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Abstract 

 

Three different pruning methods were used as a model system to challenge fundamental 

principles in viticulture. Different viticultural and physiological parameters of field grown 

Chardonnay, Sauvignon blanc, Chenin blanc and Syrah have been quantified, analysed and 

compared; main focus was on the comparison of ratios between and amongst vegetative and 

reproductive parameters. Changes in grapevine morphology due to the pruning system as 

already described in literature could be proofed; number of buds left at winter-pruning is 

“correlated” with the number of shoots, leaves and bunches formed during the next year. Shoot 

length, internode length, leaf size and bunch mass are correlated inversely to the number of 

remaining winter buds. Source:sink relationship has been affected by pruning method due to 

changes in size and priority of the source and sink organs, which also affected carbon allocation 

as well as plant biomass development. Impacts on the rachis development have been found, 

impacting on the % share of berries on a bunch and the ratio rachis length to rachis mass. 

Alternative pruned vines seemed to have more sanitary problems and appeared not to be adapted 

for high quality grape production. Almost no parameter or ratio was stable when changing 

pruning system; indicating the difficulty of imposing absolute numbers and use them as a recipe 

for decision making in viticulture.  

 

 

Keywords: Viticultural parameter, pruning method, grapevine balance, carbon allocation, 

source:sink relationship, Vitis vinifera; 

 

 



 

6 
 

Resumo 

 

Três métodos de poda foram usados como modelo para desafiar princípios fundamentais na 

viticultura. Diferentes parâmetros fisiológicos foram quantificados, analisados e comparados 

utilizando quatro castas (Chardonnay, Sauvignon blanc, Chenin Blanc e Syrah). O principal 

objectivo foi a comparação das relações entre os parâmetros vegetativos e reprodutivos. 

Alterações na morfologia da videira devido ao sistema de poda foram comprovado, como já foi 

descrito na literatura. O número de olhos deixados na poda de inverno está relacionado com o 

número de talões, folhas e cachos formados no ano seguinte. O comprimento dos sarmentos, o 

tamanho dos entrenós, o tamanho das folhas e a massa dos cacho estão inversamente 

correlacionados com o número de olhos deixados na poda de Inverno. As relações source:sink 

foram influenciadas pelo método de poda devido a mudanças no tamanho e na prioridade da 

fonte e frutos, que também afectou a alocação de carbono, bem como o desenvolvimento da 

biomassa vegetal. O impacto sobre o desenvolvimento do ráquis foi confirmado,  

nomeadamente sobre a percentagem de bagos num cacho e a relação entre o comprimento do 

ráquis e a sua massa. Videiras com poda alternativa demonstraram mais problemas sanitários e 

não pareceram  adaptar-se à produção de uvas de alta qualidade. Nenhum parâmetro ou relação 

pareceu ser estável quando se mudou o sistema de poda, indicando a dificuldade de impor 

números absolutos e usá-los como uma « receita » para a tomada de decisão na viticultura. 

  

 

Palavras-chave: parâmetros viticulturais,  métodos de poda,  equilíbrio da videira,  alocação de 

carbono, relaões source :sink, Vitis vinifera; 
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Resumo alargado 

 

Este trabalho teve como objectivo a análise e discussão dos principais parâmetros e índices 

vitícolas obtidos num ensaio onde se compararam três métodos de poda: poda manual (poda 

curta em cordão com talões a 2 olhos; 14 talões por videira), poda em sebe (videiras podadas em 

sebe a cerca de 10 cm acima do cordão) e poda mínima  (sarmentos apenas foram despontados a 

cerca de 30 cm acima do solo antes do pintor) nas castas Chardonnay, Sauvignon blanc, Chenin 

blanc e Syrah. O ensaio foi instalado numa vinha regada, localizada na região de Robertson, 

Western Cape, África do Sul (33º49’22.69 sul, 19º52’36.86 Este e 157 m altitude).  

Antes da vindima foi colhida uma amostra de sarmentos por modalidade os quais foram sujeitos à 

medição dos parâmetros vegetativos (nº e peso das folhas principais e secundárias; área foliar 

principal e secundária; área foliar/folha; peso e comprimento dos pecíolos; número, comprimento 

e peso dos sarmentos principais e das netas; nº e comprimento dos entrenós) e reprodutivos (nº e 

peso cachos; nº, peso e volume dos bagos; peso, volume e comprimento da ráquis). Foi também 

determinada de forma visual a compacidade dos cachos, a percentagem de podridão, de escaldão 

e de desavinho. A partir de uma amostra de bagos por repetição determinou-se o teor em açúcar, a 

acidez total e o pH. Foram ainda efectuadas duas microvinificações por tratamento. Durante a 

poda de Inverno foi determinado o nº de sarmentos e peso da lenha de poda por videira. 

Com base nas variáveis medidas foram calculados os principais parâmetros e índices vitícolas que 

são normalmente utilizados como critérios de avaliação do efeito das técnicas culturais no 

comportamento vegetativo e reprodutivo da videira.  

Este ensaio mostrou o grande impacto que a poda de inverno tem sobre o crescimento e 

desenvolvimento da videira. Os parâmetros medidos foram quase todos afetados pelo método de 

poda, tendo-se verificado a existência de correlações entre vários parâmetros: o número de olhos 

deixados à poda estava correlacionado com o número de sarmentos e com o nº de folhas e 

cachos formados no ano seguinte; o comprimento do sarmento, o comprimento dos entrenós o 

tamanho da folha e o peso dos cachos estavam inversamente correlacionados com o número de 

olhos deixados à poda, isto é, a dimensão dos orgãos foi tanto menor quanto maior a carga 

deixada à poda. As relações “source:sink” foram afectadas pelo método de poda devido às 

alterações no tamanho e prioridade dos orgãos “source e sink”, o que também afectou a 

alocação do carbono bem como o desenvolvimento da biomassa da planta. Observaram-se 

também efeitos no desenvolvimento da inflorescência que se repercutiram na proporção de peso 

dos bagos no cacho e na razão entre o comprimento da ráquis e a sua biomassa. 

A ocorrência de Botrytis cinerea foi mais pronunciada nos métodos de poda em sebe e poda 

mínima comparativamente à poda manual. As principais razões poderão estar nas alterações 

quer da distribuição espacial dos cachos na videira quer da estrutura do coberto e consequente 
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impacto no microclima e maturação da uva. Estas razões, associadas ao risco de escaldão dos 

bagos (existência de alguns cachos muito expostos e de outros ensombrados), parecem ser as 

principais causas que impedem a obtenção de uvas sãs nos sistemas de poda alternativos à poda 

manual. A elevada produção por videira não parece ter tido um impacto negativo na sanidade 

das uvas. 

Comparativamente à poda manual, os métodos de poda em sebe e poda mínima produziram bagos 

com menores valores de acidez total, maior pH e menor teor em antocianinas nas películas da 

casta tinta, indicando menor potencial qualitativo dos respectivos vinhos.  

A resposta da videira ao método de poda também variou com a casta tendo-se verificado que 

algumas se adaptam melhor aos métodos alternativos de poda que outras. A sensibilidade às 

doenças criptogâmicas constitui um dos principais problemas (ex. a casta Chenin blanc teve 

dificuldade em amadurecer devido à elevada intensidade de ataque de Botrytis cinerea).         

Verificou-se que, nos casos em que a poda de Inverno é menos severa, a videira favorece o 

desenvolvimento do bago em detrimento do desenvolvimento vegetativo. Os métodos de poda em 

sebe e mínima induziram uma maior produção por hectare e essa produção teve maior 

percentagem de peso dos bagos que das ráquis, comparativamente à poda manual. O facto do 

comprimento da ráquis não ter sido reduzido na mesma proporção que o seu peso, parece indicar 

que o desenvolvimento da ráquis foi afectado pelas alterações na alocação do carbono. 

Utilizando vários parâmetros medidos neste ensaio, foi possível discriminar entre os três métodos 

de  poda. Dado que a videira responde de forma significativa ao método de poda, pode ser 

possível introduzir, no futuro, um modelo passível de explicar e prever a resposta da videira a 

uma determinada carga à poda. Um modelo deste tipo poderia ajudar a optimizar o método de 

poda e número de olhos deixados numa determinada vinha ou talhão da mesma vinha, de acordo 

com o objectivo de produção. Quase nenhum parâmetro se mostrou estável com a alteração do 

método de poda o que mostra a dificuldade em impor números absolutos e em usá-los como 

receita para apoio à decisão em Viticultura. 
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Introduction  

This study was done to quantify and compare different viticultural and physiological aspects and 

parameters that have been accepted as general criteria to measure performance and to manage the 

grapevine. Focus is on the comparison of ratios between and amongst vegetative and reproductive 

parameters. Three pruning methods were therefore used to determine the change in the behaviour 

of the grapevine when the number of winter buds are changed and accommodated into different 

configurations. The pruning methods were only used as a model system to challenge the general 

believes and criteria that developed over the years and became fundamental principles in 

viticulture.  

 

The study is part of a bigger project running at the ARC Infruitec-Nietvoorbij in Stellenbosch, 

South Africa. This project aims to determine the effect of alternative pruning methods on the 

yield, grape and wine quality, and physiology of Chardonnay, Chenin blanc (C. blanc), 

Colombard, Sauvignon blanc (S. blanc), Ruby Cabernet and Syrah in the Breede River District, 

Robertson. The first part of the project already started in 1997. The current focus of the project is 

on challenging fundamental principles that became associated with performance and management 

of the grapevine. 

 

General 

Pruning is an important and time consuming operation in vineyard management. In conventional 

viticulture in many parts of the world pruning of grape vines is still done manually. This labour 

intensive operation makes an important contribution to the annual costs of producing wine grapes 

(Archer & Van Schalkwyk, 2007). Currently, production costs are rising and wine prices are 

under pressure. It is extremely important to adopt and develop cost reducing strategies to maintain 

competitiveness in an increasingly globalized wine industry. During the last few decades different 

alternative techniques have been introduced to reduce the cost of pruning. These alternative 

pruning methods are mainly mechanical spur pruning (May & Clingeleffer, 1977; Clingeleffer, 

1988) and minimal pruning of cordon-trained vines (MPCT) (Clingeleffer & Krake, 1992; 

Clingeleffer, 1993). The third alternative pruning method is non-pruning (Bakonyi, 1987; 

Martinez de Toda & Sancha, 1988). However, this technique is not widespread and research is not 

abundant and therefore not further considered in this study. All of these alternative pruning 

methods showed the ability to reduce labour costs drastically (Archer & Van Schalkwyk, 2007).  

 

There has already been a lot of research done on alternative pruning methods. The main impact 

on costs, yield and grape quality is well described for different cultivars and various wine regions. 

It is known that the vegetative organs (shoots and leaves) get smaller, but more numerous. The 
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same is observed for the reproductive organs; bunches are smaller but more numerous in 

mechanical or minimal pruned vines. There is a change in the expression of vigour and an 

increase in yield in these pruning systems. It changes from long shoots; large leaves and large 

bunches in traditionally spur pruned vines to shorter shoots, smaller leaves and smaller bunches in 

the alternative pruning systems. Production costs in such systems can be reduced drastically, 

mainly because of the reduced labour required for pruning and canopy management. These low-

input training systems are mainly used to produce low to medium quality grapes on a larger scale.   

 

By changing the pruning method, not only the economic aspects of production are affected, but 

also whole plant physiology. Such a change in pruning can provoke various responses that may be 

observed through several parameters that are used in viticulture. A significant impact on 

vegetative characteristics, yield, grape and must quality, water consumption, etc., has already 

been shown by different authors.   

 

Grapevine physiology 

Plant physiology, and for that matter vine physiology, is described as the study of the processes of 

life and is tasked by the analysis, description and explanation of the mechanisms of life processes. 

The multiplicity of interactions makes it very complex to study the functions of a living organism 

and to quantitatively predict phenomena (adapted from Mohr & Schopfer, 1995). Examples of 

such functions in grapevines are cell growth, biosynthetic metabolism, reproduction, 

photosynthesis, respiration and stress resistance. Most of these processes in the plant are affected 

by sunlight, temperature, and other climatic factors, and are directly and indirectly affected by 

vineyard management operations such as pruning, leaf removal, shoot positioning, hedging, and 

bunch thinning. Vineyard practices therefore impact on grapevine physiology and the general 

performance of the plant. As pruning is one of the most severe practices when grapevines are 

conventionally managed and drastically reduce the number of buds, it is meant to markedly affect 

vine functioning.  

 

The relation between source and sink organs is of particular interest to viticulturists all over the 

world. According to Hunter et al. (1994), the partitioning of assimilates to the different sites 

within the vine primarily determines yield and longevity of the plant. This partitioning of 

assimilates within the plant is a complex system which is not constant throughout the season. 

There are many factors which have an impact on distribution and on processing at the points of 

allocation. Assimilates which are available for distribution to the different organs in the plant, are 

produced in the photosynthetically active leaves. However, before a leaf can export carbon, which 

is mainly in the form of sucrose (Koblet, 1977; Glad et al., 1992), it imports carbohydrates 

(during the first period of growth) and/or hoards carbohydrates for cell division and tissue 
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formation. Scientists generally agree that leaves become photosynthate net-exporters once they 

reach approximately half of their final size (Koblet, 1969; Yang & Hori, 1980). This implicates 

that assimilate availability due to leaf export changes over the growth period, also because leaves 

are affected by changes in microclimate (Hunter, 1994). The higher the surface of leaf area being 

exposed to sunlight under favourable conditions for photosynthesis (mainly water status of the 

plant and air temperature), the more assimilates are expected to be produced, even though leaf age 

differences and demands on export complicate photosynthetic and export efficiency on a whole 

canopy basis (Hunter & Visser, 1988a; Hunter et al., 1994). According to Hunter et al. (1994), 

photosynthesis declines throughout the season, depending on the age and position of the leaves in 

the canopy.  

 

Leaves are stimulated by better light exposure forcing them to be active and to contribute, as 

induced by the strength of the sinks (Hunter et al., 1994). When leaves are removed to increase 

light exposure of the remaining leaves and bunches, the ratio of sources: sinks is effectively 

reduced and thus a higher demand is placed on the remaining leaves, thereby increasing their 

photosynthetic activity and the duration of contribution.  It is a combined effect of light exposure 

and source: sink relationship. 

 

The quantity of export from the leaves depends on the capacity of sucrose production, phloem 

loading, transport, and the properties of different sinks (size, activity and sucrose gradient) (Ho, 

1988). Main sinks within a grapevine are the fruits, the perennial storage organs and the leaves. 

Physical sizes as well as activity of these different tissues change over the season and stimulate a 

changing pattern of assimilate distribution among them (Hunter et al., 1994). According to 

Lopez-Miranda et al. (2005) there is no modification in the source:sink relationship due to 

pruning type. Considering the above, this is unlikely and merits further investigation. 

 

As mentioned, leaves only become self-supporting when they have reached a certain size; until 

that stage, they tend to be mainly sinks and import assimilates. As long as shoots grow, new 

leaves are continuously initiated and they require photo assimilates. The later it gets in the growth 

season; leaves would suffer more and more from the growing ability of the fruits to attract 

photosynthate (Hale & Weaver, 1962; Quinlan & Weaver, 1970; Kriedemann, 1977; Hunter & 

Visser, 1988a, 1988b). According to these authors, berries have an increasing priority for 

assimilates already from berry set. It seems that berries are favoured if the environmental 

conditions are less favourable. As it is the first objective of every species to survive and keep the 

species alive, grapevines are no exception and want to ripen their fruit with the seeds inside. In a 

well-balanced vineyard, shoot growth should stop at around véraison with no further leaf 

initiation; most of the energy would then be translocated to the fruit. If the crop is too high, shoot 

growth would tend to stop too early and the source might be too small to ripen the grapes 
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especially for a late-ripening cultivar and under unfavourable (climate, disease pressure) ripening 

conditions. In the case of too vigorous vines, shoots would continue to grow and compete for 

assimilates with the bunch, resulting in a delay in maturation. Once the fruit is ripe, the 

accumulation of reserves in the perennial structures is favoured. As a perennial plant, it is 

necessary to have a reservoir of reserves to survive the winter and to restart growth in the next 

spring. 

 

Pruning methods 

Normally vines are pruned in various ways according to local and traditional practices in order to 

train them to a trellis (Downton & Grant, 1992). In the past, pruning was seen as an obligatory 

intervention in vine growing, and absolutely necessary to obtain grapes and keep the vine alive. 

