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There are numerous direct and indirect ways to regulate the vegetative 

and productive activity of fruit trees. Pruning is among the techniques that 

most markedly influence the vigour and production of a plant. In the past, 

this practice was almost exclusively limited to operations carried out dur-

ing the period of vegetative rest, while today there is a tendency also for 

“green” interventions or interventions during the summer when the plant is 

fully active. New acquisitions in the field of plant physiology, in particular 

relative to the interception of light by the crown and the translocation of 

photosynthates in terms of the complex relationship which exists between 

source and sink, have given greater importance to green pruning and rec-

ognized its significant role.

This special issue has, thanks to the collaboration of internationally recog-

nized scholars, brought together a series of articles dedicated to green prun-

ing. After an initial introductive article, the topic is discussed in light of the 

most modern approaches with regard to the principal fruit species, giving 

attention to the most important techniques and problems present for each.

 Enrico Rinaldelli  
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1. Introduction

Yield and quality performance of fruit crops results 
from the co-ordinated and integrated functioning of sev-
eral components which constitute the “orchard system”. 
This system must be carefully assembled in all its com-
ponents in order to respond to the diverse environmental, 
social and economic constraints.

Designing the system means to define the physical ar-
rangement of the trees, their shape and all the agronomic 
practices to apply during the entire life span of the or-
chards. All the system components must be implemented 
at the time of the orchard design determining its basic 
traits such as planting density, training system, and scion 
and rootstock combination. In addition to these physical 
traits it is necessary to define the proper pruning strategy 
to be adjusted year by year to the chosen training system 
taking into account also the agronomic operations direct to 
the management of the soil root relationship.

Pruning is the basic tool to manipulate fruit tree archi-
tecture and behaviour in order to achieve economically 
sound crop yield and fruit quality. “Pruning” includes a 
very large and diversified number of operations involving 
the aerial organs and the root system, performed both dur-
ing rest and vegetative season (for a glossary of pruning 
terms see: Baldini and Scaramuzzi, 1962; Liebster and 
Pesserl, 1982; Ingels et al., 2002). Once the major traits of 
the orchard have been defined, the pruning strategy may 
then enter into discussion. The main objective in training 
fruit trees is the modulation of competition among the veg-
etative and reproductive parts of the tree, which essentially 

means the manipulation of the source-and-sink relation-
ships occurring in the plant taking into account other basic 
objectives such as light interception and distribution in the 
canopy, and biomass partition properly directed toward the 
fruits.

The relationships between pruning and processes of 
growth, fruit bearing and senescence assume a strategic 
relevance as almost every pruning operation affects the 
growth of a tree or its organs on either a short- or long-
term scale. Pruning is a very powerful tool but it cannot 
overcome the effects of basic mistakes in design and man-
agement of the orchard. The significance of the architec-
ture and growth traits of trees and their relationships with 
reproductive activities are essential to understanding how 
pruning may affect the functioning of the orchard system.

In this paper the principal aspects of plant architecture 
and growth relevant to pruning are examined; since “prun-
ing” includes many diverse operations, a large range of 
combinations of winter and summer pruning manipulations 
is possible and therefore their potential effects on tree be-
haviour are considered and explained in terms of the source-
and-sink relationship and competition among sinks.

A number of the references cited in this paper may seem 
dated, but it must be said that studies and experiments on 
pruning have recently become rare whereas during the 
1980s and ‘90s scientists, researchers and field experts 
paid great attention to this inalienable orchard manage-
ment practice. Italian contributions to the knowledge of 
the physiological and practical basis of pruning have been 
particularly important, as shown by fundamental papers 
and reference books on this topic (Dotti, 1949; Morettini, 
1963; Bargioni, 1992; Sansavini and Errani, 1998; Bran-
zanti and Ricci, 2001). It seems, however, useful to reas-
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sess these contributions in light of recent knowledge on 
the architecture and growth of trees.

2. Tree architecture

The identification of tree architecture traits is relevant 
to the pruning strategy. According to Costes et al. (2006) 
plant architecture includes two independent notions: 
branching and connection between plant units (topology), 
and the spatial location, orientation, size and shape of the 
vegetation elements (geometry). Tree architecture includes 
physical structures and physiological functions of fruit 
trees, and is therefore related to space and time aspects. 
The multilevel approach of the tree (whole tree, branch, 
leaf and fruit) should be stated and tree architecture should 
be described by canopy height, width and shape, by fruit-
ing and vegetative shoot types and their relative propor-
tions, spatial distribution, branching, and growth dynam-
ics. Canopy porosity or density should also be considered 
as light interception and distribution, and pest occurrence 
are concerned (Simon et al., 2007).

The orchard structure, function and production may be 
understood if, in addition to tree architecture, phenotypic 
plasticity and phenology are considered. Trees are modu-
lar organisms which develop by reiteration of elementary 
botanical elements whose anatomical, morphological, di-
mensional and functional traits change during ontogeny 
and accordingly to various life stages (Bathélémy and 
Caraglio, 2007). During ontogeny plant appearance var-
ies with form and/or structure and with temporal and/or 
topological changes and, therefore, it is of high practical 
relevance to orchard design and management (Fig. 1).

Tree architecture depends on the nature and relative ar-
rangement of each of the tree’s parts. At any given time, 
the architecture is a result of equilibrium between inter-
nal growth events and external environmental constraints. 
Pruning must take into account this natural fact and hence 
it must follow the natural behaviour of the fruit tree and 
direct it toward the desired economic goals.

The main morphological traits used in describing tree 
architecture are the growth processes, branching modalities, 
morphological differentiation of axes and location of the re-
productive structures (Barthélémy and Caraglio, 2007).

Growth processes. Organogenesis and extension are 
two distinct but co-ordinated morphogenetic events that 
result in the primary growth of a plant. These events basi-
cally determine the stem of a plant, which can be consid-
ered a succession of internodes and nodes, on which a leaf 
(or leaves) and axillary bud (or buds) are located; the node 
and the subtending internode represent the basic structural 
unit of the plant body (metamer or phytomer).

A tree, whatever its final size, is initially formed by the 
activity of at least two primary meristems, one to develop 
the aerial part and one the root system, but the subsequent 
increment in diameter of woody axes (aerial and subterra-
nean) is determined by the activity of secondary meristems.

In many species, the apex of the aerial axes may ab-
scise or abort after a time of functioning or it may shift 

into reproductive structure or other organs: this behaviour 
is defined as determinate growth. On the other hand, when 
the apical meristem of the axes maintains indefinitely its 
growth potential, an indeterminate growth (or extension of 
the axis) occurs. 

Continuous growth occurs when a shoot does not show 
a marked endogenous cessation of extension, a case usu-
ally occurring in uniform equatorial climates or environ-
ments. When a shoot shows marked endogenous exten-
sion periodicity and cessation, rhythmic growth occurs. 
Rhythmic extension of leafy shoots is the typical pattern 
of deciduous fruit trees in which meristem activity shows 
an alternation of periods of rest and of active extension. 
The rest period marks on an axis portion a zone of short 
internodes and/or cataphylls corresponding to the protec-
tive organs of the bud from which the axis derives. Rhyth-
mic growth of the stem may combined with continuous 
or more frequently with a rhythmic organogenesis pattern.

Preformation and neoformation. When metamers and 
organs of a shoot are already present in the bud before the 
elongation of the axis deriving from it, the shoot is called 
preformed. In other cases, more metamers and organs than 
those included in the bud appear on the shoot and are neo-
formed by the apical meristem. Fruit trees show a strong 
polymorphism in axis development (Costes et al., 2006) 
(Fig. 2). Preformed shoots are usually short axes (brachy-
blast) which after bud burst elongate slightly due to the exten-
sion of the preformed metamers. In horticulture short shoots 
are referred to different names according to the species and 
to their reproductive or vegetative structures. In stone fruit 

Fig. 1 - �Evolution of the tree crown during plant life (from Hilken-
bäumer, 1953).
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species, they are called ‘leaf rosettes’ or ‘clusters’ if they 
bear, respectively, only leaves or an apical vegetative bud 
and a variable number of lateral flower buds. In pome fruit 
species, the short preformed shoots are called ‘dards’ when 
they are vegetative or ‘spurs’ when they bear also flowers 
(Fig. 2). In many fruit species (cherry, apple and pear trees 
in particular) the spurs can be one-year-old brachyblasts or 
consist of a perennial set of branched shoots, which have 
all remained brachyblasts. Longer shoots may be also pre-
formed (mesoblasts) and in this case their limited length 
derives only from the elongation of internodes; mesoblasts 
can carry only vegetative buds or carry some lateral flower 
buds (stone fruits) or an apical fruit bud (pome fruits) and, 
in any case, are called ‘brindles’(Fig. 2). Preformation and 
neoformation can also be combined to produce much longer 
shoots (auxiblasts) in fruit trees; they are usually vegetative 
axes in pome fruits (Fig. 2), whereas in stone fruits they can 
bear numerous lateral flower buds as in peach tree. 

Branching process. The complex architecture of a tree 
consists of several axes, one derived from another by re-
petitive processes (Fig. 3). The branching process is based 
on axillary meristems located just beside the initiated leaf 
at a node. More than one axillary bud may be found at the 
axil of a leaf as in the case of mixed shoots of peach trees 
or other stone fruit species.

The branching pattern of an axis can be monopodial or 
sympodial according to its indeterminate or determinate 
growth pattern, respectively. In the case of a sympodial 
pattern, one, two or more branches may develop after the 
death, abscission or transformation of the apex. In fruit 
trees one or two branches arise more commonly. Rectilin-
ear stems may be composed of a succession of metamers 
or growth units or annual shoots, all produced by a single 
meristem or by a linear succession of sympodial modules 
(Barthélémy and Caraglio, 2007).

Continuous branching occurs when all the axillary 
meristems of a stem develop into lateral shoots; rhythmic 
branching occurs when lateral axes are grouped as distinct 
tiers with an obvious regular alternation of unbranched 
and branched nodes on the parent stem. Branching may be 
diffuse if only some nodes of the parent axis bear a lateral 

axis or if a regular distribution of branches in tiers is no 
evident.

Acrotony, basitony and mesotomy. The positional pref-
erential development of lateral branches on a vertical par-
ent axis may be classified into three categories. Acrotony 
is the prevalent development of lateral axes in the distal 
part of the parent axis or shoot, whereas basitony consists 
in the prevalent development of branches on the proximal 
part; mesotony is used to denote a privileged development 
of branches in the middle part of the axis. The topologi-
cal arrangement of lateral branches along a parent axis is 
often associated with an increasing or decreasing gradi-
ent in length and/or vigour of the branches. In fruit trees, 
all three categories of lateral axis development are present 
with some variations even in the same species. The topo-
logical arrangement of branches in the tree crown can be 
strongly modified by pruning.

Hypotomy, epitomy and amphitomy. Considering that 
an axis may diverge from the vertical, the privileged ar-
rangement of lateral axes on a parental axis is very differ-
ent if this is horizontal, curved or slanted. The privileged 
zone may be the upper, lateral or basal position of the par-
ent axis and the terms are respectively epitony, amphito-
ny and hypotomy (Fig. 4). In many fruit trees epitony is 

Fig. 2 - �Polymorphism of the axes on an apple branch. Left: S (brachy-
blast) and BS (brachyblast on a bourse) and BR (mesoblast) are 
preformed shoots, LS (auxiblast) are preformed and neoformed 
shoots. Right: Long shoot, brindles and spurs on a bourse.

Fig. 3 - �Evolution of a one-year axis (A) into two-year (B) and three-
year (C) branches.

Fig. 4 - �Development of lateral axes on an axis. Slanted parent axis of 
peach tree (left) and curved parent axis of apple tree (right).
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a very common feature (Costes et al., 2006), it is often 
associated with the survival of old branches in old trees 
(Fig. 5). Hypotomy is characterized by a privileged devel-
opment of lateral axes in the curvature zone of a branch. 
Amphitony occurs frequently on rectilinear horizontal or 
slightly slanted branches. The latter two features may be 
combined in slanted and curved branches and their inci-
dence in the expansion of lateral branch complexes is of 
the outmost importance in the aerial architecture of many 
woody plants. Amphitony is a frequent behaviour in recti-
linear branches while epitony and hypotony are character-
ized by the predominant development of lateral axes on 
the convex side of the curved, downwardly- or upwardly-
oriented branches. As they are highly influenced by axis 
orientation, these branching features are frequently com-
bined with topological arrangement along axes (acrotony, 
basitony, mesotony) and these combinations can strongly 
influence the bud fate according to their topological posi-
tion and space orientation within the tree canopy.

Polymorphism of axes. The orientation of an axis and 
the spatial disposition of its leaves are of major importance 
in the growth strategy of a  tree. Within a single tree, some 
of these axes are essential in plant skeleton edification; 
some are involved in space exploration whereas others are 
more directed toward reproductive function or light inter-
ception and photosynthesis. The differentiation of axes 
and bud fate may be highly specialized and very different 
structures (i.e. flowers, inflorescences, spine, shoot, etc.) 
may be found in a single leaf axil and in a precise position, 
but the differentiation of an axis may not be an irrevers-
ible process. Depending on modifications of internal or ex-
ternal conditions or after architectural traumatism or ma-

nipulation (pruning), reversion of axis differentiation may 
frequently occur, indicating that shoot differentiation and 
bud fate are controlled by a whole plant network of corre-
lated and environmental conditions. The polymorphism of 
axes is common in fruit trees and represents a morphologi-
cal differentiation determined by meristem expression and 
activity. It is common that several types of axis coexist on 
the same individual tree. However axis specialization is 
very significant when a tree is trained and pruned for fruit 
production since in this tree a balanced distribution among 
skeleton axes, reproductive axes and vegetative axes used 
for renewal fruiting shoots (Fig. 6) must be found.

Orthotropy, plagiotropy, and mixed axes. Orthotropic 
axes are generally erect to vertical with a radial symmetry, 
bear leaves in spiral, opposite or verticillate disposition, 
and lateral axes in all spatial directions; orthotropy is gen-
erally associated with plant skeleton edification and the 
colonization or exploration of vertical space. By contrast, 
horizontal to slanted oriented axes (plagiotropy) show a 
bilateral symmetry with distichous phyllotaxis and lateral 
axes arranged in one plane; plagiotropy is generally con-
cerned with exploration and exploitation of the horizontal 
space and reproductive functions.

In many trees an axis may present an orthotropic prox-
imal portion and a plagiotropic distal end or vice versa. 
The superimposition of such “mixed axes” is a distinctive 
feature of trunk edification in trees, but it can be strongly 
manipulated by pruning (Fig. 7).

The position of sexuality and reproductive organs 
can be terminal or lateral and the onset of these organs 
involves dramatic changes in the architecture of the trees 
because its impact on plant growth and branching. The lat-
eral or terminal position of reproductive organs is of great 
relevance for the orientation of the axis that supports the 
organs (Fig. 8).

Fig. 5 - �Evident epitomic behaviour in an old apple tree (from Liebster 
and Pesserl, 1982).

Fig. 6 - �In the tree canopy the polymorphims of axes is differently lo-
cated. In some parts vegetative structures prevail and in others 
reproductive structures are predominant (redrawn from Hilken-
bäumer, 1953).
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Architectural model. The growth pattern of a fruit tree 
species which determines the successive architectural 
phases must be taken into account if a proper and specific 
training and pruning is to apply to the trees. The architec-
tural model derives from an inherent strategy that defines 
both the manner, in which the plant elaborates its form, and 
the resulting structure. The model results from the nature 
and the sequence of activity of endogenous morphogenetic 

processes as determined by the basic growth program on 
which the entire architecture is established and realized 
under the environmental and cultivation constraints.

A particular combination of simple morphological 
features may identify typical architectural models: a) the 
growth pattern (determinate vs. indeterminate growth; 
rhythmic vs. continuous growth); b) the branching pattern 
(terminal vs. lateral branching vs. no branching; mono-
podial vs. sympodial branching; rhythmic vs. continuous 
vs. diffuse branching; immediate vs. delayed branching; 
c) the morphological differentiation of axes (orthotropic 
vs. plagiotropic vs. axes with orthotropic and plagiotropic 
portions); d) the position of reproductive structures (lateral 
vs. terminal fruiting) (Barthélémy and Caraglio, 2007).

The tree architecture can be considered a hierarchical 
branched system in which the axes are grouped into catego-
ries according to their morphological, anatomical or distinc-
tive functional features. This branch system, even if very 
complex, is composed of a simple sequence of axes charac-
terizing its basic architecture. The simple architectural unit 
lasts during the whole life span of some tree species while in 
most trees it is possible to recognize repeated architectural 
units during their development, late in ontogeny, or under 
particular conditions. This process is called “reiteration”; 
more precisely it is a morphogenetic process through which 
the tree duplicates its own elementary architecture. This 
process may be demonstrated in several structures such as 
water shoots, root suckers, etc. These reiterated structures 
may derive from dormant meristems and in this case are 
called proleptic or delayed. In other cases, reiteration may 
be a consequence of a shift in the functioning of the api-
cal meristem of a growing shoot that will finally produce 
a less differentiated structure; in this case, the reiteration is 
described as sylleptic or better immediate.

The trees develop by the repetition of elementary 
construction units conforming to their model and a dif-
ferentiation sequence in the activity of their whole set 
of meristems. The specific and exact structure of a par-
ticular organ in a given location within the architecture of 
the tree may be considered as the result of a complex of 
several ontogenetic and morphogenetic factors that influ-
ences all plant organization levels, at each stage of plant 
development and during its whole life span. Although 
environmental factors may modulate these sequences of 
differentiation, they almost never modify the inherent 
morphogenetic and ontogenetic constructional project of 
the plant organization. This is also true for horticultural 
manipulations such as training and pruning, confirming 
that it is advisable to follow the fruit tree’s development 
without radically changing its vegetative and reproductive 
behaviour. In other words, the branching order of an axis 
must be respected since the higher the order, the higher 
its degree of differentiation. When the architecture of a 
branched tree must be manipulated, the modification must 
be carefully considered according to the specific branch-
ing pattern, gradients (acrotony, basitony, mesotony) and 
the axis spatial orientation and/or geometry (hypotony, 
epitony, amphitony). In a given plant species, or even in a 

Fig. 7 - �The relative location of vegetative and reproductive activities 
may be changed by variations of growth direction of axes im-
posed by pruning.

Fig. 8 - �Natural variation in growth direction of a pear brindle with an 
apical fruit bud (from Grisvard, 1957).
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single tree, very different situations may be observed: at a 
given stage of development, homologous botanical struc-
tures with different features coexist on the same individual 
(e.g. short vs. long shoots or reproductive vs. vegetative 
shoots) whereas, by contrast, similar elementary structures 
with the same morphological features (short shoots with 
vegetative or reproductive features) may be observed in 
very different plant ages or stages of development.

This may be defined as the physiological age of the 
meristem, which may generally be characterized by a par-
ticular combination of several morphological, anatomi-
cal and/or functional attributes of a given plant structure 
derived from this meristem. The physiological age of the 
meristem depends on its location in the plant architecture 
and on the stage of development of the plant; its expres-
sion may be modulated by environmental factors and ob-
viously by cultural practices, particularly by pruning (Fig. 
9). The physiological age of a meristem relates to the de-
gree of differentiation of the structure it produces. Typical 
features of the physiologically aged structures are, for ex-
ample, the short axes of many trees: growth units are short, 
bear flowers and may have a short lifetime. These highly 
differentiated axes may be considered physiologically old 
whatever their moment of appearance. By contrast, main 
axes consisting of vigorous growth units and/or annual 

shoots may be considered physiologically young products 
and generally appear only in young trees or in strongly 
pruned fruit trees. Identification of meristem age of is very 
important in order to understand the comprehensive archi-
tecture of a plant or even its plasticity, i.e. the effects of the 
environment and/or of cultivation practices on its develop-
ment and structure (phenotypic plasticity).

3. Tree growth

The growth of a living being means the irreversible in-
crease of dry matter, and more currently the term is used 
for any positive variation in shape, size or fresh weight 
of an individual or a part of it. Trees are characterized by 
secondary growth processes and by a continuous forma-
tion of woody tissue, part of which is non-living biomass. 
The woody part has the essential functions of tree support, 
sap transport, and storage of water, nutrients and carbohy-
drates. From the stand point of modern horticulture, trees 
of large size are not desirable because they invest a large 
part of energy and resources in building up and maintain 
their woody frame. The growth rate of the whole tree is of 
great economic meaning since it determines, in addition 
to dry matter accumulation, other important events such 
as the overcoming of juvenility (if the tree develops from 
a seed), the duration of the initial low productivity stage, 
and the acquisition of high fruiting and competing capabil-
ity. Practically speaking, in a grafted fruit tree a fast initial 
growth rate is an economic advantage for rapidly attaining 
its definitive size, which in modern fruit trees should be as 
small as possible in order to realize a high ratio between 
fruit load and woody frame (Bargioni, 1988).

Tree growth (i.e. permanent increase of dry matter) is 
balanced between the development of new leaves and new 
roots. The new leaves exert a positive feedback on the as-
similate production and similarly the new roots a positive 
feedback on absorption of more water and nutrients. 

At the beginning of a tree’s life, the major part of as-
similates produced by the leaves is invested in the con-
struction of the root system. As long as the root system 
does not achieve an adequate size to supply a sufficient 
amount of water and nutrients, the reproductive potential 
of the tree remains zero or extremely low. During matu-
rity the canopy-root ratio is relatively stable and fruiting is 
kept more or less constant. When the tree attains a given 
size, the costs of maintaining the structure become very 
high and fewer and fewer resources are available to sustain 
root system growth, since its competition potential is weak 
in relation to other plant organs, particularly fruits. Less 
water and nutrients are then available to the crown, reduc-
ing net photosynthesis and assimilate potential and, as a 
consequence, senescence of the tree is triggered. The net 
investment of the various resources which enter in and exit 
out of the tree and partition of the biosynthesis products 
are two important determinants of the balanced growth of 
a tree. Water, nutrients, carbohydrates, organic acids, lip-
ids, proteins, hormones etc. may be utilized in different 

Fig. 9 - �Formation of lateral axes of different types and ages on an 
apple tree branch pruned according to the various pruning crite-
ria used in four training systems, which diverge from the natu-
ral behaviour very little (A) to very much (D) (redrawn from 
Hilkenbäumer, 1953).
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ways and times in relation to the physiological balance of 
the tree. The amount and partition of photosyntates gives 
a good indication of the growth potential of the tree or of 
its organs because they are the source of energy which can 
be used at the time or stored. Source-sink interactions, that 
is the transitory destination of assimilates and their final 
partition, determine the rate and expression of the relative 
growth of the plant organs and therefore the architecture 
and size of the tree.

The aim of tree and orchard management is to chan-
nel the major part of assimilates toward the reproductive 
structures, limiting that directed toward other plant organs 
without affecting the functioning of the whole system.

Individual tree architecture can vary greatly based 
on the growth strategy of the plant but can be modified 
by the environment and cultivation conditions (pheno-
typic plasticity). An example related to orchard design 
is the competitive stress induced by planting density 
(Fig. 10). In comparison to a widely spaced popula-
tion, closely spaced tree populations have a more lim-
ited volume of soil available for the individual root sys-
tems and thus fewer resources are supplied to the tree 
canopy. With close spacing, individual trees are smaller 
and less branched, but the ratio between fruits and woody 
structure (or volume of the crown) is higher than in in-
dividuals in a widely spaced population. Not all plant 
characters are affected equally by the competitive stress, 
and some effects tend to be species- and environment-
specific (Cannel, 1983). Light interception and distribu-
tion in the canopy may play a concomitant role in plant 
growth; in the tree canopy the behaviour at high incident 
irradiance depends on the degree of light saturation of the 
leaves, which in turns depends on their geometrical ar-
rangement and the geometry of the tree, which determine 
the ratio between direct and diffuse radiation (Connor, 
1983). From outside to inside the canopy the quantity of 
light decreases sharply, as does the light quality (Proctor, 
1978). Taking into account the variation of light quality 
inside the canopy (visible light, red/far red, UV), plant 
form and reproductive performance may be different in 
dense or open canopies because of the photomorphogenic 
and photoperiodic effects (Connor, 1983). In stands com-
posed of genetically identical trees, like orchards, the ef-
fects of competitive stress can be even more emphasized 
if appropriate pruning and management practices are not 
applied. The contribution of pruning to the shape, growth 
and functioning of the tree can be relevant but it does not 
introduce dramatic variations in the natural vegetative 
growth habit of the fruit tree.

4. Correlative functions

The correlative functions within an individual tree (i.e. 
competition and cooperation among the plant organs) de-
serve particular attention because they offer some basic 
concepts for pruning, which L.H. Bailey illustrated very 
well a long time ago in “The Pruning Manual” published 

as first edition in 1898. It is worthwhile to report exactly 
what he wrote.

“A tree is essentially a collection or a colony of individ-
ual parts. Every branch, even every joint of the branches, 
may do what another branch does - it may bear leaves, 
flowers and seed. Every branch competes with other 
branches; and there are more germs of branches - that is, 
more buds - than there can be branches on any tree, or in 
any other plant that by its nature produces many branches. 
No two branches of a tree are exactly alike, but are what 
their position or condition or heredity makes them to be. 
Some are strong and some are weak. That is, there is no 
definite or proper size or shape for any branch, as there 
is for different members of an animal or of a flower. The 
limbs and organs of an animal are not competitors but co-
partners, each performing some functions or office, that 
another does not, and they all attain a definite maturity of 
size and shape. But a branch in a tree-top never attains its 
full size until it ceases to grow and thereby begins to die. 
Branches are not so much organs as competing individu-
als. If all these statements are true, then three conclusions 
follow: there is a contest among the branches of a plant, 
and some of the contestants perish; the destruction of these 
branches may conduce to the betterment of those remain-
ing; all the branches of a tree are not necessary to it, but 
some of them may be superfluous or detrimental to it. In 
other words, pruning may follow as natural course.”

In this context the manipulation of trees by pruning 
is amply justified in an orchard. Citing again Bailey, “Of 
course there is a kind of partnership between the branches 
of a tree, for we assume that each strong branch makes 
a contribution to the development of the root-system and 
trunk-system, and there is not the same separateness as 
between wholly different plants; yet the contest between 
these branches is apparent, and it has special significance 
to the present discussion.”

Of course these considerations may be extended to the 
other organs of the tree: buds, twigs, shoots, flowers, fruits 
and roots.

Fig. 10 - �Effect of planting density on tree structure. Closely planted 
trees bear more fruits per unit canopy volume than widely 
spaced trees because of phenotypic plasticity (Cannel, 1983).
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Taking into account the functional equilibrium be-
tween the size and activity of the shoots (carbon fixa-
tion) and size and activity of the fine roots (absorption 
of water and nutrients), that in a constant environment, 
favouring continuous growth, tends to maintain a con-
stant ratio of root/shoot relative growth rates (Cannel, 
1985), it is evident that removing a part of a tree by 
pruning represents a loss of a given amount of tissue 
and in replacing the lost part the tree expends a cer-
tain amount of assimilates. This may seem nonsense, 
but it is necessary to keep in mind the goals of the or-
chard, which are the economics and adjustment of tree-
environment interactions. Tree vitality is not impaired 
by removing a part of it unless the removal is so great 
that it interferes with nutrition (growth) of the remain-
ing parts, for example a great removal of photosynthetic 
leaf surface or of adsorbing roots.

Taking into account plant homeostasis, it is obvi-
ous that if part of the shoots or branches are removed, 
assimilates are devoted to rebuilding the lost part and 
fewer are directed toward the root system, and vice 
versa. If part of the roots are suppressed, the shoots 
resume their growth only when the pruned part of the 
root system is rebuilt and the root/shoot equilibrium is 
re-established, other aspects remaining constant (Rich-
ards and Rowe, 1971). Therefore, shoot pruning tem-
porarily checks root growth, while root pruning tem-
porarily checks shoot growth: the more pruned off, the 
greater the check in growth, and the longer it takes for 
the plant to recover the root/shoot relationship that ex-
isted before pruning. Thus, shoot pruning is a means 
of promoting new shoot growth, and root pruning is a 
means of promoting new root growth (Cannel, 1985). 
Therefore when part of the treetop is cut away, if not 
too severely, the tree resources are directed toward the 
remaining growing points and the tree develops, for ex-
ample, more vigorous shoots. The consequence is that 
a correctly pruned tree appears more vigorous and also, 
as reported by Dotti (1949), more productive and long-
living than an unpruned tree.

For the purpose of this paper, the genetic and meta-
bolic processes causing and governing these correlative 
functions will not be considered but instead some of the 
most relevant organ and function competitions for the tree 
resources are addressed from a phenotypic point of view. 
Hierarchic but not univocal relationships are often estab-
lished among tree organs and they contribute to the cor-
relative functions that may involve organs of the same or 
different type.

