta, A., Volschenk, C.G., Archer, E., Novello, V., Kraeva, G., 
Deloire, A. & Nadal, M., 2002. Role of Harvesting Time/Optimal Ripeness in 
Zone/Terroir Expression. In: Proc. 4th International Symposium on Viticultural 
Zoning, 17-20 June 2002, Avignon, France. 

Hunter, J.J., Skirvan, R. & Ruffner, H.P., 1994. Diurnal and seasonal physiological 
changes in leaves of Vitis vinifera L.; CO2 assimilation rates, sugar levels and 
sucrolytic enzyme activity. Vitis, 33,189-195. 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver References Page 6-6 

Hunter, J.J. & Steenkamp, J., 2003/2004. Potential Evaluation of Different Climatic 
Regions for Vine Cultivation by Using Temperature Ranges for Key 
Physiological Processes. Unpublished final report. ARC Infrutec-Nietvoorbij, 
Stellenbosch. p.1-32. 

Iland, P., 1989. Grape berry composition – the influence of environmental and 
viticultural factors. Austr. Grapegr. Winemaker, 2,13-15. 

IPCC, 2001. Report of Working Group 1 of the Intergovernmental Panel on Climate 
Change, 2001, Geneva. p.1-83. 

IPCC, 2007. Climate Change 2007: The Physical Science Basis: Summary for 
Policymakers. IPCC Working Group 1: Fourth Assessment report, Geneva. 
p.21 

IWSC 2006. Competition results http://www.IWSC.net /resultswinecfm (accessed 
July 2006). 

Jackson, D.I. & Lombard, P.B., 1993. Envrionmental and management practices 
affecting grape composition and wine quality. A review. Am. J. Enol. Vitic., 
44(4),409-430. 

Jaffe, M.J., 1973. Thigmomorphogenesis: the response of plant growth and 
development to mechanical stimulation. Planta, 114,144-157. 

Jaffe, M.J. & Forbes, S., 1992. Thigmomorphogenesis: the effect of mechanical 
perturbation on plants. Plant Growth Regul., 12,313-324. 

Johnson, H. & Robinson, J., 2001. The World Atlas of Wine, Octopus, London. 

Jones, G.V., White, M.A., Cooper, O.R. Storchmann, C., 2005. Climate change and 
global wine quality. Climate Change, 73,319-343.  

Jordan, R., 2004. Big western. Decanter, February 2004,34-37. 

Kench, J., Hands, P. & Hughes, D., 1983. The Complete Book of South African 
Wine. Struik. Cape Town. p.32-37 

Kendrew, W.G., 1961. The Climates of the Continents. 5th Edition, Oxford University 
Press, Oxford. 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver References Page 6-7 

Kerridge, G. & Antcliff, A., 1999. Wine Grape Varieties. CSIRO Publishing, 
Collingwood, Victoria.  

Kirk, J.T.O., 1986. Application of a revised temperature summation system to 
Australian viticultural regions. Austr. Grapegr. Winemaker., April,48-52. 

Kliewer, M.W., 1971. Effect of day temperature and light intensity on concentration of 
malic and tartaric acids in Vitis vinifera L. grapes. Amer. Soc. Hort. Sci., 
96,372-377.  

Kliewer, M.W., 1977. Grape Coloration as Influenced by Temperature, Solar 
Radiation, Nitrogen and Cultivar. In: Proc. International Symposium on the 
Quality of the Vintage, February 1977, Cape Town. p.67-87.   

Knight, F. & Taljaard, R.M., 2002. Terroirs of De Rust Estate. Unpublished report on 
a study of the topography and climate of the De Rust Estate, March 2002. p.4-
9. 

Kobringer, J.M., Kliewer, W.M., & Lagier, S.T., 1984. Effects of wind on water 
relations of several grapevine cultivars. Am. J. Enol. Vitic., 35,164-169. 

Kreidemann, P.E., 1968. Photosynthesis in vine leaves as a function of light 
intensity, temperature and leaf age. Vitis, 7,213-220. 

Kreidemann, P.E., 1977. Vineleaf Photosynthesis. In Proc: International Symposium 
on the Quality of the Vintage, February, 1977. Cape Town, South Africa. p.67-
88. 

Lakso, A.N. & Kliewer, W.M., 1978. The influence of temperature on malic acid 
metablolism in grape berries. II. Temperature responses of net dark CO2 
fixation and malic acid pools. Am. J. Enol. Vitic., 29,145-149. 

Le Roux, E.G., 1974. ‘n Klimaatsindeling van die Suidwes-Kaaplandse 
Wynbougebiede. MSc thesis, Stellenbosch University, Stellenbosch.  