First steps towards minimal pruning were done in the period from 1930 to 1950 (Winkler, 1958, 

Winkler et al., 1974). Winkler (1958) showed that unpruned vines had a higher capacity to 

accumulate dry matter in vegetative and generative organs. According to him, removing 

vegetative tissue reduces the capacity of the plant to produce and accumulate dry matter. 

Conventional winter pruning reduces the amount of 1 year old wood of about 85% (Winkler et 

al., 1974 & Jackson, 2000) and limits potential dry matter accumulation. In the 1960’s, labour 

became more expensive and experiments were carried out to reduce labour input for pruning 

using machines combined with manual pruning (May, 1972; Freeman, 1982, Dry, 1983). May & 

Clingeleffer (1977) showed that manual after-pruning wasn’t necessary to maintain yield and 

quality in designated climates. From there the concept of minimal pruning evolved (Clingeleffer 

& May, 1980).   

 

Manual (hand) pruning is the traditional and “normal” pruning method and is used as a 

reference. Pruning is done by hand and the pruner can adjust the pruning according to the vigour 

and development of each plant. Generally, only a few buds are selected to get a balance between 

vigour and yield. By cutting a large number of the buds, the remaining buds are more likely to 

burst evenly and give long and strong shoots. In normal situations there are from one to three 

well-developed bunches on each shoot.  

 

Many different manually pruned training systems exist; however, the two main pruning systems 

are spur and cane pruning. Spur pruning refers to several short spurs with normally 1-2 buds/spur 

on a permanent cordon. With cane pruning, a longer shoot with several buds, instead of many 

short spurs, are kept. Even if the same number of buds is kept for both pruning systems, 

differences are mainly observed in yield, due to the different fertility of the buds. Spur pruning is 

known to have lower yield with the same amount of buds, due to the lower fertility of the basal 

buds in most of the cultivars. That is also one of the reasons why, e.g., cane pruning is widely 
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used in table grape production where higher yields are preferred compared to wine grape 

production.   

 

Figure 1. Manual spur pruned Chardonnay and Chenin blanc in the experimental plot at the ARC 

research farm in Robertson – South Africa.  

 

Manual spur pruning is known to give lower yields compared to alternative pruning methods such 

as minimal pruning or mechanical pruning. The crop is carried on less shoots and on fewer, but 

bigger, bunches; berries also tend to be slightly bigger and bunches more compact. The vegetative 

growth of manually pruned vines tends to stop later and the formation of lateral shoots and leaves 

is much more pronounced. According to Hunter (1994) it is important to stimulate the 

development of well exposed young leaves on lateral shoots which would secure a high 

photosynthetic capacity to support grape ripening. To have 50% of the leaf area on lateral shoots 

is quite a common feature in manual pruned vines (Lopes et al., 2000). Total leaf area per vine is 

usually much lower in hand pruned vines. This can be explained by the much lower number of 

shoots and leaves, even though they are bigger in size. In manual pruned vines, less shoots 

develop. These shoots tend to be longer, with more and longer internodes. Budburst and canopy 

development occurs slightly later compared to alternatively pruned vines. However, berry 

maturity is usually enhanced. This might be explained by the lower crop load and the importance 

of lateral leaf area.  

 

Mechanical pruning was developed in the US to reduce the production costs on Concorde 

grapevines (Shaulis et al., 1973; Pollock et al., 1977; Morris et al., 1975; Morris & Cawthon, 

1980, 1981). Australian and Italian grape growers were among the first to adapt this technology to 

Vitis vinifera cultivars (Cargnello, 1982; Cirami et al., 1985; Clingeleffer, 1984; McCarthy & 

Cirami, 1990). It has become a more commonly used technique in highly productive vineyards for 

medium to low quality wines. Australian papers stated that mechanical pruning could be applied 

without affecting grape quality and longevity of the vines (Freeman, 1983; Clingeleffer, 1988; 

Possingham, 1994).  
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Most studies done in different countries on mechanized spur pruning showed an increase in yield 

(Morris et al., 1975; May & Clingeleffer, 1977, Reynolds & Wardle, 1993; Lopes et al., 1997; 

Archer, 1999; Archer & Van Schalkwyk, 2007) and number of shoots per vine (Clingeleffer, 

1984, 1989; McCarthy & Cirami, 1990, Reynolds, 1988; Reynolds & Wardle, 1993, Lopes et al., 

2000; Archer & Van Schalkwyk, 2007) although the budburst ratio is lower (Lopes et al., 2000). 

A general observation is that vegetative and reproductive organs tend to be smaller, but more 

numerous, with mechanical pruning. Due to the high crop load, shoot and leaf size is reduced 

(Lopes, 1997). Bunch and berry mass as well as berries per bunch are also reduced (Morris et al., 

1975, 1981; Reynolds, 1988; Reynolds & Wardle, 1993; Archer & Van Schalkwyk, 2007).  

 

 

Figure 2. Mechanical hedge pruned Sauvignon blanc (left) in the experimental plot at the ARC 

research farm in Robertson – South Africa.  

 

Some authors found a reduction in the sugar concentration of the berries (Shaulis et al., 1973; 

Morris & Cawthon, 1980; Intrieri & Marangoni, 1982; Reynolds, 1988; Anderson et al., 1996). A 

reduction in quality of the grapes was found to be mainly due to lower contents of anthocyanins 

(Reynolds & Wardle, 1993) and total phenols (Lopes et al., 2000) or lower aroma intensity 

(Reynolds, 1988). However, there seems to be a varietal and clonal response to mechanical spur 

pruning of grapevines (Reynolds & Wardle, 1993; McCarthy & Cirami, 1990; Archer & Van 

Schalkwyk, 2007). Furthermore, the vigour potential of the plant environment seems to be of 

importance; according to Tassie & Freeman (1992) wine quality and plant capacity are not 

affected in situations with high growth potential, whereas in limited growth situations berry 

maturity and reserves are reduced (Carbonneau & Zhang, 1988).  



 

21 
 

 

Figure 3. Inner part of a mechanical hedge pruned Sauvignon blanc in the experimental plot at the 

ARC research farm in Robertson – South Africa.  

 

The higher number of remaining winter buds allows a faster development of more shoots and 

leaves in spring. This leads to a bigger canopy that may transpire more soil water compared to a 

normal spur pruned vineyard (Downtown & Grant, 1992; Possingham, 1994). As found by Lopes 

(1997), predawn leaf water potential (ψpd) for mechanically hedge pruned vines was lower 

around véraison, but almost the same than control vines at harvest date. However, the differences 

in ψpd were not sufficient to have an impact on the photosynthetic rate of exposed mature leaves, 

which is in line with the experiments of Novello & Bovio (1988) and Ollat et al. (1993).  

 

Minimal pruning  of cordon trained vines is a system where there is generally no pruning done 

(the vines are skirted to prevent shoots and fruits to get into contact with the soil). This method 

appeared some decades ago in the late 1970’s and is well explored in Australia, where it is used to 

reduce costs in vigorous vineyards (Kidd, 1987). Generally, no shoots are removed and the 

number of remaining buds is higher compared to normally pruned vines and mechanical spur 

pruned vines (Archer & Van Schalkwyk, 2007). Clingeleffer & Krake (1992) stated that the early 

cutting of shoot growth controls vine size and there is therefore no need to prune to obtain an 

optimal balance between vegetative growth and yield. Although the budburst ratio is quite low in 

this system (Archer & Van Schalkwyk, 2007), many more shoots and bunches per vine are 

obtained compared to normal pruned vines (Archer & Van Schalkwyk, 2007; Cirami et al., 1985; 

Clingeleffer & Possingham, 1987; Clingeleffer, 1988, 1989, 1993; McCarthy & Cirami, 1990). 

Minimal pruned vines achieved higher yields, because the greater number of shoots and bunches 

per single plant over-compensate for the potential loss in yield due to the smaller bunches, with 

berry size being reduced significantly (Archer & Van Schalkwyk, 2007). Shoots tend to be shorter 

and shoot growth stops earlier in the season compared to normal pruned vines (Lopes, 1997). The 

number of nodes is reduced and the internodes are shorter. Due to the lower vigour of the main 

shoots, less and smaller laterals are formed. Not only shoot growth is reduced, but the leaves also 

tend to stay smaller in size. The ratio of lateral leaf area to main leaf area is lower, but total leaf 
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area is of the same order than that of normally pruned vines or even much higher (Weyand & 

Schultz, 2006). The vines tend to reach a high level of leaf area earlier in the season (around 

flowering) (Clingeleffer & Possingham, 1987; Clingeleffer, 1989; Jackson, 2008; Weyand & 

Schultz, 2006), which may help to sustain a higher crop load (Clingeleffer, 1989) due to the 

higher availability of assimilates. According to Weyand & Schultz (2006), net photosynthesis and 

carbon gain of minimally pruned Riesling vines were much higher compared to conventional spur 

pruning, which most probably is the result of better leaf exposure. Calculations in this regard 

should, however, be carefully done in order to include the whole structure of the vine, with focus 

on real productivity. Minimal pruning seems to be well adapted to vigorous and dry situations 

where irrigation is possible (Jackson, 2008). To sustain and ripen such a high crop, it is important 

that the vines have enough vigour. A good microclimate is still required in order to maintain 

fruitfulness. Vines should also not be too vigorous, but shoot growth should stop early enough to 

enhance berry ripening and maintain microclimate. Some results with minimal pruning in cool 

and wet climates were not very promising, because especially late ripening varieties could not 

reach complete maturity (Schwab, 2005; Jackson, 2008). However, Schultz & Weyand (2005) 

showed that some white cultivars, especially Riesling, showed promising results with minimal 

pruning in Geisenheim, Germany.  

 

 

Figure 4. Minimal pruned Syrah (left) and Sauvignon blanc (right) in the experimental plot at the 

ARC research farm in Robertson – South Africa.  

 

Grape maturity in minimal pruning systems can be delayed up to several weeks in cool climates 

(Schwab, 2005) and fertile soils (Weyand & Schultz, 2005). Although a delay is not expected 

with a canopy which developed early in the season already and with the good exposure of both 

bunches and leaves, the source: sink ratio is critical during ripening. In minimal pruning systems 

the crop load is known to be much higher compared to conventional spur pruned vines. The leaf 

area: yield ratio, which is used to explain the relation between source size and sink size, may be 

useful in this regard. In fact, leaf area per yield (LA/Y) is lower in minimal pruned vines 
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compared to spur pruned vines (Kliewer & Dokoozlian, 2005). The delayed maturity in minimal 

pruned vines may also be related to leaf efficiency and crop load. Koblet (1977) showed that the 

contribution of leaves to bunch nutrition declines once they have reached an age of 80-90 days. 

This loss in efficiency of older leaves might be one of the reasons why maturity of alternative 

pruned vines is that much delayed; lateral leaf area is almost not present in these pruning systems 

and shoot growth is stopped earlier (without shoot growth no young leaves would be formed). 

According to Hunter et al. (2010), it is important to have young, active and well exposed leaves 

during berry ripening. Crop load influences berry maturity; if there are more berries on the plant, 

more assimilates would be needed to feed them until they reach maturity with an adequate sugar 

concentration.  

 

 

Figure 5. Sunburn on minimal pruned Chenin blanc bunches in the experimental plot at the ARC 

research farm in Robertson – South Africa.  

 

More sunburn and shatter can be observed in minimal pruned vines (Archer & Van Schalkwyk, 

2007). This is mainly due to the fact that bunches in minimal pruned trials are situated more on 

the outer part of the canopy and are more exposed to direct sunlight. Vertical positioned shoots in 

spur pruned vines protect bunches better from direct sun and lower levels of sunburn can be 

observed (Archer & Schalkwyk, 2007). Despite higher occurrence of sunburn, the overall quality 

of wines made from minimally pruned plots is not necessarily affected negatively. However, 

different results were observed by various authors.  

 

Grapes from minimally pruned vines mostly had lower sugar concentration than manually and 

mechanically pruned vines. Alternative pruning systems produced wines with lower pH and better 

colour (except for Pinotage, where the colour was less) (Archer & Van Schalkwyk, 2007). The 

better colour in the skin and the wine seems to be linked to the better sun-exposure of bunches in 

the alternative pruning and to the better skin:juice relationship of the smaller berries (Clingeleffer, 

1988 & 1993; Archer & Van Schalkwyk, 2007). Lopes et al. (2000) found that total phenols were 
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in one season significantly lower in hedge pruned vines. In general, there seems to be no clear 

pattern for the impact on aroma. Most of the times, minimal pruned wines showed less vegetative 

characters and in some cases fruity aromas were slightly more pronounced. Wines from hand 

pruned vines seemed to have a better body and were preferred by the tasting panel (Archer & Van 

Schalkwyk, 2007).  

 

In general, Botrytis cinerea occurrence seems not to be that much affected by the pruning system. 

Some studies report an increased resistance of the plant against Botrytis cinerea, due to looser 

bunches and smaller berries (Emmet et al., 1995; Hill et al., 2000; Wohlfahrt, 2001, Schultz, 

2002; Schwab & Nüßlein, 2005).  The fact that bunches get smaller in alternative pruning systems 

may help to compensate for the less favourable microclimatic conditions in the bunch zone and 

the almost impossible application of anti-Botrytis fungicides. The delay in maturation of grapes in 

alternative pruned vines may have serious consequences for the sanitary status of the harvest, 

particularly in climates where rainfall tends to increase towards the end of the growth season.   

 

Viticultural parameters and ratios 

In viticulture there are several parameters and ratios that are used to describe the balance of a 

vineyard. Most of the ratios compare vegetative growth parameters with yield parameters to get 

an indication about productivity and efficiency of the vineyard.  

 

Yield/hectare (ton/ha) is for many viticulturists the most important parameter. It describes the 

amount of fruit produced on a surface basis and contributes to the income of a vine grower. This 

parameter is also of administrative importance, because many denominations have maximum 

levels of yield/ha. The yield/ha is mainly dependent on the variety, the vigour, the number and 

fertility of winter buds retained, the trellis system, management practices and availability of water 

and nutrients. In most of the vineyards used for winemaking it ranges from 3 tons in extensive, 

dry and low vigour situations up to 150 tons or even more in vigorous and/or irrigated sites. In 

certain cases it is better to use yield/vine to compare different vineyards and trellis systems and to 

have a better understanding about the plant load.  

 

Leaf area/yield (LA/Y) is one of the most common ratios used to describe the balance between 

leaves and fruit in a vineyard. It deals with the fundamental balance between source size (leaf 

area) and sink size (the berries). Depending on the climatic region, values range from 

approximately 4-15 cm2/g of fruit. The Italian viticulturist Fregoni (2005) considers 22 cm2 of 

leaf area necessary to ripen 1 g of fruit. According to Kliewer & Dokoozlian (2005) a leaf area of 

8-12 cm2 is necessary for the ripening of 1 g of fruit on a vertical shoot positioned trellis system. 

Other authors found similar values for this ratio; e.g. Renard et al. (2001) considered 10 cm2 
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sufficient to ripen 1 g of Cot grapes in the Southwest of France. However, these values cannot be 

taken as absolute, because they vary due to differences among cultivars and leaf efficiency (which 

is mainly influenced by temperature, availability of sunlight, water, nutrients, trellis system, 

pruning method and canopy management) (Hunter & Visser, 1990). Furthermore, these different 

parameters have an impact on the exposure of the leaf area. If there is a large amount of leaves, 

but they are not well exposed to sunlight, photosynthetic activity in those leaves would be low 

(Hunter & Visser, 1988c, 1989). In cases where leaves are not well exposed to sunlight (e.g. in 

too vigorous canopies) a bigger leaf area would be needed to produce the same amount of photo-

assimilates compared to a well-exposed canopy. Kliewer & Weaver (1971) showed that for VSP a 

leaf area of 8-12 cm2 would be needed to fully ripen 1 g of fruit, compared to just 5-8 cm2 in 

divided canopies.  

 

Leaf area/meter canopy (m2/m) refers to the amount of leaf area per m of canopy length. It 

should give an indication about the size of the source. However, there is no indication about the 

exposition of this leaf area and neither about the photosynthetic activity of the leaves. To compare 

the efficiency of canopies in different situations, the exposure, trellis system, climate and variety 

need to be considered. This ratio should be within 2-5 m2/m for VSP trained vines (Kliewer & 

Dokoozlian, 2005).  