5. �Correlative relationships between organs of the same 
type

In this section relationships between meristems, buds, 
shoots, branches, flowers and fruits are considered. The 
most important correlative functions are those among the 
meristems present on a shoot since they originate all the 

organ typologies. The role of apical dominance, that varies 
amply according to genotype, development stage and en-
vironmental conditions, is known. Apical dominance also 
affects the functional relationships of the buds, determin-
ing different vegetative gradients along the shoot. These 
phenomena offer an important basis for pruning practices.

In peach the number of sylleptic shoots appeared to be 
related to the growth rate displayed by the parent shoot 
during the early part of the growing season (four to five 
weeks after bud break). Parent shoots with high growth 
rate formed sylleptic shoots in a greater number than 
the pinched back ones in which apical dominance was 
completely abolished. Therefore growth rate in the early 
growing season may play a stronger role than pinching 
in feather formation. Apex removal by pinching (summer 
pinching) changes the physiological status of a growing 
shoot, whereas bending affects only the shoot growth rate, 
thus its feathering (Giulivo and Ramina, 1974).

An interesting case, reported by Hilkenbäumer (1953), 
regards the number and distribution of buds on a tree. 
Three cases are considered and are shown in figure 11: a) 
when a tree carries a very high number of buds, on each 
axis a large number of weak shoots are produced and a 
part of buds remain silent; b) if all the axes are heavily and 
evenly pruned back, the number of buds is reduced and 
fewer but vigorous shoots originate in the same manner on 
each branch; c) if one axis is heavily pruned back and the 
other two lightly, weak shoots are produced by the former 
and strong shoots by the latter axes in contrast with case 
b. Cases a and b may be explained by the assimilate parti-
tion among many or few buds (Hilkenbäumer, 1953). For 
case c, which is more difficult to explain, it is suggested 
that the less pruned axes dominate the heavy pruned axis 
because they bear more buds and sprout earlier, becoming 
thus stronger sinks. This may be considered an example of 
the independence-competition among axes of a tree.

The fewer the shoots are allowed to grow with a severe 
pruning, the longer they are (Fig. 12). When only very few 
shoots are present on the tree, not only are they thicker 
with larger leaves and have longer internodes, but some 
of the lateral buds grow out to form short shoots or feath-
ers (Abbot, 1984). The leading shoot (dominant position) 
is however always longer than those below it (Fig. 13). 
Whichever parent axis is manipulated (Fig. 14), there is 

Fig. 11 - �Vegetative responses of branches headed back with different 
intensities (A and B) or uneven intensity (C) (redrawn from 
Hilkenbäumer, 1953).
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always one lateral axis that assumes dominance over the 
other axes. These factors clearly indicate the competition 
between homologous vegetative organs.

A typical case of competition among homologous or-
gans is the high abscission potential or reduced develop-
ment and growth of fruits that are located, respectively, 
below or above the fruit that sets first in the corymbs of 
apple and pear trees (Fig. 15). The effect of fruit set prior-
ity on competition was also reported in peach tree where 
the fruitlets which set first and start to grow rapidly have 
the lowest probability of abscission (Ramina 1981; Giuli-
vo et al., 1981 b).

6. �Correlative relationships between organs of differ-
ent types

The strength of relationships among organs are dynam-
ic and change over the growing season and year. Usually 
the organs that have the larger mass (size) and grow more 
actively dominate the other organs of the plant. The rela-
tionship between vegetative and reproductive structures is 
a typical case. When shoot growth is very intense, fruit 
growth is limited and vice versa (Fig. 16) (Giulivo et al., 
1981 b; Pitacco and Giulivo, 1992).

In an unpruned tree parts of canopy exist where veg-
etation dominates and parts where fruiting is prevalent. 
The position of a vegetative axis in space determines the 
vegetative-reproductive relationship (Fig. 6); in a vertical 
axis the vegetative activity is strongly favoured and fruit-
ing is repressed. If an axis occupies a lower position in 

Fig. 13 - �Elongation in apical (A), sub-apical (B, I) long shoots and in 
brindle (Br) shoots of three cultivars of peach tree with differ-
ent ripening time (Giulivo et al., 1981 a).

Fig. 14 - �Position of the dominant shoot in headed-back vertical (A), 
curved (B) and slanted (C) parent axes (da Grisward, 1953).

Fig. 12 - �Effects of light, medium and severe pruning (one, two, three 
shoots on a headed-back one-year-old apple tree) (Abbott, 1984).
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the crown and tends toward a plagiotropic position, the re-
lationship is reverted. This phenomenon obviously offers 
a great opportunity to manipulate a tree with winter and 
summer pruning. It can be assumed that every manipula-
tion limiting growth can increase the reproductive activ-
ity, i.e. fruit bud differentiation and fruit development and 
growth. Two typical cases may be reported: a) by bending, 
the elongation rate of a growing shoot is decreased but bud 
differentiation is favoured; b) with limited nitrogen avail-
ability the vigour of the tree is depressed but the fruiting 
capability is increased (Hilkenbäumer, 1953). 

The relationship between fruitlets and shoot carried by 
a bourse of apple tree can be an interesting case of tran-
sient competition between a leafy shoot and a reproductive 
organ carried by the same plant structure (brachyblast). 
Usually the fruitlets carried by the bourse corymb present 
a steady abscission for some weeks after full bloom but, if 
the shoot of the bourse is removed early, fruitlet abscission 
is delayed and reduced; the fruits on bourse deprived of the 
shoot growth less and at their final size results much smaller 
than that of fruits on a normal bourse carrying a shoot (Ab-
bot, 1984). This is a consequence of fruit abscission in the 

corymb, but it may also be an effect of the transport of as-
similates to the fruit which takes place when the leaves of 
the bourse shoot become active exporting organs.

As the season progresses, the developing fruits have an 
increasing demand for assimilates: after some weeks from 
fruit set they are diverted from shoot and root growth, bud 
differentiation and later from reserve storage. Increasing 
the fruit load has a dramatic effect: fruit bud differentia-
tion is progressively reduced to a certain threshold, be-
yond which it is completely abolished (Fig. 17).

The presence of fruits on the tree slows down the for-
mation of fruit buds as long as the fruits remain on the 
tree (Fig. 18); the later the harvest, the stronger the effect 
(Giulivo et al., 1981 a).

A heavy crop load, induced by a very low fruit load dur-
ing the previous year, strongly reduces shoot growth, flow-
er differentiation for the next year and storage of reserve 

Fig. 16 - �Seasonal growth rate of shoots and fruit of peach tree, cv. An-
dross. When the former is high, the latter is low, and vice versa 
(Pitacco and Giulivo, 1992).

Fig. 17 - �Effects of increasing fruit load of apple tree on shoot and fruit 
bud formation and on elongation of the longest shoot. (Ab-
bott, 1984)

Fig. 15 - �Competition of the first setting fruitlet over the other fruitlets of the same corymb of pear (left) and apple tree (right).
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materials (Giulivo, 1990). This can explain the succession 
of on- and off-years. A large number of developing fruits 
requires a great amount of assimilates which are diverted 
from vegetative growth and bud differentiation and this is 
a clear example of competition between different plant or-
gans or functions. Flower or fruit thinning in the on-year is 
a powerful tool for modulation of the competition exerted 
by the fruits (Ramina, 1981; Abbot, 1984). Over-cropping 
and under- cropping, subsequent to off- and on-years, can 
be to some extent overcome by winter pruning, decreasing 
or increasing the number of fruiting structures of the tree.

The onset of fruiting is a dramatic event in the behav-
iour of a tree and the relative growth of plant parts is radi-
cally changed (Chalmers and Van den Ende, 1975): as the 
crop potential of the tree increases with time (Fig. 19), 
fewer and fewer resources are allocated in the permanent 
structures of the tree (trunk, branches and root system). 
This means that cropping of the tree is over time an aging 
factor and its regulation is a way to delay senescence of the 
plant. The regulation of cropping by summer and/or winter 
pruning represents a powerful tool for the maintenance of 
long-lasting economic performance of fruit trees.

During the growing season a heavy fruit load reduc-
es root growth; very strong vegetation acts in a similar 
way, limiting fine root formation (Willianson and Coston, 
1989). The partitioning of assimilates between shoots and 
roots is strongly affected by the water status of the tree 
(Schultze, 1982).

In many cases and in some stages of development the 
competition between tree organs is often connected with 

cooperation. The dynamic relationship between shoots and 
fruit within the whole tree, and also within a single leafy 
shoot, is particularly relevant. In fact, in an early stage of 
fruit growth (Fig. 20) the relationship shoot/fruit depends 
on the number of sinks and their relative position along the 
mixed shoot, as shown by an experiment on one-year-old 
peach shoots (Giulivo and Ramina, 1975).

Complex relationships among sinks occur, even within 
a single node of a shoot as observed in peach tree. It is 

Fig. 18 - �Fruit growth and percent of fruit bud formed on shoots of three 
cultivars of peach tree with different ripening times (Giulivo 
et al., 1981 a).

Fig. 19 - �Dry matter partition among fruits (points), tree crown (crosses) 
and root system (asterisks). At increasing tree age represented 
by the trunk circumference less and less dry matter is allocated 
in the permanent structure of the tree (redrawn from Chalmers 
and Van den Ende, 1975).

Fig. 20 - �Fruit- shoot correlative relationships on peach one-year-old 
mixed shoots 0.2 m long. (Circles = fruit; arrows = shoots; 
square = basal leaf of mixed shoot treated with 14C, all other 
organs were removed). The organ (or organs) at the higher 
position was always the strongest sink. The fruit was a very 
strong sink (situation A); when the fruit was in between two 
shoots its strength was strongly reduced (situation B); when 
the fruit was above two shoots it was dominant (situation C) 
and therefore the relative organ position changed the sink re-
lationship; the number of shoots above and below the fruit 
change the relationship between the organs (situations B and 
D). (Giulivo and Ramina, 1975).
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known that different combinations of vegetative and flow-
er buds occur at the nodes of peach mixed shoots; if a sin-
gle fruit originates at a node initially it grows faster than 
the one or two fruits which are associated with a node with 
a growing shoot, but after some time, when the shoot rate 
decreases, these fruits attain a larger size (Casella, 1949; 
Giulivo, data not published). This may be explained by the 
contribution of the shoot leaves to the assimilate require-
ment by the fruits, in agreement with the results reported 
by Abbot (1984) on the shoot/fruit relationship carried by 
an apple bourse.

It would be possible to mention many other correla-
tive functions, but the cases mentioned here should be ad-
equate to stress the significance of these relationships in 
pruning management. 

7. Conclusions

The efficiency of the orchard system is a primary re-
quirement for economic success in fruit growing and there-
fore the architecture of the stand, with an appropriated use 
of the space available, can permit an efficient use of light, 
water and nutrients to sustain the basic physical and physi-
ological processes involved in the functioning of the sys-
tem. Sometimes space utilization (planting density) is too 
low or too high; in the former case light interception by the 
canopies becomes too scarce and soil evaporation too high; 
in the later, reciprocal shading of the trees assumes consid-
erable weight. Sometimes the structure of the canopy is not 
optimal, as it may be too dense or too sparse and conse-
quently the conditions inside the canopy are such that leaf 
and fruit functioning may be modified, pest proliferation 
may be promoted or light interception may be too scarce to 
maintain the various functions and processes of the cano-
py. In designing tree architecture, three basic indexes must 
be considered: the ratio between the tree parts above and 
below the ground, the ratio between leaf area surface and 
canopy volume, and the leaf area surface per unit of fruit 
weight. These indexes are satisfied differently in the vari-
ous orchard models in relation to the applied training sys-
tem and pruning criteria. Different training systems with 
a similar pruning criterion tend to have more or less the 
same production behaviour while different pruning crite-
ria applied to the same training system tend to induce dif-
ferent crop performance (Sansavini and Musacchi, 1994). 
Pruning practices are thus a powerful means to modify tree 
functioning: pruning generally reduces the primary produc-
tion of the orchard but may induce a great improvement 
of the performance of the system. The details of pruning 
for maximum fruit bud production and adequate fruit size 
and ripening differ for different species but it is possible to 
identify some general principles.

The various pruning techniques have very different ef-
fects on the growth and fruiting of a tree; heading-back 
or removal of organs, variations of spatial position and/or 
orientation of vegetative axes and transient modification 
of sap transport induce very different reactions. Interven-

tions directed to shortening or removing an axis gener-
ally involve vegetative responses which are more or less 
strong in relation to location, intensity and when they are 
performed. Particular attention is required because strong 
negative or positive effects on the vegetative and repro-
ductive equilibrium of the tree may arise. The negative ef-
fects regard mainly an excessive vegetative reaction but, 
if the pruning is carefully performed, the tree develops 
a species-specific fruiting structure more adequate to the 
economic goal of the orchard.

The detachment of fruits (thinning) performs a particu-
lar role in realizing a correct fruit-to-leaf ratio in the tree 
where the crop load is too heavy in relation to the leaves 
of the canopy.

Changing the position or the growth direction of the 
axes in the space (rectilinear, slanted, curved) generally 
decreases the growth rate and vigour of shoots and branch-
es, improving the formation of reproductive structures. 
Therefore this type of manipulation assume a great impor-
tance in training the fruit trees.

Some pruning techniques, which tend to modify sap 
transport (incision above or below a bud, bark ringing, 
strangulation or girdling, shoot twisting and crashing, 
etc.), influence the relationships among sinks and the 
source-sink and thus they may stimulate or limit the devel-
opment of an organ.

Whatever the manipulations of the above-ground part 
of the tree, root functioning is modified, but taking into 
account tree homeostasis, any modification to the root sys-
tem affects the performance of the canopy. Therefore root  
pruning may be very useful for controlling tree vigour or 
improving root growth in adult trees.

All pruning manipulations mentioned involve varia-
tions in plant growth, size and geometry, thus modifying 
the architecture and functioning of the tree and affecting 
its productive life.

The timing of pruning manipulations is of great impor-
tance since the effects on the tree may be very different. In 
recent years summer pruning tends to prevail over winter 
pruning in most fruit tree species (Bargioni, 1988; Sansa-
vini and Corelli, 1990; Costa, 1997; Sansavini et al., 1999; 
Neri and Sansavini, 2004). This tendency is mainly based 
on two reasons: to form small-sized trees and to follow the 
natural species-specific behaviour of the tree. Under the 
same cultivation conditions winter pruning tends to stimu-
late the vegetative reaction, whereas summer pruning gen-
erally has positive effects on reproductive activity. This 
may be due to the more powerful action of summer ma-
nipulations on source-sink relationships, and among sinks. 
Summer pruning, however, may reduce leaf area surface 
or the ratio between young, mature and old leaves and this 
may have some consequence on the photosynthetic per-
formance of the canopy, which can be of some importance 
when light availability is limited. The timing of summer 
manipulation of the canopy is critical: if performed when 
vegetation is growing very fast. In this case the responses 
of tree may be too strong and consequently a consistent 
amount of resources are invested in the edification of new 
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vegetative structures or the density of the canopy may be 
increased. The timing of root pruning is as important as the 
time of canopy pruning since it has positive effects in the 
spring when it controls tree vigour, whereas it acts nega-
tively if performed in late summer when storage of reserve 
materials is needed for the next year.

In the last few decades summer pruning (mainly pinch-
ing) has been extended to nurseries to train trees of some 
fruit species (apple, peach, etc.) carrying some feathers 
which speed up the construction of the tree crown in the 
orchard. In this way is possible the shortening of the un-
productive period or to have young trees more suited for 
high density orchards or some particular training system 
(Sansavini and Corelli, 1990; Vigl, 1999; Neri and Sansa-
vini, 2004).

In the 1990s some attempts were made to reduce pro-
duction costs by omitting pruning during the training of 
trees and thereafter applying very simplified and superfi-
cial pruning, relying on thinning to equilibrate fruit load 
and leaf area surface. The performance of this technique, 
called ‘no-pruning’, was quite disappointing because of 
the serious drawbacks on fruit quality, such as variabil-
ity in size and ripening of the fruits. Even in high density 
planting, without an appropriate adaptation of the train-
ing system, pruning was not able to overcome the exces-
sive tree competition that determines premature aging of 
the fruiting structures, excessive shading, crop alternation 
and poor fruit quality (Sansavini, 1999). Therefore it may 
be concluded that pruning will always be an unavoidable 
operation, taking into account the economical goal of the 
orchards.

In conclusion, the best pruning derives from a clear 
production target and from precise planning while con-
sidering tree general physiology, the peculiar characteris-
tics of the fruit species, cultivars, clones, scion-rootstock 
combinations, and the local environmental and cultivation 
conditions. Finally, it is important to remember that prun-
ing represents only one of the many manipulations which 
can be performed in the orchard yet it cannot overcome 
basic mistakes made in designing the system.
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1. Introduction

Summer pruning is a cultural techniques which drives 
vine vigour to ensure fruit quality and plant vegetative bal-
ance. While summer pruning is the most expensive cultural 
operation - 44.2% of total management costs (Crescimanno 
et al., 2011) - it helps to improve the microclimate in the 
canopy, promotes good ripening of the grapes and creates 
less suitable conditions for the development of pathogens. 
Good results depend on the vegetative-productive behav-
iour of the vineyard, intensity and age of cultural opera-
tion (Crescimanno et al., 1986). Summer pruning defines 
the final productivity of plants by modifying the number of 
shoots per plant with shoot thinning, the number of clusters 
per shoot with cluster thinning, and the number of berries 
per bunch with berry thinning. Other summer operations in-
clude leaf removal, shoot trimming and girdling (Di Loren-
zo, 2003). General indications about summer pruning tech-
niques to enhance quality of production are very difficult to 
formulate because cultivar behaviour, vigour of the vine-
yard and environmental conditions must all be considered.

2. Leaf removal

Leaf removal causes a reduction of vine leaf area. If it 
occurs at or before bloom, it may cause berry drop, a reduc-
tion in fruit set or a reduction in bud fertility in the follow-
ing season (Candolfi-Vasconceloset and Koblet, 1990). The 
intensity of leaf removal should be based on canopy density 
and light penetration into the fruit zone. The removal of bas-
al leaves around the clusters is widely adopted to improve 
grape quality and to reduce the incidence of fungal infection 
(Gubler and Marois, 1987; Caspari et al., 1998).

Leaf removal should be performed near berry set or 
after fruit softening (Dokoozlian et al., 2000 a). The 
leaves immediately above the cluster are the main source 
for photosynthates translocated to the cluster, particu-
larly during the early stages of its development (Hunter 
and Visser, 1988). Also at pea-size stage the loss of basal 
leaves increases fruit abscission, reduces berry size and 
decreases bud fertility; it has no effect when applied at 
veraison (Caspari et al., 1998). After berry setting, usu-
ally all primary leaves and lateral shoots beginning from 
the base of the shoot to the node opposite the top cluster 
on each shoot are removed. Elimination of apparently su-
perfluous sinks, such as lateral shoots, reduces canopy 
density and °Brix, but it has minor impact on TA and 
pH (Reynolds and Wardle, 1989; Barbagallo et al., 2007 
a). The leaves left on the vines after defoliation increase 
photosynthetic activity to recover the reduction on total 
leaf area activity and to supply the photoassimilates de-
mand of sinks (Poni et al., 2006; Scafidi et al., 2010). 
On the other hand, Candolfi-Vasconcelos and co-workers 
(1994) found that defoliated plants had similar or even 
slightly lower photosynthetic rates compared to control 
plants, not only during the stress period but also in the 
following season. A photosynthesis response to leaf re-
moval may be apparent only if the source-sink ratio is 
sufficiently limited. Under conditions of source deficien-
cy due to leaf removal in the fruit zone, plants promote 
the activity of apical meristems to replace the missing 
leaf area (Barbagallo et al., 2007 b). Basal leaves should 
not be removed before veraison, especially in varieties 
susceptible to heat damage or sunburn like ‘Red Globe’, 
‘Thompson Seedless’.

During fruit ripening leaves opposite the clusters have 
limited importance compared to the younger leaves at 
the top of the canopy (Candolfi-Vasconcelos et al., 1994; 
Hunter et al., 1995). Younger leaves show a higher transpi-
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ration rate, but also higher water use efficiency than those 
opposite the clusters (Candolfi-Vasconcelos et al., 1994).

Some weeks before harvest random defoliation is usu-
ally undertaken to fully develop the colour of white, red 
and some black grape varieties. 

3. Thinning

Thinning consists in the elimination of vegetative or 
reproductive organs in excess. It is very rarely performed 
before bloom since negative climatic events can lead to the 
loss of many shoots or irregular fruit set; in some areas and 
for some cultivars thinning performed before bloom can 
lead to excessive fruit set and tight bunches.

Shoot thinning
Shoot thinning is the elimination of double, weaker and 

sterile shoots and it is very important to aerate the canopy, 
improve the growth of remaining shoots and adjust clus-
ter numbers. There may be an advantage with shoot thin-
ning in vigorous vines to reduce shoot crowding and thus 
increase light exposure of the remaining shoots. Shoot 
thinning should be performed when shoot length reaches 
25-30 cm. (Dokoozlian et al., 2000 b) when it is possible 
to define which shoots have bunches in good position and 
which are well located as pruning material for the next 
year. On spur-pruned vines two shoots per spur are re-
tained and latent shoots are removed from older wood, 
arms and cordons, while cane-pruned vines are sometimes 
shoot thinned, especially when several canes are wrapped 
together on a single wire. 

Cluster thinning
Cluster thinning is usually performed after fruit set in 

order to adjust the crop load, distribute clusters evenly on 
the vine and canes, select the best clusters (shape, size and 
position) and eliminate those that are misshaped and weak 
(Figs. 1 and 2). Generally the aim is to have an equal num-
ber of cluster and shoots on the plant, leaving two clusters 
on the distal shoots. The number of flowers per inflores-
cence, berry per cluster and cluster weight (Table 1) is posi-
tively affected by the node position long the cane (Sottile 
et al., 1996). A cluster/shoot ratio of less than 0.8 usually 
determines a reduction in terms of yield (Tables 2 and 3) 
without any significant improvement in terms of quality 
(Di Lorenzo, 2003). Several studies demonstrated that crop 
removal significantly increases soluble solids (Fig. 3) and 
berry colour (Dokoozlian et al., 1995). In a trial conducted 
on ‘Flame Seedless’ in Fresno California, berry weight, size 
and fruit composition varied little among vines thinned one 
week prior to bloom and those thinned four weeks follow-
ing fruit set (Dokoozlian et al., 1995).

Berry thinning
Berry thinning is a widely performed technique and in-

volves the removal of a few berries from the cluster (Di 
Lorenzo, 2003). This operation is necessary to decrease the 

compactness of bunches and to give them a more attractive 
shape with large, uniform-size berries (Fig. 4 - Table 4). 
Berry thinning is performed when berries are at pea-size 
in order to give more uniform clusters in terms of weight 
and shape, satisfying packaging and marketing needs. In 
some cases for some cultivars, the partial removal of inflo-
rescence or flowers with small scissors or small combs is 
performed in order to avoid an excessive clusters weight 
and/or closeness (Di Lorenzo, 2003). How the berries are 
removed depends on the cultivar. The best results are ob-

Fig. 1 - �Effect of cluster thinning on evolution of berry weight (dotted 
line) and volume (continuous line) in treated (square) and con-
trol (triangle) plants.

Fig. 2 - Cluster thinning.

Table 1 -	� Influence of node position on number of flowers per inflo-
rescence, number of berries per cluster, and berry and cluster 
weight (Sottile et al., 1996)

Node position Flower
(No.)

Berry
(No.)

Berry 
weight (g)

Cluster 
weight (g)

1-4 258 101 7.0 779
5-9 517 128 7.3 1015
10-12 744 148 6.9 1090
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tained with the “helicoidal” method, which consists of 
eliminating shoulders arranged in a spiral around the axis 
of the rachis. Another method is the “fish spine” system 
where two parallel cuts are made on each side of the axis 
of the rachis, but without injuring it. The resulting bunch is 
very flat, but when the berries grow, the respective ramifi-
cation occupies the space around the rachis. In ‘Thompson 
Seedless’ the most common method is to clip the cluster 
leaving only the upper four to six shoulders (Dookolzian 
et al., 1995); in ‘Red Globe’ and ‘Flame Seedless’ usually 
the upper six to eight shoulders are kept (Dookolzian and 
Hirschfelt, 1995); in Superior Seedless® one-third of the 
bottom part of the cluster is removed. In cultivars such 
as ‘Italia’, instead, berry thinning requires plucking small 
seedless or irregularly developed berries by hand, a very 
expensive operation which may take up to 50-80 labour 
days/hectare.

In seedless varieties the use of giberelic acid (GA3) is 
widespread; dose and time of application is highly depen-
dent on the variety. The success of treatment is extremely 
variable, and is greatly influenced by climate during flow-

Table 2 - �Influence of cluster:bud ratio on production of grape cv. Italia. Score of grapes from different vineyards and different thesis (Crescimanno 
et al., 1986)

Vineyards
Different time

I II III
0.6 0.8 0.6 0.8 0.6 0.8

1 627.45 509.15 592.20 565.40 581.17 499.62
2 680.17 ab 539.25 b 724.47 a 708.97 a 731.80 a 704.95 a
3 336.27 ABab 305.20 ABcd 355.67 Aab 230.77 Bc 393.22 Aa 303.65 ABbc
4 948.55 816.72 960.07 842.97 846.05 860.92
2A 919.72 890.85 945.70 845.75 851.62 894.35
3A 821.75 ab 871.47 ab 698.35 b 782.85 ab 946.00 a 787.62 ab
4A 832.05 a 633.78 b 714.30 ab 756.52 ab 818.62 ab 774.40 ab

Values sharing the same letter are not significantly different from each other by Duncan’s multiple range test at P≤ 0.01 and P≤ 0.05.

Table 3 - �Influence of cluster:bud ratio on production of grape cv. Italia. 
Score of grapes from different vineyards and different thesis 
(Crescimanno et al., 1986)

Different time
I II III

Vineyards 0.6 0.8 0.6 0.8 0.6 0.8
1 - - - - - -
2 9 8 9 8 8 8
3 - - - - - -
4 9 8 8 8 7 8
2A 10 9 8 8 9 8
3A 10 9 9 9 9 8
4A 10 7 10 10 8 8
Thesis average 9.6 8.4 8.8 8.6 8.2 8
Time average 9 8.7 8.1

- = Poor quality of the product (not packable).

Fig. 3 - �Effect of cluster thinning on evolution of °Brix content (dotted 
line) and total acidity (continuous line) in  berries of  treated 
(square) and control (triangle) plants. Fig. 4 - Berry thinning.
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ering (especially air temperature). One of the goals of 
breeding programs is to obtain varieties that do not require 
berry thinning.

4. Girdling and cane-scoring

Girdling is the removal of a ring of bark (only phloem) 
around the trunk or bases of the individual canes, while 
scoring is a simple knife-cut encircling the branch (Fig. 5 a 
and b). The phenological stage at which girdling is carried 
out is the greatest factor determining the nature and mag-
nitude of the obtained effects (Di Lorenzo, 2003). Both 
operations stop movement through the phloem, modify-
ing the hormonal balance of the vine after girdling (Kri-
edemann and Lenz, 1972) and consequently producing an 
increase of carbohydrates above the girdle (Weaver and 
McCune, 1959); carbon exchange between the shoot and 
the rest of the vine is thus eliminated.

Girdling reduces net CO2 assimilation rate and stomatal 
conductance of leaves until the girdle heals (Kriedemann 
and Lenz, 1972; Williams and Ayars, 2005). Water use ef-
ficiency decreases following girdling without an application 
of GA3 at berry set. Once the girdle heals, vine water use 
increases up to harvest (Bucks et al., 1985; Williams and 
Ayars, 2005). The reduction in stomatal conductance, and 
concomitant reduction in vine water use in response to gir-
dling is probably due to an accumulation of abscisic acid 
(ABA) in the leaves (Loveys and Kriedemann, 1974; Dur-
ing, 1978; Williams et al., 2000; Williams and Ayars, 2005).

Girdling has negative effects on some berry character-

istics, such as a decrease of malic acid concentration in the 
must (Orth et al., 1994).

The effect of girdling is reduced by leaf removal and 
declines while the number of leaves decreases (Caspari et 
al., 1998). Cane girdling at 12°Brix sugar content on cv. 
Vittoria determines a qualitative improvement of grapes 
(Tables 5 and 6): particularly, single girdling increases ra-
tio sugar: acidity, double girdling (first time performed at 
pea-size stage, second time at veraison) increases the berry 
weight (Fig. 6) (Di Lorenzo and Gambino, 2010). Cane-
scoring increases the average berry size of ‘Emperatriz’ 
seedless grape and bunch weight compared to unscored 
vines, but has no effect in ‘Aledo’ seeded grape (Casanova 
et al., 2009). The author supposes that in seeded fruits the 
availability of carbohydrates is guaranteed by  the seed’s 
ability to synthesize plant growth hormones leading to 
powerful sink capacity, while seedless fruit has an insuf-
ficient sink capacity to grow.