Liu, W.T., Pool, R., Wenkert, W. & Kriedemann, P.E., 1978. Changes in 
photosynthesis, stomatal resistance and abscisic acid of Vitis labrusca 
through drought and irrigation cycles. Am. J. Enol. Vitic., 29(4),239-246. 

Lloyd, J., 2006. Fruits of the Vine. Country Life, July, 2006,32-35. 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver References Page 6-8 

Marais, J., Hunter, J.J. & Haasbroek, P.D., 1999. Effect of canopy microclimate, 
season and region on Sauvignon blanc grape composition and wine quality. 
S. Afr. J. Enol. Vitic., 20,19-30. 

Moncuft, M.W., Rattigan, K., Mackenzie, D.H. & McIntyre, G.N., 1989. Base 
temperatures for budbreak and leaf appearance of grape vines. Am. J. 
Enol.Vitic., 40(1)21–26. 

Morlat, R., 1997. Terroirs d’ Anjou: objectifs et premiers résultats d’une etude 
spatialisée á l’échelle régionale. Bulletin del’OIV., 567-591. 

Morrison, J.C. & Noble, A.C., 1990. The effect of leaf and cluster shading on the 
composition of Cabernet Sauvignon grapes and on the fruit and wine sensory 
properties. Am. J. Enol.Vitic., 41,193-200. 

Orffer, C.J., 1979. Wine grape cultivars in South Africa. Human and Rousseau, Cape 
Town. 

Pienaar, J., 1988. Voorkoms van vertraagde bot in 1987.Wynboer Tegnies, 28,4-6. 

Pienaar, W.J., 2005. The Effect of Wind on the Performance of the Grapevine. MSc 
Agric thesis, Stellenbosch University, Stellenbosch. 

Pirie, A., 1979. Red pigment content of wine grapes. Austr. Grapegr. Winemaker, 
189,10-12. 

Platter, J., 2006. South African Wines 2006: The Guide to Cellars, Vineyards, 
Winemakers, Restaurants and Accommodation. Van Zyl, P. (ed). The John 
Platter Wine Guide (Pty) Ltd, Hout Bay. 

Prescott, J.A., 1965. The climatology of the vine (Vitis vinifera L.): the cool limits of 
cultivation. Transactions of the Royal Society of South Australia, 89,5-23. 

Rand, M., 2006. High alcohol wines. Decanter, June, 68-72. 

Riou, C., Morlat, R. & Asselin, C., 1995. Une approche intégrée des terroirs viticoles. 
Discussion sur les critères de caractérisation accessibles. Bulletin del’OIV., 
767-768,94-106 

Robinson, J., 1994. The Oxford Companion to Wine. Oxford University Press, 
Oxford.  



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver References Page 6-9 

Rojas-Lara, B.A. & Morrison, J.C., 1989. Differential effects of shading fruit or foliage 
on the development and composition of grape berries. Vitis, 28,99-208. 

Roux, F.A. 2005. Die Invloed van Spesifieke Grond en Klimaats Parameters op 
Wingerdprestasie, Wynkwaliteit en Karakter. MSc Agric thesis. Stellenbosch 
University, Stellenbosch. 

Saayman, D., 1977. The Effect of Soil and Climate on Wine Quality. In: Proc. 
International Symposium on the Quality of the Vintage, Feb 1977, Cape 
Town, South Africa. p.197–208. 

Saayman, D., 1981. Klimaat, Grond en Wingerdbou Gebiede. Burger, J & Deist, J. 
(eds). In: Wingerdbou in Suid Afrika, CTP Boekdrukkers, Cape Town. p.48-66. 

Saayman, D., 1992. Natural influences and wine quality. Part 1: Climate. Wynboer, 
July 1992,46-47. 

Saayman, D., 2004. Practical Aspects of Viticultural Zoning in South Africa. In: Proc. 
Joint International Conference on Viticultural Zoning, 15-19 November, 2004, 
Cape Town. p.137-147. 

Saayman, D. & Kleynhans, P.H., 1978. The Effect of Soil Type on Wine Quality. In: 
Proc. SASEV, October 1978, Stellenbosch, Cape Town. South Africa. p.105-
119.  

SAS/STAT, 1999. SAS/DAT Users-guide, Version 9, Vol 2. SAS Institute Inc., North 
Carolina. 

SAWIS & Vinpro, 2005. South African Wine Harvest Report 2004/2005, p.1-12. 

Schulze, R.E., 1997. South African Atlas of Agro-hydrology and Climatology. Water 
Research Commission Report TT82/96, Pretoria.  

Seguin, G., 1986. ‘Terroirs’ and pedology of wine growing. Experantia, 42,861-873. 

Smart, R.E., & Dry, P.R., 1980. A climatic classification for Australian viticultural 
regions. Austr. Grapegr. Winemaker, 196,8-16. 

Smart, R.E. & Robinson, M., 1991. Sunlight into Wine. A Handbook for Winegrape 
Canopy Management. Winetitles, Adelaide. p.88. 