 

Ravaz index takes yield (Y) and pruning weight (PW) into account. A vine is considered 

balanced if this ratio (Y/PW) is within a range of 5-10 (Bravdo et al., 1985; Smart & Robinson, 

1991). According to Fregoni (2005) a ratio of 5-7 is optimal for achieving high quality grapes. 

Clingeleffer & Krake (1992) stated that one-year old wood is a suitable measure for production 

capacity. According to them the ratio between yield and total vine size and/or old wood is a much 

better estimate of vine vigour and production capacity of the plant.  

 

Pruning weight/m canopy length is widely used to indicate vine balance (Shaulis, 1982; Shaulis 

et al., 1966; Smart & Robinson, 1991) and 0.3-0.5 kg/m was considered to be the range for a 

well-balanced vine (Shaulis, 1982; Smart & Robinson, 1991). Other authors found out that the 

ratio should be within 0.5-1.0 kg/m (Dokoozlian, 1990; Kliewer et al., 2000; Kliewer & 

Dokoozlian, 2005). Higher values indicate higher vigour and a negative impact on canopy 

microclimate can be expected.  

 

Leaf area density compares the spatial amount of leaf area within the canopy and is expected to 

be 3-7 m3/m2 (Kliewer & Dokoozlian, 2005). This is also commonly expressed in leaf layer 

number (Smart et al., 1990).  
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Shoots per meter cordon length are commonly used as a pruning guideline for cordon-pruned 

vines. A shoot number of 15 vertical positioned shoots per m of cordon are considered optimal for 

canopy microclimate (Smart, 1988). More shoots would lead to too dense canopies and a poor 

canopy microclimate (Hunter & Archer, 2002). If the number of shoots is too low, yield and leaf 

area are reduced and the production potential is not reached. The same idea is behind the rule to 

have a space of approximately 14-16 cm between two-bud spurs in order to provide sufficient 

room for shoots to develop properly and to function efficiently. Other studies show different 

values for certain varieties; Basler (1981) and Reynolds et al., (1994b, 1996) e.g. found 8-11 or 

10-15 vertical positioned shoots per m of cordon being optimal for Pinot noir, whereas in Riesling 

25-26 shoots per m of canopy are ideal (Reynolds, 1989; 1994a, c).    

  

Pruning weight per number of shoots gives the cane mass and is an indicator for vigour 

(Ponchia et al., 2001). The higher the value, the more vigorous was the plant growing in the last 

vegetative cycle. According to Smart & Robinson (1991) a cane mass of 20-40g indicates 

moderate vigour.  

 

General 

From the above it is clear that alternative pruning techniques tend to have similar impacts on vine 

performance, yield and other parameters. It may be argued that unpruned or mechanically pruned 

grapevines would get exhausted or depleted very fast (due to the high number of remaining buds). 

However, various experiments, carried out in different vine-growing regions, showed that 

grapevines, if planted in suitable environments, are able to regulate themselves by changing the 

size of each individual organ. Viticulturists speak about self-regulation of the vine (Lopes et al., 

1997). The vine seems to try and compensate for the increased number of sinks by reducing the 

size of each individual sink. This capacity to reduce vegetative and reproductive organs in size 

and to obviously change the allocation of assimilates, makes it feasible for the plant to produce 

high yields while avoiding signs of decline or alternate bearing (Keller et al., 2004). It also 

presents a good model system for the study of principles based on ratios between the different 

organs. Despite the reduction in size of the different organs, the plant is forced to shift more of the 

resources towards the production of grapes. Maintaining a good balance between vegetative 

growth and yield is somehow a golden rule in viticulture, which impacts on product quality and 

sustainability. Where this point of perfect balance exactly is, is hard to say. More and more ratios 

and values for various parameters of interest have been introduced in order to better describe a 

balanced vine. However, there are maybe more “optimal points” or balances to achieve good 

quality grapes at an economically viable level of production.  
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Materials and methods 

 

Research Institute  

Data collection for this thesis was done on an experiment farm belonging to the ARC Infruitec-

Nietvoorbij Research Institute in Stellenbosch, South Africa. The Agricultural Research Council 

(ARC) is a research network in South Africa, having several research institutes and experiment 

farms throughout the country, all doing research in the different agricultural sectors. Research 

done by the ARC is financed by the government as well as the agricultural industries.  

 

Experimental vineyard 

The experimental vineyard is located in the Robertson region, Western Cape, South Africa, 

33º49’22.69 south and 19º52’36.86 east (Archer & Van Schalkwyk, 2007). The vineyard is in 

climatic region IV (Saayman, 1981) at 157 m above sea level. The four white (Chardonnay, S. 

blanc, Colombard and C. blanc) and two red cultivars (Ruby Cabernet and Syrah) are grafted onto 

Richter 99 rootstock. Before planting, the soil was enriched with 6.5 t/ha dolomitic lime and then 

ploughed to a depth of 1.3 m. The vineyard was planted in 1997 and all the treatments were 

irrigated with micro-jets. The irrigation was scheduled using moisture probes and was activated as 

soon as the water content fell below 40% of plant available soil water. The following treatments 

were used: hand pruning (vines with two-bud spurs, 14 spurs per vine), mechanical pruning (vines 

were pruned with a mechanical hedge cutter approximately 10 cm above the cordon) and minimal 

pruning (vines were only skirted approximately 30 cm above soil level before véraison to avoid 

contact with the ground and the sides were trimmed mechanically to keep the row open for 

spraying). The hand pruned “control” vines were trained to a 5-strand Perold trellis (Zeeman, 

1981) with movable foliage wires. The bilateral cordon height was 70 cm. Cordons of the 

mechanical and minimal pruning methods were also split, but a single strand hedge trellis 

(Zeeman, 1981) was used and the cordon height was 1.2 m. Vine spacing in the whole plot was 

3.0 m x 1.5 m, resulting in 2 222 vines/ha. The vineyard used for the initial experiment on the 

effect of pruning method comprised a surface of more than 2 ha with randomised blocks and six 

replicates of each treatment. It was used from 1997 to 2006. After that period, only one block was 

retained and managed as in the previous experiment. In the winter of 2009 the experiment was 

restarted with only the single block. Each treatment is represented in one single row, comprising 

40 plants. Four vines are used per each of ten replicates, two for the first and two for the second 

ripeness level. Only data collected during the 2010/2011 season for Chardonnay, S. blanc, C. 

blanc and Syrah are reported.  
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Measurements 

White cultivars were harvested at 22 ºBrix (ºB) and 24 ºB for the first and second ripeness level, 

respectively, and red cultivars at 23 ºB and 25 ºB. Before harvesting the grapes, a designated 

number of shoots (including bunches, leaves and laterals) were sampled per replicate and from all 

treatments, as follows: 4 (hand pruned), 8 (mechanically pruned) and 16 (minimally pruned). 

Shoots and bunches were put into plastic bags and stored at 1 ºC until processed. In the hand 

pruned plots, the second shoot on the second spur from the left and the right cordon arms, 

respectively, was selected, whereas in the mechanical and minimal pruning methods, shoots were 

selected randomly from both sides and different parts of the canopy. The two vines per replicate 

were harvested into separate plastic crates and the number of bunches counted. In the case of 

mechanical and minimal pruned vines it was not possible to harvest the whole plant. An 

approximate canopy covering the allocated distance between vines (1.5 m) was therefore 

harvested. Each crate was weighed to determine bunch mass and yield. Bunch compactness, 

percentage of rot, sunburn and millerandage were visually estimated by the same person for each 

vine while harvesting. Bunches from replicates were transported separately to the experimental 

winery at ARC Infruitec-Nietvoorbij and two replicate wines were made for each treatment.  

 

The sampled shoots and bunches were processed in the laboratory where the primary leaves and 

lateral shoots were removed from the primary shoots and put into different plastic bins. Yield per 

shoot was determined using the bunch mass of the processed shoots. Petioles of primary leaves 

were removed and weighed with a laboratory balance. For the determination of petiole length, 40 

petioles were randomly selected (if the number of petioles was higher than 40) and measured. 

Primary leaf area and lateral leaf area were determined using an area meter (LI–3100, LI-COR, 

Inc. Nebraska, USA). Primary and lateral leaves as well as primary and lateral shoots were 

weighed. Number of lateral shoots, lateral leaves and primary leaves, and internodes on primary 

and lateral shoots were counted. The length of primary and lateral shoots was also determined.  

 

Bunches of the processed shoots were weighed and the volume determined. For all volumetric 

determinations, a measuring cylinder filled with water up to a certain level (enough to cover 

bunches, berries or peduncles) was used. Berries, bunches or peduncles were submerged in the 

cylinder and the displacement of the water measured. All berries were removed from bunches and 

counted. One hundred randomly selected berries were weighed and the volume determined. 

Peduncle mass, volume and length (only the main axis; branches were not considered) were also 

measured.  

 

Pruning weight and number of canes per vine were determined during winter pruning.  
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Total soluble solids, titratable acidity and pH were determined on berries randomly selected from 

bunches destined for wine making by means of standard methods used in the wine analyses 

laboratory in the cellar.  

 

Winemaking practices: Two wines (by combining grapes harvested from equal and unequal 

numbers of field replicates) were made from each treatment and at each ripeness level in the 

experimental winery. Wines were made according to the standard procedure for small-scale 

winemaking at the ARC Infruitec-Nietvoorbij Research Institute.  

 

For the white wines (C. blanc, Colombard, Chardonnay and S. blanc), the free run juice was 

collected after crushing (Chardonnay and S. blanc had skin contact for four hours at 14 ºC after 

crushing) and total SO2 was adjusted to 50 mg/L. After pressing, the pressed juice was added to 

the free run juice. Settling was done overnight at 14 ºC using 0.5 g/hl Ultrazyme. Clear juice was 

drawn off into a 20 L stainless steel container, inoculated with VIN 13 (30 g/hl), and 50 g/hl di-

ammonium phosphate added. Fermentation took place at 14 ºC. After wines were fermented dry, 

free SO2 was adjusted to 40 mg/L and 50 g/hl bentonite added. Wines were cold stabilized at 0 ºC 

for at least one week, racked and filtered with a sheet filter. Before bottling the wine into screw-

capped 750 ml bottles, the free SO2 level was adjusted to 45 mg/L. Wines were stored at 13 ºC in 

a dark, temperature controlled cellar.  

 

For the red wines, grapes were crushed, total SO2 adjusted to 50 mg/L and inoculated with VIN 

13 (30 g/hl). During the fermentation at 24 ºC the cap was punched down three times a day and 

the wines dry fermented. After pressing with a pneumatic press, the free-run and the pressed juice 

were blend together. Before cold-stabilization at 0 ºC for two weeks, the total SO2 content was 

adjusted to 45 mg/L and 50 g/hl bentonite added. Before bottling, total SO2 was again adjusted to 

45 mg/L and the wine was filtered. Bottling occurred at room temperature using N2-filled bottles. 

Wines were stored at 13 ºC in a dark, temperature controlled cellar.  

 

Statistical analysis 

The data was analysed using MS Excel, SAS and Statistica (StatSoft) programs. Anova's were 

performed as for a completely random experimental design, with harvest as split plot factor. Least 

significant differences (LSD) were used to separate the means of the treatments. Duncan’s new 

multiple range test was used for post-hoc comparisons of treatment means, using Statistica 

(version 8; StatSoft, Tulsa, OK, USA). Where data were normally distributed, correlations 

between plant response variables were assessed using the Pearson product moment correlation 

coefficient (r).  
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Results 

In this part, the main data of the experiment are shown and preliminary deductions are made. 

Results are shown as absolute values and in some cases percentage changes, with reference to 

manual pruning, are shown. Considering spur pruning as the most used and common pruning 

system, it is used as basis for the calculation of variation of the two other pruning systems. It can 

therefore be considered as a control, although the objective of the study is not to have a specific 

control, but merely reference values.  

 

A change from manual spur pruning is sometimes calculated, like, e.g., in the first part of the 

results where the sanitary and physical status of the grapes are shown, the two ripeness levels 

showed the impact of harvest date on Botrytis cinerea infection and sunburn occurrence. For the 

yield parameters, the averages of the two ripeness levels were used, because the mechanical and 

minimal pruning harvests were not exactly done vine by vine and the area of the canopy which 

corresponds to a vine was thus harvested. Also for the rest of the parameters, average values of 

the two ripeness level were used, even if it can be considered that vegetative organs would not 

change that much.  

 

 

Vegetative parameters 

The most important results concerning the vegetative organs are presented.  

 

Shoots 

Primary shoot  

Shoot length 

Primary shoot growth was not the same in the different pruning treatments (Fig. 6). A general 

observation is that with alternative pruning shoots tend to stay smaller. In most cases longest 

shoots could be found in manual pruning treatments, although the difference in shoot length 

between manual and mechanical pruning was not significant. In the case of C. blanc and Syrah, 

shoots on mechanical pruned vines were slightly longer than shoots from manual pruned vines. 

Minimal pruning had the greatest impact on shoot length, being significantly reduced for all the 

varieties. The reduction in shoot length from manual to minimal pruning was approximately 60% 

for the white varieties and 41% for Syrah.  
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Figure 6. Evolution of primary shoot and internode length of manual, mechanical and minimal 

pruned Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. 

 

Number of internodes 

The number of internodes on the primary shoot was the highest in mechanical pruned vines and in 

most cases the lowest in minimal pruned vines; differences were, however, not always significant. 

This parameter (as well as shoot length) is heavily influenced by the fact that manual spur pruned 

vines were trellised vertically and shoots needed to be hedged. This vineyard management 

operation limits main shoot growth early in the season, because of the cutting of the shoot apex. 

In the other two treatments no hedging per se was done, but the canopy sides were trimmed 

mechanically in order to keep the row open to allow spraying; some of these shoots could 

therefore also have been sampled. Nonetheless, a “true” comparison between the different 

pruning treatments cannot be done, because the experimental protocol for vineyard management 

was not the same for the different treatments.   

 

Internode length 

Internode length was significantly reduced in minimal pruned treatments, compared to 

mechanical and manual pruned treatments (Fig. 6). Mechanical pruning treatments showed in 

most varieties significantly shorter internodes than manual spur pruned vines. Minimal pruning, 

however, resulted in the shortest internodes for all varieties (approximately 50% in comparison to 

hand pruned vines). The fact that manual spur pruned vines have been hedged at an early stage 

did not have a big impact on this parameter. The length of an internode is determined at the 

moment of growth and a secondary elongation after that is not possible (Fregoni, 2005). It seems 

that the reduction in main shoot length with minimal pruning was mainly caused by shorter 

internodes and not so much by a reduced number of internodes.  
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Secondary shoot 

Shoot length 

Secondary shoot growth was strongly affected by the pruning method (Fig. 7). Secondary shoots 

were significantly longer for all cultivars in the case of manual pruning. Minimal pruning tended 

to induce even shorter shoots than mechanical pruning, but differences were not significant for 

either variety. Lateral shoot growth was reduced with up to 64% by mechanical pruning of the 

white varieties and up to 74% for Syrah. The reduction of lateral shoot length was even more 

severe in minimal pruning, where the reductions were 78% for Chardonnay, 79% for S. blanc, 

64% for C. blanc and 74% for Syrah. 

 

 
Figure 7. Evolution of lateral shoot and internode length of manual, mechanical and minimal pruned 

Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. 

 

Number of internodes 

Manual pruned vines had lateral shoots with significantly more internodes, compared to 

mechanical and minimal pruned vines. Concerning the two alternative pruning methods, minimal 

pruned vines consistently showed less internodes, but differences were not significant. Manual 

spur pruned vines had about double as many internodes on the lateral shoots than minimal pruned 

vines. It can be accepted that this marked increase in lateral growth also resulted from the early 

hedging of the manual pruned treatments.  
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Internode length 

As in the case of the main shoots, internode length of lateral shoots was heavily affected by the 

pruning treatment (Fig. 7). In all the white varieties a significant distinction between the 

treatments could be made. In the case of Syrah, a significant difference was only found between 

manual and alternative pruning.    

 

On lateral shoots, not only the internode length was shorter with alternative pruning, but the 

number of internodes was also clearly reduced (Annex-Table 4b). The reduction of shoot length 

on laterals may therefore have resulted from a combination of fewer internodes per shoot and a 

reduced internode length. 

 

Total shoot composition  

As shown in Figure 8, the number of main shoots per vine was influenced by the pruning method; 

alternative pruned vines carried significantly more primary shoots than manual spur pruned vines. 