Trunk girdling is a more rapid technique than cane gir-
dling and all clusters are subjected to treatment. With cane 
girdling or scoring there may be a few clusters, located be-
low the cut, that remain unaffected. The bark ring removed 
has to be complete; incomplete cuts result ineffective (Jen-
sen et al., 1979).

Usually the girdle cut heals in approximately four 
weeks through callus formation that recovers the vascular 
connections (Williams et al., 2000).

Girdling and cane scoring are carried out seven to 10 
days before flowering to improve berry-set, at berry set to 
increase berry size, and at veraison to advance sugar and 
colour development in red varieties.

Table 4 - �Effect of two different thinnings on qualitative traits (Di Lorenzo, 2003)

Thinnings Cluster weight
 (g)

Berry weight 
(g)

Berry weight variation 
coefficient (%) Closeness index

Thinning intensity more than 40% of traditional 626 10.6 23.1 2.59
“Traditional” berry thinning 934 8.9 28.1 3.39

Fig. 5 - Cane girdling and trunk girdling.

A
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In a trial of trunk girdles applied at fruit set on 
‘Crimson Seedless’, vines girdled at fruit set produced 
larger berries compared to vines girdled at berry soften-
ing and ungirdled vines. Trunk girdles applied at fruit 
set increased berry weight 38%, berry length 12% and 
berry diameter 10% compared to the fruit of ungirdled 
vines. The berry weight and diameter of vines girdled 
at veraison were significantly lower than those of un-
girdled vines, while the berry length of these treatments 
was similar. In addition, berry firmness of vines girdled 
at fruit set was significantly greater compared to vines 
girdled at berry softening and ungirdled vines. Due pri-

marily to their larger berry size, the total yield of vines 
girdled at fruit set was approximately 45% greater than 
vines girdled at berry softening and ungirdled vines. A 
fruit quality defect among the girdling treatments was 
poor colour, and so only a portion of this increase in 
total yield was packable fruit (Dokoozlian et al., 1995; 
Dokoozlian et al., 2000 a). In contrast, in the same va-
riety, Brar and coworkers (2008) indicated that girdling 
at berry set was an effective practice to stimulate berry 
colour development. In ‘Autumn Royal’ berry weight 
can be increased 10 to 15% by girdling at berry set, but 
also in this variety girdling delays colour development 
and harvest (Dokoozlian et al., 2000 a).

Trunk girdling at berry set and bunch thinning, in 
an early-season black seedless table grape variety (Su-
grathirteen® or Midnight Beauty®) improved berry size, 
sugar content and berry firmness (Gentilesco et al., 
2011).

Girdling increases the risk of skin burn, and should 
never be done on the same vine more than once a year. 
Repeated girdling over a number of years may reduce 
bunch size and the life expectancy of the plant.

5. Shoot trimming

Intensive growth of vines in warm climates requires 
measures to control vigour in order to ensure fruit qual-
ity and vegetative balance of the plants. The main con-
trol measure, besides the careful use of water and fer-
tilizers, is shoot trimming which is usually performed 
after flowering; the exact moment depends on the cul-
tivar and the objective of the culture (Camargo, 2005). 
Shoot trimming carried out just before bloom may im-
prove fruit set: in fact in this stage it stops trophic com-
petition of top shoot. In “T”, “Y” or open gable trellis, 
shoot trimming or hedging can be performed to improve 
cluster exposure to sunlight and to reduce humidity 
within the fruit zone. Early hedging may stimulate lat-
eral shoot growth. Hedging should be performed after 
berry softening to avoid potential problems with fruit 
sunburn. Both sides of the canopy should be trimmed to 
allow the uniform penetration of sunlight into the cano-
py interior. Care must be taken not to remove too much 
foliage when hedging as excessive foliage removal may 
slow fruit maturation and significantly retard fruit co-
lour development (Dokoozlian et al., 2000 a).

Table 5 - �Effect of early girdling (1), girdling at 12°Brix sugar content (2), and double girdling (3) on parameters of berries at ripening on cv. Vit-
toria (Di Lorenzo et al., 2010)

Average berry weight 
±se

(g)

Weight range Average P.D. ±se

(mm) 
Average E.D

 ±se (mm)
Average berry 
form (DP/DE)<6 6-8 > 8

1 8.3 c ±0.20 15 42 43 27.3 bc ±0.39 21.1 b ±0.30 1.30 ±0.02
2 7.4 b ±0.16 21 44 35 26.8 b ±0.23 19.7 a ±0.20 1.47 ±0.01
3 8.7 c ±0.19 10 35 55 27.8 c ±0.33 21.0 b ±0.17 1.32 ±0.01
Control 6.8 a ±0.10 38 43 19 25.0 a ±0.21 21.1 b ±0.14 1.18 ±0.01

Table 6 - �Effect of early girdling (1), girdling at 12°Brix sugar content 
(2), and double girdling (3) on harvest parameters (cv. Vit-
toria) (Di Lorenzo et al., 2010)

Soluble solids °Brix Total acidity (g/l)
05-07 15-07 05-07 15-07

1 13.2 b 13.3 a 5.8 a 5.5 a
2 12.0 a 14.2 b 6.2 b 5.8 b
3 13.2 b 13.5 a 5.8 a 5.9 b
control 12.0 a 13.5 a 6.2 b 5.8 b

Fig. 6 - �Effect of early girdling (1), girdling at 12°Brix sugar content 
(2), and double girdling (3) on growth rate of the shoot and 
berry (Di Lorenzo and Gambino, 2010).
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6. Plant growth regulators

Plant growth regulators play a notable role in current 
worldwide table grape cultivation. Some of these can be 
included among summer management techniques, in order 
to reduce berry set, increase berry size and accelerate or 
improve fruit ripening. Before discussing their effects and 
possible uses, it must be pointed out that in each coun-
try there are different rules and regulations for their use 
(e.g. forchlorfenuron and ethephon are forbidden in many 
countries).

Gibberellic acid (GA3)
Gibberellic acid (GA3) is commonly used to reduce 

fruit set and increase berry size of seedless table grape cul-
tivars. GA3 rates and timing applications are quite specific 
and depend on the cultivar, region, and desired effects on 
berry growth and fruit quality (Dokoozlian et al., 1995).

GA3 sprays are generally carried out:
-	 Several weeks before bloom to elongate the cluster ra-

chis.
While many studies have reported that pre-bloom 

GA3 application has no effect on cluster length or com-
pactness at harvest (Dokoozlian, 2000), commercially 
it is still used (about 10 ppm rate). It could have a nega-
tive influence on bud fruitfulness in the following year.

-	 Between 30 and 100% bloom to improve berry thin-
ning.

The mechanism by which gibberelic acid works as 
fruit thinner is still not understood. An initial hypoth-
esis was that GA3 acts as a pollenicide, interfering with 
pollen germination, however many studies have shown 
that the GA3 concentration normally applied for thin-
ning  does not reduce pollen germination. Some authors 
suggest, instead, that GA3 applied at bloom alters the 
endogenous hormone balance causing flower or fruit 
abscission. The most reliable hypothesis is that GA3 in-
duces nutrient competition between flowers and shoots, 
and among flowers/small fruits within the cluster. In the 
latter case GA3 stimulates nutrient competition among 
berries, and so physiologically advanced berries become 
strong sinks, while weaker berries are unable to compete 
for nutrients and drop (Dokoozlian, 2000).

The GA3 rate is closely related to variety and cli-
mate conditions, and it can vary from 1 to 20 ppm. A 
higher rate of GA3 applied at bloom generally does not 
improve thinning, but can significantly increase the 
number of shot berries per cluster. Single or multiple 
applications usually result in similar levels of fruit 
thinning, however it seems that multiple applications 
produce larger berries at harvest compared to single ap-
plications (Dokoozlian, 2000). GA3  spray at bloom of-
ten produces inadequate levels of berry thinning, which 
results in a need for manual berry thinning.

-	 After fruit set to increase berry size.
Gibberellic acid applied to growing berries increas-

es cell division and elongation.
Also in this case the rate depends on the cultivar and 

prefixed quality target. The timing of application has a 
big influence on the efficacy of treatment; usually berry 
size should be in the range 4-6 mm, to a maximum of 
10 mm. GA3 treatments can increase berry size at har-
vest 50% or more, but they delay fruit maturity and  re-
duce berry colour in red varieties (Dokoozlian, 2000). 
Also in this stage, high rates might cause a decrease in 
bud fruitfulness in the following year.

GA3 molecules enter in plant tissues better if applied 
in low pH solution (pH ≈ 4) since at low pH GA3 mol-
ecules are neutral and are able to move easily through 
plant tissues.

Forchlorfenuron (CPPU)
Forchlorfenuron (CPPU) is a synthetic cytokinin that 

increases cell division and elongation.
Usually, CPPU can be sprayed on grape:

-	 Immediately before bloom to increase fruit set (≈ 10 - 
20 g/ha) (Dokoozlian, 2000);

-	 After fruit set to increase berry size (≈ 5 - 40 g/ha).
In different varieties (‘Thompson Seedless’, ‘Ruby 

Seedless’, ‘Redglobe’ and ‘Melissa’) CPPU applied at 
fruit set increased berry weight, diameter and length, 
while CPPU applied at fruit softening had no signifi-
cant effect on berry growth. A two-week delay in har-
vest of most cultivars was obtained when 9-12 mg/l 
CPPU was applied at berry set, while pigment accu-
mulation was either delayed or significantly reduced 
(Dokoolzian, 2001).

CPPU does not reduce the fruitfulness of either 
seedless or seeded table grape cultivars, while it in-
creases the rachis size and the force required to remove 
berry from the capstem (Dokoolzian et al., 1995).

Ethephon
Ethephon (trade name Ethrel®) is commonly applied 

to red-pigmented table grape cultivars at the beginning of 
fruit ripening to enhance berry colour. The active ingredi-
ent in ethephon, [(2-chloroethyl) phosphonic acid], pro-
duces ethylene upon its degradation. Ethylene is an endog-
enous plant hormone that accelerates the ripening of many 
fruits, including grapes.

Ethephon, applied on ‘Crimson Seedless’ when ap-
proximately 5 to 10% of the berries were showing red co-
lour, had no effect on fruit soluble solids content, however 
vines treated with ethephon had lower titratable acidity 
compared to untreated vines (Dokoozlian et al., 1995).

Ethephon had no significant effect on berry weight, 
length or diameter, while it significantly improved fruit 
colour, increasing packable yield (+38%), but significantly 
reduced berry firmness compared to untreated vines (Do-
koozlian et al., 1995).

Abscisic acid (ABA)
The plant hormone abscisic acid (ABA) appears to be 

one of the factors for anthocyanin accumulation. Exog-
enous applications of ABA increased the anthocyanin con-
tent of grape skins (Peppi et al., 2006; Peppi et al., 2007).



149

Application of abscisic acid (ABA) may improve co-
lour more effectively than ethephon, but it may potentially 
influence postharvest quality, though in a trial carried out 
on ‘Crimson Seedless’ the ABA and ethephon treatments 
did not affect berry firmness or predispose the fruit to post-
harvest shatter (Cantína et al., 2007). In that trial grapes 
treated with 300 μl l−1 ABA coloured quickly and thus were 
harvestable about 30 days earlier than untreated grapes, 
and 10 days earlier than grapes treated with ethephon. On 
average, grapes treated with 150 μl l−1 ABA were harvest-
able at about the same time as grapes treated with 300 μl 
l−1 ABA or ethephon, and grapes treated with either 150 μl 
l−1 ABA or ethephon were harvestable about 15 day before 
non-treated grapes. However, TSS, TA, and the ratio of 
TSS to TA differed among treatments. Grapes treated with 
300 μl l−1 ABA were harvested at the lowest TSS, followed 
by grapes treated with 150 μl l−1 ABA, and grapes treated 
with ethephon or not treated. Grapes treated with 300 μl l−1 

ABA or ethephon had the highest acidity (≈ 5.0 g l−1) and 
the lowest TSS:TA ratio (Cantína et al., 2007).

In ‘Flame Seedless’ 300 ml l−1 ABA applied at veraison 
was superior to the other ABA concentrations and to eth-
ephon applied at any of the tested times. Moreover, any con-
centration of ABA between 75 and 300 mg l−1 applied after 
veraison improved colour better than ethephon applied at 
the same time (Peppi et al., 2006), although the same rate in 
‘Red Globe’ increased pigmentation and improved colour, it 
also caused fruit softening (Peppi et al., 2007).
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1. Introduction

Summer pruning is a fairly broad term comprising a set 
of practices performed on the canopy during the growing 
season with an array of aims, including regulation of size, 
vigour and crop and reduction of the susceptibility to biotic 
and abiotic stress. If it is considered that at least two such 
operations, e.g. selective shoot and cluster thinning, still re-
quire manual execution, the total amount of necessary sea-
sonal labour, calculated as man × hr/ha, readily exceeds the 
demand for winter pruning and becomes a primary determi-
nant of vineyard economics (Intrieri and Poni, 1995). While 
it is commonly heard that the ‘perfect’ vineyard needs no 
summer pruning, perfect in reality has proved to be a very 
rare occurrence. Yet, we should certainly like to see vine-
yards of the future moving towards a more focused appli-
cation of summer pruning operations. The major change is 
that a given summer cut is not solely or exclusively seen 
as something the grower “has to do”, say, to accommodate 

adjustments for excessive shoot growth or canopy density. 
Rather it should also be viewed as something that the grow-
er may ‘use’ to head vine and cluster growth towards bet-
ter grape composition or to specific features consonant with 
adjustments needed because of climate change.

Along with traditional summer pruning operations, 
which define the grapevine canopy management strategy 
and include cluster and shoot thinning, shoot positioning 
and hedging, elimination of lateral shoots and late season 
basal leaf removal, over the last few years innovative sum-
mer techniques such as pre-flowering leaf removal (Poni 
et al., 2006; Intrieri et al., 2008; Poni et al., 2008; Diago et 
al., 2010 a; Palliotti et al., 2011 b) or early and late season 
anti-transpirant sprays (Palliotti et al., 2010 and 2011 a) 
have been introduced. These latter management practices 
are useful in any situation where the main aims are to re-
duce the vine yield and improve both technological and 
phenolic maturation. Moreover, global warming is leading 
to a progressive shift toward sub-tropicalization of several 
viticulture areas, shorter time intervals between pheno-
logical stages (Schultz, 2000; Jones et al., 2005) as well 
as increased probability for berry sunburn (Spayd et al., 
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2002; Tarara and Spayd, 2005; Greer et al., 2006). Finally, 
clear evidence does exist for faster ripening leading to sig-
nificant increases in grape sugar concentration at harvest 
(Dokoozlian, 2009).

2. Leaf removal

This operation has been historically defined as “the re-
moval of some leaves from the fruiting area between fruit 
set and veraison” (Smart, 1973) with the prevailing aim to 
ameliorate bunch microclimate and reduce rot incidence in 
canopies that are too dense (Gubler et al., 1991). Ongoing 
research has provided knowledge to distinguish two types 
of leaf removal aimed at quite distinct goals.

Traditional leaf removal
Although this practice may have different purposes, it 

is usually employed from fruit set to veraison on high-den-
sity canopies to improve light exposure and air circulation 

around the clusters, with substantial benefits in terms of 
pigmentation and tolerance to rot (Smart, 1985; Bledsoe et 
al., 1988; Gubler et al., 1991; Percival et al., 1994; Reyn-
olds et al., 1996). This operation can be done manually, 
requiring up to about 60 hr/ha, although increasing labour 
costs nowadays strongly advise a mechanical approach 
which can be easily performed in less than 2 hr/ha. The 
best timing for machine use is about one to two weeks 
prior to veraison when berries are still hard while specific 
bunch weight is already much higher than that of leaves. 

Yield may not change (Bledsoe et al., 1988; Smith et 
al., 1988; Hunter et al., 1995) or might even occasionally 
increase as compared with non-defoliated vines (Zoeck-
lein et al., 1992). The variability of the impact that leaf 
removal has on yield and their components is likely depen-
dent upon the negative effects on fruit set and berry growth 
in the current year and positive effects on bud induction 
and differentiation for the next year’s crop via an improve-
ment in canopy microclimate. Although this type of leaf 
removal usually leads to undeniable improvements in fruit 
composition, which more frequently are a slight increase 
in sugars and ripe fruit characters and  a decreased malic 
acid content and attenuated herbaceous and grassy wine 
characters (Smart, 1985; Reynolds et al., 1996; Zoechlein 
et al., 1992; Scheiner et al., 2010), its popularity has prob-
ably decreased over the last two decades due to either ad-
vancement in leaf and whole-canopy physiology and new 
pressure from global warming. 

A study from Petrie et al. (2003) found that leaf re-
moval from the lower quarter of the canopy during the 
lag phase of berry growth caused a significant decrease 
of whole-vine photosynthesis, even on a per-unit leaf area 
basis, thus suggesting that the lower portion of the canopy 
contributed more than the upper portion to the whole-vine 
carbon budget. A possible explanation of this finding is 
that although basal, and hence older leaves are removed 
by defoliation, they are also the largest leaves along the 
shoot and their size can offset lower photosynthetic rates 

(Poni et al., 1994). Therefore, lowering shoot photosyn-
thesis might not be negligible especially for leaf removals 
performed after fruit set.

Removal of all the leaves from the fruiting area, which 
thereby exposes the clusters to full sun, might lead in 
warm climates to compromised fruit composition because 
of excessive berry temperatures, which can hinder colour 
formation and cause a sharp drop in malic acid concentra-
tions (Spayd et al., 2002; Tarara et al., 2008). For such rea-
sons and in association with increasing concern for berry 
sunburn, criteria for applying leaf removal have become 
more restrictive and more often conceive retaining some 
leaf cover around the fruiting area. Differentiation in the 
actual need and/or severity of leaf removal also depends 
upon specific planting choices. For instance, no or very 
light defoliation is usually applied on the south facing side 
of an east-west oriented row, whereas more severe leaf 
stripping might be required on the north facing row side; 
basically the same applies for west- and east facing sides 
of north-south oriented rows, respectively.

More physiological insights have also been provided 
about “why” a traditional leaf removal might become man-
datory. Backward to the still shareable rule indicated from 
Dr. Shaulis in that “no leaf removal is needed if while stand-
ing in front of a canopy at veraison about 50-60% of the clus-
ters are visible”, other more recent findings have shown that 
in a significant number of cases, excessive canopy crowding 
in the bunch zone leading, in turn, to the need of stripping 
leaves, is caused by other wrong or rushed vineyard man-
agement choices (Fig. 1). One example is worthwhile above 
all: spur pruned vertically shoot positioned (VSP) cordon-
trained canopies are usually prone to leaf removal due to 
too high shoot density per meter of canopy length. Yet, this 
often happens as vines burst many either secondary or base 
bud originated shoots casting additional shade in the bunch 
area. More equilibrated vines would better comply with the 
shared requirement that, on average, one shoot is expected 
from each single retained node and, if so, the subsequent 
leaf removal would become quite likely unnecessary.

Fig. 1 - �Interrelationships of excessive shoot vigour stimulated by a too 
narrow within-row vine spacing and related consequences on 
summer pruning needs (drawn by Authors).
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Early leaf removal 
This practice has mainly been inspired from long-standing 

knowledge according to which carbohydrate supply at flow-
ering is a primary determinant of fruit set (Coombe, 1959; 
May et al., 1969). The temporary source limitation induced 
by removing an average of six main basal leaves before flow-
ering has led, under a broad array of genotypes  and growing 
conditions, to a significant decrease in fruit-set, which in turn 
increases cluster looseness and tolerance to rot (Gubler et al., 
1991; Poni et al., 2006; Intrieri et al., 2008; Poni et al., 2008; 
Diago et al., 2010 a). Yet, the most important outcome is that, 
irrespective of genotype, this early leaf removal markedly 
improves grape composition and wine sensory properties as 
compared to non-defoliated shoots (Poni et al., 2006; Diago 
et al., 2010 a; Palliotti et al., 2011 b).

There are multiple mechanisms involved in such a pos-
itive response. Defoliated shoots generally have a higher 
final leaf-to-fruit ratio than control, thus implying that the 
yield reduction induced by defoliation was more than pro-
portional to the leaf removal constraint due to a fruit-set 
and berry-size effect (Poni et. al., 2006). Furthermore, it 
is known that a precocious source limitation carried out in 
the form of defoliation or darkening the basal shoot zone 
hastens translocation of assimilates towards the cluster 
(Quinlan and Weaver, 1970). Improved grape composi-
tion in the defoliated shoots also relates to the ‘quality’ of 
the source. For example, it is indeed true that removing 
the main six basal leaves at pre-bloom causes an abrupt 
and severe decrease in vine photosynthesis [75% less than 
with not-defoliated (ND) according to Poni et al., 2008]. 
However, removing source leaves around bloom also trig-
gers a series of dynamic changes in canopy growth, age 
and photosynthesis. Defoliated vines have a ‘younger’ 
canopy at veraison since median and apical shoot leaves at 
this time are now mature and more lateral leaves may be 
present as a compensating reaction to early main leaf re-
moval, while some, albeit temporary, photosynthetic com-
pensation usually occurs in both main and lateral leaves of 
defoliated plants. Poni et al. (2008) have recently shown 
that whole canopy net CO2 exchange rates (NCER) moni-
tored uninterruptedly for three months in defoliated (D) 
vs. non-defoliated Sangiovese vines indicated no differ-
ences in data expressed on a per-vine basis. Yet when the 
same data were given on a per-unit leaf area basis, defoli-
ated vines showed higher rates than ND vines (4.75 µmol 
m-2 s-1 vs. 4.16 µmol m-2 s-1) and, most importantly, NCER/
yield increased by 38% in D vines, thus resulting in en-
hanced carbohydrate supply for ripening (Table 1).

However, the most intriguing outcome from these ear-
ly-season defoliation tests is that a significant increase in 
relative skin mass has consistently been found in separate 
field studies conducted on a three-year basis in cv. Barbera 
(Poni and Bernizzoni, 2010), regardless of absolute berry 
mass (Fig. 2). It is reasonable to think that such an early 

Table 1 -	 Effects of early defoliation on yield components and whole shoot net CO2 exchange rate (NCER)/fresh fruit mass

Treatment
Flowers/cluster

(no.)
Fruit set 

(%)
Total berries/ 

cluster 
(no.)

Cluster 
weight

(g)

Berry
weight

(g)

NCER shoot/yield
(nmol/s x g)

Cluster
compactness

(rating)
Control 435 38.8 169 334 1.98 2.43 6.60
Defoliated 487 21.0 103 207 2.01 3.31 4.25
Significance ns ** ** ** ns ** **

**, ns= significant at P ≤ 0.05 or not significant, respectively.

Fig. 2 - �Correlation between relative skin and berry mass in 2006, 2007 
and 2008 for non defoliated and defoliated Barbera grapevines 
(from Poni and Bernizzoni, 2010).  
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basal leaf removal, besides favouring berry hardening in 
the long run, would also impose more favourable microcli-
mate conditions for cell division and berry skin deposition, 
which typically takes place within four to five weeks after 
flowering. Mescalchin et al. (2008) have shown in Pinot 
Gris that the earlier the defoliation, the lesser the incidence 
of skin burning on VSP and pergola-trained varieties due 
to both more time allowed for cluster cover after treatment 
and adaptation towards the formation of a thicker skin.

Mechanization is feasible by preferably using at pre-
flowering (i.e. closed-flower stage) an air pressure blowing 
machine which can run two passages per row in about 5-7 
hr/ha (Intrieri et al., 2008). Best performance is obtained 
on canopies characterized by vertical and well positioned 
shoots and on cultivars having mostly erect inflorescences.

It has to be kept in mind that early leaf removal is specif-
ically recommended in highly productive vineyards which 
often present heavy, thick bunches very susceptible to rot. 
Based on the constancy of the results obtained under the 
above circumstances, this practice is nowadays an interest-
ing alternative to traditional methods of crop control such 
as bunch thinning. Advantages are feasibility of mechaniza-
tion, hence cost saving, and different mechanisms by which 
the crop level on the vine is adjusted. If early leaf removal 
is chosen, the primary regulation for crop restriction is via a 
decrease in fruit set with or without a significant reduction 
in berry size. Therefore, cluster number is unchanged, yet 
each bunch is smaller and looser. Conversely, hand bunch-
thinning, besides being time consuming, drastically lowers 
bunch number per vine and favours undesirable yield com-
pensation mechanisms such as larger berries and heavier 
clusters (Ough and Nagaoka, 1984; Keller et al., 2005).

Anti-transpirant applications
A very recent development of the above work inves-

tigated whether the precocious, albeit temporary, source 
limitation sought with early leaf removal can be induced 
through the non-invasive and easy-to-do application of 
anti-transpirants (Palliotti et al., 2010). Their use could 
sort out the inherent limitations of high labour demand for 
manual work while eliminating the risks of direct damage 
to the inflorescences linked to the use of a leaf plucker. Re-
sults reported for cvs. Sangiovese and Ciliegiolo subjected 
to pre-bloom treatment of anti-transpirant Vapor Gard® 
(a.i. di-1-p-menthene at 3% concentration, Intrachem Bio 
Italia, Grassobbio, BG, Italy) show similar reductions 
of net photosynthesis (from 30% to 70%) over several 
weeks after spraying as compared to control vines (Fig. 
3). The treated Sangiovese vines showed reduced yield, 
berry weight, cluster compactness and, on a two-year ba-
sis, lower vigour and unchanged vine capacity per year. 
At harvest, the treated vines showed higher °Brix in all 
seasons and higher anthocyanin concentration two years 
out of three. Overall, early-season applications of a film-
forming anti-transpirant caused a leaf function limitation 
strong enough to reduce yield and cluster compactness 
through smaller final berry size.

Over the last decade, climate change along with im-
provements in vineyard management and clonal selection 
have exerted a strong impact on vine yield and grape and 
wine composition. Among the most important effects, the 
increase in grape sugar concentration at harvest, is to be 
considered, which resulted in wines with high alcohol con-

Fig. 3 - �Seasonal trends of air vapour pressure deficit (VPD) and total photo-
synthetic active radiation (PAR) (a), assimilation rate (b), transpira-
tion rate (c) and intrinsic water use efficiency (d) recorded on fully 
expanded, median Sangiovese (top image) and Ciliegiolo (bottom 
image) leaves sprayed twice with anti-transpirant Vapor Gard® at 
3% (T) or left unsprayed (C). Bold arrows indicate the time of ap-
plication. Data are means ± se (from Palliotti et al., 2010). 
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tent (Vierra, 2004; Duchêne and Schneider, 2005; God-
den and Gishen, 2005). There is a surge of interest from 
the wine industry in tools suitable to lower wine alcohol 
content such as the de-alcoholisation process which also 
agrees with the EU legislative measure No 606/2009. 
Conversely, it would thus be helpful to find strategies able 
to reduce grape sugar concentration in the vineyard, thus 
limiting the need to operate in the winery without detri-
mental effects on wine characteristics. In association with 
traditional management practices which can be used to 
slow down the accumulation of sugars in the grape ber-
ry, interest is growing in late season applications of an-
ti-transpirants. In a recent contribution by Palliotti et al. 
(2011 a), the anti-transpirant Vapor Gard® sprayed about 
one month before harvest significantly delayed sugar ac-
cumulation in Sangiovese, Tocai rosso and Trebbiano 
Toscano berries which, at harvest, had -1.2 to -2.7 less 
°Brix than the un-sprayed control according to genotype 
and crop load. The temporary reduction of photosynthesis, 
due to the film formed by the anti-transpirant, limited the 
amount of assimilates translocated into the ripening berry, 
thus lowering must sugar concentration with a potential 
effect on wine alcohol content.

3. Cluster thinning

The achievement of an adequate balance between 
growth and fruiting can be obtained by the regulation of 
crop level through cluster thinning treatments. Despite ad-
ditional labour costs, cluster thinning might play an im-
portant role in all cases where over cropping occurs (e.g. 
excess of vigour due to cultivar and rootstock, high soil 
fertility, low planting density, use of drip fertigation, etc.) 
and in cases where winter pruning severity has not over-
come cropping due to high bud fertility. The negative ef-
fects of over cropping include delay in grape maturation, 

worsening of overall grape quality, increased susceptibil-
ity to biotic disease and poor wood maturity (Winkler et 
al., 1974). Furthermore, different environmental param-
eters, particularly air temperature, light intensity, photope-
riod and soil water content, together with phyto-hormones 
and the availability of mineral ions are known to influence 
bud fertility and fruit-set (Srinivasan and Mullins, 1981). 
Therefore, it is not always possible to regulate the yield 
level by solely adjusting bud load, especially in vineyards 
with low planting density and in years and areas character-
ized by unfavourable environmental conditions.