The emergence of vine cultivation in cooler-climate viticulture areas in South Africa  
with specific reference to Elim and Elgin 

 
 

 
Meryl Weaver References Page 6-10 

Smit, C., 1985. Droë Vrugte Journal, 16(3),9-16. 

Steenkamp, De B., 2005. Global Warming – A Future Perspective on Changes to 
Wine Style and Terroir. Thesis for the CWM diploma, Cape Wine Academy, 
Stellenbosch.  

Thomas, C.S., Marois, J.J. & English, J.T., 1988. The effect of wind speed, 
temperature, and relative humidity on development of aerial mycelium and 
conidia of Botrytis cinerea on grape. Phytopathology, 78(3),260-265. 

Tonietto, J. & Carbonneau, A., 2004. A Multicriteria Climatic Classification System for 
Grape-growing Regions Worldwide. Agriculture and Forest Meteorology. p.81-
97. 

Tonietto, J. & Teixera, A.H.de C., 2002. Climatic Zoning of Viticultural Production 
Periods over the Year in the Tropical Zone: Application of the Methodology of 
the Géovitculture MCC System. In: Proc. 4th International Symposium on 
Viticultural Zoning, June 2002, Avignon, France. p.193-197. 

Tonietto, J., 1999, Les macroclimats viticoles mondiaux et l’influence du mésoclimat 
sur la typcité de la Syrah et du Muscat de Hambourg dans le sud de la 
France. Méthodologie de caractérisation, Diplome de Doctorat Thèsis, École 
Nationale Supérieure Agronomique de Montpellier. 

Vadour, E., 2002. A Worldwide Perspective on Viticultural Zoning. In: Proc. 4th 
International Symposium on Viticultural Zoning, June 2002, Avignon, France. 
p.1-17. 

Weaver, M.V., 2006. Report on the Judges Report Back Session – Old Mutual 
Trophy Wine show, featured on the SA Wine Industry website, 
http://www.sawine.co.za.   

Weyers, J. & Meidner, H., 1990. Methods in Stomatal Research. Longman Scientific 
and Technical Publications, Harlow, Essex. 

Wilson, J.E., 1998. Terroir. The Role of Geology, Climate and Culture in the Making 
of French Wines. University of California Press, California. p.336. 

Wrottesley, R., 2004. Grape Expectations. 
 http://http.persfin.co.za/index.php?fSection1d=590andfArticleld=2170659 

(accessed 05 May 2006). 


	1.  
	1. INTRODUCTION AND PURPOSE OF THIS STUDY
	1.1 Background
	1.1.1 The quota system
	1.1.2 Market trends
	1.1.3 Global warming
	1.1.4 Warmer temperatures and higher alcohols


	1.  
	2. LITERATURE REVIEW
	2.1 Climate and Temperature
	2.2 Climatic index classifications
	2.3 Temperature and winter dormancy 
	2.4 Wind and Temperature 
	2.4.1 Wind and topography
	2.4.2 Effect of wind on the anatomy and morphology of the grapevine
	2.4.3 The effect of wind on vine physiology and berry composition

	2.5 Summary

	3. SITE SELECTION AND METHODS
	3.1 Selection of comparative sites 
	3.1.1 General description of the South African sites

	3.2 Methods
	3.2.1 The main study 
	3.2.2 Inter-Elgin study
	3.2.3 Descriptions of the fifteen models used to characterise temperature and wind ranges for optimum physiological processes in grapevines


	4. RESULTS AND DISCUSSION
	4.1 Main Study - Analysis and discussion of mean hourly temperatures and mean hourly wind speeds 
	4.1.1 General comments/trends:
	4.1.2 Pre- veraison 03/04
	4.1.3 Post-veraison 03/04
	4.1.4 Pre- and Post-véraison 04/05 

	4.2 Main study – Analysis and discussion 
	4.2.1 Photosynthesis – optimum temperatures between 25-30°C from  9am-3pm 
	4.2.2 Optimum daily temperatures (20 -25°C) for colour and aroma development in wine grapes 
	4.2.3 Occurrence of nocturnal temperatures (10-15°C) conducive to colour and aroma development in wine grapes
	4.2.4 Wind speed <4ms-1 and >4 ms-1 

	4.3 Inter-Elgin study
	4.3.1 Mean hourly temperatures and wind speeds
	4.3.2 Optimum temperatures (25-30°C) for photosynthesis 
	4.3.3 Occurrence of daily optimum temperatures (20-25°C) for colour and aroma development in wine grapes
	4.3.4 Occurrence of optimum temperatures (10-15°C) for nocturnal colour and aroma development in wine grapes
	4.3.5 Wind speeds < and >4 ms-1


	5. CONCLUSIONS
	REFERENCES