In manual pruning the amount of primary shoots per vine ranged from 23 to 27 for the four 

different cultivars, affected by winter pruning severity (Annex-table 5). Mechanical pruned vines 

developed about 2 - 3 times more primary shoots than manual spur pruned vines. With minimal 

pruning, each vine developed about 100 - 110 primary shoots, 4 times more than manual spur 

pruned plants. The reason for the increased number of main shoots is that in minimal (and only to 

a lesser extend in mechanical) pruning the amount of winter buds was not reduced by winter 

pruning.   

 

A main shoot on spur pruned vines normally carries about 12 (Chardonnay) to 15 (S. blanc) 

lateral shoots. The number of lateral shoots gets significantly less if the vine is been pruned 

mechanically or minimally (mechanical pruned Chardonnay being the exception). There seems to 

be 67% to 85% less lateral shoots being formed with minimal pruning versus conventional spur 

pruning. When the total length of the laterals on a main shoot is calculated, the impact that the 

type of pruning may have on lateral growth is clearly evident (Fig. 8). Manual spur pruned vines 

had significantly more lateral growth than mechanical pruned vines, and the latter had 

significantly more than minimal pruned vines. With mechanical pruning the lateral shoot growth 

is reduced by 61% for Chardonnay, 65% for S. blanc, 79% for C. blanc and 75% for Syrah. With 

minimal pruning the reduction was 94% for Chardonnay, 95% for S. blanc, 95% for C. blanc and 

93% for Syrah. 
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Figure 8. Number of main shoots/ vine (a) and number of lateral shoots/ main shoot of manual, 

mechanical and minimal pruned Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. 

 

Total shoot length (main shoot plus all relevant lateral shoots) was also reduced significantly with 

mechanical and minimal pruning (Fig. 9). A shoot on the minimal pruned vines was around 80% 

shorter than a shoot after manual spur pruning. With mechanical pruning the reduction was 

slightly less and not so consistent than with minimal pruning. 

 

 
Figure 9. Composition of a total shoot, showing main shoot length and length of the belonging lateral 

shoots of manual, mechanical and minimal pruned Chardonnay, Sauvignon blanc, Chenin blanc and 

Syrah. 

 

Considering the partitioning of the total shoot length between main and lateral shoots, it is evident 

that more than half of the shoot length of manual pruned vines could be explained by laterals (Fig. 

9). In mechanical pruned vines, the ratio of lateral growth:total shoot growth was significantly 
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lower; laterals accounted for about 1/3 of the total shoot length. The percentage of lateral shoots 

per total shoot length was even lower for minimal pruned vines.  

 

Leaves 

Primary shoot 

Number of leaves 

The number of leaves on the primary shoot varied with pruning treatment and no clear pattern 

could be found. Generally, it can be accepted that each node has a leaf. The number of internodes 

may therefore be a good indicator of the theoretical number of leaves on a shoot. Basal leaves in 

particular were often missing in the manual pruning treatment, because they were already 

senesced and abscised. This most probably mainly resulted from shading and mechanical damage 

due to wind, handling during canopy management, and during sampling, transport and storage. 

The number of leaves has therefore not been taken into consideration.  

 

Leaf size 

Leaf size showed a much clearer pattern; leaves with minimal pruning were in all cases the 

smallest and those with manual pruning always the largest (Fig. 10). In the case of Chardonnay, a 

50% reduction in leaf size was found with minimal pruning, compared to manual spur pruning. 

This figure increased to almost 62% for S. blanc (Annex-Table 6a).  

 

 

Figure 10. Comparison of the size of main and lateral leaves of manual, mechanical and minimal 

pruned Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. 
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Leaf area 

Leaf area on the main shoot was generally high for manual- and mechanical pruned vines and 

significantly lower for minimal pruned vines (Annex-Table 6a). For S. blanc, a reduction in 

primary leaf area was already evident in the mechanical pruning treatment. The decrease in the 

main leaf area found with minimal pruning ranged from 41% in the case of Syrah to about 60% in 

the case of the white varieties.  

 

Secondary shoot 

Number of leaves 

Not only the secondary shoots per se, but also the leaves on these shoots are affected by 

alternative pruning methods, being smaller and fewer (Annex-Table 6b). The number of leaves on 

lateral shoots was higher for manual pruned vines compared to the other two treatments, but 

significant differences between manual and alternative pruning methods could only be found for 

Chardonnay and Syrah.  

 

Leaf size 

The differences in leaf size were more consistent, the largest leaves occurring with manual 

pruning and the smallest with minimal pruning (Fig. 10). Leaves on minimal pruned lateral shoots 

were about 51% (C. blanc) to 63% (S. blanc) smaller, compared to leaves of hand pruned vines. It 

is interesting to note that the vine reduces the size of lateral leaves with alternative pruning in 

more or less the same proportion than leaves on the main shoot (Annex-Table 6a & 6b).  

 

Leaf area 

The lower number and smaller size of the leaves resulted in a significantly smaller lateral leaf 

area on shoots from the alternative pruning methods (Annex-Table 6b). The reduction of leaf area 

on a single lateral shoot with mechanical pruning varied from 31% (C. blanc) to 69% (Syrah), 

compared to manual pruning. With minimal pruning the leaf area of a single lateral shoot was 

reduced by approximately 70% (except for C. blanc where the reduction was 58%).  

 

Total shoot  

Total shoot leaf area comprises the sum of leaf area on the main and lateral shoots (Annex-Table 

7). The leaf area per shoot was significantly different for the three different pruning methods. 

Shoots of minimal pruned vines had only about 20% of the leaf area of shoots from the manual 

treatment. As expected, the lateral leaf area per shoot was also significantly different for the 

different pruning methods. This can be ascribed to the significantly lower number of lateral 

shoots, the reduced size of the laterals, and the smaller leaves resulting from alternative pruning. 

For the mechanical pruned vines the reduction was between 51% (Chardonnay) and 79% (Syrah). 
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On the shoots of minimal pruned vines almost no lateral leaf area could be found; the reduction, 

compared to manual spur pruning, ranged from 92% to 94%.  

 

In conventionally pruned vines, the percentage of lateral leaf area of total leaf area ranged from 

60% to 77%. This ratio was significantly lower in mechanical and minimal pruned treatments. 

Mechanical pruned vines had 39 - 57% of their leaf area formed by lateral leaves, whereas 

minimal pruned vines had only 23%. This reduction of at least half of the lateral leaf area may 

have serious implications for sugar accumulation and berry maturation and is further discussed 

later.  

 

Leaf characteristics 

Observations from vein, petiole and leaf area measurements 

Primary leaf samples of S. blanc and Syrah collected from the different pruning methods showed 

differences in size and length of the petiole and main vein (Annex-Table 8). For basal main 

leaves, veins were longer than the petioles with manual pruning, whereas with minimal pruning, 

petiole lengths exceeded the length of the main vein. The vein length was reduced more than 

petiole length with alternative pruning. As already shown, leaf size was markedly reduced with 

alternative pruning methods. For apical leaves on the main shoot, petioles were also always 

longer than the main veins; petiole length was therefore also in this position on the shoot reduced 

to a lesser extent with alternative pruning compared to manual pruning. The same trend can be 

observed for leaves on secondary shoots. The difference in size of apical leaves on lateral shoots 

tends to be less among the different pruning systems than on leaves in other positions. Main vein 

length is better correlated to leaf area than petiole length; this is true for all the different positions 

on the shoot and for both varieties.   

 

Leaf weight (on the fresh mass basis) is much better correlated with leaf size as it is petiole length 

(Fig. 11). Main as well as lateral leaf mass gives a good indication about the size of a single leaf. 

This correlation could be useful in the field for a fast estimation of leaf area of a shoot or a whole 

plant (knowing the correlation for the specific variety).  
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Figure 11. Weight (g fresh mass) and size of main and lateral Chardonnay leaves at harvest date. 

 

The variation in leaf thickness of basal (opposite the bunch) S. blanc and Syrah leaves from the 

different pruning treatments is shown in Fig. 12. Syrah has thinner leaves than S. blanc. The 

thickness of basal leaves tended to be lower in alternative pruning systems (-15% and -12% for 

mechanical and minimal pruned Chardonnay, -17% and -12% in Syrah) although the difference is 

not significant. Leaf thickness in mechanical pruned vines is reduced about the same percentage 

as it is leaf area. In minimal pruned vines leaf area is affected and reduced much more than leaf 

thickness.   

 

 

Figure 12. Leaf thickness of manual, mechanical and minimal pruned basal Sauvignon blanc and 

Syrah. Leaves were collected opposite the bunch during maturation. 
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Reproductive Parameters 

 

Yield parameters 

Number of bunches/vine 

As expected, pruning method had a big impact on the number of bunches and yield (Fig. 13, 

Annex-Table 1). The number of bunches per vine varied significantly among the three different 

pruning methods. For all four cultivars, manual pruning resulted in the lowest and minimal 

pruning in the highest number of bunches per vine.  

  

In the case of Chardonnay, manual pruning resulted in 30, mechanical pruning in 118 and 

minimal pruning in 246 bunches per vine. The number of bunches were almost four times higher 

with mechanical pruning and more than eight times higher with minimal pruning, compared to 

conventional spur pruning (Annex-Table 1). The same trend was observed for C. blanc. Due to 

the very high incidence of Botrytis found at the second harvest, only values from the first ripeness 

level have been considered to describe the bunches/shoot, yield/vine and yield/ha. S. blanc 

reacted similar to the other white varieties with mechanical pruning, but with minimal pruning the 

number of bunches increased only five times. The number of bunches for Syrah was less affected 

by the pruning method than in the case of the white varieties. As an average over the four 

cultivars, mechanical pruning induced 3.2 times and minimal pruning 5.5 times more bunches 

than manual spur pruning.  

 

Yield/vine 

Due to the higher number of bunches with alternative pruning, the yield per vine was also 

significantly higher compared to manual pruned vines (Fig. 13, Annex-Table 1). No significant 

difference in yield per vine was found between mechanical and minimal pruning. For hand 

pruned vines, the yield per vine ranged between 4 kg and 5 kg for all cultivars. Chardonnay and 

C. blanc yielded approximately three times more with alternative methods and S. blanc and Syrah 

two times more. The high crop load per vine in alternative pruned vines resulted in much higher 

yields per hectare. The percentage change remains the same than for yield/vine, because plant 

density in this trial is the same for all the different types of pruning. For example, in the case of 

Chardonnay, the average yield per hectare was increased from 9 t/ha with spur pruning to 24.5 t 

with mechanical and 28.9 t with minimal pruning.  
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Figure 13. Average values of (a) bunches per vine, (b) yield per vine, (c) number of bunches per 

shoot, and (d) yield per shoot for manual, mechanical and minimal pruned vines. 

 

Yield/shoot 

Despite the higher number of bunches and higher yield per vine, yield per shoot is significantly 

lower with mechanical and minimal pruning (Fig. 13, Annex-Table 1). The yield on a single 

Chardonnay shoot was reduced by 27% with mechanical and 63% with minimal pruning. In the 

other varieties, a similar and even more pronounced trend was found. The number of bunches per 

shoot were reduced significantly with minimal pruning for all four varieties. Mechanical pruning 

induced only in the case of S. blanc and Syrah significantly less bunches per shoot than manual 

pruning. The reduction in bunches per shoot with minimal pruning ranged from 26% in C. blanc 

to 45% in S. blanc.  

 

Bunch and berry characteristics 

The most important results regarding bunch and berry characteristics are discussed briefly. All 

results are shown in the Annex, Table 2.  

 

Bunch mass 

Bunch mass was significantly reduced by alternative pruning methods (Fig. 14). In all varieties 

studied, bunch mass was lowest with minimal pruning and highest with manual pruning. Results 
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from the mechanical pruning treatment were between these two extremes and were significantly 

different from them (Annex-Table 2). Largest bunches occurred for C. blanc where the average 

bunch weight with manual pruning was 234 g. The other varieties had smaller bunches (140 – 170 

g). Bunch mass of S. blanc and C. blanc reacted stronger to minimal and mechanical pruning than 

Chardonnay and Syrah. The reduction in bunch mass could be up to 71% in the case of minimal 

pruned S. blanc and 63% in the case of C. blanc. The two other varieties reduced their bunch 

mass by about 50% when minimal pruned. Mechanical pruned vines resulted in 25% smaller 

bunches; also in this case, bunch mass of S. blanc was more affected (41% reduction).  

 

 
Figure 14. Average bunch mass of manual, mechanical and minimal pruned Chardonnay, Sauvignon 

blanc, Chenin blanc and Syrah. 

 

Bunch volume 

Bunch volume correlated very well with bunch mass; showing exactly the same trend of reduced 

bunch size with alternative pruning. The difference between the two parameters was never more 

than 2% and the correlation coefficient was high, e.g. in the case of Chardonnay r2 = 0.95 and in 

the case of S. blanc and Syrah r2 = 0.99 (Annex-Table 2).   

 

Berry mass 

Berry mass seemed to have a more variable distribution (Fig. 15). With the exception of Syrah, a 

clear pattern, as in the case of bunch mass, could not be detected. Mechanical and minimal 

pruning of Syrah resulted in significantly smaller berries, when compared to manual spur pruning. 

Syrah berries were 12% smaller in mechanical and 21% smaller in minimal pruning, compared to 

manual pruning (Annex-Table 2). Berry mass of the white cultivars was in certain cases slightly 

reduced and in other cases slightly increased by alternative pruning methods. 
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Figure 15. Average berry mass of manual, mechanical and minimal pruned Chardonnay, Sauvignon 

blanc, Chenin blanc and Syrah. 

 

Berry volume  

Berry mass and berry volume were not so well correlated than bunch mass and bunch volume (r2 

= 0.43 for Chardonnay, r2 = 0.08 for S. blanc and r2 = 0.32 for Syrah). The low correlation 

coefficient (r2 =0.01) for C. blanc demonstrated that those two parameters are not necessarily 

correlated. Slightly different results were found for berry volume; it has a tendency to be smaller 

with alternative pruning methods for all the cultivars. The only exception is Chardonnay, where 

berries from mechanical pruned vines had 1% higher volume than manual pruned vines. These 

differences were, however, very small.     

 

Berry number 

Significant differences in the number of berries per bunch occurred among the three pruning 

methods (Annex-Table 2). Alternative pruning induced fewer berries per bunch compared to the 

conventional pruning. Minimal pruning reduced the number of berries per bunch more than 

mechanical pruning. The reduction in berry number was more pronounced for S. blanc and C. 

blanc; for these varieties, 74% and 65% less berries/bunch were found, respectively, with minimal 

pruning. Chardonnay and Syrah had 44% and 35% less berries/bunch in minimal pruned, and 

31% and 17% less in mechanical pruned vines.  

 

 

Rachis 

Results regarding the rachis are presented here together with other yield parameters. Although the 

rachis can be considered vegetative tissue, it helps to characterize and describe the reproductive 

organs. In general, at least with manual picking, it is considered part of the “yield”.  
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Rachis mass 

Rachis mass was significantly different for the three different types of pruning; manual spur 

pruning had the highest and minimal pruning the lowest rachis mass (Annex-Table 3a). The same 

held true for rachis volume. These two parameters were as well correlated as bunch mass and 

bunch volume, but the difference between them was maximum 4%.  

 

Rachis length 

Rachis length was mostly not significantly different between manual and mechanical pruning 

treatments. Compared to these two treatments, minimal pruning reduced the rachis length for all 

four varieties significantly (Annex-Table 3a).  

 

The fact that rachis length stayed almost the same in hand and mechanical pruned vines, but 

rachis mass and rachis volume were significantly reduced with alternative pruning methods, 

might be an indication that alternative pruning methods induce changes in bunch structure. This is 

further discussed later.   

 

 

Qualitative parameters  

Some important results concerning grape, must and wine quality are presented.  

 

Sanitary and physical status of the grapes 

Botrytis cinerea is a pathogenic fungus which often causes huge quality and yield losses in 

vineyards all over the world. In the Robertson area, this pathogen is usually not that problematic 

due to the dry and warm climate. For the Robertson area the 2010/2011 growing season was a bit 

more humid than the previous ones and Botrytis occurrence was higher. The occurrence of 

Botrytis within the different treatments was very variable. It seems that variety as well as harvest 

date and pruning system affected the occurrence of this fungus. With a few exceptions 

(Chardonnay minimal- and Syrah manual pruned), Botrytis incidence was always higher at the 

second ripeness level. The increase from the first to the second ripeness level varied among the 

different treatments. However, in many treatments the fungi occurrence doubled from the first to 

the second harvest. In alternative pruning systems, Botrytis tended to be more problematic, 

consistently showing higher values than manual spur pruning.  