However, the results regarding the effects of high yield 
levels on fruit composition (sugar, acidity, colour, etc.) and 
wine quality (taste, flavours, colour and potential for ag-
ing) are quite contradictory. For example, some authors 
found an increase in anthocyanin concentration upon clus-
ter thinning (Bravdo et al., 1984 a, Reynolds, 1989; Gui-
doni et al., 2002), whereas no improvement in anthocy-
anin content or wine colour in cluster-thinned vines were 
found by Bravdo et al. (1984 b) and Ough and Nagaoka 
(1984). Location, application time and intensity of clus-
ter thinning treatment significantly affected the results and 
can therefore justify, at least in part, the discrepancy of the 
experimental results in literature.

The results of a three-year trial on the effects of three 
levels of cropping (0%, 20% and 40% cluster thinning 
treatments) applied just before veraison in Sangiovese, 
Merlot and Cabernet Sauvignon showed that this manage-
ment practice caused a significant reduction of yield only 
at the 40% severity and in two out of the three seasons 
studied (Table 2) (Palliotti and Cartechini, 1988). In each 
cultivar, in 1995 and 1996, yield was linearly correlated 
with cluster thinning intensity. Cluster thinning treatment 
at the 40% level caused a reduction of vine yield that 
ranged from 22% to 47%. The reduction of yield observed 
was, in general, not proportional to the cluster thinning 
intensity due to a significant increase of berry and clus-

Table 2 - Effects of cluster thinning on yield and cluster characteristics in Sangiovese, Merlot and Cabernet Sauvignon grapevine cultivars

Cultivar Thinning Yield (kg/vine) Cluster/vine (n°) Cluster weight (g) Berry weight (g)
1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997

Sangiovese 0% 12.4 11.3 10.1 40.6 46.4 39.9 306 245 251 2.30 2.36 2.33
20% 11.8 9.5 10.0 35.1 34.3 32.9 340 271 300 2.47 2.60 2.68
40% 9.5 6.9 9.5 25.2 22.6 24.3 381 308 387 2.70 2.82 3.38

Significance ** *** ns ** *** ** *** *** *** *** *** ***
r2 0.76 0.92 --- 0.76 0.94 0.75 0.90 0.89 0.92 0.87 0.94 0.96
Merlot 0% 8.1 8.7 8.7 57.8 64.1 60.5 147 137 149 1.70 1.82 2.03

20% 7.7 8.0 8.2 49.5 52.1 50.5 159 154 160 1.76 1.83 2.12
40% 6.1 6.6 7.9 35.4 38.8 37.5 172 170 212 1.92 1.94 2.53

Significance * *** ns *** *** *** *** *** *** *** * **
r2 0.47 0.87 --- 0.84 0.91 0.83 0.89 0.91 0.84 0.85 0.46 0.73
Cabernet S. 0% 7.2 7.9 6.2 56.1 58.9 51.6 131 135 123 1.35 1.94 1.39

20% 7.4 7.0 6.1 44.2 47.6 42.2 167 146 146 1.60 2.02 1.57
40% 5.6 4.2 6.0 32.2 27.9 30.5 176 154 198 1.70 2.06 1.89

Significance * *** ns *** *** *** *** *** *** ** ** ***
r2 0.42 0.84 --- 0.90 0.93 0.92 0.85 0.87 0.84 0.72 0.70 0.84

*,**,***, ns= linear component significant at P ≤ 0.05, 0.01, 0.001, or not significant, respectively.



156

ter weight. At the 20% intensity of cluster thinning, vine 
self-regulation warranted full yield compensation through 
significantly increased berry size and cluster weight. In 
1997, due to quite favourable environmental conditions 
for ripening, +156 and +143 degree-days, base 10°C, as 
compared to 1995 and 1996, respectively, and lower rain-
fall during the two months prior to harvest, the impact of 
the 40% cluster thinning on vine yield was negligible.

Total soluble solids, anthocyanins and phenolics in-
creased linearly with thinning severity in two out of the 

three seasons (Tables 3 and 4). Juice pH and titratable 
acidity (TA) were rather variable, although cluster thin-
ning tended to reduce TA and increase pH (Table 3). In 
1995 and 1996, improvements in soluble solids content 
in cluster-thinned vines were consistent with lower yield 
levels (Table 3) whereas the reduction of titratable acid-
ity and the slight increase of juice pH were probably at-
tributable to an earlier ripening. Similar results have also 
been reported by Looney (1981), Bravdo et al. (1984 a) 
and Reynolds (1989).

Table 4 - �Effects of cluster thinning on anthocyanins, polyphenols and total nitrogen content at harvest in Sangiovese, Merlot and Cabernet S. 
grapevine cultivars

Cultivar Thinning Anthocyanins
(mg/cm2 berry skin)

Polyphenols
(mg/cm2 berry skin)

Total nitrogen
(% s.s.)

1995 1996 1997 1995 1996 1997 1996 1997
Sangiovese 0% 0.412 0.453 0.602 1.42 1.95 1.34 0.35 0.56

20% 0.580 0.596 0.652 1.89 2.37 1.84 0.56 0.56
40% 0.610 0.692 0.639 1.94 2.42 1.87 0.49 0.70

Significance *** *** ns ** * ns ns **
r2 0.83 0.96 --- 0.80 0.57 --- --- 0.65
Merlot 0% 0.491 0.487 0.576 1.51 1.63 1.24 0.42 0.49

20% 0.571 0.554 0.641 1.73 2.00 1.46 0.63 0.49
40% 0.824 0.742 0.653 2.10 2.37 1.56 0.49 0.53

Significance *** *** * ** ** ns ns ns

r2 0.90 0.91 0.49 0.68 0.77 --- --- ---
Cabernet S. 0% 0.652 0.786 0.691 1.80 1.91 2.08 0.38 0.29

20% 0.670 0.772 1.021 2.10 2.60 2.52 0.70 0.42
40% 1.024 0.942 1.073 2.70 2.84 2.55 0.56 0.56

Significance ** * *** *** ** ns ns ***
r2 0.78 0.62 0.83 0.81 0.79 --- --- 0.95

*,**,***, ns= linear component significant at P ≤ 0.05, 0.01, 0.001, or not significant, respectively.

 Table 3 -	�Effects of cluster thinning on soluble solids, titratable acidity and pH at harvest in Sangiovese, Merlot and Cabernet Sauvignon grapevine 
cultivars

Cultivar Thinning
Soluble solids (°Brix) Titratable acidity (g/l) Juice pH

1995 1996 1997 1995 1996 1997 1995 1996 1997
Sangiovese 0% 17.3 17.1 21.4 8.5 8.2 6.3 3.01 3.08 3.26

20% 18.0 18.9 21.8 8.8 7.5 6.1 3.04 3.11 3.22
40% 18.4 21.1 22.0 8.0 7.2 5.9 3.04 3.12 3.21

Significance * *** ns ns ** ns ns ns ns

r2 0.54 0.94 --- --- 0.71 --- --- --- ---
Merlot 0% 20.6 21.0 21.4 9.7 6.8 6.5 3.13 3.29 3.32

20% 21.4 21.2 22.8 9.5 6.7 6.3 3.15 3.27 3.28
40% 22.6 22.8 22.6 8.8 6.5 6.4 3.18 3.44 3.36

Significance ** ** ns ** ns ns *** ns ns

r2 0.79 0.67 --- 0.64 --- --- 0.85 --- ---
Cabernet S. 0% 20.2 21.0 21.6 9.7 8.0 7.6 3.05 3.21 3.22

20% 20.0 21.4 22.2 9.5 7.9 7.1 3.09 3.19 3.23
40% 22.0 23.2 22.0 8.8 7.5 7.2 3.13 3.25 3.27

Significance * ** ns * ns ns * ns ns

r2 0.55 0.74 --- 0.55 --- --- 0.46 --- ---

*,**,***, ns= linear component significant at P ≤ 0.05, 0.01, 0.001, or not significant, respectively.  
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Data pooled from cultivars and years resulted in nega-
tive correlations between total soluble solids and yield level, 
while positive linear relationships were found between an-
thocyanins in berry skin and soluble solids in berry juice 
(Fig. 4). Overall, regulation of yield through cluster thin-
ning is strictly dependent on year; the grape composition is 
generally improved and this assumes particular importance 
in seasons marked by unfavourable environmental condi-
tions or in very productive vineyards due to either high 
fertility cultivars (i.e. Sangiovese) or soils. The increase of 
polyphenols and anthocyanin content recorded in both 20% 
and 40% cluster-thinned vines is of great significance for 
the production of high quality red wine, especially when 
targeted to aging. Since manual cluster thinning is a very 
expensive operation due to large labour requirements, its 
mechanization is a very needed, yet largely unresolved is-
sue. In Grenache and Tempranillo grapevines trained to 
vertical, shoot-positioned mechanical berry thinning per-
formed with a grape harvester was effective to reduce yield 

while achieving more ripened grapes and wines with higher 
alcohol and pH values, more intense colour and increased 
phenolic compounds (Diago et al., 2010 b). 

4. Shoot hedging

Practices aimed at manipulating vegetative growth dur-
ing late-spring and summer, particularly in vigorous vine-
yards, can substantially influence yield and grape compo-
sition (Intrieri et al., 1983; Kliewer and Bledsoe, 1987; 
Reynolds and Wardle, 1989). Hedging is a common man-
agement practice used to maintain canopy shape, reduce 
vine vigour, improve the microclimate in the fruiting zone, 
increase the efficiency of disease treatments and facili-
tate harvest and access of machines to the vineyard rows. 
Compared with other summer management practices used 
for similar purposes, such as leaf removal and pulling of 
lateral shoots, hedging is commonly used because it can 

Fig. 4 - �Relationship between yield per vine and total soluble solids (left) and total soluble solids and anthocyanins 
content in the berry skin at harvest (right).
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be done completely mechanically and therefore is easy, 
fast and cheap. The effects of hedging on yield and fruit 
quality, considering the variables of timing and severity 
of application, are strictly associated to the ability of the 
cultivar to develop lateral shoots and their photosynthetic 
capacity from veraison to harvest (Cartechini et al., 1998).

The impact of hedging severity on vine performance 
is well known; severe hedging, i.e. less than six main 
leaves retained per shoot, generally reduces grape quality 
(Kliewer and Bledsoe, 1987; Reynolds and Wardle, 1989; 
Palliotti, 1992), whereas the time of application is rather 
controversial because other factors may also influence 
these effects such as bud load, shoot orientation, training 
system, environmental conditions, soil characteristics, wa-
ter availability, and so on (Intrieri et al., 1983; Reynolds 
and Wardle, 1989).

Vertical shoot positioned (VSP) training systems are 
normally trimmed when their shoots exceed the wires 
placed at the top of the canopy. Therefore, the timing is 
poorly dependent on grower’s decisions and it is instead 
a function of intrinsic shoot vigour and vine balance. A 
balanced vineyard would reach the height suitable for 

trimming around fruit set, whereas an excessively vigor-
ous one would get to the same growth stage much earlier, 
therefore making shoot trimming more likely to be repeat-
ed again later in the season. Timing of trimming follows 
different rules when performed on sprawl canopies (i.e. 
a single high wire trellis) where an early (pre-flowering) 
shoot trimming might be made necessary by the need to 
induce mostly upright shoot growth habits.

A two-year trial, aimed at assessing the effect of tim-
ing of hedging (one and five weeks after full bloom, AFB) 
on yield and grape composition in different red and white 
grapevine cultivars grown on fertile clay soil and trained to 
a single high wire trellis, showed that hedging at the 9-10th 
node on primary shoots, carried out one week AFB, mark-
edly changed canopy characteristics, yield and grape com-
position (Fig. 5 and Tables 5, 6, 7 and 8) (Cartechini et al., 
1998). In untrimmed Sangiovese, Cabernet Sauvignon and 
Verdello vines, leaf area build up progressed rapidly from 
about 30 to 120 days after bud burst (Fig. 5). The develop-
ment of laterals and relative leaf area occurred from 60 to 
110 days after bud burst in Sangiovese and from 60 to 140 
days after bud burst in Cabernet Sauvignon and Verdello. 

Fig. 5 - �Development of primary and lateral leaves in Sangiovese, Cabernet Sauvignon and Verdello grapevine 
cultivars hedged one and five weeks after full bloom (AFB) as compared to the untrimmed control  (n = 
3 ± se).
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In all the cultivars, from flowering to veraison, the total leaf 
area increased more than three-fold. At the end of canopy 
growth, the Sangiovese had less total leaf area than Cab-
ernet Sauvignon and Verdello (-1.5 and -2.0 m2/vine, re-
spectively) and the laterals represented 18, 32 and 22% of 
the total leaf area in Sangiovese, Cabernet Sauvignon and 
Verdello, respectively. Up to the end of canopy growth, San-
giovese, Cabernet Sauvignon and Verdello hedging one and 
five weeks AFB produced about 1.1, 3.9 and 3.5 and 0.9, 
3.4 and 3.1 m2 of new leaves per vine, respectively, derived 
mainly from lateral development. 

In all cultivars, early-hedging, one week AFB, gener-
ally increased the contents of soluble solids, total nitrogen 
and total polyphenols (Tables 6, 7 and 8) as well as antho-
cyanins content in the red cultivars (Table 8). Early-hedg-

ing significantly reduced the titratable acidity and juice 
pH in all the cultivars (Table 6 and 7). Late-hedging, five 
weeks AFB, instead significantly reduced yield in Sangio-
vese and, except for Sauvignon blanc, the soluble solid 
content was significantly reduced as well as anthocyanins 
content in both red cultivars. 

The positive outcomes of the early-hedging were 
likely dependent upon a cultivar’s ability to develop lat-
eral shoots after trimming (Fig. 5). All the cultivars with 
a good capacity to produce laterals, such as Cabernet 
Sauvignon, Verdello, Drupeggio and Sauvignon blanc, 
responded better to early summer pruning as shown by 
the increased cluster weight and yield and improved con-
tents of soluble solids, total polyphenols and nitrogen 
content. Trimming vines increased lateral growth and 

Table 5 - �Yield and average cluster weight at harvest in vines of different grapevine cultivars hedged one and five weeks after full bloom (AFB) and 
control (n= 60)

Cultivar
Yield (kg/vine) Cluster weight (g)

Control Hedged
 1 week AFB

Hedged 
5 weeks AFB

Control Hedged 
1 week AFB

Hedged
 5 weeks AFB

Sangiovese 7.4 b 7.3 b 6.0 a 279.8 b 292.4 b 253.5 a
Cabernet S. 6.0 a 7.8 b 5.5 a 122.9 a 143.7 b 110.5 a
Verdello 7.0 a 8.2 b  6.9 a 215.6 a 276.6 b 218.7 a
Drupeggio 7.4 a 9.1 b 7.2 a 238.7 a 275.7 b 235.4 a
Sauvignon b. 4.0 a 5.2 b 3.9 a 106.5 a 129.3 b 103.8 a

For each grapevine cultivar, the means followed by different letters are significantly different at P ≤ 0.05.

Table 6 - �Soluble solids content and titratable acidity at harvest in different grapevine cultivars hedged one and five weeks after full bloom (AFB) 
and control

Cultivar
Soluble solids (°Brix) Titratable acidity (g/l)

Control Hedged 
1 week AFB

Hedged
 5 weeks AFB

Control Hedged 
1 week AFB

Hedged 
5 weeks AFB

Sangiovese 23.2 b 23.9 b 21.8 a 6.6 b 6.1 a 6.8 b
Cabernet S. 23.4 b 23.7 b 22.9 a 7.1 b 6.6 a 7.3 b
Verdello 19.4 b 21.0 c 17.8 a 8.5 b 8.0 a 8.6 b
Drupeggio 20.3 b 21.9 c 18.1 a 8.4 b 7.8 a 8.3 b 
Sauvignon b. 20.5 a 23.1 b 20.4 a 8.8 b 8.2 a 9.0 b

For each grapevine cultivar, the means followed by different letters are significantly different at P ≤ 0.05.

Table 7 - �Juice pH and berry nitrogen content at harvest in vines of different grapevine cultivars hedged one and five weeks after full bloom (AFB) 
and control

Cultivar
Juice pH Total nitrogen (% d.w.)

Control Hedged
 1 week AFB

Hedged 
5 weeks AFB

Control Hedged 
1 week AFB

Hedged 
5 weeks AFB

Sangiovese 3.42 b 3.35 a 3.36 a 0.48 a 0.63 b 0.45 a
Cabernet S. 3.40 b 3.22 a 3.29 a 0.63 a 0.98 b 0.55 a
Verdello 3.06 b 3.00 a 2.99 a 0.42 a 0.59 b 0.41 a
Drupeggio 3.08 b 3.03 a 3.04 a 0.44 a 0.68 b 0.38 a
Sauvignon b. 3.07 b 3.01 a 3.02 a 0.51 a 0.66 b 0.45 a

For each grapevine cultivar, the means followed by different letters are significantly different at P ≤ 0.05.
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the total final leaf area was always less than that record-
ed in control vines (from 15 to 49% less). At harvest, in 
all the grapevines tested, early-hedging reduced the leaf/
fruit ratio from 33 to 45% in comparison to the control 
vines and improved the soluble solids content (from 0.3 
to 1.6°Brix), whereas late-hedging caused a reduction 
of both leaf/fruit ratio and soluble solid accumulation 
in the berries (Fig. 6). The rejuvenation of leaf area in 
the canopy following early-hedging and their high pho-
tosynthetic efficiency from veraison to harvest of the 
newly formed lateral leaves (Fig. 7) likely reduced the 
leaf area per gram of fruit required to achieve adequate 
ripeness. These laterals also translocate assimilates to 
the subtending clusters very efficiently (Candolfi-Vas-
concelos and Koblet, 1990). Negative results found on 
late-hedged vines, also reported by other authors (Intri-

eri et al., 1983; Palliotti, 1992), are probably linked to 
the fact that lateral shoots compete with the developing 
grapes for carbohydrates, causing delayed berry growth 
and sugar accumulation.

Early-trimming reduced titratable acidity as compared 
to control vines due to greater cluster exposure to sunlight 

Table 8 - �Anthocyanins and total polyphenol content at harvest in the berry skin of different grapevine cultivars hedged one and five weeks after 
full bloom (AFB) and control

Cultivar
Anthocyanins (mg/cm2 berry skin) Polyphenols (mg/cm2 berry skin)

Control Hedged
 1 week AFB

Hedged 
5 weeks AFB

Control Hedged 
1 week AFB

Hedged 
5 weeks AFB

Sangiovese 0.754 b 0.958 c 0.412 a 1.65 b 2.24 c 1.09 a
Cabernet S. 1.095 b 0.998 b 0.773 a 2.07 a 2.96 b 1.90 a
Verdello --- --- --- 0.88 a 1.25 b 0.80 a
Drupeggio --- --- --- 0.91 a 1.19 b 0.81 a
Sauvignon b. --- --- --- 0.82 a 1.12 b 0.75 a

For each grapevine cultivar, the means followed by different letters are significantly different at P ≤ 0.05.

Fig. 6 -  �Relationship between must total soluble solids and leaf/fruit 
ratio at harvest in vines of Sangiovese, Cabernet Sauvignon 
and Verdello either untrimmed or trimmed one (A) and five (B) 
weeks after full bloom (AFB).

Fig. 7 - �Evolution of net photosynthesis of primary and lateral leaves 
from veraison to leaf fall in Sangiovese, Cabernet Sauvignon 
and Verdello grapevine cultivars (n = 8 ±se).
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and a consequent decrease of malic acid content due to 
respiration activity. In addition, the reduced must pH with 
early-hedging is probably linked to the reduction of both 
the malic acid and potassium contents in the must in as-
sociation with lower total leaf area. Bledsoe et al. (1988) 
found a significant positive correlation between these two 
parameters and juice pH.

In all the grapevine cultivars that develop many laterals 
after hedging, the greater transpiration rate (from +15 to 
35%, data not shown) assessed in these leaves, compared 
with primary ones, particularly in August and September, 
may aggravate susceptibility to vine water stress especially 
in hot environments and in particularly dry years. During 
the first two weeks of November, the laterals on the vines 
had net photosynthesis values that ranged from 0.7 to 1.6 
µmol CO2 m

-2 s-1 (Fig. 6), in a period when all the carbo-
hydrates fixed are very useful for the reserve accumula-
tion, and therefore for increased cold hardiness (Wample 
and Bary, 1992) and even for budbreak and initial shoot 
growth the following season. Thus, at the end of the sea-
son care must be taken to maintain the integrity of these 
leaves until total abscission occurs. Early winter pruning, 
practiced in some viticulture areas, should be avoided.

5. Shoot positioning

In VSP canopy trellis systems, shoot positioning is 
performed to maintain canopy form and shoot separation, 
to create a uniform distribution of leaves that minimizes 
cluster shading as well as to optimize canopy light inter-
ception and allowing the transit of mechanical equipment 
between rows. Shoot positioning also exerts a positive 
effect on disease incidence and severity; usually disease 
pressure is lessened due to increased air flow and sunlight 
penetration inside the vine canopy. Another important ef-
fect of this canopy management technique is that it has a 
positive impact on the development of fruitful buds and 
therefore for the vine yield in the following year.

The way shoot positioning is performed depends mainly 
on the training systems. In a VSP system the process con-
sists of directing the shoots growing up between a set of 
catch wires as they develop. The vertically positioning of 
shoots can be done manually or using movable wires and 
done several times during the growing season. Mechanical 
shoot positioning on VSP trellis systems with specialized 
equipment has undergone a notable increase in recent years.

On Geneva Double Curtain (GDC) training system the 
shoots are positioned downward and separated out from 
the permanent cordon in order to reduce the vigour of 
shoots and attain optimal canopy density. In the GDC trel-
lis, shoot positioning is performed on the interior part of 
the canopy to maintain two distinct canopies avoiding ex-
cessive shading in the central part of the canopy. Usually, 
in most training systems, shoot positioning is performed 
one or two weeks after bloom, before tendrils have be-
come firmly attached. For best results, however, two or 
three shoot positioning runs during the season are needed.

6. Conclusions

Vineyard management should aim to achieve and main-
tain high efficiency over time, which is closely dependent 
on the ability to control the competition both between-and 
intra-vine. This approach would warrant a fair and fruitful 
balance between vegetative and productive activity of the 
vines and the best expression of grape quality (Smart and 
Robinson, 1991) without costly additional inputs.  Since 
the “perfect” vineyard able to reach and maintain this 
equilibrium in a natural way during the season is generally 
utopia, summer pruning often plays a crucial role. 

In light of the climate change in progress, an important 
challenge for old and new vineyards will be the match-
ing of tradition and innovation. This raises the question 
of new techniques of canopy management, availability of 
rootstocks of low-to-moderate vigour, new cultivars bet-
ter adapted to higher temperatures and water shortage and 
more intense mechanization. The latter assumes particular 
importance especially when the wines produced must be 
sold in un-bottled form or within large organized distribu-
tion (LOD) chains, like supermarkets, hypermarkets and 
discount markets. Currently, at least in Italy, LOD com-
mercialize about 70% of the entire Italian wine production 
(which corresponds to about 48-50 million hl per year) 
(ISMEA, 2007), where the binomial “adequate quality”-
“moderate selling price” is still dominant.

Global warming requires rapid adaptation and poses the 
crucial question of ripening modulation. In white grape va-
rieties, the major challenge is the preservation of organic 
acids and primary grape flavours; whereas in black-berried 
cultivars the priority is producing wines with moderate al-
cohol content without modifying colour intensity and wine 
sensory. Some traditional and innovative canopy manage-
ment practices can help to achieve these results, such as light 
pruning (Petrie et al., 2003), early leaf removal (Poni et al., 
2006; Palliotti et al., 2011 b), late defoliation and severe 
summer pruning (Stoll et al., 2010), use of anti-transpirants 
(Palliotti et al., 2010, 2011 a), canopy treatment of exog-
enous auxins (Böttcher et al., 2010) and brassinosteroid 
and brassinazole steroidal hormones (Symons et al., 2006). 
However, such lines of research will require more data in-
puts to better clarify the causes responsible for variability in 
vine yield, grape composition and wine quality according 
to seasons and grapevine varieties and to develop the best 
operative strategy for crop regulation.

References

Bledsoe A.M., Kliewer W.M., Marois J.J., 1988 - Ef-
fects of timing and severity of leaf removal on yield and fruit 
composition of Sauvignon blanc grapevines. - Am. J. Enol. 
Vitic., 39: 49-54.

BÖTTCHER C., HARVEY K., FORDE C.G., BOSS P.K., DA-
VIES C., 2010 - Auxin treatment of pre-veraison grape (Vi-
tis vinifera L.) berries both delays ripening and increase the 
synchronicity of sugar accumulation. - Aust. J. Grape Wine 
Res., 17: 1-8.



162

BRAVDO B., HEPNER Y., LOINGER C., COHEN S., TABAC-
MAN H., 1984 a - Effect of crop level on growth, yield and 
wine quality of a high yielding Carignane vineyard. - Am. J. 
Enol. Vitic., 35: 247-252.

BRAVDO B., HEPNER Y., LOINGER C., COHEN S., TABAC-
MAN H., 1984 b - Effect of crop level and crop load on 
growth, yield, must and wine composition, and quality of 
Cabernet Sauvignon. - Am. J. Enol. Vitic., 36: 125-131.

CANDOLFI-VASCONCELOS M.C., KOBLET W., 1990 - 
Yield, fruit quality, bud fertility and starch reserves of the 
wood as a function of leaf removal in Vitis vinifera. Evidence 
of compensation and stress recovering. - Vitis, 29: 199-221.

CARTECHINI A., PALLIOTTI A., LUNGAROTTI C., 1998 - 
Influence of timing of summer hedging on yield and grape 
quality in some red and white grapevine cultivars. - Acta 
Horticulturae, 512: 101-110.

Coombe B.G., 1959 - Fruit-set development in seeded grape 
varieties as affected by defoliation, topping, girdling, and 
other treatments. - Am. J. Enol. Vitic., 10: 85-100.

Diago M.P., Vilanova M., BLANCO J.A., Tardaguila 
J., 2010 b - Effects of mechanical thinning on fruit and wine 
composition and sensory attributes of Grenache and Tem-
pranillo varieties (Vitis vinifera L.). - Austr. J. Grape Wine 
Res., 16: 314-326.

Diago M.P., Vilanova M., Tardaguila J., 2010 a - Ef-
fects of timing of early defoliation (manual and mechanical) 
on the aroma attributes of Tempranillo (Vitis vinifera L.) 
wines. - Am. J. Enol. Vitic., 61: 382-391.

DOKOOZLIAN N., 2009 - Integrated canopy management: a 
twenty year evolution in California. - Proceedings Recent 
Advances in Grapevine Canopy Management, July 16, Da-
vis, California, USA, pp. 43-52.

DUCHÊNE E., SCHNEIDER C., 2005 - Grapevine and cli-
matic changes: a glance at the situation in Alsace. - Agron. 
Sustain. Dev., 25(1): 93-99.

GODDEN P., GISHEN M., 2005 - Trends in the composition of 
Australian wine. - The Australian and New Zealand Wine 
Industry Journal, 20(5): 21-46. 

GREER D.H., ROGIERS S.Y., STEEL C.C., 2006 - Susceptibil-
ity of Chardonnay grapes to sunburn. - Vitis, 45: 147-148.

Gubler W.D., Bettiga L.J., Heil D., 1991 - Compari-
sons of hand and machine leaf removal for the control 
of Botrytis bunch rot. - Am. J. Enol. Vitic., 42: 233-236.

GUIDONI S., ALLARA P., SCHUBERT A., 2002 - Effect of 
bunch thinning on berry skin antocyanin composition of Vi-
tis vinifera cv. Nebbiolo. - Am. J. Enol. Vitic., 53: 224-226.

Hunter J.J., Ruffner H.P., Volschenk C.G., Le Roux 
D.J., 1995 - Partial defoliation of Vitis vinifera L. cv. Caber-
net Sauvignon/99 Richter (1995). Effect on root growth, can-
opy efficiency, grape composition, and wine quality. - Am. J. 
Enol. Vitic., 46: 306-314.

Intrieri C., Filippetti I., Allegro G., Centinari M., 
Poni S., 2008 - Early defoliation (hand versus mechanical) for 
improved crop control and grape composition in Sangiovese 
(Vitis vinifera L.). - Austr. J. Grape and Wine Res., 14: 25-32.