 

Chardonnay and S. blanc showed a very clear pattern, with Botrytis always been highest in 

minimal pruned and lowest in manual pruned vines. Botrytis occurrence in S. blanc is given as 

example in Fig. 16. Although the pattern was similar, S. blanc showed much higher percentages 

of Botrytis compared to Chardonnay. This was especially true when waiting for higher sugar 
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levels before harvesting. A lower Botrytis occurrence was observed for Syrah. The variety with 

the highest occurrence of Botrytis was C. blanc, in which case the second harvest in the 

mechanical pruning treatment was not possible, because almost 100% of the grapes were rotten. It 

is well-known that this variety is prone to Botrytis infection; canopy management can, however, 

have a positive impact on controlling infection (Volschenk & Hunter, 2001). Varieties differ in 

sensitivity to Botrytis infection and since canopy management is not commonly applied in low-

input trellis systems, bunch rot presents a high risk that has to be considered when a decision 

regarding the choice of a trellising system is made.   

 

 

Figure 16. Botrytis incidence of Sauvignon blanc for the three pruning treatments and two different 

harvest dates. Botrytis occurrence was estimated visually on the picked grapes of each single plant. 

 

Sunburn occurrence was in most cases higher in alternative pruned vines than in normal spur 

pruned vines (Table 1). Bunches in alternative pruned vines are more prone to be exposed to 

direct sunlight (mainly during the hottest period of the day) because the free bearing shoots on the 

upper part of the canopy do not shade them enough. For Chardonnay and C. blanc, minimal 

pruning was always the treatment with the highest sunburn damage. Syrah showed a higher risk 

of sunburn in mechanically pruned vines, compared to minimal and hand pruned vines. It was 

difficult to determine the level of sunburn for C. blanc, because of the very high Botrytis 

infection; the low percentages that were recorded were therefore most likely a misrepresentation.  

 

For the white cultivars, a decrease in bunch compactness was found for mechanical and minimal 

pruned vines, compared to spur pruned vines. Manual pruned Chardonnay and S. blanc vines had 

the most compact bunches, whereas those of minimal pruned C. blanc were loosest. In the case of 

Syrah, no particular trend in bunch compactness as related to the pruning method could be found. 

In general, there was a tendency for bunch compactness to decrease during the maturation of the 

grapes. This phenomenon may have been due to a loss in berry turgor. Berries generally tend to 
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shrivel during the last stages of maturation due to a combination of various factors, e.g. xylem 

disruption, continued transpiratory water loss, reduced water potential gradients between sources 

and sinks, etc. (Hunter et al., 2010). However, only a slight reduction in compactness seemed to 

occur. 

 

Table 1 . Effect of pruning method and ripeness level on Botrytis infection, sunburn and bunch 
compactness of Chardonnay, Sauvignon blanc, Chenin b lanc and Syrah – Robertson, South Africa. 

Parameter 
 

Chardonnay Sauvignon blanc 

22º Brix  24º Brix 22º Brix 24º Brix 

man mec min man mec min man mec min man mec min 

% Botrytis 0,7 1,2 4,7 1,9 2,1 3,0 2,0 16,7 25,2 12,7 33,3 38,4 

% Sunburn 0,0 0,7 4,6 2,2 0,8 6,6 0,5 0,0 2,7 0,0 3,8 0,0 

Bunch compact1 3,00 2,25 2,20 2,75 2,15 2,00 2,25 2,00 2,00 3,00 1,90 2,00 

Parameter  

Chenin blanc Syrah 

22º Brix  24º Brix 23º Brix 25º Brix 

man mec min man mec min man mec min man mec min 

% Botrytis 17,9 60,8 41,3 39,3 
 approx. 
100% 
rotten 

54,5 1,8 0,6 1,1 1,0 1,3 10,1 

% Sunburn 0,0 0,0 0,5 2,0 3,1 1,0 5,3 3,2 1,0 4,6 2,7 

Bunch compact1 2,25 2,00 1,30 2,0 1,35 2,00 1,45 1,95 1,00 1,80 1,05 

 1 Bunch compactness: 1 = loose bunch, 2 = medium compactness, 3 = compact bunch 
 
 
Must analysis 

Soluble Solids 

Table 2 shows that grapes were not harvested precisely at 22°B and 24°B (23°B and 25°B for 

Syrah) as described in the experimental protocol. Variations in the sugar concentration within the 

treatments (e.g. due to shaded and exposed bunches and berries) and the small samples for the 

maturity control were the main reasons why harvest was not precisely done at the described 

°Brix. Alternative pruned S. blanc and C. blanc were struggling to reach the desired most sugar 

concentrations without major phytosanitary problems.    

 

Titratable acidity 

The must TA was highest for the manual spur pruned vines (Table 2). Only in C. blanc and in late 

harvested Syrah, the titratable acidity was lower in mechanical than in minimal pruned vines.  

 

pH 

Pruning method and ripeness level had an impact on must pH (Table 2). Mechanical pruning was 

prone to induce high pH in the second ripening period. The distribution pattern was not the same 

for the different cultivars; in S. blanc e.g. manual pruning induced a lower pH than the alternative 
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pruning methods. In Syrah, pH level was higher than in the white cultivars and minimal pruning 

was the method with the lowest pH, followed by manual pruning.  

 

Table 2 . Effect of pruning method and ripeness level on mus t composition of Chardonnay, Sauvignon 
blanc, Chenin blanc and Syrah – Robertson, South Af rica. 

 Chardonnay Sauvignon blanc 

Parameter  1st ripeness level 2nd ripeness level 1st ripeness level 2nd ripeness level 

 man mec min man mec min man mec min man mec min 

Sugar (°B) 20,4 21,4 21,1 23,1 22,8 22,9 21,7  20,8 21,6 22,5 23,6 23,3 

TA (g/l) 8,2 6,0 4,9 5,9 6,0 5,2 7,2 6,5 6,4 6,4 5,7 5.0 

pH 3,48 3,40 3,85 3,69 3,81 3,76 3,23 3,44 3,64 3,40 3,81 3,66 

 Chenin blanc Syrah 

Parameter  1st ripeness level 2nd ripeness level 1st ripeness level 2nd ripeness level 

 man mec min man mec min man mec min man mec min 

Sugar (°B) 21,4  21,7 22,5 21,5 19,5 22,4 23,2 23,2 23,4 26,3 25,2 24,7 

TA (g/l) 7,5 5,4 5,9 6,6 4,8 5,6 6,0 5,7 4,5 5,0 4,0 5,2 

pH 3,64 3,76 3,39 3,56 3,53 3,52 3,75 3,82 3,60 4,00 4,23 3,97 

 

 
Berry analysis 

Colour analysis on Syrah 

At 23°Brix, berries from manual spur pruning were more coloured (anthocyanin measurements at 

420 nm and 520 nm) than berries from alternative pruning treatments (Table 3). At the second 

ripeness level, the opposite situation occurred; berries from alternative pruning systems were 

more coloured than those from manual pruning. It is difficult to understand why manual pruned 

vines lost a bit of colour from the first to the second ripeness level. The higher pH does not 

explain this, because pH in alternative pruning methods increased even more. 

 

Table 3.  Effect of pruning method and ripeness level on berr y colour of Syrah – Robertson, 
South Africa. 

  

Absorbancy 
 

Ripeness level 

1st ripeness level 2nd ripeness level 

Pruning method 

man mec min man mec min 

420nm 0,380 0,328 0,333 0,295 0,353 0,355 
520nm 1,698 1,550 1,388 1,525 1,530 1,503 

 

 

 

Viticultural parameters and ratios 
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The most important results concerning parameters and ratios used in viticulture are presented in 

this chapter.   

 

Leaf Area 

Leaf area per yield (LA/Y) 

The leaf area index (LA/Y) in this experiment was higher than the values reported in literature 

(Fig. 17 & Annex-Table 7). In most cases (except for S. blanc, due to the low yield of minimal 

pruned vines) the minimal pruning had significantly lower values for LA/Y. Regarding 

mechanical pruning, only C. blanc and Syrah had markedly lower ratios than manual pruning.  

 

 

Figure 17. Total leaf area per yield (LA/Y) of manual, mechanical and minimal pruned Chardonnay, 

Sauvignon blanc, Chenin blanc and Syrah. 

 

The composition of this leaf area is very different; in hand pruned vines, lateral leaves contributed 

much more to the total leaf area (Annex-Table 7). In minimal pruned vines, the share of lateral 

leaf area of the total leaf area was very small. The main leaf area was consistently higher than the 

lateral leaf area when the alternative pruning methods were applied, whereas the opposite was 

true for manual spur pruning.  

 

Leaf area per cordon length (m2/m) 

Leaf area per canopy length was the lowest in minimal pruning (except for Syrah, where manual 

pruning showed lowest values) and the highest in mechanical pruning (Fig.18). According to 

literature, desirable values would be 2-5m2/m for VSP trained vines (Kliewer & Dokoozlian, 

2005); values in this experiment were much higher, indicating a bigger leaf surface.  

Ravaz index or Yield per pruning weight (Y/PW)  
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Ravaz index could only be done for manual spur pruning and mechanical pruning because 

minimal pruned vines were not pruned and pruning weight was not determined. Mechanical 

pruning showed higher and more fluctuating values of this ratio than manual spur pruning (Fig. 

18). Values for manual pruned vines were all lower than those recommended in literature. 

 

Pruning weight per m cordon length 

In most cases pruning weight per cordon length was higher in manual spur pruned vines than in 

mechanical pruned vines (except for S. blanc). Only the results of Chardonnay were within the 

range considered to be optimal for balanced vines. All the other cultivars showed too high 

values for manual as well as mechanical pruning, indicating high vigour 
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Figure 18. Leaf area per m cordon length (a), Ravaz index (b), shoots per m cordon length (c) and 

cane mass (d) of manual, mechanical and minimal pruned Chardonnay, Sauvignon blanc, Chenin 

blanc and Syrah. 

 

Shoots per m cordon 

Alternative pruned vines showed higher values than manual spur pruned vines for this 

parameter (Fig.18). In manual pruning, 15 to 18 shoots per m cordon length occurred; matching 

most recommendations found in literature. In mechanical pruning, 42 to 50 shoots per m cordon 

length could be observed; being much higher than values reported in literature (for VSP trained 

vines). In minimal pruning, shoot density per meter of cordon was even higher and ranged from 

65 for Syrah up to 75 shoots per m cordon for Chardonnay.   

 

Cane mass  

Cane mass of manual pruned vines ranged from 45 g in Chardonnay up to 82 g for C. blanc and 

was in all cases higher what Smart & Robinson (1991) were indicated for moderate vigour (Fig. 

18). Cane mass of mechanical pruned vines was lower, ranging from 13 g in Chardonnay up to 29 

g in S. blanc. According to the values from Smart & Robinson (1991) S. blanc, C. blanc and 

Syrah had moderate shoot vigour.    

 

Short overview of results: 

 

Manual spur pruning Alternative pruning systems 

(mechanical and minimal) 

- less phytosanitary risks 

- less but bigger bunches  

- lower yield per plant and per ha 

- higher yield per shoot 

- more berries per bunch 

- same berry size 

- higher proportion of rachis on bunch 

- less but longer main shoots  

- longer internodes with bigger leaves on main 

and lateral shoots 

- more and longer laterals 

- more leaf area per shoot 

- more risks regarding grape quality 

- more but smaller bunches  

- higher yield per plant and per ha 

- lower yield per shoot 

- less berries per bunch 

- same berry size 

- lower proportion of rachis on bunch 

- more but shorter main shoots  

- shorter internodes with smaller leaves on  

main and lateral shoots 

- less and shorter laterals 

- less leaf area per shoot 
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Discussion  

The results showed that pruning is a core vineyard management operation that impacts on the 

performance and behaviour of the grapevine in many ways. Although the grapevine can survive 

and produce fruit even without being pruned, research and experience over many years have 

shown that superior products are obtained when judicious pruning is applied. The focus of this 

study is, however, on physiological and morphological behavioural changes as stimulated by 

pruning method. Pruning served as a model system to validate current fundamental viticulture 

principles for performance and management, established over many years. Focus is on 

quantitative dimensions being accepted as criteria for vegetative and reproductive parameters and 

the sensitivity of these parameters. Implications of changes for the grapevine and the practical 

significance of such changes are discussed.   

 

Resource allocation 

Despite the smaller bunches, vines pruned mechanically or minimally dedicated more of their 

energy into the production of regenerative tissue. Figure 19 shows the gram fresh mass of 

reproductive (berries) and vegetative (shoots, leaves, petioles and rachis) organs built up in the 

growing period for a single Chardonnay shoot. Berries were in all pruning treatments the major 

organs responsible for more than half of the fresh mass formed on a shoot. The vine therefore 

seemed to dedicate a higher priority to reproductive than to vegetative organs.  

 

 
Figure 19. Mass of vegetative and reproductive tissues on a Chardonnay shoot pruned manually, 

mechanically and minimally. 

 

The more buds were left on the vine (i.e. the lighter the pruning - from manual spur pruning to 

minimal pruning), the higher the share that was allocated to the berries. Changes in the 
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distribution pattern were also noticeable among the different vegetative organs (Fig. 20). The 

main shoot mass was slightly lower in mechanical pruning, but heavily reduced in minimal 

pruning. Lateral shoots were almost absent in mechanical and minimal pruning. Main and lateral 

leaves followed the pattern of main and lateral shoots. Lateral growth therefore had a low priority 

when the number of buds was increased by pruning method. This marked reduction in lateral 

growth in minimal, and to a lesser extend in mechanical, pruning is an indication that when the 

plant is treated in this way, it seems to respond by dedicating only small parts of resources into 

secondary growth. A reason for the little lateral growth may also be that the main shoot apex is 

not removed as in manual spur pruned vines and apical dominance therefore remained, inhibiting 

lateral growth. This apical dominance has already been described many decades ago (Thimann, 

1937; Snow, 1937; Alleweldt & Istar, 1969). In manual spur pruned vines, the main shoot apex is 

usually removed quite early in the season by means of topping in order to control vegetative 

growth within the confines of the trellis system and to change the translocation of carbon in 

favour of the bunches. As the apical shoot meristem is an important sink (Fregoni, 2005) the high 

numbers of main shoots in alternative pruning systems continuously demand carbohydrates. The 

figures show that carbon allocation in the plant changed with alternative pruning, effectively 

changing the general ratio/balance between vegetative and reproductive growth in favour of the 

latter. Practically, it would be appealing to growers aiming towards quantity rather than quality 

(with consideration of the demands regarding management).   
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Figure 20. Resource allocation among Chardonnay shoots pruned (a) manually, (b) mechanically and 

(c) minimally. 

 

 

If the plant dedicates more pool energy to the development of grapes, it also means that there are 

less vegetative organs being formed, which in the near future would form part of the source. As 

shown in Fig. 20, the percentage of leaf mass on a Chardonnay shoot is decreased from 19 % in 

manual spur pruning to 14 % in minimal pruning. This is a reduction of more than 25 %. 

Concomitantly, the percentage of berry mass on the shoot is increased from 55 % to 73 %. In the 

case of minimal pruning, the reduced amount of leaf mass needs to “feed” the increased number 

of berries per vine. Given the fact that only the leaves play a role, this is a good example of the 

changes which may occur when opting for minimal pruning. The ratio of vegetative growth per 

shoot to yield per shoot is decreasing for all varieties (for S. blanc to a lesser extend) from manual 

spur pruning towards minimal pruning (Fig.21).  

 

 

6% 0%
11%

3% 2%

4%

74%

main shoot mass lateral shoot mass

main leaf mass lateral leaf mass

petiole mass rachis mass

berry mass

0,00

0,20

0,40

0,60

0,80

1,00

1,20

1,40

manual mechanical minimal

Chardonnay Sauvignon blanc

c 



 

53 
 

Figure 21. Ratio of vegetative growth (g) per shoot / yield per shoot (g) of manual, mechanical and 

minimal pruned Chardonnay, Sauvignon blanc, Chenin blanc and Syrah.  

 

Taking into consideration leaf mass per shoot and yield per shoot (Fig. 22), the differences within 

the different treatments are smaller than in Fig. 21, but still with a slight reduction of the leaf 

mass:yield ratio in alternative pruning methods. Sauvignon blanc was the only variety showing a 

different behaviour with an increased ratio in alternative pruning systems. A reason for that might 

be that S. blanc was in this season yielding low amounts when pruned alternatively. 

 

 

Figure 22. Ratio of leaf weight per shoot (g) / yield per shoot (g) of manual, mechanical and minimal 

pruned Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. 

 

The productivity of the leaves would, however, be more dependent on the surface and efficiency 

of the leaves than on the mass. Usually, the leaf area per yield (LA/Y) would be considered when 

an assessment regarding the productivity and balance of a vineyard is made.  

 

Bunch size 

Alternative pruning systems, especially minimal pruning, produced more, but smaller, bunches 

than conventional spur pruned vines. This high number of bunches is possible because of the high 

number of winter buds being allocated with alternative pruning. The main explanation for the 

lower bunch mass in alternative pruning methods is the lower number of berries per bunch 

(Pearson test: r2 = 0.84 in the case of Chardonnay). For Syrah in particular, berry size is a major 

component for describing yield variation.  

 

As shown in Fig. 23, yield (thus bunch mass) is also very well correlated to shoot length; 

vigorous shoots (as found for manual spur pruned vines) normally develop and ripen two bunches 

with a high number of berries. Small shoots with a reduced number of leaves (as found for 
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minimal pruned vines) and an often reduced bud fertility (less bunch primordia are formed in the 

previous season due to low vigour, hormonal inhibition, reserve depletion and a higher 

competition for assimilates among the different shoots) usually carry only one small bunch with a 

limited number of berries.  

 

 
Figure 23. Effect of shoot length on yield per shoot of manual, mechanical and minimal pruned Syrah 

grown in Robertson – South Africa. 

 

As bunch initiation normally occurs during the previous year, in a time when sink demand in the 

alternatively pruned plant is high, it might be that bunch primordia stay smaller. Only the number 

of bunches and a bit the size of the bunch structure is fixed during the previous season (Fregoni, 

2005). The number of berries which are formed on a bunch depends mainly on environmental 

factors in early spring, but is clearly also limited by rachis development. The reduced size of the 

bunch is also a compromise if the plant does not have sufficient resources to produce bigger 

bunches. Basically, the carbon which is available for distribution to the sinks is split over more 

bunches and this limits individual growth. Since the buds which were left during pruning are 

fruitful, the natural reaction of the plant is not to abort, but to carry a crop. At the same time, the 

capacity of the root system and the leaves for supplying water, minerals, amino acids, hormones, 

carbohydrate, etc., is too limited and demand therefore outweighs supply, the result being a 

reduction in size of both sources and sinks, but a ‘’forced’’ development because of the presence 

of more matured wood and (fertile) buds. The reason for the reduced bunch size in alternative 

pruning systems might be a combination of initiation, supply and demand, and environmental 

factors.  

 

Vigour 

Ravaz index was lower and pruning weight per m cordon length was higher than values 

recommended in literature. This indicates a more vigorous behaviour of manual spur pruned vines 

in this experiment than maybe optimal for achieving optimal balance between vegetative growth 
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and yield. However, aim of the experimental design (in special irrigation) was to apply enough 

water to avoid a yellowing and early abscission of basal leaves due to a too severe water stress. 

Water being the main restriction for vegetative growth after véraison, was enhancing the 

continuation of shoot growth. Cane mass was not that high, because growth of the main shoot was 

limited by removing the shoot apex at an early stage in the season to fit the vegetative growth into 

the limits of the trellis system. In mechanical pruned vines, pruning weight per m cordon length 

was lower than in manual pruned but still higher than recommended in literature. Ravaz index 

was much higher, stating a change in the ratio of yield to pruning weight, which is in line with the 

above described changes among the different organs. Cane mass of mechanical pruned vines is 

reduced a lot; showing that single shoot vigour is less. The same is true for minimal pruned vines, 

where more shoots per vine or m cordon increase competition for assimilates.   

 

LA/Y and leaf efficiency 

Leaf area is determined from the number of leaves and the individual size of those leaves. As Fig. 

24 shows, the number of leaves per berry is ranging from 0.3 up to 1.4 leaves per berry. Large 

values indicate a strong vegetative growth with the formation of many leaves and few berries, 

whereas low values are obtained with high crops and less vigorous shoots. Literature does not 

give considerations about desirable values of this ratio to check if there is a balance between 

vegetative and reproductive growth in the vine. Comparing leaves with the number of bunches, 

instead of berry number, the picture changes (Fig. 24), because in this case, just the number of 

bunches and not the size of the bunch (mainly determined by the amount of berries) is considered; 

Manual pruned vines have more (bigger) leaves to sustain a bunch. 
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Figure 24. Number of leaves / berry (a) and number of leaves / bunch (b) of manual, mechanical and 

minimal pruned Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. 

 

As shown, total leaf area per yield is very high compared to target values in literature (Kliewer & 

Weaver, 1971; Renard et al., 2001; Kliewer & Dokoozlian, 2005). This ratio is expected to be 

around 8 - 12 cm2/g or up to 15 cm2/g of fresh grape mass. In this experiment, LA/Y for manual 

spur pruning ranged from 18 cm2/g in Chardonnay and Syrah up to 33 cm2/g in C. blanc. The high 

LA/Y values were probably due to the high vigour of the vines in the experimental field. The 

LA/Y index was always high in manual pruned vines and significantly reduced in minimal pruned 

vines, except for S. blanc, where, for the different pruning types, the same ratio occurred. This 

high ratio in alternatively pruned S. blanc, compared to other varieties, was probably affected by 

the low yields that were found with these methods.   

 

 
Figure 25. Composition of the total leaf area (main and lateral) per yield (LA/Y) of manual, 

mechanical and minimal pruned Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. 
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The composition of the LA in the different pruning systems was more affected than LA/Y (Fig. 

25 & Annex-Table 7). In manual spur pruned vines, 69.2 % of total leaf area is lateral leaf area, 

(in agreement with that found by Hunter et al., 2000), in mechanical pruning 58.1 % is lateral leaf 

area, and in minimal pruning this value is only 23.3 % (Annex-Table 7). A comparison of these 

different leaf compositions of the pruning method treatments with the harvest dates and the 

number of days which were necessary to ripen the grapes from 22º to 24º Brix gives an indication 

of leaf efficiency during maturation in the different pruning types (Table 4). Mechanical pruned 

S. blanc ripened 2 weeks later and minimal pruned S. blanc 3 - 4 weeks later than the manual 

pruned control, although LA/Y ratio was the same for the different pruning treatments. This 

indicates that sugar accumulation until berry ripening occurs slower in alternative than in manual 

pruning methods. There is less carbon available in alternative pruned vines, due to the higher 

biomass which requires more carbon for respiration, especially during warm nights (Zufferey et 

al., 2000).  

The number of days which were necessary to increase the sugar level from 22 ºBrix to 24º Brix 

was the same for manual and mechanical pruning (13 days), but a further 9 days were required in 

the case of minimal pruning.  

 

This may indicate that younger leaves, most probably in the form of well exposed lateral shoots, 

are important to better sustain berry maturation. However, this is just an observation; leaf 

efficiency in terms of photosynthetic activity and respiration was not measured in this experiment, 

but Hunter et al. (1988, 1989), Zufferey et al. (2000) and Fregoni (2005) found higher leaf 

efficiency rates in well exposed and not too old leaves.   

 

It might be that the low yield in minimal pruned S. blanc was responsible for the high LA/Y 

index, which may not be the case in other situations. In the other three cultivars, the LA/Y index 

was much lower in minimal pruned than in manual pruned vines. In these cases, the later ripening 

of the grapes could be explained by the lower LA/Y relationship. Naturally, not only LA plays a 

role in photosynthesis. It can be assumed that the availability of water was not a limiting factor in 

this experiment, because irrigation was applied as soon as the plant available soil water dropped 

below 40 %. The potentially different water demand due to the larger canopy formed in spring as 

a consequence of a greater number of developed shoots per vine (Downton & Grant, 1992; 

Possingham, 1994; Schultz et al., 1999; Schmid & Schultz, 2000) (as induced by the different 

pruning methods) would therefore not have played a role in leaf efficiency. However, changing 

the pruning system, changes the spatial orientation of leaves (Smart et al., 1985a; Archer & 

Fouchè, 1987). As photosynthesis is dependent on sunlight on the leaves (Shaulis et al., 1966; 

Sparks & Larsen, 1966; Kriedemann & Smart, 1972; Smart, 1985; Smart et al., 1985a, 1985b), 

the orientation and exposition of leaves to sunlight is crucial. Pruning severity and trellis system 

change canopy microclimate and can have an impact on several other parameters which have an 
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influence on photosynthesis and productivity of leaves (Smart, 1985) (e.g. exposure to sunlight, 

leaf and berry surface temperature (Archer & Strauss, 1990; Zufferey et al., 2000), humidity, and 

efficiency of sucrolytic enzymes, such as invertase and sucrose synthase (Sun et al., 1992; Hunter 

et al., 1994), etc.   
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Table 4 . Effect of pruning method and ripeness level on mus t soluble solids, TA and pH of 
Chardonnay, Sauvignon blanc, Chenin blanc and Syrah – Robertson, South Africa. 

 

 

Chardonnay  

Pruning method 

Sauvignon blanc  

Pruning method 

Ripeness level  man mec min man mec min 

1st 1 02.02.11 15.02.11 03.03.11 08.02.11 23.02.11 01.03.11 

2nd 2 15.02.11 01.03.11 16.03.11 21.02.11 08.03.11 23.03.11 

Difference (days) 13 14 13 13 13 22 

 

 

Chenin blanc  

Pruning method 

Syrah  

Pruning method 

Ripeness level  man mec min man mec min 

1st 1 15.02.11 08.03.11 16.03.11 03.03.11 08.03.11 16.03.11 

2nd 2 23.02.11 16.03.11 24.03.11 15.03.11 22.03.11 22.03.11 

Difference (days) 8 8 8 12 14 6 
1 First harvest at 22 Brix for white cultivars, 23 Brix for red cultivars 

2 Second harvest at 24 Brix for white cultivars, 25 Brix for red cultivars 

 

In the case of Chardonnay, the total LA/Y of minimal pruned vines was approximately half of 

that found for manual pruning. However, the waiting period to ripen the grapes from 22º Brix to 

24º Brix was the same for manual and minimal pruning. It therefore seems that leaves of minimal 

pruned Chardonnay vines were more efficient. The same was found for C. blanc, where even only 

40% of the leaf area was able to increase the sugar level by 2º Brix during the same time span 

than manual spur pruned vines. Those two cultivars are good examples to show that leaf 

efficiency also depends on source:sink ratio. The reduced ratio of sources:sinks places a higher 

demand on the leaves, thereby increasing their photosynthetic activity (Downtown et al., 1987; 

Hunter & Visser, 1988b, 1988c, 1989).   

 

Another observation regarding leave morphology could be made during this experiment; manual 

and mechanical pruned Chardonnay and Syrah reduced their basal leaf surface and thickness of 

about the same magnitude, whereas minimal pruned vines reduced leaf surface to a much higher 

extend than leaf thickness. With ageing grapevine leaves seems to achieve a certain thickness, 

even if their size is limited. If this is because they need to have a certain thickness to efficiently 

do photosynthesis, or because thickness is not restricted due to a closer spacing of the leaves 

along a shoot (as it might be leaf size). Further studies with more cultivars and leaf measurements 

on different positions along a shoot throughout the season are required to better understand this 

behaviour.    

 

Alternative pruning methods and quality 
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The question remains whether the alternative pruning methods would be appropriate for quality 

orientated vineyards. The increased yield (which e.g. is much higher than allowed in most 

European appellations) is only one reason why these methods don’t seem to be considered as 

producing high quality grapes. Due to the sometimes eight-fold more bunches found with 

alternative pruning, it is crucial to harvest mechanically and premium wineries usually avoid 

harvesting by machine. The major factor impacting on grape quality when using these methods is 

the phytosanitary status of the grapes. Especially in humid areas or during years with rainfall in 

the ripening period, the risk to have Botrytis infections is very high. Although it may have been 

assumed that the smaller and sometimes looser bunches would have helped to prevent Botrytis 

occurrence, the results showed the contrary. It seems that the higher Botrytis occurrence with 

alternative pruning methods may have resulted from the more humid microclimate and less 

aerated canopies. Secondly, the dense canopy and distribution of bunches all over the canopy 

make it very difficult to apply fungicides efficiently; the dimensions of the canopy also physically 

hampers movement in the rows and spraying. Thirdly, and very importantly, grape maturity is 

delayed for up to several weeks. This is of particular importance under, e.g., European conditions 

in regions where autumn tends to be cool and rainy.  

 

Reasons for the poor canopy microclimate in mechanical and minimal pruned vineyards include 

the high amount of remaining old wood and sometimes bunches as well as the higher number of 

shoots. These are ideal places for pathogenic fungi to overwinter and to infect the plant in the next 

growing season. Another problem is that shoots are free bearing and tend to form tunnel-like or 

umbrella-like structures. Although most leaves and bunches are carried on the outside of the 

canopy (particularly in the case of minimal pruning), bunches (and leaves) that are in the interior 

of the canopy are not at all exposed to sunlight and this is, according to Smart et al. (1989) and 

Archer & Strauss (1989), not favourable for vine morphology and grape quality. 

 

Syrah showed poor grape colour in alternative pruning systems when harvested at 23°Brix, but 

similar values when harvest was delayed until 25°Brix. Even though manual pruned vines formed 

bigger berries with a reduced skin:pulp ratio, concentration of anthocyanins was still higher than 

in alternative pruned vines. Why there is a fast increase in colour at the end of maturation in 

alternative pruning systems is difficult to understand. Maybe the lower night temperatures later in 

the season helped alternative pruned vines to “store” more energy due to the reduced respiration 

and this carried a continuation of colour formation. Also other parameters (titratable acidity and 

pH) tended to be less favourable for winemaking in alternative pruned vines.  

 

A general observation of the author when walking through minimally and mechanically pruned 

vine rows, was that bunches appeared much more heterogeneous due to the different possible 

carry positions on the vine; e.g. some suffered from too much direct sunlight and excessive heat, 
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whereas some other bunches in the inner and lower parts of the same vine were shaded and 

almost never got direct sunlight (Fig. 26). There is not one “bunch zone” as in manual spur 

pruned vines where we can assume that bunch microclimate is more homogeneous within a plant 

and a whole vineyard compared to alternative pruned vines with the above described variations. It 

is obvious that there are differences as well in manual spur pruned vines, mainly due to shading 

effects of basal leaves, bunches itself and different shoot vigour. Even different parts of the same 

bunch and single berries are exposed to “different” microclimate due to the phenomena described 

above.  

 

 

Figure 26. Bunches of minimal pruned Chenin blanc on the outer (a) and inner (b) part of the canopy 

14 days before harvest. 

 

These heterogeneous situations are not optimal for producing high quality wines, also because the 

viticulturist does not have many possibilities to modify the canopy or to do management practices 

in case they are needed to prevent, e.g., excessive shading and to aerate the bunches. Furthermore, 

it is difficult to determine the optimal time for harvest (due to different pH, sugar and acidity 

concentrations) if bunch development and berry maturation does not proceed uniformly. As 

research showed, not only sugar, acidity and pH are affected by berry temperatures and exposure 

to sunlight, but also aroma precursors and anthocyanins are sensitive to those parameters 

(Coombe, 1987; Marais et al, 1999; Hunter et al., 2004; Hunter & Bonnardot, 2011).   

 

a 
b 
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The fact that internode length is significantly reduced with mechanical and minimal pruning may 

also have an impact on the microclimate and exposure of the leaves. If the internodes are shorter, 

the nodes and therefore the leaves are closer to each other and shading effects along a shoot and 

risks of a denser, more compact, canopy would more likely occur. As shown in Figure 26, leaf 

area per m of shoot was not affected by the type of pruning despite the increased number of 

leaves per m of shoot in alternative pruning systems. The reduction in leaf size may still allow 

more sunlight to penetrate and buffer the potentially negative effects of shorter internodes.   

 

  

  
Figure 27. Number of leaves per m of shoot (a) and the leaf area per m of shoot (b) of manual, 

mechanical and minimal pruned Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. 