INTRIERI C., MAGNANINI E., SILVESTRONI O., 1983 - Ef-
fetti della potatura verde sul comportamento vegetativo e 
produttivo di Albana e Sangiovese. - Vignevini, 5: 57-62.

Intrieri C., Poni S., 1995 - Integrated evolution of trellis 
training systems and machines to improve grape quality and 

vintage quality of mechanized Italian vineyards. - Am. J. 
Enol. Vitic., 46: 116-127.

JONES G.V., WHITE M.A., COOPER O.R., STORCHMANN 
K., 2005 - Climate change and global wine quality. - Cli-
matic Change, 73: 319-343.

Keller M., Mills L.J., Wample R.L., Spayd S.E., 2005 
- Cluster thinning effects on three deficit-irrigated Vitis vi-
nifera cultivars. - Am. J. Enol. Vitic., 56: 91-103.

KLIEWER W.M., 1970 - Effect of time and severity of defo-
liation on growth and composition of ‘Thompson Seedless’ 
grapes. - Am. J. Enol. Vitic., 21: 37-47.

KLIEWER W.M., BLEDSOE A., 1987 - Influence of hedging 
and leaf removal on canopy miroclimate, grape composition, 
and wine quality under California conditions. - Acta Horti-
culturae, 206: 157-168.

LOONEY N.E., 1981 - Some growth regulator and cluster thin-
ning effects on berry set and size, berry quality, and produc-
tivity of De Chaunac grapes. - Vitis, 20: 22-35.

May P., Shaulis N.J., Antcliff A.J., 1969 - The effect of 
controlled defoliation in the Sultana vines. - Am. J. Enol. 
Vitic., 20: 237-250.

Mescalchin E., Bottura M., Cainelli R., Fellin 
F., Gobber M., Lucin R., Margoni M., Mattedi F., 
Michelotti F., Patton A., Penner F., Ribolli F., 
2008 - Sfogliare precocemente la vite per evitare scottature e 
Botrite. - L’Informatore Agrario, 17: 39-45.

Ough C.S., Nagaoka R., 1984 - Effect of cluster thinning 
and vineyard yields on grape and wine composition and 
wine quality of Cabernet Sauvignon. - Am. J. Enol. Vitic., 
35: 30-34.

PALLIOTTI A., 1992 - Energia radiante, produttività delle fo-
glie e fotosintesi in Vitis vinifera L. - Doctoral Thesis, Is-
tituto di Coltivazioni Arboree, University of Perugia, Italy.

PALLIOTTI A., CARTECHINI A., 1998 - Cluster thinning ef-
fects on yield and grape composition in different grapevine 
cultivars. - Acta Horticulturae, 512: 111-119.

PALLIOTTI A., GATTI M., PONI S., 2011 b - Early leaf remov-
al to improve vineyard efficiency: Gas exchange, source-to-
sink balance, and reserve storage responses. - Am. J. Enol. 
Vitic., 62: 219-228.

PALLIOTTI A., PONI S., BERRIOS J.G., BERNIZZONI F., 
2010 - Vine performance and grape composition as affected 
by early-source limitation induced with anti-transpirants 
in two red Vitis vinifera L. cultivars. - Aust. J. Grape Wine 
Res., 16: 426-433.

PALLIOTTI A., SILVESTRONI O., PONI S., 2011 a - Control-
lo degli zuccheri nell’uva con il pinolene. - L’Informatore 
Agrario, Suppl. n. 13, pp. 29-32. 

Percival D.C., Fisher K.H., Sullivan J.A., 1994 - Use of 
fruit zone leaf removal with Vitis vinifera L. cv. Riesling grape-
vines. I. Effects on canopy structure, microclimate, bud survival, 
shoot density, and vine vigor. - Am. J. Enol. Vitic., 45: 123-132.

Petrie P.R., Trought M.C.T., Howell G.S., Buchan 
G.D., 2003 - The effect of leaf removal and canopy height 
on whole-vine gas exchange and fruit development of Vitis 
vinifera L. Sauvignon blanc. - Func. Plant Biol., 30: 711-717.

Poni S., Bernizzoni F., 2010 - A three-year survey on the 
impact of pre-flowering leaf removal on berry growth com-
ponents and grape composition in cv. Barbera vines. - J. In-
tern. Sci. Vigne et du Vin, 44: 21-30.



163

Poni S., Bernizzoni F., Civardi S., 2008 - The effect of 
early leaf removal on whole-canopy gas exchange and vine 
performance of Vitis vinifera L. cv. Sangiovese. - Vitis, 47: 
1-6.  

PONI S., Casalini L., Bernizzoni F., Civardi S., In-
trieri C., 2006 - Effects of early defoliation on shoot pho-
tosynthesis, yield components, and grape quality. - Am. J. 
Enol. Vitic., 57: 397-407.

Poni S., Intrieri C., Silvestroni O., 1994 - Interactions 
of leaf age, fruiting and exogenous cytokinins in Sangiovese 
grapevines under non-irrigated conditions. I. Gas exchange. 
- Am. J. Enol. Vitic., 45: 71-78.

Quinlan J.D., Weaver J.R., 1970 - Modification of pattern 
of the photosynthate movement within and between shoots of 
Vitis vinifera L. - Plant Physiol., 46: 527-530.

REYNOLDS A.G., 1989 - Impact of pruning strategy, cluster 
thinning, and shoot removal on growth, yield, and fruit com-
position of low-vigor De Chaunac vines. - Can. J. Plant Sci., 
69: 269-275.

REYNOLDS A.G., WARDLE D.A., 1989 - Effects of timing 
and severity of summer hedging on growth, yield, fruit com-
position, and canopy characteristics of de Chaunac. II. Yield 
and fruit composition. - Am. J. Enol. Vitic., 40: 299-308.

Reynolds A.G., Wardle D.A., Naylor A.P., 1996 - Im-
pact of training system, vine spacing, and basal leaf removal 
on Riesling. Vine performance, berry composition, canopy 
microclimate, and vineyard labor requirements. - Am. J. 
Enol. Vitic., 47: 63-76.

Scheiner J.J., Sacks G.L., Pan B., Ennahli S., Tarl-
ton L., Wise A., Lerch S.D.,Van den Heuvel J.E., 
2010 - Impact of severity and timing of basal leaf removal on 
3-isobutyl-2-methoxypyrazine concentrations in red wine-
grapes. - Am. J. Enol. Vitic., 61: 358-364.

SCHULTZ H.R., 2000 - Climate changes in viticulture: a Eu-
ropean perspective on climatology, carbon dioxide and UV 
effects. - Austr. J. Grape Wine Res., 6: 2-12.

Smart R.E., 1973 - Sunlight interception by vineyards. - Am. 
J. Vitic. Enol., 24: 141-147.

Smart R.E., 1985 - Principles of grapevine canopy microcli-
mate manipulation with implications for yield and quality. A 
review. - Am. J. Enol. Vitic., 36: 230-239.

Smart R.E., Robinson M., 1991 - Sunlight into Wine. A 
handbook for wine Grape Canopy Management. - Wine Cano-
pies & their Importance: 1-2; Quality Assurance in Vineyards. 
Winetitles, Adelaide, Australia, pp. 88.

Smith S.I., Codrington C., Robertson M., Smart 
R.E., 1988 - Viticultural and oenological implications of 
leaf removal for New Zealand vineyards, pp. 127-133. - In: 
SMART R.E., R.J. THORNTON, S.B. RODRIGUEZ., and 
J.E. YOUNG (eds.) Proceedings of the second international 
symposium for cool climate viticulture and oenology. New 
Zealand Soc. for Viticulture and Oenology, Auckland, New 
Zealand, pp. 365.

Spayd S.E., Tarara J.M., Mee D.L., Ferguson J.C., 
2002 - Separation of sunlight and temperature effects on 
the composition of Vitis vinifera cv. Merlot berries. - Am. J. 
Enol. Vitic., 53: 171-182.

SRINIVASAN C., MULLINS M.G., 1981 - Physiology of flow-
ering in the grapevine - A review. - Am. J. Enol. Vitic., 32: 
47:63.

STOLL M., LAFONTAINE M., SCHULTZ H.R., 2010 - Pos-
sibilities of reduce the velocity of berry maturation through 
various leaf area to fruit ratio modifications in Vitis Vinifera 
L. Riesling. - Le Progrès Agricole et Viticole, 127: 68-71.

SYMONS G.M., DAVIES C., SHAVRUKOV Y., DRY I.B., 
REID J.B., THOMAS M.R., 2006 - Grapes on steroids, 
Brassinosteroids are involved in grape berry ripening. - 
Plant Physiol., 140: 150-158.

Tarara J.M., Jungmin L., Spayd S.E., Scagel C.F., 2008 
- Berry temperature and solar radiation alter acylation, pro-
portion, and concentration of anthocyanin in Merlot grapes. 
- Am. J. Enol. Vitic., 59: 235-247.

TARARA J.M., SPAYD S.D., 2005 - Tackling sunburn in red 
wine grapes through temperature and sunlight exposure. - 
The Good Fruit Grower, 56: 40-41.

VIERRA G., 2004 - Pretenders at the Table - Are table wines no 
longer food friendly? - Wine Business Monthly, 11(7).

WAMPLE R.L., BARY A., 1992 - Harvest date as a factor in 
carbohydrate storage and cold hardiness of Cabernet Sauvi-
gnon grapevines. - J. Amer. Soc. Hort. Sci., 117: 32-36.

WINKLER A.J., COOK J.A., KLIEWER W.M., LIDER L.A., 
1974 - General Viticulture. - Univ. Calif. Press. Berkeley, 
USA.

Zoecklein P.W., Wolf T.K., Duncan N.W., Judge 
J.M., Cooke M.K., 1992 - Effects of fruit zone leaf removal 
on yield, fruit composition and fruit rot incidence of Char-
donnay and White Riesling (Vitis vinifera L.) grapes. - Am. 
J. Enol. Vitic., 43: 139-148.



164

1. Introduction

Persimmon trees, having no dwarf rootstocks of com-
mercial value, tend to grow high. Lowering tree height 
by heavy dormant pruning has been a routine practice for 
efficient management of many persimmon orchards. In 
densely planted orchards, heavy pruning is an inevitable 
practice to restrict tree size. This practice, in turn, causes 
vigorous shoot growth resulting in an excessive crowding 
of the canopy. Poor fruit set and excessive supply of nitro-
gen also stimulate the occurrence of vigorous shoots. Tree 
crowding not only hinders orchard operations, but dete-
riorates fruit quality as the tree interior becomes heavily 
shaded. Shoots of vigorous and succulent growth make the 
tree susceptible to anthracnose (Colletorichum gloeospo-
rioides) when humidity within the canopy is high.

Summer pruning is one of many options to alleviate 
the problems of crowding, ensuring adequate light pen-
etration into the canopy and controlling excessive shoot 
growth. However, removal of shoots during growing sea-
son involves the loss of functional leaf surface, which may 
lead to reduced tree development and fruit growth. Loss of 
leaf area may also reduce reserve accumulation for early 
growth the next season. The effect of summer pruning on 
physiological process and tree growth seems well docu-

mented in other deciduous fruit crops, but limited stud-
ies have been conducted in persimmon. In this paper we 
evaluate the effects of summer pruning on tree growth, 
fruit quality, and nutrient composition of perennial organs 
in persimmon.

2. Tree response to summer pruning

Vegetative growth
Since removal of active leaf area reduces the produc-

tion of dry matter during the growing season, summer 
pruning suppresses vegetative growth in other fruit crops, 
the effect of which is closely related to pruning severity, 
timing and cultivars (Taylor and Ferree, 1984; Rom and 
Ferree, 1985; Marini and Barden, 1987; Mediene et al., 
2002; Zamani et al., 2006). In young ‘Fuyu’ and ‘Nishimu-
rawase’ persimmons, thinning 26% of total shoot length 
in late July reduced dry weight of dormant one-year-old 
twigs, but it did not significantly affect total dry weights of 
aerial wood and the root (Choi et al., 2003 a). The result 
might be related in part to a high photosynthetic activity of 
remaining leaves until later in the season as shown in leaf 
chlorophyll concentrations (Fig. 1). Although not signifi-
cant, negative relationships were observed between the in-
crement of trunk cross-sectional area and pruning severity 
in the same experiment (Choi et al., 2003 a) and summer 
heading-back (Song et al., 2001).
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Leaf activity
Summer pruning is known to increase photosynthe-

sis, dark respiration, and transpiration of shoot leaves in 
other fruit crops (Taylor and Ferree, 1981; Marini and 
Barden, 1982; Myers and Ferree, 1983). As shoot thin-
ning severity in late July increased in ‘Nishimurawase’ 
persimmon, specific leaf weight tended to become higher 
(Table 1). Chlorophyll content per unit area increased 
by 1.9-fold and 2.3-fold in ‘Fuyu’ and about 2-fold in 
‘Nishimurawase’ trees that had been thinned 17% and 
26% of their shoots, respectively (Fig. 1). Results indi-
cated that photosynthesis can hardly compensate for the 
leaf area that has been removed, and there would be a 
sizable reduction in the production of photosynthates de-
pending on pruning time 

Regrowth
It is possible that shoot regrowth following summer 

pruning can have serious negative effects on the supply 
of photosynthates to fruit and shoot and resistance to dis-
eases and pests (Forshey et al., 1992; Choi et al., 2003 

b). In addition, excessive regrowth may reduce flower 
bud formation by gibberellins produced during shoot re-
growth (Forshey et al., 1992). The extent of regrowth fol-
lowing summer pruning was influenced by the time and 
severity (Miller, 1982; Ferree et al., 1984). When ‘Fuyu’ 
persimmon was summer-pruned on 20 June or 4 July, the 
earlier pruning produced more secondary growth more 
than the later one (Fujimura, 1932). Summer pruning af-
ter late July, when buds enter physiological rest, did not 
result in a great problem of regrowth in persimmon trees, 
but heavy summer pruning may stimulate some buds to 
break into growth (Table 1). Heading-back cuts in vig-
orous shoots would easily induce regrowth more than 
thinning cuts. Late July through early August is the ap-
propriate time for thinning out vigorous shoots to avoid 
regrowth in South Korea.

Reserve accumulation
Early loss of foliage from pruning may result in reduced 

carbohydrate levels of the tree, and that could adversely af-
fect cold hardiness (Marini and Barden, 1987). When the 
current shoots were thinned up to 26% of their total length 
in late July in young ‘Fuyu’ and ‘Nishimurawase’ persim-
mon, the differences in non-structural carbohydrates and 
inorganic nutrients in four- to five-year-old wood of above-
ground parts and the large root, measured on 2 April the fol-
lowing year, were not consistent with the pruning severity 
the previous summer (Choi et al., 2003 a). This result might 
be due to the increased activity of the leaves as presented 
in chlorophyll concentration in figure 1. However, thinning 
50% of total shoots decreased carbohydrate concentration 
in one-year-old shoots of field-grown ‘Nishimurawase’ (Ta-
ble 2) but not in those of ‘Fuyu’ (Choi et al., 2003 b). In the 
same experiment, the severe summer pruning also reduced 
flower buds in both cultivars the following year, since low 
carbohydrates in the shoots (Choi et al., 2011) and exces-
sive regrowth (Forshey et al., 1992) were negatively related 
to flower bud formation.

3. Fruit quality affected by summer pruning

Summer pruning has been recommended to improve 

Table 1 - Effect of summer pruning severity on 29 July on light penetration and tree growth of ‘Nishimurawase’ persimmon (Choi et al., 2003 b)

Shoot-thinned 
(%)

Light penetration 
(%)

TCSA increment 
(%)

Regrowth (cm/tree) SLW
(mg·cm-2)

Leaf SPAD reading

0 11.3 b 6.8 a 0 a 10.14 b 51.6 a
25 24.7 a 7.8 a 63 a 10.92 ab 52.8 a
33 27.9 a 7.4 a 163 a 10.93 ab 51.8 a
50 30.9 a 6.1 a 215 a 11.18 a 54.8 a

After summer pruning of seven-year-old trees, the leaf-fruit ratio was changed from 20 of 0% thinning to 10 of 50% thinning in an orchard planted 
at 3.5 x 2 m.
TCSA= trunk cross-sectional area.
SLW= specific leaf weight.
Mean values in each column with the same letter are not significantly different by Duncan’s multiple range test at p≤ 0.05.

Fig. 1 -� Effect of different severities of shoot thinning on 22 July on 
leaf chlorophyll of five-year-old  ‘Fuyu’ and ‘Nishimurawase’ 
persimmon on 3 November. Chlorophyll content includes chlo-
rophylls a and b. Values sharing the same letter are not signifi-
cantly different from each other by Duncan’s multiple range test 
at p≤ 0.05 (Choi et al., 2003 a).

µg
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fruit quality in vigorous persimmon by increasing light 
interception (Mowat, 1987; Ullio, 2003; George et al., 
2005; Yamada, 2008). However, there was no consistent 
effect of the pruning on fruit characteristics in many stud-
ies. Table 3 shows that thinning out some water sprouts 

in late July increased skin color with no reduction in 
fruit size. This kind of positive result might be possible 
in vigorous ‘Fuyu’ trees in densely-planted orchards, and 
the leaf-fruit ratio after the pruning was sufficiently high. 
Kim (2010) also found larger size and higher coloration 
of fruits in vigorous ‘Fuyu’ trees after thinning out some 
water sprouts in late July. Lower water consumption and 
thus improved water status during the growing season af-
ter summer pruning could benefit fruit growth and relieve 
the potential detriment due to carbohydrate shortage in 
apple (Li et al., 2003) and peach (Lopez et al., 2006). Fruit 
firmness was not significantly changed by the differences 
in pruning severity (Tables 4 and 5).

Size, soluble solids, and skin color of persimmon fruits 
decreased when the leaf-fruit ratio was low (Choi et al., 
2010). The appropriate leaf-fruit ratio for quality ‘Fuyu’ 
fruits has been set at about 20 in Korea (Choi et al., 2010) 
and Japan (Kishimoto, 1975; Yamamura et al., 1989). Loss 
of leaf area by summer pruning results in poor fruit quality 

Table 3 - �Effect of removing water sprouts on 28 July on light penetra-
tion and fruit characteristics in vigorous ‘Fuyu’ persimmon 
orchard (Choi et al., 2005)

Treatment Light 
penetration

(%)

Fruits
Average 

weight (g)
Skin color 
(Hunter a)

Soluble 
solids (°Brix)

Non-pruning 15 243 27.9 15.0
Summer pruning 33 257 29.8 15.2
Significance ** ns * ns

By summer pruning of 1-year-old trees, water sprouts were removed to 
maintain leaf-fruit ratio 20 in an orchard planted at 6 x 3 m.
ns= not significant; * = significant at P≤ 0.05; ** = significant at P≤0.01.

Table 4 - �Effect of summer pruning severity on 28 July on fruit characteristics of ‘Fuyu’ persimmon harvested on 31 October (Choi et al., 2003 b)

Shoot-thinned 
(%)

Average weight 
(g)

Skin color 
(Hunter a)

Fruit firmness
 (N)

Soluble solids 
(°Brix)

Skin damage
(%)

0 234 a 27.6 a 20.7 a 15.2 a 13.2 a
10 244 a 28.4 a 21.9 a 15.7 a 9.3 cb
20 249 a 28.3 a 20.1 a 15.1 a 7.8 c
30 233 a 29.5 a 20.3 a 15.3 a 9.8 b

After summer pruning of seven-year-old trees, the leaf-fruit ratio was changed from 39 of 0% thinning to 28 of 30% thinning in an orchard planted 
at 6 x 3 m.
Skin damage: blemish or stains on fruit skin. 
Mean values in each column with the same letter are not significantly different by Duncan’s multiple range test at P≤0.05.

Table 5 - �Effect of summer pruning severity on 29 July  on fruit characteristics of ‘Nishimurawase’ persimmon harvested on 26 September (Choi 
et al., 2003 b)

Shoot-thinned
 (%)

Average weight 
(g)

Skin color
 (Hunter a)

Fruit firmness
 (N)

Soluble solids 
(°Brix)

Skin damage
(%)

0 144 a 32.2 a 34.3 a 14.5 a 8.8 a
25 139 a 32.2 a 33.4 a 14.0 ab 3.7 ab
33 137 a 31.2 ab 32.5 a 13.6 ab 4.6 ab
50 141 a 27.7 a 31.9 a 13.0 b 1.6 b

After summer pruning of seven-year-old trees on 29 July, the leaf-fruit ratio was changed from 20 of 0% thinning to 10 of 50% thinning in an or-
chard planted at 3.5 x 2 m.
Skin damage: blemish or stains on fruit skin.
Mean values in each column with the same letter are not significantly different by Duncan’s multiple range test at p≤0.05.

Table 2 - �Effect of summer pruning severity on 29 July on concentrations of carbohydrates and inorganic elements in dormant shoots of ‘Nishimu-
rawase’ persimmon on 17 February (Choi et al., 2003 b)

Shoot-thinned 
(%)

Carbohydrates (% DW) Inorganic elements (% DW)
Soluble sugars Starch   N P K Ca         Mg

0 12.2 a 5.4 a 0.60 a 0.21 b 0.60 a 0.36 b 0.17 a
25 12.0 a 4.4 ab 0.62 a 0.24 ab 0.73 a 0.39 ab 0.17 a
33 10.3 a 3.5 ab 0.60 a 0.24 ab 0.74 a 0.43 a 0.17 a
50 9.7 a 3.2 b 0.62 a 0.28 a 0.75 a 0.44 a 0.18 a

After summer pruning of seven-year-old trees, the leaf-fruit ratio was changed from 20 of 0% thinning to 10 of 50% thinning in an orchard planted 
at 3.5 x 2 m. 
Mean values in each column with the same letter are not significantly different by Duncan’s multiple range test at p≤ 0.05.



167

if the pruning significantly reduces the ratio. When leaf-
fruit ratio decreased to less than 13 with severe removal 
of the shoots, fruit size, skin color or soluble solids were 
significantly reduced (Table 5) (Choi et al., 2003 a). On 
the other hand, strong winds result in blemish of fruit skin 
due to rubbing of shoots and leaves against fruits (George 
et al., 1997 a). Skin staining of persimmon fruits is of-
ten caused by humid conditions in autumn (George et al., 
1997 a), which become aggravated by the shoots growing 
vigorously. Thinning out some of the shoots in summer 
reduces these damages by improving the micro-environ-
ment within the tree canopy (Tables 4 and 5). Therefore, 
summer pruning has been recommended as a means to re-
duce the occurrence of skin staining (George et al., 1997 
a, 2005), especially in newly-released Japanese cultivars 
like a crack-susceptible ‘Taishu’ (Yakushiji and Nakat-
suka, 2007). The influence of summer pruning on fruit 
quality varies by the degree of canopy crowding and the 
timing and its severity, as has been documented in other 
fruit crops (Marini and Barden, 1987; Forshey et al., 1992; 
Zamani et al., 2006).

4. Water sprout management

Removing all water sprouts of vigorous trees too ear-
ly in the season may induce severe regrowth (Fujimura, 
1932), which disturbs light penetration and reserve ac-
cumulation in perennial organs (Kappel et al., 1983). 
Therefore, instead of removing all water sprouts, thinning 
some of them combined with bending or twisting the re-
maining ones down to horizontal in June may be recom-
mended (Park and Choi, 2000; Huh et al., 2003; George et 
al., 2005). Securing leaf area even in water sprouts helps 
prevent the regrowth that may be related to the action of 
hormones produced in old leaves (Forshey et al., 1992). 
Some of the water sprouts may have some value as mother 
branches the next season. Water sprouts of ‘Fuyu’ could 
form flower buds as long as their terminal buds are set 
by early August in South Korea (Choi et al., 2011): they 
could serve as fruiting branches for the following year. 
In vigorous trees with poor fruiting, using the sprouts as 
mother branches to set fruits the next season is extremely 
important to make up for the yield reduction as well as 
to control tree vigor. When the sprouts were twisted and 
bent down under horizontal in mid- to late June after thin-
ning out some, flower buds were formed in 84 to 97% of 
them the following year (Park and Choi, 2000). Changes 
in endogenous hormones might be closely involved in this 
treatment, particularly low gibberellin and high cytokinin, 
which play a role in flower bud formation (Banno et al., 
1985). Heading-back pruning to four buds is also practiced 
in New Zealand to ensure future fruiting site from water 
sprouts (Mowat, 1987).

5. Secondary-shoot pruning, pinching and topping

Secondary growth from shoot terminal occurs from 

mid-June in vigorous persimmon trees (Nii, 1980; Park 
et al., 2003). Secondary growth often induced fruit drop 
(George et al., 1997 b). Park et al. (2003) studied the head-
ing-back effect of secondary shoots leaving two to three 
basal leaves of the secondary growth on ‘Fuyu’ persim-
mon. When the heading-back was done on fruiting shoot, 
they found that the shoots had a lower dry weight which 
was accompanied by an increase in fruit weight. The re-
sult indicated the necessity of such cuts for fruit growth. 
Compared with the heading-backs before 10 July or after 
10 August, those on 25 July produced the largest fruits in-
season and exhibited the highest percentage of shoots that 
bore flowers and fruits the following year, indicating that 
pruning the secondary shoots on 25 July helps to direct the 
assimilates to fruit growth and flower bud development, 
not to vegetative growth.

‘Nishimurawase’ persimmons tend to bear staminate, 
not pistillate, flowers when the trees are old and not vigor-
ous enough. Chijiwa and Hayashi (2007) reported a way 
to use water shoots to serve as fruiting mother branches 
for the next season by pinching at 15 cm from the base 
between May and June. Shoots left after the pinching or 
summer shoots regrown from the cut bore more pistil-
late and fewer staminate flowers the following year than 
the un-treated water shoots. Takano (1994) also reported 
a better mother branch formation by pinching adventi-
tious buds of persimmon. The size of trees and yield ef-
ficiency are among the most important considerations 
in high density orchards. When the vigorous shoots of 
young ‘Uenishiwase’ persimmon were topped to a 30-
cm length in early June, followed by the removal of the 
regrowth, trunk growth decreased and fruit set increased 
the following year (Song et al., 2001). The occurrence 
of secondary growth after heading was dependent on the 
treatment date. Topping the shoots at the fourth bud from 
the terminal on 20 May promoted secondary growth of 
‘Hiratanenashi’ persimmon, but the same treatment after 
22 June did not (Hasegawa and Nakajima, 1984). The 
summer topping of long shoots in summer was effec-
tive in forming fruiting shoots the following year in their 
lower parts. Pinching and topping the shoot would pro-
mote flower bud formation of that shoot if regrowth is 
not severe.

6. Conclusions

Severe summer pruning could suppress vegetative and 
fruit growth due to the lowered photosynthetic capacity, 
reducing the carbohydrate reserves in persimmon tree. 
However, summer pruning which is appropriate to tree 
vigor and environmental conditions would increase pro-
duction of quality fruits by improving light distribution 
in the tree canopy or restricting vegetative growth. Since 
tree vigor is a result of the complex interactive effects with 
cultural practices, the pruning alone should not be used 
as a tool for controlling vegetative growth. It is necessary 
to incorporate the pruning into a comprehensive program 
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such as tree training, fruiting, irrigation, and fertilization 
to reduce vigorous growth. Growers should employ sum-
mer pruning methods while carefully monitoring for po-
tentially negative effects on tree growth and fruit quality.
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1. Apricot

In apricot, growth habit and fruiting behavior are 
strongly inter-related. Accordingly, the varieties of apricot 
can be classified into five groups (Guerriero and Xiloyan-
nis, 1975 a; Bassi et al., 2003). Since some changes in 
shoot morphogenetic gradient during rest period were evi-
dent in response to dormancy and chilling (Guerriero and 
Scalabrelli 1982), any classification of branch habit should 
be strictly associated with a specific environment. 

Depending on the type of bud (floral or vegetative) and 
shoot (sylleptic, long brindle, brindle or spur) the chilling 
requirement may be very different and, eventually, can 
be a factor in regulating branch habit and fruiting behav-
ior (Guerriero and Xiloyannis 1975 b; Guerriero and Viti, 
1997). To decide how to manage pruning, the shoot should 
be identified by its specific growth rate after bud break. For 
this purpose, its physiological behavior should be constant-
ly monitored. There is some evidence that the emergence of 
sylleptic shoots is highly probable when a threshold level of 
growth rate is exceeded (Zucconi, 2003). This means that in 
some conditions apical dominance is not able to inhibit the 
growth of lateral meristems, which thus originate sylleptic 
(anticipated) shoots rather than buds (Fig. 1).

Generally, the buds (once formed) become rapidly dor-
mant (Fig. 2) and will only grow in the following spring 
after a specific amount of chilling, and as a result they will 
originate proleptic shoots. 

It is also possible that, depending on growing conditions, 
sylleptic shoot formation can take place more than once 
(Fig. 1) along the shoot growth. Thus buds that are formed 
on sylleptic shoots at different times compared to proleptic 
ones may have a different fruiting performance and time of 
flowering: this is frequently reported by growers.

Consequently the date of pruning, whether during the 
vegetative period (summer pruning, early or late) or during 
the winter before bud break, can have a strong influence 
in controlling the fruiting of different varieties. Moreover, 
the knowledge of how the shoots grow is very important 
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Fig. 1 - �Shoot growth rate and sylleptic shoot formation in apricot. This 
model assumes that the growth rate threshold for inducing syl-
leptic growth decreases during the season. Left: the threshold 
was overcome only at the end of the season. Right: the critical 
growth rate was overcome twice in the season.
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for effective pruning, improving the chance of acclimatiz-
ing a cultivar that may be productive in a specific envi-
ronment. Pruning for apricot should be modulated both in 
intensity and timing according to the interaction between 
the variety and its environment.

Finally, the specific shoot physiology and architectures 
of fruiting branches of apricot varieties will determine 
very dissimilar regimes for pruning. For this reason there 
should be in each growing area a classification of the va-
rieties, according to their precise branch habit, fruiting be-
havior and need for pruning.

The most common classification in northern Italy is 
arranged into three groups: A - with very vigorous and 
spreading habit, and a tendency to fruit on spurs, brindles 
and sylleptic shoots; B - with less vigorous, assurgent, 
or semi-spreading habit, fruiting on spurs and vigor-
ous shoots; C - with very vigorous, assurgent, or mixed 
spreading habit, and ability to fruit on all kinds of shoot 
(Neri, 2003; Pirazzini, 2004; Neri et al., 2010).

Therefore, for each apricot variety, it is important to 
predict the response (in terms of the number and type of 
lateral shoots) to head back pruning of shoots and branch-
es in different periods of the spring and summer seasons. 
Pruning intensity and cultural techniques (fertilization, ir-
rigation, soil management, and eventually forcing and pro-
tection conditions) play an extraordinary role in determin-
ing the final result and the possible optimal training system 
(Neri et al., 2011).

Spring shoot heading back and thinning
The intensity of head back pruning of growing shoots 

can be performed within these two extremes: short prun-
ing (leaving half of the shoot or only the basal portion 
of it with three to five buds, as a spur) and long pruning 
(which reduces the apical portion of the shoot by pinch-
ing or cutting a few centimeters below the tip). Generally, 
these pruning techniques are limited to the spring with fast 

growing shoots. The time of pruning can be intended as 
early or late spring pruning, in which the early pruning 
induces the formation of long sylleptic shoots, while the 
latter induces nil growth or the formation of few, short, 
sylleptic brindles with, likely, a higher flower differentia-
tion aptitude.

After spring heading back, shoot vigour is strongly 
reduced and the number of sylleptic shoots is generally 
increased. Short head back pruning was generally less ef-
fective than long heading back in inducing flowering brin-
dles, with the exception of weak varieties which need to 
improve shoot growth. The response to pruning is always 
higher in fertile and irrigated soil. Apparentely the pruning 
in late spring induces a better response if it is limited to 
the terminal part of the long shoot (long pruning) (Fig. 3).

Delaying spring pruning (late spring pruning) reduces 
the number of sylleptic shoots per single cut and also the 

Fig. 2 - �Left: apical dominance intensity along the growing shoot in early spring. Centre: apical dominance and bud dormancy intensity along the 
growing shoot in late spring. Right: apical dominance and bud dormancy intensity along the shoot in late summer.

Fig. 3 - �Number of sylleptic shoots per single cut in response to short 
and long pruning delaying the operations from early to late 
spring.
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flowering intensity. Flowering intensity is higher when 
pruning is applied in early spring (May) in different variet-
ies (Fig. 4), probably because more sylleptic brindles were 
produced. Apparently late pruning in June induces a better 
response if it is performed on the terminal part of the shoot 
(long pruning).

Shoot thinning is generally carried out a few weeks 
before harvest to improve fruit quality in very vigorous 
trees. It is devoted to eliminating overcrowded and mal-
positioned shoots. The final goal is to have better light 
distribution inside the canopy and less carbon directed to 
water sprouts and suckers which cannot be used for fruit 
production in the future management of the branches.

Summer shoot heading back and thinning
Summer shoot head back pruning aims to increase 

flower differentiation but in apricot this is possible only if 
there is new shoot growth, which can be induced by water 

supply after summer drought or by heavy cuts such as late 
summer heading back.

Summer shoot thinning can be performed with the aim 
of improving the quality of shoots as a consequence of bet-
ter light penetration and carbon allocation. This practice re-
duces the need for winter pruning and can be useful in areas 
where frost damage may challenge flowering and therefore 
winter pruning must be delayed until after fruit set.

Different pruning intensity is meant to stimulate more 
vegetative vigour when the shoot is suddenly cut very 
short, but to induce the formation of flowering brindles 
when it remains quite long (Fig. 5). Under northern Ital-
ian continental climate, the vegetative response to prun-
ing is always greater in fertile and irrigated soils, resulting 
in greater shoot vigour. Finally, sylleptic shoots tended to 
bloom later than the rest of the plant (a very important 
advantage in climates where late frost is common) but to 
bear fruits of small size, at least in some varieties (Pirazzi-
ni, personal communication).

Varietal differences in response to spring heading back 
Pinkcot. Early short heading back induces numerous, 

equally balanced and productive sylleptic shoots. Sylleptic 
shoot growth is very active when it is stimulated on vigor-
ous shoots (water sprouts), which by the end of the season 
are well ramified. At blooming the number of flowers on 
sylleptic shoots is higher with long heading back than with 
short. Short heading back resulted in more uniform distri-
bution of brindles and spurs along the original branch.

Sweetcot. Growth is greater after early shoot heading 
back: nevertheless only few sylleptic shoots were formed, 
they are not too long and the flower number is increased. 
In non-irrigated soils late pruning does not improve shoot 
ramification, while growth is short and rich in flowers.

Robada. In fertile soil, early pruning generally induc-
es a few sylleptic shoots, often only one as an extension 
growth from the terminal bud, even though the number 
of flowers on all type of shoots is high. With late pruning 
there is a certain number of sylleptic shoots (brindles and 

Fig. 4 - �Flowering estimated entity in 8 varieties in response to pruning 
applied in May (early pruning), or in June.

Fig. 5 - �Orange Rubis forms shoots after early long-heading back (left): a high number of sylleptic shoot with good flower differentiation is formed. 
Shoot after late short-heading back (right): sylleptic growth and flower differentiation is visible.
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spurs) but fewer flowers per shoot. In non-irrigated soil, 
short heading back does not induce any good growth, nei-
ther for shoots nor flowers.

Orange Rubis. Long early shoot heading back is very 
effective in stimulating sylleptic growth with high flower 
differentiation, while short heading back is useful only 
with weak shoots. Heading back of water sprouts, espe-
cially when late, does not favor flowering formation.

Kioto. The number of brindles and spurs is dramati-
cally increased by early pruning, with very high flower 
differentiation along the old wood. Late pruning is posi-
tive only on vigorous lateral shoots. Flower differentia-
tion is good in all the shoots after early pruning, and in-
termediate in sylleptic brindles in vigorous shoots after 
late pruning.

Flavorcot. Both short and long early pruning induce 
weak growth in comparison with the vigorous cultivars; 
the sylleptic shoots are limited in number and growth even 
in water sprouts. Late pruning does not induce good syl-
leptic ramification, but the flower induction is enhanced 
in brindles and spurs in all the plants. After early prun-
ing, flowers are scarce in all the sylleptic shoots; after late 
pruning, flower production is much better in the old wood 
and in sylleptic brindles.

Zebra. Early long head back pruning induces positive 
sylleptic shoot growth; short heading back is less effective 
even in water sprouts; flower differentiation confirmed 
this result. Late heading back was negative and induced 
only few flowers.

Pieve. Early heading back is generally positive and, 
especially with long pruning, the number of sylleptic 
brindles is higher and flower differentiation is good. Late 
pruning reduces the branching of shoots, and induces a 
very limited number of flowers. 

Pisana. For this low fertile variety, it is worth not-
ing that the terminal shoot on the intact branch showed 
less growth than the second one below, as opposed to 
the heading back causing the terminal shoot to become 
the most vigorous of the branch. This means that in low 
fertility conditions the varieties of this group need to be 
stimulated by winter pruning instead of weakened by 
summer pruning. 

Bella di Imola. This variety shows very high productivi-
ty on the one-year shoot, the terminal portion being the most 
productive. Growth was greater at the terminal position of 
the branch as well, revealing a much stronger acrotony than 
Pisana, and greater vigor. For this reason it is important 
to avoid any pruning which induces a vegetative response 
which is too strong. In fact in orchards with low fertiliza-
tion, growth was not excessive even with winter pruning; 
flower differentiation was high in any case. It can be hy-
pothesized that in more fertile soils vigor can be too strong, 
and so late summer pruning can be widely utilized (Neri et 
al., 2010). 

Pruning in different training systems for apricot
Actual training systems for apricot are specific for each 

production area. The two most widely diffused training 

systems in the northern part of Italy are free open vase 
(with several variations, from delayed open vase to bush) 
for low density, hilly orchards and spindle for high density 
systems in flat fertile lands with low vigorous rootstocks.

The date and intensity of pruning effectively deter-
mines the branch architecture and fruiting potential of 
each cultivar. These observations lead us to conclude that 
for apricot, summer pruning is a basic practice in modern 
orchards but it must be adapted to local conditions and 
genetic material. Shoot physiology, theoretically modeled 
on the basis of growth rate, can help in choosing the best 
period and most effective intensity for the pruning of each 
new cultivar in the different training systems of a particu-
lar growing area.

We can generalize that summer pruning reduces vigor 
and induces greater flower production. Early long shoot 
heading back is more effective with high vigor varieties 
and fertile soil conditions, whereas short shoot and branch 
head back pruning is favorable for weak and spreading va-
rieties, although the latter habit could be more easily con-
trolled by winter pruning than the former.

Varieties of group A, such as some of the new variet-
ies, benefit from early summer pruning (early heavy shoot 
heading back) in order to induce the formation of sylleptic 
shoots; and summer pruning (without heading back but 
possibly with shoot thinning) to encourage shoots to be 
more lignified. Group B performs best after winter pruning 
(shoot thinning and heading back of two- to three-year-old 
branches). Group C may be pruned in late summer or at the 
end of winter (shoot thinning, heading back the branches), 
depending on local growing conditions. In order to limit 
the development of sylleptic shoots, which only bear small 
fruits, it is better to carry out heading back in late summer 
instead of in the winter.

In any case, every pruning strategy must be tested on 
each variety before it is adopted throughout commercial 
orchards. This is due to the possible very specific influ-
ence of varietal differences in chilling requirements, and 
specific shoot and flower differentiation physiology. 

2. Peach

In modern peach orchards, application of spring and 
summer pruning is increasing (from 20% up to 60% of the 
total amount of pruning), depending on the training system, 
production area and farm management (Giovannini et al., 
2010). Peach shows good ability to form sylleptic shoots 
and strong epinastic control that makes the sylleptic shoot 
insertion angles wider moving from the top to the basal part 
of the shoot. These features require an appropriate shoot 
pruning technique and finally, if well managed, lead to 
dwarf the tree with the open habit of mature peach plants.

During training of modern intensive orchards, spring 
pruning is therefore applied more than summer pruning 
(and obviously of winter pruning), in order to address the 
inclination of vigorous growing shoots and to anticipate 
formation of the skeleton structure of the canopy. The re-
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moval of mal-positioned water sprouts and stimulation of 
a higher number of well positioned shoots (Ferree et al., 
1984; Lanzellotti et al., 1998) finally dwarf the trees (Kap-
pel and Bouthillier, 1995; Hossain and Mizutani, 2008).

The second goal of a greater use of spring and summer 
pruning is to reduce the vegetative unproductive phase and 
enhance early bearing in all new training systems (Giovan-
nini et al., 2010; Neri et al., 2010). Summer pruning is ap-
plied to shorten the not-fruiting initial phase, improve light 
distribution on fruiting shoots and strengthen the future 
scaffold branches with a higher number of fruiting shoots 
(Miller, 1987).

Nevertheless, pruning time in less intensive orchards is 
often determined by farm organization, depending on the 
availability of labor and arrangement of the working sched-
ule, rather than on the plant physiology (Chalmers et al., 
1981; Marini and Barden, 1987; Sansavini and Neri, 2005).

Pruning can be also applied in the spring for biological 
reasons. In fact for some cultivars pruning intensity can be 
adjusted near blooming time, when flower buds enlarge 
and become more visible, depending on the quantity of 
buds that were damaged by frost during the winter. This 
kind of spring pruning can thus augment fruit set per tree.

If the risk of frost damage is extended to blooming 
time, pruning can be carried out precisely during the fruit 
set period. In this case “winter pruning” is completely sub-
stituted by an early spring pruning which eliminates the 
excess shoots, based on the rate of fruit set, by heading 
back two-year-old branches.

Late spring pruning is commonly used for training, 
but in modern orchards it is not very common to control 
production if trees are mature and equilibrated. Also early 
summer pruning, before harvest time, is used only to thin 
the water sprouts and to improve light distribution in the 
canopy, whenever the vigor is too high, to increase fruit 
color and quality and to prevent diseases. However when 
this pruning is too heavy or too early it can negatively af-
fect fruit development.

Summer pruning after harvest can better manage ex-
cess vegetative growth and change the distribution of as-
similates (Rom and Ferree, 1984; Marini, 1985; Mizutani 
et al., 1997; Hossain et al., 2004). It improves bud differ-

entiation and branch hierarchy organization. During sum-
mer, shortening branches results in a more regular sprout-
ing in the following spring, with less vigorous shoots and 
high quality flower buds. In some cultivars, when it is nec-
essary to cut big branches, the summer period is useful 
also because it induces a more rapid and efficient wound 
healing. This sort of pruning can also be considered when 
it is necessary to mitigate severe water stress (Lopez et al., 
2006; Marsal et al., 2006).

Late summer pruning in August-September is impor-
tant and widespread in all environments because it con-
tributes to reduce canopy volume and allows shoot hard-
ening. It partially prevents winter pruning (therefore it is 
called pre-winter pruning) and strongly reduces the need 
for it. Furthermore, it is more selective than winter pruning 
as the best buds for fruit set are chosen in advance.

Summer pruning for peach training systems in Mediter-
ranean climate 

Depending on the training system, both spring and 
summer pruning are applied to favor the branch inclina-
tion of shoots through pinching or cutting the upper part 
of the shoot to induce sylleptic ramification (Fig. 6), also 
more than once per season as is done for the Catalonian 
vase (Monserrat and Iglesias, 2011).

Removal of excess and mal-positioned shoots is also 
practiced to give a regular shape to the spindle and to 
the small open vase (Neri et al., 2010). In any case, 
the pruning intensity is minimal and eventually some 
spring interventions are postponed from the first to the 
second year, and/or continued in the third if tree vigor 
is too weak.

In Mediterranean areas, with long growing season and 
early ripening cultivars, also vase training systems (i.e. low 
open vase) are commonly managed with the application of 
spring-summer pruning. In fact small vase formation can 
be improved using summer shoot cuts to direct vegetative 
growth to the well displaced lateral sylleptic and proleptic 
shoots. Modern systems derived from the vase are charac-
terized by a low scaffold (0.5 m above ground), low tree 
height (2.5 m), and free growth during the first years (bush 
type to enhance early bearing).

Fig. 6 - �Catalonian vase during the first growing season. Left: first manual topping when the shoot exceeds 100 cm from the soil. Centre: second 
topping (manual or mechanical) when the shoots exceeds 150 cm from the soil. Right: the final growth at the end of the first year (redrawn 
from Monserrat and Iglesias, 2011).
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The Catalonian vase, which originated in Spain, is the 
most recent and wide-spreading vase system. Spring-sum-
mer pruning is repeatedly employed to form and dwarf 
the trees during the first two years of training. Mechani-
cal topping is applied every 50 cm till the final size of the 
plant is reached (2.5 m) at the end of second year (Figs. 6 
and 7). Topping involves removing a few apical buds per 
shoot, thus inducing suppression of apical dominance and 
increasing the possibility for growth of the external syl-
leptic shoots. This sets off a temporary strong competition 
among all growing shoots, but in peach the external shoots 
are privileged, and thus the main shoots are naturally ori-
ented toward the external direction. Finally, the whole 
plant height is lower but several shoots are well positioned 
to become the future branches of the vase.

During the second year, or third in the case of low fruiting 
cultivars, the vase shape can be completed by thinning the 
primary branches and cleaning the central part, mainly in late 
summer. In mature orchards, pruning labor in this system can 
require less than 100 hr/ha (60% during vegetative season), 
and the fruiting winter pruning (the remaining 40%) com-
pletes the late summer pre-winter pruning (Fig. 8).

Specific summer pruning is required also in the “Y” 
trellis system. Inclined branches with angles wider than 
40-45° promote the growth of vertical shoots in the inter-
nal portion of the canopy and late spring and early summer 
pruning are necessary to remove them during the initial 
years. The high density planting of this system, the possi-
bility to use long pruning, without eliminating shoot apex 
of primary branches, and the reliability of pruning during 
the vegetative season provide early fruiting. Nevertheless, 
the “Y” system is well performing only where climate 
conditions provide a high level of light, allowing the re-
duction of branch angles close to 30°, and thus reducing 
water sprout formation. This angle promotes a balanced 
vegetative growth and fruit production in all the lateral 
and basal portions of the two fruiting walls. “V” systems 
with double tree density and less vigorous rootstocks can 

be used to reduce further the need for spring and summer 
pruning. In this case, defining the two oblique productive 
planes is easier and more rapid but the cost of planting is 
very high and there is risk for overcrowding in the internal 
part of the canopy, which could induce an exponential in-
crease in the need for pruning.

Spring and summer pruning in peach training systems for 
continental climate

In the northern part of Italy, where there are short 
growing seasons and high risk of frost in the spring, with 
midseason varieties high hedgerow systems (palmette and 
central leader, 4 m high) are still popular. This is because 
late spring frost may dramatically damage the production 
in the bottom part of the tree (first 2 m from the ground). 
In this condition pruning may be delayed after blooming 
(when fruit set is already complete). Thus winter prun-
ing becomes an early spring pruning, while early summer 

Fig. 7 - �Catalonian vase during the second growing season. Left: first mechanical topping when the shoots exceed 200 cm from the soil. Right: 
second mechanical topping when the shoots exceed 250 cm from the soil, and manual pruning to thin the main branches down to four to 
five in number, opening the centre in very late summer. This last pruning is done only if the variety has a very high productivity  (redrawn 
from Monserrat and Iglesias, 2011). 

Fig. 8 - �Catalonian vase during the fourth growing season at blooming 
in the Sibari area. The skeleton is completed and the plant is 
dwarf and equilibrated.
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pruning is not frequent and limited to lightening the upper 
part of the canopy (if necessary).

During the training period to reduce shoot vigor of the 
mal-positioned water sprouts, turning and partially crash-
ing them can improve their fruiting aptitude. Late summer 
pruning is used to maintain the shape of the trees and to 
increase lignification of the shoots that otherwise would be 
too shaded. The hedgerow made by trees trained as “U” or 
candelabras along the row requires less green pruning than 
palmette or central leaders because of less vigor of each 
vertical branch.

For training high density peach orchards, well feathered 
scions from the nursery must be used to obtain fruit produc-
tion in the second year. In mature orchards, green pruning is 
mandatory in two specific seasons: i) in early spring before 
harvest to eliminate water sprouts and to induce a higher 
number of productive shoots in well defined positions; after 
fruit set it is also possible to thin the shoots proportionally to 
the amount of fruit set; and ii) in late summer after harvest 
to anticipate the winter pruning (pre-pruning). In this case 
the water sprouts are eliminated and the vigorous shoots 
on the main branches are cut only if there is excess flower 
differentiation; the top part of the branches can be reduced 
to better permit light distribution in the canopy. If the pre-
pruning in late summer is well executed with light shoot 
thinning, winter pruning can be avoided. In this way labor 
can be saved and/or better organized.

In low bush open vase (delayed open vase) (Sansavini 
and Neri, 2005), for the first three-four years the training 
of the trees is free with only a few pruning cuts; green 
pruning is not important. Late summer pruning becomes 
important in the third to fourth year to cut the central 
leader and to open the centre of the vase. In the fourth to 
fifth year, the main branches are headed back and the tree 
is completely formed as a vase. Finally, pre-winter prun-
ing is necessary to manage fruit shoot quality and quantity 
when production becomes important (starting from the 
third year).

Production pruning
When the tree is well mature and fully formed, spring 

pruning is less important and must be carried out only 
in very specific cases when excess vigor of the growing 
shoots can compete with the growing fruits, interfering 
with the fruit quality and flower induction for the next year.

Peach production is located on one-year shoots (brin-
dles, fruiting shoots and in some varieties also in water 
sprouts) and in a very limited quantity on the spurs (these 
are important only in clingstone peaches and in some 
nectarines with low fertile shoots). Because of this spe-
cific fruiting behavior, it is very important to control shoot 
growth to form highly specific shoots in each variety (Day 
et al., 1989).

If the vigor is very high (generally in early ripening 
varieties) it is necessary to execute the first pruning before 
harvest in late spring in order to eliminate mal-positioned 
water sprouts and to improve light distribution in the can-
opy. Whereas pruning in late summer is very helpful both 

in early and late ripening varieties to improve the quality 
of the fruiting shoots, favoring shoot hardening and carbon 
allocation. To improve light distribution in the canopy it is 
important to thin the shoots and to head back the branches. 
This pruning in late summer anticipates winter pruning, 
which consequently can be delayed at blooming to deter-
mine the final number of flowers per plant. Winter pruning 
can even be eliminated and early spring pruning after fruit 
set can be applied to determine more precisely the number 
of fruits per plant.

It is important to remember that avoiding heavy shad-
ing is important to obtain homogeneous distribution of the 
shoots along a branch. In fact when the shoots are shaded 
they can be damaged during winter and necrotize. Because 
peach trees do not produce adventitious meristems and do 
not maintain latent buds for long, winter pruning is not 
able to recover new adventitious shoot growth and finally 
the shaded area of the canopy is lost.

To avoid this dramatic loss of efficiency of the internal 
part of the canopy, spring- summer pruning is mandatory 
in modern orchards. This problem is even more accentu-
ated in high density planting systems in which early spring 
pruning can be associated with fruit thinning to reduce the 
impact of self shading and inter shading on shoot and fruit 
quality. Traditional low density orchards under continental 
conditions are mainly pruned using precise winter pruning 
because once the open vase is well formed it provides high 
quality and constant fruit production.

3. Conclusions

In apricot each group of varieties has its own optimum 
season and intensity for pruning, according to fruiting apti-
tude and branch habit. For high density orchards, heavy late 
spring pruning may be used to reduce vigor and improve 
flower differentiation during the summer. For free open 
vase, use of late summer pruning only can be suggested 
to obtain a better carbon partitioning towards the fruiting 
shoots and a more uniform light distribution in the canopy.

The higher the flower differentiation aptitude, the 
greater the possibility to use different seasons for pruning. 
With low aptitude, manipulation of spring growth of the 
shoots and light distribution in the canopy through spring-
summer pruning is mandatory.

Apricot varieties can be classified into groups charac-
terized for different vegetative and reproductive habits, ac-
cordingly and depending on the fertility of the soil, they 
can be pruned in summer (if soil fertility is high) or in 
winter (if soil fertility is low).

Some of the new low productive varieties benefit from 
early summer pruning (early or late spring shoot heading 
back) to induce the formation of sylleptic shoots and to 
obtain good flower differentiation. Weak varieties perform 
the best after winter pruning (branch heading back). Other, 
very productive varieties may be pruned in late summer 
or at the end of winter (shoot or branch heading back) de-
pending on local growing conditions (Pirazzini, 2004).
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In peach, habit is mainly influenced by assurgent 
growth in low chilling varieties that are well adapted to 
the mild Mediterranean climate with low chill in winter, 
and by the widespread habit of the varieties, suitable for 
more continental climatic conditions with cold winters and 
tolerant to late frost in the spring.

Among these groups of varieties, flower aptitude is 
another factor which influences the type and intensity of 
spring and summer pruning. In modern peach orchards, 
late summer pruning is widely diffused as a common 
practice to manage light distribution and carbon alloca-
tion and finally shoot quality. This technique is applied 
in substitution or to reduce the amount of the winter 
pruning.

Late spring pruning is applied only if necessary when 
tree vigor is too high, while early spring pruning is used 
less and limited only to cases of unpredictable fruit set due 
to  erratic climatic conditions. In any case, the labor for 
all kinds of pruning (spring, summer, and winter pruning) 
takes not more than 100 hours per hectare per year.

With some very productive varieties and appropriate 
training systems (delayed open vase and free spindle) it 
is possible to reach an amount of labor for all the manual 
operations during the season of about 15 hours per ton of 
fruit (Giovannini et al., 2010; Neri et al., 2010).

During training of Catalonian vase in the first two 
years, spring and summer pruning can be mechanized with 
a moving machine to further reduce labor. Late summer 
pruning may start in the second year for heavy producing 
varieties and in the third year for the less productive ones.

In conclusion, spring and summer pruning increase the 
efficiency of labor (both for the ease and speed of the work 
and for the capability of the tree to rapidly compensate for 
errors and incorrect interventions) and improve fruit qual-
ity. Late summer pruning can particularly improve modern 
orchard management efficiency.
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1. Introduction

	 Slender spindle bush types are commonly used for 
compact-sized fruit trees such as apple cultivars grafted 
on dwarfing rootstocks. Peach trees can be dwarfed and 
trained as slender spindle types when they are grafted 
on Prunus tomentosa and P. japonica ( Mizutani et al., 
1985; Yaegaki et al., 2008 ). However, these rootstocks 
often show graft-incompatibility for some peach scion 
cultivars several years after grafting (Nakano and Shi-
mamura, 1983; Yaegaki et al., 2008). It is difficult to 
maintain trees grafted on vigorous rootstocks as slender 
spindle types by winter pruning. Their shoot growth is 
so great that the inside parts of the tree are shaded, re-
sulting in poor growth and even death of shoots near the 
trunk. In relation to shading, Neri et al. (2003) reported 
that shading caused leaf wilting, necrosis and abscission 
earlier under water-stressed conditions. It is important to 
maintain shoots and buds alive near the trunk to maintain 
the slender spindle types. Otherwise, shoots extend out-
ward resulting in the crown type of tree. However, when 
the tree vigor is so great, severe annual winter pruning 
only repeats imbalanced vegetative-oriented growth cy-

cles each year. Commercial fruit production is difficult 
under such conditions. Many reasons have been given to 
support the practice of summer pruning in peach trees. It 
has been reported that summer pruning reduces vegeta-
tive growth, improves light penetration, enhances fruit 
quality, concentrates fruit maturation and increases the 
number of flower buds.
	 In general, it is considered that the time of flower bud 
formation in deciduous fruit trees is around late July and 
August in the temperate zones of the Northern Hemi-
sphere. Thus, the time of summer pruning is very im-
portant in relation to flower bud formation, especially 
when heading back pruning is conducted. After summer 
heading back pruning, new shoots are regenerated from 
remaining twig parts. Even thinning out pruning some-
times enhances branching and burst of buds which oth-
erwise remain quiescent. In relation to shoot regrowth 
after summer pruning, Neri et al. (1992) reported that it 
was induced only when the whole root system was well 
irrigated. After summer pruning the regenerated shoots 
are considered physiologically young compared with 
the spring flushes. In apple trees, the earlier the prun-
ing time, the greater the number of flower buds (Mizu-
tani et al., 2000). Apple flower buds tend to bear in the 
apical buds of shoots. When summer pruning is carried 
out earlier, new plural shoots come out and bear flower 
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Abstract: The slender spindle bush type system is commonly used for compact-sized trees, especially grafted on dwarfing 
rootstocks. It is difficult to apply this system to trees grafted on vigorous rootstocks by winter pruning. Such practices only 
cause the trees to repeat imbalanced vegetative-oriented growth every year. Therefore, in the current work summer prun-
ing was applied to slender spindle bush type of early maturing peach trees grafted on vigorous rootstocks. Three trials were 
conducted: summer shoot thinning, shoot heading back trials in the field and a shoot heading back and shading trial in the 
pot experiment. Summer shoot thinning reduced tree growth and recovered proper balance between vegetative and repro-
ductive growth. The following season such shoot thinning enhanced bud burst and initial growth of new shoots but the final 
tree growth was less in the summer-pruned trees compared with winter-pruned trees. The fruit matured earlier and soluble 
solids content was greater and titratable acidity was lower in the summer-pruned trees. The summer shoot heading back 
trial revealed that it regenerates shoots, although they bear fewer flower buds compared with winter-pruned trees. Such 
heading back is effective to keep alive shoots and buds near the trunk in slender spindle bush type systems. Summer shoot 
heading back and shading experiments in the pot showed that shading reduced the number of regenerated shoots and flower 
bud formation and delayed flower blooming in the following year. Thus summer shoot thinning and heading back are ap-
plicable to early maturing peach cultivars grafted on vigorous rootstocks to maintain the slender spindle bush type because 
thinning favors reducing tree vigor and light penetration near the trunk, and heading back keeps alive shoots and buds near 
the trunk which otherwise weaken or die back due to apical dominance and/or shading.
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buds in each shoot apex resulting in greater flower bud 
numbers (Mizutani et al., 2000). However, later summer 
pruning diminishes such effects. It seems likely that a 
certain period is required for regenerated shoots to bear 
flower buds. Erez (1982) also reported that in the mead-
ow orchard system of peach trees, four to five months are 
required for sufficient shoot regeneration and flower bud 
formation. Therefore he recommends that such systems 
are only applicable to early maturing cultivars, with a 
long enough growing season after fruit harvest.
	 Three trials (summer shoot thinning, heading back in 
the field, and heading back and shading in the pot) were 
conducted in the present work to develop new methods 
to maintain slender spindle bush type peach trees grafted 
on vigorous rootstocks. 