 

 

As leaf area per m of shoot length is more or less constant, the correlation of shoot length and 

leaf area already described by Fregoni (2005) could be proofed under this experimental design 

with different pruning systems. As Figure 28 shows, total shoot length seems to pre-determine 

shoot leaf area. According to that, vines described commonly as more vigorous (with stronger 
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shoot growth) form more leaf area on a single shoot and should be able to carry and sufficiently 

ripe more grapes compared to less vigorous shoots.       

 

 

Figure 28. Correlation of total shoot length and shoot leaf area of manual, mechanical and minimal 

pruned Chardonnay. 

 

Another change interfering with canopy microclimate is the amount of shoots per m of cordon 

length, which is affected from winter pruning severity. Mechanical pruned vines carry 

approximately 3 times more shoots per m cordon length; minimal pruned 4 times more shoots 

than manual pruned vines where approximately 16 or 17 shoots per m cordon occur. According 

to Smart (1988), who considered 15 shoots per m cordon optimal for canopy microclimate in 

VSP trained vines, manual pruned vines in this experiment are closed to this “optimal” value for 

canopy microclimate. For mechanical and minimal pruned vines literature does not recommend 

any value, but due to the lower shoot vigour and the smaller leaves, it should be possible to 

accommodate more shoots per m of cordon length. 

 

Rachis and bunch structure 

It seems obvious that the rachis size had an impact on the bunch size. As expected, the size of the 

rachis is significantly smaller in alternatively pruned treatments than in manually pruned 

treatments (Fig. 29). In most cases there is also a significant difference between mechanical and 

minimal pruning (Annex-Table 3a). The correlation between the reduction in bunch mass and 

rachis mass is not the same for the different cultivars (r2 = 0.56 for Chardonnay and r2 = 0.92 for 

S. blanc).  
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Figure 29. Correlation of rachis mass and bunch mass of manual, mechanical and minimal pruned 

Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. 

 

For all the varieties, the reduction in rachis mass is more pronounced than the reduction in bunch 

mass with alternative pruning (Fig. 30). This has practical implications, because the ratio of berry 

mass and rachis mass in the bunch is changed. Theoretically, a cellar that has bought grapes 

originating from mechanically or minimally pruned vines would have obtained a lower proportion 

of rachis. The difference between manual spur pruning and minimal pruning ranged from 0.4% to 

1.3%. However, grapes grown with mechanical or minimal pruning methods are usually 

harvested by machine, in which case the rachis remains on the vine and is not harvested. The 

producer who uses manual spur pruning and harvest by hand would in fact be favoured 

proportionally in terms of payment.   

 

 
Figure 30. Percentage rachis mass of the bunch mass of manual, mechanical and minimal pruned 

Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. 
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The rachis length changed much less between the different pruning methods (Fig. 31). Rachis 

length or bunch length in other words, seemed to be a more stable and persistent characteristic of 

the bunch structure and less affected by changes in the bunch mass due to different methods of 

pruning. There was still a good correlation between bunch mass and rachis length, but not as good 

as between bunch and rachis mass (Fig. 31). For Chardonnay, e.g., bunch mass was reduced by 40 

% from manual pruning to mechanical pruning and by 54 % to minimal pruning. Rachis mass was 

also reduced by 40 % and 54 %, whereas rachis length was only reduced by 6 % and 18 %. This 

means that the plant reduced bunch mass much more than rachis or bunch length. This should 

theoretically result in looser bunches. According to the data, bunch compactness was in fact 

slightly less when alternative pruning methods were used. However, rachis length is an indication 

of bunch length, but not necessarily of bunch compactness; a bunch may, e.g., be narrower. This 

would mean that there may be a change in the bunch structure with perhaps fewer or smaller 

wings and branches. 

 

 
Figure 31. Percentage change in rachis mass and rachis length of manual, mechanical and minimal 

pruned Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. The %change is calculated using 

manual pruning as reference (=100%). 

 

Some ratios to better characterize the bunch structure are shown in Annex-Table 4b. Significant 

differences among the three different pruning methods were found for the amount of yield 

produced per cm rachis length (Fig. 32). Mechanically pruned vines had significantly less yield 

per cm rachis than conventionally pruned vines and minimally pruned had significantly less than 

mechanically pruned vines.  
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Figure 32. Gram of fruit produced on 1cm rachis length of manual, mechanical and minimal pruned 

Chardonnay, Sauvignon blanc, Chenin blanc and Syrah. 

 

The number of berries per cm of rachis was also significantly reduced in the two alternative 

pruning methods. These two ratios can be taken as an indication that bunch structure changes 

among the different pruning systems. Comparing yield with rachis mass instead of rachis length 

did not show the same results. In most cases, there were no significant differences among the 

different pruning methods. In the case of Chardonnay and S. blanc, conventionally pruned vines 

tended to produce less fruit per g of rachis. This means that more fruit can be expected per g of 

rachis with alternative pruning, indicating that bunches of vines pruned in this way have a higher 

percentage of reproductive than vegetative tissue; the allocation of carbon therefore shifted in 

favour of berry mass.   

 

The table below shows some different parameters analysed in this study and if they were stable or 

unstable when changing pruning method. Ratios written in bold are not commonly found in 

literature or used in viticulture; they came out of this study and appeared to be valuable.  
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Stable parameters Unstable parameters 

 

- leaf area per m shoot 

- berry size (except Syrah) 

- rachis mass:bunch mass 

- shoot length:yield per shoot 

- shoot length:shoot leaf area 

 

 

- ratio vegetative:reproductive growth 

- % share of berries on bunch 

- ratio rachis mass:rachis length 

- g fruit on 1cm rachis 

- nr of leaves per m shoot 

- harvest date 

- leaf mass:bunch mass on a shoot 

- LA/Y 

- LA/ m cordon length 

- Ravaz index 

- PW/ m cordon length 

- number of shoots/ m cordon length 

- cane mass 

 

 

The ratio of vegetative growth to reproductive growth measured in gram fresh mass does not 

appear in literature, but already show important changes in grapevine when opting for another 

pruning system. Moving from a pruning system with a few buds towards another where more 

fruitful winter buds remain on the vine, the plant changed sink priority and resource allocation 

among the different organs was altered in favour of regenerative tissues. Whether this change is 

good or bad depends mainly on the aim of production; for a grape grower focusing on high 

yields, this change could be good, while for a producer aiming towards quality and low 

quantities, this may not be a favourable situation. As grapes are a more important sink in those 

alternative systems, the “old” balances are not valid any more. This does not necessarily mean 

that those vines are unbalanced; they just have a new or different balance. Not that much 

attention is given to these important changes in literature. The higher priority of grapes as a sink 

provokes a strong reduction in vegetative growth, mainly lateral growth. The higher priority of 

bunches over the source organs also effects the source:sink ratio; a lower leaf area needs to feed 

an increased amount of berries. This normally indicates a lower LA/Y ratio and is generally 

assumed to be not so favourable, although productivity of that leaf area might be higher due to 

the higher demand for carbohydrates from the berries. If growers want to maximize leaf area per 

m of cordon length (supposing that more leaf area means more yield or higher quality) they 

should opt for pruning systems with intermediate amounts of winter buds; minimal pruned vines 

have too little vigour and spur pruned vines too few shoots.  
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A correlation of shoot length and yield per shoot has been described for Syrah; if other varieties 

behave the same, this correlation could be a useful tool in practice for yield estimation. 

  

The Ravaz index in mechanical pruning was better in line with recommendations in literature 

than in manual spur pruning. According to this parameter, mechanical pruned vines were 

balanced, and manual pruned vines were too vigorous. 

   

A simple and often used and discussed ratio is yield per hectare; this ratio is very sensitive to 

changes in the pruning system (and of course plant spacing per hectare) and is assumed to 

change to the better for grape growers aiming at high yields, but worse for growers within 

appellations (where production is restricted) and/or estates with high demand on quality and 

prestige. With the higher yield per surface changes in the bunch structure have also been 

observed; the share of berries on the bunch is increased in those alternative systems; a winery 

can get more litres of wine out of a ton of grapes. This change to the better is due to the 

behaviour of the rachis when changing the pruning system; the rachis mass is decreased more 

than bunch mass and this results in a higher proportion of berry mass on the bunch.  

 

Another interesting observation was that rachis length is less affected by changes in bunch mass 

than rachis mass; in other words, bunches get smaller, but they maintain almost the same rachis 

length. On the same length of rachis, a manual spur pruned vine carries much more yield 

compared to an alternative pruned vine. With the pruning system we may therefore have the 

possibility to slightly modify bunch structure and impact on bunch compactness. More research 

on this subject is required.  

 

 

Conclusions  

Different parameters and ratios have been analysed in this study to challenge some general 

believes and principles in viticulture. General changes in vine morphology and physiology, as 

already described in literature, could mostly be proved under the experimental conditions of this 

study. Ratios calculated with data from this experiment where in most cases different from those 

recommended in literature. Almost all ratios (LA/Y, Ravaz index, PW/m cordon length, etc.) 

varied according to the pruning system and were not stable. A ratio might indicate the “optimal” 

in a certain situation or for a certain pruning system, but is maybe not ideal in another situation. 

Before applying and following recommendations and numbers, the source and quality of those 

ratios should be analysed critically.      

 



 

69 
 

This experiment clearly showed the big impact that winter pruning has on vine performance. 

Almost all measured parameters were affected by the type of pruning or in other words, the 

number of remaining winter buds and the configuration of the vegetative and reproductive growth 

within the confines of the trellis system. Briefly: number of buds left at winter-pruning is 

“correlated” with the number of shoots, leaves and bunches formed during the next year. Shoot 

length, internode length, leaf size and bunch mass are correlated inversely to the number of 

remaining winter buds. Or: things therefore get smaller, but more numerous when winter bud 

number is increased. However, some interesting deviations from the “normal” descriptions have 

been found; e.g. that Botrytis cinerea occurrence is more pronounced in alternative pruned vines, 

compared to manual spur pruned vines. Main reasons for this might be the changed spatial 

distribution of bunches on the vine, changes in the canopy structure with impact on the canopy 

microclimate, and the later ripening and sugar accumulation of the berries. Together with the risk 

of berry-sunburn (having some bunches over-exposed to direct sunlight, while others do not get 

any direct radiation), this seems to be the main hazards for producing healthy grapes. The high 

yield per plant and hectare does not seem to have a negative impact on berry health.  

 

Mechanical and minimal pruning seemed to produce berries with lower acidity levels, increased 

pH and less skin anthocyanins in the red variety, which can be seen as not favourable for wine 

quality. Winery image and fewer possibilities for the viticulturist to interfere in vine growth and 

manage the canopy, might help to explain why there are not many alternative pruned vineyards 

with yields of 20t/ha or more known to produce high quality grapes and premium wines. Vine 

performance under changed pruning systems depends also on the grapevine variety; some seem to 

be better adapted to alternative pruning systems than others. Main hazards are the sensitivity to 

fungal diseases (e.g. Chenin blanc was difficult to ripen without having huge problems with 

Botrytis cinerea infection).         

 

Apart from these observations it was found that the grapevine is prone to favour berry 

development rather than shoot growth in cases where winter pruning is less severe. There were 

changes in the source:sink relationship and carbon allocation as well as plant biomass 

development. Alternative pruned vines produced more yield per hectare and this yield comprised 

a higher percentage berry mass than rachis mass. Rachis development seemed to be affected by 

the changes in carbon allocation, as rachis length is not reduced in the same proportion than 

rachis mass.    

 

 

 

It was observed that several parameters correlated with each other, indicating that the grapevine 

senses and responds in a precise way to winter pruning and number of remaining buds. Some 
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correlations described in this thesis, such as shoot length and yield, may be used in future to 

introduce new ratios to check if the vegetative and reproductive growth of a vine is in balance.  

 

Using several measured parameters from this experiment as inputs, it was possible to discriminate 

among the three pruning systems. Because the grapevine responds with significant differences in 

many parameters to the different pruning methods, it may be possible to introduce in future a 

model which is able to explain and predict grapevine response to a certain pruning level. Having 

such a model could help to optimize the pruning method and number of remaining winter buds of 

single vineyards or blocks according to the production goal.   

 

As shown in this study, almost no parameter or ratio is stable when changing pruning system; 

this shows how difficult it is to impose absolute numbers and use them as a recipe for taking the 

right decisions in different situations in the vineyards. They can be helpful to get an idea about 

the balance of a grapevine or to compare different vineyards, but observation and experience 

should still be important skills of each viticulturist.   
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Annex 

 
 

Table 1. Effect of pruning method  on yield parameters of Chardonnay, Sauvignon blanc, Chenin blanc and Sy rah grown in Robertson - South 
Africa. 

 Chardonnay Sauvignon blanc Chenin blanc Syrah 

Parameters man mec min man mec min man mec min man mec min 

Bunches/vine  29.7 c 118.1 b 245.6 a 32.0 c 122.7 b 152.7 a 
       19,1 
c 

       
87,5 b 

     159,8 
a 32.8 c 92.9 b 122.3 a 

% change 100% +298% +728% 100% +284% +378% 100% +358% +736% 100% +183% +273% 

Yield/vine (kg) 4.1 b 11.4 a 13.0 a 4.9 b 8.9 a 8.1 a 
         4,1 
b 

       
10,9 a 

       12,5 
a 4.8 b 10.1 a 9.8 a 

% change 100% +181% +220% 100% +84% +67% 100% +168% +207% 100% +112% +106% 

Yield (t/ha) 9.0 b 25.4 a 28.9 a 10.8 b 19.9 a 18.0 a 
         9,0 
b 

       
24,2 a 

       27,8 
a 10.6 b 22.4 a 21.8 a 

% change 100% +181% +220% 100% +84% +67% 100% +168% +207% 100% +112% +106% 

Yield/shoot (g) 218.7 a 160.5 b 81.7 c 300.0 a 144.3 b 48.0 c 261.3 a 193.3 b 68.9 c 326.7 a 194.6 b 104.8 c 

% change 100% -27% -63% 100% -52% -84% 100% -26% -74% 100% -40% -68% 

Bunch/shoot 1.58 a 1.51 a 1.08 b 1.71 a 1.42 b 0.95 c 1.09 a 1.18 a 0.81 b 2.08 a 1.59 b 1.31 c 

% change 100% -5% -32% 100% -17% -45% 100% +8% -26% 100% -23% -37% 
 

*  Means within rows designated by different letters are significantly different by the Student–Newman–Keuls test with p ≤ 0.05.    
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Table 2. Effect of pruning method on bunch and berr y characteristics of Chardonnay, Sauvignon blanc, C henin blanc and Syrah grown in 
Robertson - South Africa. 

 Chardonnay Sauvignon blanc Chenin blanc Syrah 

Parameters man mec min man mec min man mec min man mec min 

bunch mass (g) 138.4 a 105.1 b 75.6 c 173.0 a 102.4 b 50.1 c 233.9 a 165.4 b 85.4 c 159.8 a 122.5 b 79.8 c 

% change 100% -24% -45% 100% -41% -71% 100% -29% -63% 100% -23% -50% 

bunch volume (ml) 124.1 a 96.6 b 68.8 c 163.8 a 95.3 b 46.7 c 230.2 a 160.6 b 80.2 c 146.0 a 108.8 b 71.7 c 

% change 100% -22% -45% 100% -42% -71% 100% -30% -65% 100% -25% -51% 

berry mass (g) 1.37 b 1.51 a 1.29 b 1.71 a 1.75 a 1.74 a 1.63 a 1.58 a 1.70 a 1.70 a 1.50 b 1.34 b 

% change 100% +10% -6% 100% +2% +2% 100% -3% +5% 100% -12% -21% 

berry volume (ml) 1.51 ab 1.54 a 1.41 b 1.99 a 1.94 a 1.82 a 2.02 a 1.94 a 1.89 a 1.73 a 1.57 b 1.37 c 

% change 100% +1% -7% 100% -2% -8% 100% -4% -6% 100% -9% -20% 

berries/ bunch 96.3 a 66.4 b 54.0 c 95.8 a 56.7 b 24.4 c 141.5 a 86.5 b 44.4 c 93.8 a 77.9 b 56.7 c 

% change 100% -31% -44% 100% -41% -75% 100% -39% -69% 100% -17% -40% 
 

*  Means within rows designated by different letters are significantly different by the Student–Newman–Keuls test with p ≤ 0.05.    
 