2. �Maintaining tree shapes as slender spindle bush type 
in peach trees grafted on vigorous rootstocks by 
summer shoot thinning

A. Objectives

	 At first we tried to maintain tree shapes as slender spin-
dle bush type with ‘AB-1’ (‘Akatsuki’x unknown peen-
tao) peach trees grafted on vigorous rootstock (Prunus 
persica Batsch, wild form) by winter pruning. The trees 
grew well in the orchard (previously vineyard) in spite of 
the fact that chemical fertilizers were not applied. It was 
difficult to maintain tree shape as slender spindle type 
while producing quality fruit annually. To keep shoots and 
buds near the leader trunk, excessive severe winter prun-
ing was practiced. Such practices resulted in an improper 
balance between vegetative and reproductive growth. The 
vegetative-oriented growth is represented by vigorous 
shoot growth, poor fruit set, much June drop and delayed 
fruit maturation. When the peach trees are vigorous, se-
vere winter pruning only repeats such a tree cycle every 
year. Therefore, the objective of the first trial in the field 
was to determine whether summer shoot thinning can al-
ter such imbalanced tree growth to the proper balance in 
the slender spindle type of peach trees grafted on vigorous 
rootstocks.

B. Materials and Methods

	 The orchard used in the experiment was formerly a 
vineyard to which chemical fertilizers had been applied 
according to a standard instruction in the Experimental 
Farm, Faculty of Agriculture, Ehime University. For the 
purpose of dwarfing peach trees grafted on vigorous root-
stocks, we planned no application of chemical fertilizers 
during the course of experiments. By using nine-year-old 
‘AB-1’ peach trees which had so far received winter prun-
ing, we tried summer pruning to maintain the tree as slen-
der spindle bush type. The harvest time of ‘AB-1’ peach is 

mid July. Summer pruning was conducted just after fruit 
harvest; most of it was conducted as thinning out methods 
not heading back. The weight of pruned shoots and leaves 
was measured. The following year new shoot growth, 
flowering, leaf mineral content, fruit growth and quality of 
harvested fruit were determined.

C. Results

	 Figure 1 shows summer- and winter-pruned trees just 
after summer pruning on 24 July. The weight of shoots 
removed by summer pruning was less than that removed 
by winter pruning (Fig. 2).

However, in the case of winter-pruned trees, there 
were no leaves at pruning time so that the actual bio-
mass removed from the winter-pruned trees was much 

Fig. 1 - �Peach trees just after summer pruning on 24 July (left: tree after 
summer pruning; right: tree without summer pruning)

Fig. 2 - �Weight of shoots removed by summer and winter pruning from 
peach trees. Data are presented as mean ± standard error (se).
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greater than the shoot weight pruned. Three or four days 
earlier bud break and flowering were observed in sum-
mer-pruned trees compared with winter-pruned trees in 
the following year (Fig. 3). The ovary size was greater 
in summer-pruned trees (Fig. 4).
The number of flowers however was less in summer-
pruned trees (Fig. 3), while mineral and carbohydrate con-
tent in the new leaves and shoots was greater in the sum-
mer-pruned trees (Figs. 5 and 6). This indicates that the 
shoots remaining after summer pruning received enough 

Fig. 3 - �Effect of summer and winter pruning on the formation of new 
shoots, leaves and flowers of peach trees in the following sea-
son on April 4.

Fig. 4 - �Effect of summer and winter pruning on ovary size of peach 
flowers on 4 April. Data are presented as mean ± standard er-
ror (se).
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Fig. 5 - �Effect of summer and winter pruning on mineral content of 
stems and leaves in peach trees on 4 April. Data are presented 
as mean ± standard error (se).
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tent in stems and leaves in peach trees on 4 April. Data are 
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solar radiation to accumulate carbohydrate as reserves and 
mineral nutrient from the roots. On the other hand, in the 
winter-pruned trees, the shoots remaining near the trunk 
are supposed to have been shaded in the previous sum-
mer and fall. Although the initial tree growth was slightly 
enhanced in the summer-pruned trees, the shoot growth 
was accelerated in the winter-pruned trees in the middle 
growing season and final tree size became greater in the 
latter group (Fig. 7).

	 Fruit number and yield per tree were greater in the 
summer-pruned trees (Tables 1 and 2). Fruit weight was 
similar in both treatments but fruit seemed to mature earli-
er in summer-pruned trees. In this regard, the total soluble 
solids content in the juice was greater and titratable acidity 
was lower in summer-pruned trees. Thus, summer shoot 
thinning seems to be applicable to vigorous peach trees 
grafted on vigorous rootstocks in slender spindle bush 
type system to recover balanced vegetative and reproduc-
tive growth.

3. �Shoot regeneration and flower bud formation after 
summer shoot heading back

A. Objectives

	 Because of apical dominant nature of shoots, the termi-
nal shoot grows well, which retards the growth of lateral 
shoots. Whereas the apical part of buds on shoots burst and 
extend, the lower part of buds mostly remain quiescent. In 
the slender spindle bush type of tree it is very important 
to keep alive buds or shoots near the trunk. Without shoot 
heading back, terminal shoots extend outward, while the 
inside of the crown becomes shaded and shoots and buds 
near the trunk die back.
	 In the second trial in the field, we examined the effects 
of summer shoot heading back on shoot regeneration, leaf 
chlorophyll content (SPAD value), leaf drop and flower 
bud formation by using peach tree grafted on vigorous 
rootstocks.

B. Materials and Methods

	 Five-year-old ‘Hikawahakuho’ peach trees grafted on 
vigorous rootstock (Prunus persica Batsch, wild form) 
which were trained as slender spindle type were used. 
The harvest time of this cultivar is early July. Trees had 
been trained as slender spindle bush type by winter prun-
ing before the experiment started. No chemical fertilizers 
were applied, as mentioned above, because the orchard 
was formerly a vineyard where the recommended amount 
of fertilizers had been applied according to the standard 
instruction. Tree vigor of ‘Hikawahakuho’ peach grafted 
on vigorous rootstocks used in this experiment was less 
compared with ‘AB-1’ peach described above in the previ-
ous section. Summer pruning consisted of heading back 
of current shoots to about 10 cm and removal of vigorous 
shoots, which was conducted after fruit harvest on 15 July. 
The number of regenerated shoots, shoot growth, flower 
bud formation, SPAD values and leaf drop were deter-

Table 1 -	 Effect of summer pruning on peach fruit yield and quality in the following season (2001)

Treatment Fruit/tree 
(No.)

Yield 
(Kg/tree)

Fruit weight
(g)

Fruit length 
(mm)

Fruit diameter 
(mm)

SSC 
(%)

Titratable acidity 
(%)

Summer pruning 136.0±36.7         13.0±3.1 102.2±5.3 59.4±0.7 62.2±0.7 9.27±0.26 0.27±0.01
Winter pruning 96.2±5.3 8.7±0.8 102.2±4.0 58.4±0.5 60.7±0.4 8.45±0.24 0.52±0.04

Data are presented as mean ± standard error (se).

Table 2 - Effect of two-successive-year summer pruning on peach fruit yield and quality in the following season (2002)

Treatment Fruit/tree
(No.)

Yield
(Kg/tree)

Fruit weight
(g) Maturity degree (Z) SSC

(%)
Titratable acidity

(%)
Summer pruning 76.8±15.0 8.3±2.1 108.9±4.4 3.7±0.4 12.10±0.32 0.20±0.01
Winter pruning 66.4±8.0 6.6±1.0 103.5±3.5 2.4±0.3 9.31±0.29 0.45±0.08

(Z) For maturity degree, the score was given to green fruit=1 and ripen fruit=5.
Data are presented as mean ± standard error (se).

Fig. 7 - �The photos show tree sizes on 24 July in the following year.



183

mined. The following year, tree growth and fruit yield and 
quality were determined.

C. Results

	 Figures 8 and 9 show the shoot regeneration after sum-
mer pruning. There was no regrowth of shoots in winter-
pruned trees. SPAD values of leaves were greater in sum-
mer-pruned trees than winter-pruned trees (Fig. 10). Leaf 
retention was prolonged by summer pruning (Fig. 11). Mi-
erowska et al., (2002) also reported that in apple spur leaf 
total chlorophyll content was higher in summer-pruned 

than non-pruned trees. These facts indicate that regenerat-
ed shoots are physiologically young compared with spring 
flushes. The percent of flower buds were lower in summer-
pruned trees than winter-pruned trees (Table 3); total shoot 
length in the following year was less in summer-pruned 
trees (Table 3).

Fig. 8  - �Effect of summer pruning on regenerated shoot numbers of 
peach trees. Data are presented as mean ± standard error (se).

Fig. 9  - �Effect of summer pruning on the regenerated shoot length of 
peach trees. Data are presented as mean ± standard error (se).

Table 3 - �Effect of summer pruning on flower bud formation and total 
shoot length of peach trees in the following year

Treatment Flower buds 
(%)

Total shoot length in the 
following year 

(m)
Summer pruning 17.2±4.5 21.8±4.9
Winter pruning 65.7±8.7 45.0±9.0

Data are presented as mean ± standard error (se).

Fig. 10  - �Effect of summer pruning on SPAD (chlorophyll content) in 
the leaves of peach trees in September and November. Data 
are presented as mean ± standard error (se).

Fig. 11  - �Effect of summer pruning on leaf drop in peach trees from 
September to late January. Data are presented as mean ± stan-
dard error (se).
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	 Therefore it can be said that the tree size of summer-
pruned trees was reduced compared with winter-pruned 
trees. Figure 12 shows single year and two-successive-
year summer pruning on the weight of shoots pruned. 
Two-successive-year summer pruning reduced the weight 
of pruned shoots. Fruit quality of harvested fruit as affect-
ed by single year and two-successive year summer prun-
ing is presented in Table 4.  Summer pruning enhanced 
maturation and increased soluble solids contents and re-
duced titratable acidity.

4.	� Shoot regeneration and flower bud formation after 
summer shoot heading back under shaded conditions

A. Objectives

	 It is important to keep alive shoots and buds near the 
trunk to maintain peach trees as a slender spindle type. 
Since shoots have apical dominance, terminal shoots ex-
tend outward so that inner parts of the crown become 
shaded without pruning. We further examined the effects 
of shading and summer shoot heading back on shoot re-
generation and flower bud formation by using peach trees 
grafted on vigorous rootstocks in the pot trial.

B. Materials and Methods

	 Potted (30 cm diameter) one-year-old ‘Hikawahakuho’ 
peach grafted on vigorous rootstock (wild form) were used 
in the trial. Fertilizers (N, P2O5, K2O=15%, 15%,15%) 
were applied at the rate of 30 g and 15 g per pot in mid 
March and early September, respectively. Treatments con-
sisted of shading with white and black cheesecloth, shoot 
heading back (to 5 cm length from shoot base) and their 
combinations. Summer shoot heading back was conducted 
on 1 September. The number and length of regenerated 
shoots, leaf drop, SPAD values, flower bud formation and 
flowering time were determined.

C. Results

	 No shoot regeneration was found without summer 
shoot heading back under either non-shaded or shaded 
conditions (Fig. 13). Summer shoot heading back re-
generated shoots but shading reduced their number (Fig. 
13). Heavy shading (black cheesecloth) accelerated shoot 
growth as compared to light shading (white cheesecloth) 
and non-shading (Fig. 14). The number of flower buds was 
reduced by summer pruning and the tendency was acceler-
ated by shading (Fig. 15). Shading tended to delay bloom 
in the following spring (Fig. 16). This indicates that the 
inner side shoots of the tree crown delayed bud burst and 
initial shoot growth as described in winter-pruned ‘AB-1’ 
peach in the previous section (Fig. 3). 

Fig. 13  - �Effect of late summer pruning and shading on the number 
of regenerated shoots of peach trees. SP = summer pruning; 
WP = winter pruning, WC = white cheesecloth; BC = black 
cheesecloth. Data are presented as mean ± standard error (se).

Fig. 12  - �Effect of summer and winter pruning on pruned shoot weight 
of peach trees. Summer-pruned shoots include leaves. SPⅠ, 
WPⅠ and SPⅡ, WPⅡ indicate single-year and two-successive-
year pruning, respectively. Data are presented as mean ± stan-
dard error (se).

Table 4 - Effect of summer and winter pruning on fruit yield and quality in peach trees

Treatment Fruit No./tree Fruit weight
(g)

Yield (Kg/tree) Maturity degree (Z) SSC
(%)

Titratable acidity
(%)

Summer pruning I (y) 28.1±4.1 131.0±0.5 3.7±0.7 3.5±0.4 12.8±0.2 0.27±0.03
Winter pruning I(y) 41.1±5.8 128.1±0.4 5.3±1.0 2.7±0.2 11.8±0.2 0.39±0.03
Summer pruning II 22.2±3.6 136.2±6.0 3.0±0.6 3.9±0.3 13.7±0.3 0.24±0.02
Winter pruning II 30.4±4.3 128.6±0.4 3.9±0.8 2.9±0.3 12.7±0.2 0.38±0.03

(Z) For maturity degree, the score was given to green fruit=1 and ripen fruit=5.
(Y) Indicate single-year and two-successive-year pruning, respectively.
Data are presented as mean ± standard error (se).
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5. Discussion and Conclusions

	 Slender spindle bush type training systems have been 
easily adopted in compact-sized trees grafted on dwarfing 
rootstocks (Mizutani et al., 1985). However, when this 
system is applied to trees grafted on vigorous rootstocks, 
imbalanced vegetative-oriented cycle between vegetative 
and reproductive growth occurs. For commercial qual-
ity fruit production, a good balance between vegetative 
and reproductive growth is necessary. As suggested in 
the present work, application of summer shoot thinning 
can reduce vegetative growth in such vegetative-oriented 
trees of spender spindle type trees grafted on vigorous 
rootstocks. Neri et al. (2010) also reported that summer 
pruning reduced vigor in apricot trees. To maintain the 
slender spindle type, it is crucial to keep alive shoots 
and buds near the trunk. However, shoots exhibit apical 
dominance by nature so that they extend outward, thus 
the space near the trunk becomes shaded. Shading accel-
erates dieback of shoots and buds inside the crown. With 
regard to shading, Neri et al. (2003) reported that shading 
caused leaf wilting, necrosis and abscission earlier under 
water-stressed conditions. Thinning of shoots is effec-
tive for the penetration of solar radiation near the trunk 
in the crown. Furthermore, heading back of shoots near 
the trunk induces shoot regeneration from the buds at the 
base, which are otherwise quiescent or died back. Un-
less heading back is conducted, the base parts of shoots 
become bare without alive shoots or buds. Summer shoot 
heading back is efficient to keep such shoots and buds 
near the trunk, even under shaded conditions. Readers in-
terested in further detailed information for current work 
are also referred to Hossain et al. (2004, 2005, 2006).
	 In conclusion, summer thinning is effective for reduc-
ing tree vigor and light penetration near the trunk, whereas 
summer heading back is essential for keeping alive shoots 
and buds near the trunk in slender spindle bush type peach 
trees grafted on vigorous rootstocks. 
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1. Introduction

An increase in fruit quality is a key objective of fruit 
tree cultivation, while keeping in mind at the same time the 
relevance of production cost reduction and environmental 
issues. The citrus industry is increasingly oriented toward 
upgrading groves, discarding obsolete plantings and intro-
ducing new rootstock/scion combinations which are more 
tailored to local environmental conditions. Moreover, in-
creases in production costs, without a proportionate profit 
increase, and innovation at the technological level have 
led to many changes in citrus orchard management and the 
updating of cultural techniques.

New plantings have been realized with regular planting 
distances for a fully mechanised approach to all cultural 
practices. In this context, technical evolution also includes 
pruning, essential for healthy and fruitful orchard manage-
ment, but without the clear push towards mechanisation 
as in other countries. This cultural technique as well as 
all other practices, even though respecting plant physiol-
ogy, has to be evaluated according to the economic impact. 
Furthermore, it is wise to consider the manifold factors 
that affect the final result, such as rootstock/scion combi-
nation, tree age and development, planting distance, soil 
and climate conditions.

Citrus groves in their former conception, although still 
present in many citrus cultivation areas in Italy, were high-

density based (more than 800 plants ha-1) with narrow plant-
ing distances. Citrus growers were forced to carry out fre-
quent pruning on bearing plants, repeated in spring and at 
the end of summer, as the only available way for both high 
plant density and light penetration between and within plant 
canopies to coexist (Rebour, 1971). This situation led to the 
development of trees with high scaffold (frequently more 
than 1 m high), usually lacking in skirt and with poor yield.

The transition to modern citrus production, based on 
greater planting distance and average densities of 416 
plants ha-1, at least for standard grafting combinations, has 
led to a new concept of pruning, which in turn has meant 
substantial changes in the management of this technique, 
with sometimes substantial negative effects on citrus pro-
duction (Intrigliolo, 1998).

Similarly to other fruit tree cultivations (Giacalo-
ne et al., 2004; Neri and Sansavini, 2004; Peano and 
Giacalone, 2004; Ventura and Sansavini, 2005), pruning 
practices in citriculture are important to support plant 
health and reduce stress in order to reach an acceptable 
balance between vegetative and reproductive activities, a 
key factor in many stages of  citrus grove development.

Citrus bearing trees in semi arid environments have 
main shoot growth flushes during the year (spring, summer 
and autumn flush), with growth stasis periods overlapped 
with periods of higher and lower temperatures. Only for 
lemon (C. limon (L.) Bern) does flowering occur during all 
growth flushes, whereas for other citrus species flowering 
is mainly bound to spring flush.

Flowers, solitary or in inflorescence, can be termi-
nal or axillary and are normally produced on one-year 
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shoots. In young citrus trees shoots are normally vegeta-
tive, since the productive stage begins with flower emis-
sion mainly on lateral drooping shoots. In Citrus species, 
like in other tree fruit species, bud differentiation occurs 
in response to chilling temperatures and mainly depends 
on interactions at physiological and nutritional level 
(Garcia-Luis et al., 1995).

Drastic pruning in young citrus trees with a vigorous 
vegetative habit causes an excess of shoot growth, thereby 
extending the juvenile stage and delaying the beginning of 
fruiting. In adult trees heavy pruning of branches, twigs 
and leaves means the removal of reserve substances (i.e. 
carbohydrates, nitrogen), thus leading to serious reduc-
tions in plant growth and overall development. Further-
more, in this way pruning in adult trees favors excessive 
sucker production especially in upright-growing species. 
On the contrary, in senescent or declined trees light or 
even hard thinning may be useful to promote growth and 
healthy fruitwood.

2. Pruning of young trees

It is essential to take care of citrus trees during the 
juvenile stage to obtain a balanced scaffold with three to 
four principal branches developing at 30-50 cm from the 
collar (Fig. 1).

If citrus trees are correctly managed in the nursery 
(cut back or headed) they require little pruning once in 
the field. Trees will grow naturally and they will take the 
growth habit typical of the species or cultivar. In this case 
trees assume a drooping shape, ranging from spheroid to 
ellipsoid (Fig. 2).

At this stage the most common and severe mistakes 
are the removal of apical or more drooping branches. In 
such cases the development of both upper and lower part 
(the first to produce) of the tree are limited. However, 
pruning during the first period should be limited to re-
moving an occasionally unwanted branch or buds on the 
rootstock, to regulate the final scaffold and reduce future 
severe cuts.

3. Pruning mature trees

For many years after transplanting citrus trees require 
no relevant pruning. It is not easy to determine a general 
rule for the beginning and frequency of regular pruning 
since this practice depends on many factors: species, 
cultivar, planting distance, soil and climate conditions 
and, more relevant, growth status (crowding, presence of 
deadwood in the internal part, upright shoots exhaustion) 
and its balance with fruitfulness.

Pruning frequency can be annual or long-standing, 
with frequency and severity closely linked. Longer time 
intervals imply more drastic pruning, with wider wounds 
and a subsequent massive influence on plant growth.

In a field trial on full-bearing trees of Tarocco orange 
(Citrus sinensis Osbeck) the effects of hand pruning with 
annual, biennial and quadrennial frequency were evalu-
ated (Calabretta et al., 2008). Quadrennial frequency 
of pruning showed a decline of fruit quality parameters 
(above all for average fruit weight), even though they 
were linked to higher yield and shortening of work time. 
Biennial frequency of pruning showed the best balance Fig. 1 - Young ‘Tarocco’ orange tree.

Fig. 2 - ‘Navelate’ orange tree with drooping canopy and full skirt.
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as far as work time (costs), yield and fruit quality were 
concerned. In the case of aged trees, low in vigor or pre-
senting other problems, it is wise to increase the frequen-
cy (Intrigliolo, 1984; Intrigliolo, 1998).

For wider planting distances progressive exhaustion of 
the internal part of the canopy can be balanced by lateral 
and vertical expansion, without any influence on  yield. 
Therefore in these conditions pruning initially plays a 
minor role and it could be delayed. On the contrary if 
pruning is carried out at maturity stage of the orchard, in 
conjunction with the right fulfillment of all other cultural 
practices, it becomes necessary to sustain growth vigor, 
high yield and fruit quality standards. It is not easy to 
choose the right time to start regular pruning. In the case 
of a delayed start, the citrus orchard could grow old pre-
maturely, while the opposite case could cause an increase 
in costs and severe yield reduction (Intrigliolo, 1998).

Another important factor is the timing of pruning. In-
tervention is often undertaken without distinction from 
January to June, and sometimes is repeated at the end of 
August or beginning of September to eliminate vigorous 
upright suckers, due to severe spring cuts. In any case, 
the right pruning time is extremely variable, depending 
on species, variety, climate conditions and severity of 
the previous treatment. Early varieties are usually pruned 
before late ones, either because of earlier harvest times 
or because of an absence of frost risk. Frosts are the 
main deterrent to early pruning (Fisher, 1977; Phillips, 
1980 b; Cutuli, 1985; Intrigliolo, 1986 b). As a matter 
of fact, the removal of the outer part of foliage makes 
trees more subject to frost injuries since it stimulates 
the emission of new soft shoots that can be easily dam-
aged by low temperatures. Severe treatments should be 
properly scheduled and deferred until after the juvenile 
stage: moderation is still the key word. Light pruning is 
advisable to provide deadwood removal and to increase 
light interception in the internal part of the canopy and 
between rows. This improves yield and fruit quality, es-
pecially fruit size, thus making other cultural techniques 
easier and less expensive (Intrigliolo, 1984; Calabretta et 
al., 2008).

Studies on pruning timing showed the positive effects 
of early treatments (end of winter to early spring) in com-
parison with late summer ones (Cameron and Hogdson, 
1943; Milella, 1967; Turpin, 1973; Fisher, 1977; Fucik, 
1979). If pruning takes place before spring flush, remov-
al of new vegetation is prevented (Turpin, 1973). Early 
pruning is thus highly recommended for skeletonisation 
and as a general rule for trees low in vigor or weakened by 
biotic or environmental stresses (Cameron and Hogdson, 
1943; Bevington and Bacon, 1976; Phillips, 1980 a, 1980 
b). Vigorous trees, on the other hand, will react improper-
ly with extra shooting and will lose fruit bearing surface, 
as reported by Bevington and Bacon (1976). Phillips 
(1980 a) reported that light pruning in July and August 
implied useful fruit thinning, with the consequence of in-
creased fruit size, especially in case of top dressing. As 
far as yield is concerned, Fucick (1979) reported higher 

levels in Texas with grapefruit (C. paradisi Macfadyen) 
resulting from December treatment, whereas in Austra-
lia Bevington and Bacon (1976) and Bevington (1980), 
working with Valencia late oranges, found similar levels 
comparing summer and autumn treatments.

Tree phenological stage as well as scion/rootstock 
combination and species/variety habit are decisive fac-
tors in determining pruning effects. ‘Moro’ in the bloody 
group and many accessions in the navel group represent 
low vigor orange cultivars; low vigor trees are found 
among a few lemon cultivars, most bergamot (C. ber-
gamia Rissi) and citron (C. medica L.) (Fig. 3) cultivars. 
Given the vegetative habit of these genotypes, pruning 
has the main function of increasing air and light penetra-
tion in the internal part of the canopy, avoiding back-
cuts that would thicken the tree and preferring a balanced 
thinning. In the case of mandarin (C. reticolata Blanco) 
(Fig. 4) and its hybrids these treatments are essential, the 
canopy being extremely dense due to huge branch pro-
duction.

Fig. 3 - ‘Navelina’ orange tree.

Fig. 4 - ‘Avana’ mandarin tree.



190

Satsumas (C. unshiu Marcovitch) and many clemen-
tines (C. clementine Hort.) (Fig. 5) show an intermediate 
growth habit. Expanded growth habit is normally shown 
by bloody orange ‘Sanguinello’ and ‘Tarocco’ clones, 
with a tendency to upright growth habit in nucellar lines 
(Fig. 6) and in triploids, such as ‘Tacle’ and ‘Alcantara’.

With the aim of obtaining virus-free and viruslike-
free accessions, nucellar progeny strategy has been 
largely adopted in breeding projects in Italy. These lines 
are characterized by their large size (although with some 
exceptions) thus conditioning plant spacing and orchard 
management. In this situation concerns arise about the 
extremely reduced density and about pruning practices, 
that should be reduced in number and intensity. Branches 
shortening cuts should be preferred mainly in the first 
years after planting, even though this practice induces 
very vigorous growth reactions and delay of productive 

stage. These effects are linked to the increase of costs 
for future pruning, harvest and other cultural practices. 
In order to increase yield and reduce the costs of cul-
tural practices (especially pruning), recovery strategies 
based on micrografting technique should be encouraged, 
as well as the adoption of new rootstocks able to reduce 
tree vigor (Russo et al., 2011).

‘Femmiminello’ lemon trees are characterised by 
upright irregular shoots (Fig. 7), with pronounced apex 
dominance; young trees show long, thin shoots which 
are weak and easily prone to breakage. For these trees 
it is necessary to shorten the branches to reduce plant 
height, favoring their strength and thus their stability. In 
late summer, pruning treatments play a prominent role 
in the eradication of Phoma tracheiphila (Kanc et Ghik) 
infections, making clear the necessity for tree removal in 
extreme situations.

More extensive pruning (i.e. Skeletonisation) is essen-
tial in cases of old, decadent trees or in case of damage 
due to environmental or biotic stresses. In these situa-
tions removal of deadwood is useful or absolutely neces-
sary for tree rejuvenate, thus leading to normal growth 
and production conditions.

4. Mechanical pruning

In citrus orchard management, pruning is increasingly 
oriented toward greater levels of mechanization with the 
aim of combining cost reduction with a proper balance be-
tween yield and plant growth.

Research activity in this field started in Italy at the end 
of 1970s with several experiences of mechanical pruning 
(Giuffrida et al., 1979; Blandini et al., 1981; Raciti et al., 
1981; Intrigliolo et al., 1986) with the integration of inter-
nal thinning of deadwood and upright shoot removal, and 
aided pruning by means of pneumatic saws and clippers 
(Intrigliolo and Barbagallo, 1987; Schillaci, 1988).

Fig. 5 - Clementine tree.

Fig. 6 - ‘Tarocco’ clone NL 57-E-1 orange tree.