Correlation coefficients for: 

bunch mass and bunch volume: Chardonnay r2 = 0.95; S. blanc r2 = 0.99; C. blanc r2 = 0.98; Syrah r2 = 0.99. 
berry mass and berry volume: Chardonnay r2 = 0.43; S. blanc r2 = 0.08; C. blanc r2 = 0.01 Syrah r2 = 0.32.  
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Table 3a. Effect of pruning method  on rachis characteristics  of Chardonnay, Sauvignon blanc, Chenin blanc and Sy rah grown in Robertson - South 
Africa. 

 Chardonnay Sauvignon blanc Chenin blanc Syrah 

Parameters man mec min man mec min man mec min man mec min 

rachis mass (g) 7.6 a 4.7 b 3.7 b 9.6 a 5.6 b 2.5 c 14.0 a 9.3 b 3.4 c 7.7 a 5.4 b 3.5 c 

% change 100% -39% -52% 100% -42% -74% 100% -34% -76% 100% -30% -55% 

rachis volume (ml) 7.2 a 4.3 b 3.2 c 8.9 a 5.0 b 2.1 c 12.0 a 8.0 b 3.0 c 7.1 a 4.9 b 3.3 c 

% change 100% -41% -56% 100% -44% -77% 100% -34% -75% 100% -31% -53% 

rachis length (cm) 9.22 a 9.33 a 8.24 b 10.83 a 9.22 b 5.93 c 13.19 a 13.76 a 9.23 b 14.40 a 14.65 a 11.46 b 

% change 100% +1% -11% 100% -15% -45% 100% +4% -30% 100% +2% -20% 
 
*  Means within rows designated by different letters are significantly different by the Student–Newman–Keuls test with p ≤ 0.05.    

 
 

Table 3b. Effect of pruning method  on berry and rachis parameters  of Chardonnay, Sauvignon blanc, Chenin blanc and Sy rah grown in Robertson - 
South Africa. 

 Chardonnay Sauvignon blanc Chenin blanc Syrah 

Parameters man mec min man mec min man mec min man mec min 

g fruit/cm rachis 14.1 a 10.8 b 8.8 c 15.0 a 10.5 b 8.1 c 17.1 a 11.7 b 8.8 c 10.5 a 8.0 b 6.6 c 

% change 100% -24% -38% 100% -30% -46% 100% -32% -49% 100% -24% -37% 

nr of berries/cm rachis 10.4 a 7.1 b 6.6 b 8.8 a 6.1 b 4.2 b 11.0 a 6.4 b 4.8 b 6.4 a 5.3 b 4.9 b 

% change  100% -31% -37% 100% -31% -53% 100% -42% -57% 100% -18% -24% 

g fruit/g rachis 18.2 b 21.7 a 19.8 ab 18.8 a 17.4 a 18.8 a 16.3 b 18.0 b 24.4 a 20.4 a 21.7 a 22.1 a 

% change 100% +19% +9% 100% -7% 0% 100% +10% +50% 100% +6% +8% 
 
*  Means within rows designated by different letters are significantly different by the Student–Newman–Keuls test with p ≤ 0.05.   
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Table 4a. Effect of pruning method on primary shoot characteristics  of Chardonnay, Sauvignon blanc, Chenin blanc and Sy rah grown in Robertson 

– South Africa. 
 

 Chardonnay Sauvignon blanc Chenin blanc Syrah 

Parameters man mec min man mec min man mec min man mec min 

shoot length (cm) 99.29 a 95.41 a 36.02 b 125.88 a 112.30 a 54.51 b 95.69 b 108.54 a 40.73 c 
109.63 

a 119.31 a 
64.94 

b 

% change 100% -4% -64% 100% -11% -57% 100% +13% -57% 100% +9% -41% 

number of internodes 20.63 a 22.40 a 14.84 b 20.49 b 22.60 a 18.25 c 18.03 a 20.12 a 13.11 b 13.24 b 17.48 a 
14.81 

b 

% change 100% +9% -28% 100% +10% -11% 100% +12% -27% 100% +32% +12% 

internode length (cm) 4.98 a 4.34 b 2.45 c 6.15 a 5.00 b 3.00 c 5.36 a 5.52 a 3.18 b 8.30 a 6.87 b 4.49 c 

% change 100% -13% -51% 100% -19% -51% 100% +3% -41% 100% -17% -46% 
 
*  Means within rows designated by different letters are significantly different by the Student–Newman–Keuls test with p ≤ 0.05.    

 
 
 
 
Table 4b. Effect of pruning method  on secondary shoot characteristics of  Chardonnay, Sauvignon blanc, Chenin blanc and Syrah  grown in Robertson 

– South Africa .  
 

 Chardonnay Sauvignon blanc Chenin blanc Syrah 

Parameters man mec min man mec min man mec min man mec min 

shoot length (cm) 9.85 a 3.59 b 2.20 b 14.96 a 7.08 b 3.11 c 23.86 a 13.72 b 8.53 b 19.56 a 7.48 b 5.04 b 

% change 100% -63% -78% 100% -53% -79% 100% -42% -64% 100% -62% -74% 

number of internodes 3.66 a 2.27 b 1.89 b 4.06 a 3.08 b 1.99 c 6.35 a 4.54 b 4.35 b 4.45 a 2.50 b 2.01 b 

% change 100% -38% -48% 100% -24% -51% 100% -28% -31% 100% -44% -55% 

internode length (cm) 2.66 a 1.64 b 1.21 c 3.73 a 2.28 b 1.42 c 3.80 a 2.95 b 1.84 c 4.43 a 2.95 b 2.42 b 

% change 100% -38% -54% 100% -39% -62% 100% -22% -52% 100% -33% -45% 
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*  Means within rows designated by different letters are significantly different by the Student–Newman–Keuls test with p ≤ 0.05.    
 
 
 
 
 
 
 
Table 5. Effect of pruning method on  total (primary and secondary) shoot  characteristics of Chardonnay, Sauvignon blanc, Che nin blanc and Syrah 

grown in Robertson – South Africa. 

 Chardonnay Sauvignon blanc Chenin blanc Syrah 

Parameters man mec min man mec min man mec min man mec min 

nr main shoots/ vine 27,2 c 73,7 b 110,9 c 26,3 c 65,5 b 110,5 a 24,5 c 75,7 b 107,2 a 22,9 c 63,6 b 97,5 a 

% change 100% +171% +309% 100% +149% +320% 100% +209% +338% 100% +177% +325% 

number of laterals/ main 12.1 a 12.9 a 3.5 b 15.1 a 11.4 b 5.0 c 14.5 a 6.0 b 2.2 c 12.0 a 8.0 b 3.1 c 

% change 100% +7% -71% 100% -24% -67% 100% -59% -85% 100% -34% -74% 

lateral shoot length/ main 117.0 a 45.9 b 7.5 c 227.1 a 78.5 b 10.8 c 328.3 a 69.7 b 16.5 c 227.0 a 55.7 b 15.1 c 

% change 100% -61% -94% 100% -65% -95% 100% -79% -95% 100% -75% -93% 

total shoot length 216.3 a 141.3 b 43.5 c 353.0 a 190.8 b 65.3 c 424.0 a 178.3 b 57.2 c 336.6 a 175.0 b 80.1 c 

% change 100% -35% -80% 100% -46% -81% 100% -58% -87% 100% -48% -76% 

% lateral shoot length  53.0 a 32.3 b 16.7 c 62.4 a 39.8 b 16.4 c 76.3 a 36.3 b 27.6 c 66.1 a 31.3 b 18.7 c 

% change 100% -39% -68% 100% -36% -74% 100% -52% -64% 100% -53% -72% 
 
Means within rows designated by different letters are significantly different by the Student–Newman–Keuls test with p ≤ 0.05.    
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Table 6a. Effect of pruning method  on primary shoot leaf characteristics of Chardonnay, Sauvignon blanc, Chenin blanc and Sy rah grown in Robertson – 
South Africa.  

 

 Chardonnay Sauvignon blanc Chenin blanc Syrah 

Parameters man mec min man mec min man mec min man mec min 
number of leaves/ 
shoot 14.2 ab 16.7 a 11.9 b 14.7 ab 13.7 b 16.6 a 12.8 b 15.8 a 10.9 c 9.4 b 13.7 a 11.9 a 

% change 100% +18% -16% 100% -7% +13% 100% +24% -15% 100% +45% +27% 

leaf size (cm2) 106.3 a 93.6 b 52.8 c 150.2 a 107.7 b 56.8 c 113.1 a 90.5 b 54.6 c 161.6 a 116.8 b 74.5 c 

% change 100% -12% -50% 100% -28% -62% 100% -20% -52% 100% -28% -54% 

LA / shoot (cm2) 1470 a 1520 a 604 b 2125 a 1449 b 934 c 1435 a 1411 a 595 b 1502 a 1583 a 886 b 

% change 100% +3% -59% 100% -32% -56% 100% -2% -59% 100% +5% -41% 
 
*  Means within rows designated by different letters are significantly different by the Student–Newman–Keuls test with p ≤ 0.05.    

 
 

Table 6b. Effect of pruning method  on secondary shoot leaf characteristics  of Chardonnay, Sauvignon blanc, Chenin blanc and S yrah grown in Robertson – South 
Africa .  

 

 Chardonnay Sauvignon blanc Chenin blanc Syrah 

Parameters man mec min man mec min man mec min man mec min 
number of leaves/ 
shoot 4.2 a 2.7 b 2.7 b  5.1 a 4.4 a 3.5 b 6.8 a 5.7 a 5.5 a 4.6 a 2.8 b 3.0 b 

% change 100% -36% -34% 100% -14% -31% 100% -16% -20% 100% -40% -34% 

leaf size (cm2) 46.4 a 33.6 b 20.3 c 62.6 a 43.2 b 23.3 c 54.7 a 43.6 b 26.8 c 99.5 a 48.8 ab 43.1 b 

% change 100% -28% -56% 100% -31% -63% 100% -20% -51% 100% -51% -57% 

LA / shoot (cm2) 194.6 a 91.1 b 54.7 c 321.4 a 197.7 b 87.3 c 367.2 a 252.7 b 154.5 b 434.0 a 134.2 b 124.1 b 

% change 100% -53% -72% 100% -38% -73% 100% -31% -58% 100% -69% -71% 
 
*  Means within rows designated by different letters are significantly different by the Student–Newman–Keuls test with p ≤ 0.05.    
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Table 7. Effect of pruning method  on lateral leaf area per main shoot, total shoot le af area, % lateral leaf area and leaf area per yiel d of Chardonnay, Sauvig non blanc, 
Chenin blanc and Syrah grown in Robertson - South A frica.  

 Chardonnay Sauvignon blanc Chenin blanc Syrah 
Parameters man mec min man mec min man mec min man mec min 

total shoot LA (cm2) 3782 a 2655 b 785 c 7058 a 3538 b 1243 c 6510 a 2696 b 893 c 6212 a 2580 b 1271 b 

% change 100% -30% -79% 100% -50% -82% 100% -59% -86% 100% -58% -80% 

lateral shoot LA (cm2) 2313 a 1136 b 181 c 4933 a 2090 b 309 c 5075 a 1285 b 298 c 4710 a 997 b 384 b 

% change 100% -51% -92% 100% -58% -94% 100% -75% -94% 100% -79% -92% 

% lateral LA on total LA 60.2 a 42.1 b 22.8 c 68.6 a 57.0 b 24.6 c 76.8 a 44,8 b 32.1 c 72.0 a 38.6 b 30.3 c 

% change 100% -30% -62% 100% -17% -64% 100% -42% -58% 100% -46% -58% 

Total LA/yield (cm2) 18.9 a 18.1 a 9.9 b 25.0 a 25.8 a 27.6 a 32.5 a 16,8 b 13.9 b 18.6 a 13.7 b 13.0 b 

% change 100% -4% -48% 100% +4% +11% 100% -48% -57% 100% -26% -30% 

main LA/yield (cm2) 7.5 b 10.4 a 7.6 b 7.6 b 10.9 b 20.8 a 7.2 a 8,5 a 9.5 a 4.8 b 8.4 a 9.3 a 

% change 100% +39% +2% 100% +43% +174% 100% +17% +31% 100% +77% +94% 

lateral LA/yield (cm2) 11.5 a 7.7 b 2.2 c 17.3 a 15.0 a 6.8 b 25.2 a 8,3 b 4.4 b 13.8 a 5.3 b 3.8 b 

% change 100% -33% -80% 100% -14% -61% 100% -67% -82% 100% -62% -73% 
 
*  Means within rows designated by different letters are significantly different by the Student–Newman–Keuls test with p ≤ 0.05.    
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Table 8. Effect of pruning method  on main vein length, petiole length and leaf area o f leaves in different 

positions on shoots of Sauvignon blanc and Syrah gr own in Robertson - South Africa. 

 Sauvignon blanc Syrah 

Parameters man mec min man mec min 
main  basal leaf        

vein length (cm) 13.1 10.2 5.4 12.6 10.9 6.5 
% change 100% -22% -59% 100% -13% -48% 

petiole length (cm) 11.9 11.1 7.1 12.1 10.0 8.7 
% change 100% -6% -41% 100% -17% -28% 

leaf area (cm2) 173.1 134.2 59.9 189.4 140.7 82.1 
% change 100% -22% -65% 100% -26% -57% 

main apical leaf        
vein length (cm) 10.3 8.5 2.3 10.2 3.4 2.9 

% change 100% -17% -78% 100% -66% -71% 
petiole length (cm) 11.2 10.2 4.7 13.5 6.9 5.7 

% change 100% -9% -58% 100% -49% -57% 
leaf area (cm2) 191.5 149.2 29.3 224.6 59.7 39.9 

% change 100% -22% -85% 100% -73% -82% 
lateral basal  leaf        

vein length (cm) 7.9 6.3 3.3 9.8 5.8 5.6 
% change 100% -20% -58% 100% -41% -43% 

petiole length (cm) 9.3 7.9 4.4 9.5 8.0 7.6 
% change 100% -15% -52% 100% -16% -20% 

leaf area (cm2) 118.4 83.2 26.6 130.8 86.2 78.2 
% change 100% -30% -78% 100% -34% -40% 

lateral apical  leaf        
vein length (cm) 3.4 2.8  2.8 2.4 2.4 

% change 100% -18%  100% -13% -13% 
petiole length (cm) 6.3 5.5  5.3 5.2 5.0 

% change 100% -12%  100% -2% -5% 
leaf area (cm2) 48.8 40.8  38.6 35.7 31.2 

% change 100% -16%  100% -8% -19% 
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Table 9.  Effect of pruning treatment on different ratios and  viticultural parameters of Chardonnay, Sauvignon b lanc, Chenin blanc and Syrah grown in 

Robertson - South Africa 
 Chardonnay Sauvignon blanc Chenin blanc Syrah 
Parameters man mec min man mec min man mec min man mec min 
total LA/Y 18,9 18,1 9,9 25,0 25,8 27,6 32,5 16,8 13,9 18,6 13,7 13,0 
% 100% -4% -48% 100% 4% 11% 100% -48% -57% 100% -26% -30% 
LA/m cordon (m2/m) 6,6 11,9 5,9 11,9 15,5 9,2 10,6 13,6 6,5 7,8 10,8 8,2 
% 100% 80% -11% 100% 30% -23% 100% 28% -39% 100% 38% 5% 
Ravaz index 3,6 14,1   2,7 4,9   2,2 2,8   2,9 7,0   
% 100% 288%   100% 83%   100% 30%   100% 142%   
PW/m cordon (kg/m) 0,79 0,61   1,22 1,28   1,34 1,09   1,14 0,98   
% 100% -23%   100% 5%   100% -19%   100% -14%   
shoots/ m cordon 18,1 49,1 75,0 17,5 43,7 73,7 16,3 50,4 71,4 15,3 42,4 65,0 
% 100% 171% 314% 100% 149% 320% 100% 209% 338% 100% 177% 325% 
cane mass (g) 45,2 12,5   69,5 29,2   81,9 21,7   75,1 23,7   
% 100% -72%   100% -58%   100% -74%   100% -68%   
veg. growth/ Y 0,72 0,66 0,27 0,98 1,02 0,74 1,33 0,65 0,40 0,73 0,53 0,32 
% 100% -10% -63% 100% 4% -24% 100% -51% -70% 100% -27% -56% 
leaf mass/ Y 0,36 0,35 0,18 0,47 0,54 0,51 0,65 0,33 0,26 0,35 0,27 0,20 
% 100% -3% -50% 100% 15% 8% 100% -49% -60% 100% -24% -43% 
 

 
 
 
 
 
 
 
 
 
 