Fig. 7 - ‘Femminello’ lemon tree.
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Experiments carried out in Italy on mechanic pruning 
in citrus (Giuffrida et al., 1979; Blandini et al., 1981; 
Raciti et al., 1981; Giametta, 1983; Spina et al., 1984; 
Intrigliolo, 1986 a; Intrigliolo et al., 1986; Intrigliolo et 
al., 1988; Intrigliolo and Giuffrida, 1990; Raciti et al., 
1991) gave largely positive results. Trials were carried 
out on several species and cultivars under different en-
vironmental and cultivation conditions, utilizing differ-
ent equipment and operating systems mainly associated 
with a traction engine. Up till now, however, hand prun-
ing seems to be the most widespread approach in Italy 
and in other advanced citrus cultivation areas like Spain 
(Agustì, 2003).

Frequency and intensity of mechanical pruning repre-
sent the key choices to attain high yields and delayed tree 
senescence (Zaragoza-Adriaensens and Alonso - Cabo, 
1981; Intrigliolo, 1986 b; Raciti and Intrigliolo, 1989). 
Results of a two-year trial on ‘Tarocco’ orange trees me-
chanically pruned with the same intensity in April, June 
and August, showed that full summer treatments were 
useful to control plant growth, whereas early treatments 
stimulated the spring flush (Intrigliolo and Giuffrida, 
1990). Yield and fruit quality were only slightly influ-
enced by treatment time.

The main purposes of fully mechanized pruning are 
the fulfillment of the tree’s physiologic demand and the 
massive reduction of production costs. Mechanical prun-
ing is not a selective or thinning practice, but it follows 
rigid patterns by cutting trees back vertically (hedging) 
(Fig. 8) or removing their tops (topping) (Fig. 9) and it 
is adapted to wide planting distances. Thus, the grove is 
sufficiently open for the passage of equipment for spray-
ing and other cultural practices, reducing shady areas and 
removing dead or decadent wood (Intrigliolo, 1986 b).

Pneumatic tools reduce the physical effort of work-
ers, amplifying their performance both by replacing 
hand pruning with traditional tools and complement-

ing mechanical pruning. The economic convenience of 
pneumatic tool utilization increases as the time needed 
for the intervention increases. Assisted pruning loses its 
economic convenience in comparison to traditional prun-
ing (Intrigliolo and Barbagallo, 1987). The reduction 
of working time accounts for up to 30-40% for assisted 
pruning, 90% for mechanical pruning and an average of 
60-70% when integrated with the latter (Fig. 10) (Intri-
gliolo, 1986 a, 1998).

The functional integration of mechanical and assisted 
pruning could be the best way to achieve useful results, 
hopefully in economic and agronomic terms, at least un-
til further profit loss forces growers toward full mecha-
nizaten. Even though experimental results with fully 
mechanized pruning have to date shown limited effects, 
it seems that in the near future it will spread to large- and 
medium-sized citrus orchards. In the traditional Italian 
citrus industry, with terrace cultivation and small-sized 
farms, for many years pruning has been carried out us-
ing pneumatic tools permitting workers to use their own 
judgment in terms of frequency and limiting costs.Fig. 8 - Mechanical hedging and topping done at the same time.

Fig. 9 - Mechanical topping.

Fig. 10 - Work time in different kinds of pruning.
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1. Introduction

In Western Europe plums are grafted on Myrobalan B, 
St. Julien A, Marianna and other vegetatively propagated 
rootstocks (Nicotra and Moser, 1995). In Eastern Europe 
it is difficult to propagate dwarfing and semi dwarfing 
rootstocks for plums and prunes because of long and hard 
winters. Stool beds are often damaged by winter frost 
and hard-wood cuttings are not properly rooted because 
of low temperatures in autumn and spring. Mother plants 
in stool beds are also threatened by plum pox. Very few 
nurseries produce trees grafted on St. Julien A and GF 
655/2. Most plum and prune trees are grafted on seed-
lings of selected types of Prunus divaricata. Such trees 
are planted at 4x3 to 5x5 m and trained to open centre 
form. In Poland about 20% of trees are grafted on seed-
lings of ‘Prune Wangenheim’ (Prunus domestica). This 
cultivar is self-pollinated, so seed trees grown in isola-
tion produce seedlings with uniform grow habit (Sitarek 
et al., 2001). ‘Prune Wangenheim’ is compatible with all 
European plums and prunes. Cultivars grafted on ‘Prune 
Wangenheim’ are semi dwarf, tolerant to arid soils com-
mon in Poland and very productive (Sitarek et al., 2001). 
Such trees should be suitable for dense plantings in in-
tensive orchards. In Germany, Zahn (1986, 1994) and 
Brunner (1990) introduced central leader spindle and 
free spindle (without shoot bending) for dwarf and semi 
dwarf, densely planted plums and prunes. These systems 
were tested in Belgium (Wustenberghs and Keulemans, 
1996) with 825 and 1250 trees per ha and appeared to be 
very economical in yielding and harvesting.

The goal of the present work was to elaborate an inten-
sive plum orchard suitable for both hand and mechanical 
fruit harvesting with combined self propelled straddle har-
vester working in continuous motion, as is used in Poland 
to harvest sour cherries. The harvester requires densely 
planted trees with central leader up to 3 m high and young 
flexible shoots coming out of the leader. For this purpose 
new methods of summer training and pruning were intro-
duced to plum trees. Studies were also undertaken on the 
intensity of tree growth of six cultivars grafted on ‘Prune 
Wangenheim’, their growth habit, canopy structure, fruit 
bud formation in relation to wood age, quality of flow-
er clusters, fruit set, sun irradiation and distribution and 
yield. These studies enabled to precise the pruning method 
of trees in full bearing age.

2. Materials and Methods

One-year-old feathered trees of ‘Cacanska Rana’, ‘Ca-
canska Lepotica’, ‘Cacanska Najbolja’, ‘Diana’, ‘Katin-
ka’, and ‘Silvia’ grafted on semi dwarf seedling rootstock 
‘Prune Wangenheim’ were planted in autumn 2004 on a 
0.5 ha plot, on sandy-loam soil at the Research Institute 
of Pomology, Skierniewice, Poland. To estimate optimum 
planting density, trees were spaced 4 m between rows and 
at various densities in the row: 1.5; 2.0 and 2.5 m (1666; 
1250 and 1000 trees/ha). Each cultivar was planted in two 
rows (each consisting of 36 trees): one for hand harvest-
ing, the other for mechanical harvesting. In each row the 
trees were arranged in three randomized blocks with four 
trees per plot. In the second year after planting the inter-
rows were grassed down with frequent grass mowing in 

Intensive plum orchard with summer
training and pruning

A. Mika, Z. Buler
Research Institute of Pomology and Floriculture, 96-100 Skierniewice, Poland.

Key words: canopy structure, fruiting biology, mechanical harvesting, plums, pruning, Prunus domestica, training.

Abstract: An intensive plum orchard model was created for two types of fruit harvesting: by hand and with a self-pro-
pelled straddle harvester working in continuous motion. Six plum cultivars grafted on semi dwarfing rootstock ‘Prune 
Wangenheim’ (Prunus domestica) were planted at three densities (1000, 1250 and 1666 trees/ha). A new training system 
- central leader spindle - was applied. The leader was not headed after planting and summer training treatments were 
performed. From the third year onward renewal pruning was done after fruit harvesting. The new training and prun-
ing system resulted in very rapid tree growth, much young wood, fruit bud formation on young wood and early bearing. 
Trees appeared to be suitable for hand and mechanical harvesting within four years from planting. 

Adv. Hort. Sci., 2011  25(3): 193-198

Received for publication 13 April 2011
Accepted for publication 1 August 2011



194

conjunction with the maintenance of 1.5-m-wide herbicide 
strips along the row. A drip irrigation system was installed 
from the first year. This was necessary because yearly 
precipitation at Skierniewice is around 500 mm whereas 
plums grown in central Poland require 700 mm of rainfall. 
Fertilizers were applied according to the standard recom-
mendation for commercial plum orchards. Eight to ten 
sprayings were essential to control pests and diseases.

A new training system with summer pruning was intro-
duced to obtain central leader trees suitable for mechanical 
harvesting and hand picking (Fig. 1). Trees having central 
leaders 1.7 m high at planting time were not headed after 
planting and side shoots were shortened lightly. Subordi-
nation of the side branches to the central leader was ob-
tained by summer pruning. At the end of May or beginning 
of June (depending on the growing season) new shoots that 
appeared at the top of the central leader were thinned leav-
ing only one to extend the leader. This treatment resulted in 
numerous short side shoots along the leader most of them 
setting flower buds in the first growing season. Any side 
shoots growing upright were bent to horizontal position 
by fixing (clips) pinches to the leader above shoots. These 
treatments were repeated in the second year. In spring of 
the third year, trees were nearly 3 m high with at least 1.5 
m of canopy diameter and they were able to give the first 
crop. Further training was not necessary. From the fourth 
year onward, renewal pruning introduced in Poland by 
Czynczyk et al. (1976) was performed after fruit harvest-
ing. Each branch over three years of age was cut off near 
the central leader leaving a 10-30 cm stub to ensure new 
shoot growth (Fig. 2). Light shoot thinning was carried 
out as necessary. Effect of cultivars and planting distance 
on tree growth, canopy structure, relation between shoot 
age and fruit bud formation, and fruit setting was stud-

Fig. 1 - �Plum tree training with summer pruning: a) planted feathered tree is left with unheaded central leader and lightly headed side shoots; b) in 
May side shoots appearing at top of the leader are cut off except for one left for leader prolongation, some lower shoots are bent with clips; 
c) treatments at top of the leader are repeated in May of the second year; d) tree with fruiting ability in spring of the third year; e) shoot 
bending with a clip.

Fig. 2 - �Plum tree pruning by renewal method done after harvesting. 
Old branches are removed to stumps and mainly one-, and two-
year-old twigs are left.
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ied. To estimate light interception, the irradiation intensity 
was measured at ground level in rows and interrows with 
a Delta T Tube Solarimeter TSL and with a light sensor 
mounted above trees (Anderson, 1964). Light interception 
was calculated by subtracting the light intensity at ground 
level from light intensity above trees and was expressed as 
percentage of light intercepted by the canopy. Light distri-
bution was measured across tree rows on three levels: 0.8; 
1.6 and 2.4 m with Sun Scan Probe type SS -1 (Delta-T 
Devices Ltd, Burwell, Cambridge, England). Harvesting 
efficiency with a combine harvester was recorded. Fruit 
quality of hand-picked fruit against mechanically harvest-
ed fruit was compared.

3. Results and Discussion

In the sixth year after planting (2010) the growth of 
trees, expressed by trunk cross sectional area (Table 1), 
showed significant differences between cultivars and also 
significant differences between the most dense tree spac-
ing in the row compared to the two larger spacing treat-
ments. The large differences in growth intensity among 
cultivars indicate that this factor should be considered in 
designing intensive plum orchards. Treatment in the most 
densely spaced rows resulted in a dwarfing effect on tree 
growth. When the orchard is managed over a long period, 
such dwarfing effect leads to a smaller crop from small-
er trees, as is often observed in intensive apple orchards 
(Mika and Piskor, 1996). The new applied methods of tree 
training resulted in rapid vertical growth. All the trees (ex-
cept for cv. ‘Katinka’) reached the required height (3.0-3.5 
m) in the fourth year after planting (Table 2). In the sub-
sequent years tree height had to be restricted by pruning 
to coincide with gap required by the harvester. For this 
reason strong shoots appearing on the top of trees were re-
moved from the fourth year on trees for both machine and 

hand harvesting. Canopy spread (Table 3) increased until 
the sixth year from planting. Trees of cv. ‘Silvia’ created 
the most spread whereas ‘Katinka’ formed compact trees 
which were significantly smaller than the other cultivars. 
Some influence of planting density on canopy spread was 
evident but the differences were not significant. In renew-
al pruning method, old branches are cut out and replaced 
by young shoots. Due to that, trees are kept in a constant 
spread. Canopy structure is favourable for fruiting because 
most of new shoots are short, in range 5-10 cm. (Table 
4). Such shoots are able to form fruit buds on one-year-
old wood (Table 4). There were no significant differences 
between cultivars and planting density treatments. Spur 
number per tree was also estimated in the fourth year after 
planting. In spite of renewal pruning, which forced young 
wood to grow, numerous spurs were present in the tree 

Table 1 - �Influence of cultivars and spacing on tree growth expressed 
by trunk cross sectional area in the sixth year from planting 
(2010)

Influence of cultivars Trunk cross sectional area (TCSA)
(cm2)

‘Cacanska Rana’ 46.6 bc
‘Cacanska Najbolja’ 52.9 d
‘Cacanska Lepotica’ 35.0 a
‘Diana’ 42.8 b
‘Katinka’ 33.3 a
‘Silvia’ 51.7 cd
Influence of spacing (m)
4 x 1.5 40.7 a
4 x 2.0 45.6 b
4 x 2.5 44.8 b

Different letters indicate significant differences separately for cultivars 
and spacing at P=0.05.

Table 2 - �Influence of cultivars and spacing on tree growth expressed by 
tree height in the fourth year from planting (2008)

Influence of cultivars Tree height 
(m)

‘Cacanska Rana’ 3.08 b

‘Cacanska Najbolja’ 3.26 b

‘Cacanska Lepotica’ 3.20 b

‘Diana’ 3.44 b

‘Katinka’ 2.50 a

‘Silvia’ 3.62 c

Influence of spacing (m)

4 x 1.5 3.20 a

4 x 2.0 3.17 a

4 x 2.5 3.20 a

Different letters indicate significant differences separately for cultivars 
and spacing at P=0.05.

Table 3 - �Influence of cultivars and spacing on tree growth expressed by 
tree spread in the fourth year from planting (2008)

Influence of cultivars Tree spread 
(m)

‘Cacanska Rana’ 2.47 b
‘Cacanska Najbolja’ 2.33 b
‘Cacanska Lepotica’ 2.50 b
‘Diana’ 2.44 b
‘Katinka’ 1.74 a
‘Silvia’ 2.67 c
Influence of spacing (m)
4 x 1.5 2.49 a
4 x 2.0 2.38 a
4 x 2.5 2.40 a

Different letters indicate significant differences separately for cultivars 
and spacing at P=0.05.
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canopy (Table 5). Significant differences among cultivars 
suggests that some variation in pruning methods may be 
needed in future for cultivars producing a small number 
of spurs. Bare wood, typical for plums under traditional 
pruning, did not appear. The significant differences be-
tween cultivars show the variation in the growth habit of 
the chosen cultivars. 

In the fifth year from planting, trees of three cultivars 
planted at distances of 1.5 and 2.0 m created dense struc-
tures in the bottom part of the canopy; for this reason leaf 
area index (LAI), light interception and light distribution 
at three planting distances were estimated. This very la-
borious study was performed only on vigorously growing 
Silvia cultivar having the most regular canopy structure 
(Table 6). The results reveal that LAI, expressed as ra-
tio of total canopy leaf area to ground area under tree 
(m2/m2), achieved a value of 2.5 at planting distance 4 
x 1.5 m. This was close to the optimum value (2-3) sug-
gested by Jackson (1996) for intensive apple orchards. 
Trees spaced 4 x 2.5 m were far from that value. Light 
interception (Table 7) was at an acceptable level at plant-

ing distance 4 x 1.5 and 4 x 2.0 m but still insufficient as 
required for an intensively planted orchard; according to 
Jackson (1996) the value should be 60-70%. Light inter-
ception at planting distance 4 x 2.5 m was very poor. In 
a number of studies it has been found that light intercep-
tion is correlated with fruit production per ha (Jackson, 
1980). In apple orchards, production increases with light 
interception up to about 70% available light. Light dis-
tribution within the fruit tree canopy was acceptable in 
the upper and middle parts of the trees. In the bottom 
part (0.7 m above ground) it was critical at the 1.5 x 4 m 
planting distance, low at 4 x 2 m and sufficient at 4 x 2.5 
m planting distances. These results show that the most 
densely planted trees (1.5 m) require more heavy pruning 
in the fifth year from planting than trees spaced 2 and 2.5 
m in the row.

The relationship between the age of wood and per-
cent of cluster fruit bud setting was studied in three years 

Table 4 - �Influence of cultivars and spacing on canopy structure (% of shoots in three classes of length) in the fourth year from planting (2008)

Influence of cultivars Class 5-50 cm Class 51-90 cm Class 91-150 cm
‘Cacanska Rana’ 73.5 ij 18.7 cde 6.6 ab
‘Cacanska Najbolja’ 62.1 hi 30.2 ef 4.8 a
‘Cacanska Lepotica’ 60.4 gh 13.8 bcd 24.7 def
‘Diana’ 48.3 g 34.2 f 14.0 bcd
‘Katinka’ 74.6 j 14.6 bcd 10.2 abc
‘Silvia’ 54.1 gh 22.7 def 21.7 def
Influence of spacing (m)
4 x 1.5 61.1 c 21.2 b 15.0 ab
4 x 2.0 62.1 c 22.5 b 12.4 a
4 x 2.5 64.1 c 22.1 b 11.0 a

Different letters indicate significant differences separately for cultivars and spacing at P=0.05.

Table 5 - �Influence of cultivars and spacing on fruiting spurs per tree in 
the fourth year from planting (2008)

Influence of cultivars Number of fruiting spurs
‘Cacanska Rana’ 238.8 b
‘Cacanska Najbolja’ 260.8 b
‘Cacanska Lepotica’ 136.6 a
‘Diana’ 285.7 c
‘Katinka’ 146.1 a
‘Silvia’ 265.8 b
Influence of spacing (m)
4 x 1.5 216.8 a
4 x 2.0 -
4 x 2.5 219.6 a

Different letters indicate significant differences separately for cultivars 
and spacing at P=0.05.

Table 6 - �Influence of spacing on leaf area, leaf area index (LAI), and 
light interception of ‘Silvia’ cultivar in the fifth year from 
planting (2009)

Spacing 
(m)

Leaf area
(m2) LAI

Insolation on 
ground level
(Watt/m2)*

% of light 
interception

4 x 1.5 15.16 a 2.52 c 168.0 44.6 b
4 x 2.0 14.20 a 1.78 b 176.3 46.8 b
4 x 2.5 14.75 a 1.48 a 105.5 28.0 a

Mean insolation above trees 376.7 Watt.

Table 7 - �Influence of spacing on % light distribution in three canopy 
levels of ‘Silvia’ cultivar in the fifth year from planting (2009)

Spacing 
(m)

Canopy level from the ground
0.8 m 1.6 m 2.4 m

4 x 1.5 7.7 a 18.8 bc 48.0 d
4 x 2.0 19.5 bc 29.2 c 48.1 d
4 x 2.5 10.5 ab 32.4 c 49.5 d
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(2008-2010). There were no significant differences be-
tween years. Table 8 shows the results in the sixth year 
from planting on fully-grown trees. Many differences 
were found in the ability of the cultivars to set fruit buds 
on young wood. In spite of this, most cultivars were able 
to set 60 to 80% of cluster fruit buds on one-year-old and 
two-year-old wood. The rest (20-40%) was set on three-
year-old wood. These results indicate that trees treated 
with renewal pruning produce enough fruiting wood and 
the pruning method does not have adverse effects on tree 
yielding. Bare wood observed on trees with traditional 
regulated pruning was not observed in this experiment. 
Detailed studies on flower bud formation revealed that 
cluster fruit buds on one-year-old wood consist of, on av-
erage, fewer flowers than clusters on older wood (Table 9). 
For this reason one can expect that young wood may set 
less fruit than older wood. However this was not proven. 

Most of the cultivars set 5 to 10% fruit out of 100 flowers 
(Table 10). As the result, the percent of fruit on one- and 
two-year-old wood was similar to the percent of cluster 
flower buds (60-80).

Trees came to blossom in the second year after plant-
ing and produced about 0.3 kg of plums per tree. In the 
third year, blooming was very abundant but spring frost in 
the first days of May killed all the flowers. For this reason 
the first yield was obtained in the fourth year after plant-
ing. Most of the trees produced from 8 to 30 kg per tree. 
The most productive was ‘Cacanska Najbolja’, the poor-
est was ‘Katinka’. There were many differences within 
cultivar and little differences within planting distances. 
Only ‘Cacanska Najbolja’ and ‘Diana’ gave a greater crop 
when planted at the greater distance. In the fifth year again 
spring frost in May reduced the crop to less than one kg 
per tree. Acceptable yield was obtained in the sixth year 
after planting (2010) (Table 11) when most trees yielded 
15-18 kg per tree. There were again very large differences 
in tree productivity among cultivars but none in terms of 
planting distance. This suggests that when renewal prun-
ing is performed trees can be spaced at even 1.5 m in the 
row. The good yield, calculated per hectare, varied from 
13.9 tons at the largest planting distance to 23 tons at the 
closest spacing.

In the fourth and sixth years after planting fruits were 
harvested by hand and by self-propelled straddle harvester. 
Harvesting was begun when the forces between fruit and 
stem were 6-8 N, fruit firmness 5 kg/cm, and TSS 12-14%. 

Table 8 - �Influence of cultivars and spacing on % of spur fruit buds on 
young wood in the fourth year from planting (2008)

Influence of cultivars 1-year-old 2-year-old 3-year-old
‘Cacanska Rana’ 34.4 efg 42.4 ghi 21.4 bcd
‘Cacanska Najbolja’ 50.0 i 30.1 def 19.5 bc
‘Cacanska Lepotica’ 37.5 fgh 25.9 cde 39.4 fghi
‘Diana’ 11.9 a 48.2 hi 39.2 fghi
‘Katinka’ 40.8 fghi 37.5 fgh 20.6 k
‘Silvia’ 16.5 ab 44.5 ghi 38.2 fgh
Influence of spacing (m)
4 x 1.5 28.2 ab 40.4 e 31.2 abcd
4 x 2.0 29.0 abc 36.7 de 32.0 bcd
4 x 2.5 35.6 cde 36.7 de 24.8 a

Different letters indicate significant differences separately for cultivars 
and spacing at P=0.05.

Table 9 - �Influence of cultivars and shoot age on number of flowers in 
one spur fruit bud in the fourth year from planting (2008)

Influence of cultivars Number of flowers in one spur 
fruit bud 

‘Cacanska Rana’ 4.3 d
‘Cacanska Najbolja’ 1.9 b
‘Cacanska Lepotica’ 1.9 b
‘Diana’ 2.9 c
‘Katinka’ 1.3 a
‘Silvia’ 1.3 a
Influence of shoot age
1-year-old 1.9 a
2-year-old 2.1 b
3-year-old 2.5 c

Different letters indicate significant differences separately for cultivars 
and shoot age at P=0.05.

Table 10 - �Influence of cultivars and spacing on yield (kg/tree) in the 
fourth and sixth years from planting (2008 and 2010 z)

Influence of cultivars 2008
kg/tree

2010
kg/tree

‘Cacanska Rana’ 9.7 a 16.5 c
‘Cacanska Najbolja’ 28.6 c 4.9 a
‘Cacanska Lepotica’ 11.4 ab 16.1 c
‘Diana’ 14.5 b 17.1 c
‘Katinka’ 15.0 b 11.7 b
‘Silvia’ 9.0 a 11.1 b
Influence of spacing (m)
4 x 1.5 13.8 a 12.7 a
4 x 2.0 14.3 b 12.2 a
4 x 2.5 16.0 c 13.9 a

Different letters indicate significant differences separately for cultivars 
and spacing at P=0.05.
(z) Yields in 2007 and 2009 were affected by spring frosts.

Table 11 - Calculated yield in 2008 and 2010 (t/ha)

Influence of spacing (m) 2008 2010
4 x 1.5 23.0 21.2
4 x 2.0 17.9 15.3
4 x 2.5 16.0 13.9
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The effectiveness of mechanical harvesting was about 
95%, with 5% fruit left on the tree or lost on the ground. 
Labour efficiency was 150 kg/8-hour-day at hand picking 
and 15 ton/day with mechanical harvesting. After grading 
fruit harvested by machine did not differ visually from that 
picked by hand. When put in cold storage at temperatures 
close to 0°C the fruit remained in good condition for five 
to seven days. The fruits were excellent for processing, but 
rather poor quality as dessert fruit.
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1. Introduction

Summer pruning of apples (Malus x domestica) is a 
practice used primarily to enhance fruit quality through 
the manipulation of tree physiology and alteration of the 
canopy environment, particularly light. The majority of 
studies of summer pruning in apple have focused on physi-
ological impacts such as photosynthate partitioning, win-
ter hardiness, return bloom, fruit coloring and post-harvest 
quality. However, summer pruning can have impacts on 
apple diseases, because it alters canopy microclimate, 
can remove diseased tissue, improves deposition of fun-
gicides and other chemicals, and in altering tree physiol-
ogy may change resistance to disease. Summer pruning 
may enhance disease management, but in some cases may 
increase the risk of disease. Of the few studies that have 
investigated interactions between summer pruning and 
apple diseases, most were done on semi-dwarf trees, and 
very few have looked at high-density systems.

In semi-dwarf trees, summer pruning offered both hor-
ticultural and disease management benefits. This is illus-
trated by an example from the mid-1980’s in the northeast-
ern US, where summer pruning was used to compensate 
for the loss of daminozide in commercial apple production 
(Autio and Greene, 1990). The predominant cultivar pro-
duced in the region at that time was ‘McIntosh’, which fre-

quently drops fruit to the ground before they are sufficient-
ly colored for harvest. Daminozide (Alar®) prevented this 
premature fruit drop, allowing development of full fruit 
color. When the manufacturers of daminozide removed the 
registration for apple use, it created potentially devastat-
ing crop loss through premature drop in ‘McIntosh’. As 
a response, growers were encouraged to summer prune, 
primarily to accelerate development of fruit color through 
increased light penetration in the canopy. The practice was 
successful, to a large extent compensating for daminozide 
treatments. It also had a side-benefit, in that incidence of 
the summer disease complex sooty blotch and flyspeck 
(SBFS) decreased in summer-pruned trees, primarily as 
the result of reduced humidity and improved fungicide 
penetration in the canopy (Cooley et al., 1997).

At this time, the most recent major review of summer 
pruning was written 25 years before this review, focusing 
exclusively on effects on tree growth, yield, flowering, and 
fruit development (Saure, 1987). Since then, commercial 
apple production has seen wide-spread adoption of high-
density planting systems in which the methods and im-
pacts of summer pruning would be expected to differ sub-
stantially from those used in semi-dwarf (e.g. M.7, ca. 5 m 
tall) trees, but few studies have examined the impacts of 
summer pruning on apple diseases in high-density trees. In 
larger, semi-dwarf trees, summer pruning does not have an 
impact on the tree scaffold, but focuses on small branches 
and is largely intended to increase light penetration and 
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air circulation, beneficial to both fruit quality and disease 
management. However, in modern high-density produc-
tion systems a primary goal is light penetration, and overall 
tree training maintains a relatively small, open canopy. In 
such trees, summer pruning may not significantly increase 
air circulation, improve drying in the canopy, or improve 
pesticide deposition, and it is unclear whether it has bene-
fits in terms of disease management. Instead, pruning cuts 
during the growing season may increase the risk of infec-
tion. Alternatively, pruning and removing diseased tissue, 
sanitation, may reduce disease impacts and future risks, 
but such cuts may conflict with desired tree architecture 
in a high-density system. Yet as restrictions on chemical 
use in plant disease management increase, cultural con-
trols such as sanitation and inoculum destruction become 
more important. Much of this review must extrapolate 
from studies on semi-dwarf trees, dormant pruning, and 
the epidemiology of apple diseases to identify potential 
benefits and risks of summer pruning related to disease. 
It outlines types of summer pruning used in high-density 
systems, and then looks at important apple diseases that 
may be impacted by summer pruning and how pruning for 
sanitation may be useful.

2. �Impacts on tree growth, yield, flowering and fruit 
development

Summer pruning can take on various forms from sim-
ple watersprout removal only to significant reductions in 
canopy density. Much study of summer pruning came from 
an interest in enhanced light penetration into the summer 
canopy, thus improving fruit color development.  Vincent 
(1917), Preston and Perring (1974), Stiles (1980), Lord 
and Greene (1982), Marini and Barden (1982), Morgan et 
al. (1984), Autio and Greene (1990), Schupp (1992), and 
Ystaas (1992) all showed increased fruit redness as a result 
of summer pruning. Decreases in fruit size, however, have 
also been reported in some studies (Stiles, 1981; Marini 
and Barden, 1982; Greene and Lord, 1983; Myers and Fer-
ree, 1983) but not all and not consistently. Li et al. (2003) 
modeled tree physiology as a result of summer pruning 
and found reductions in carbohydrates, potentially lead-
ing to a carbohydrate shortage after summer pruning. The 
potential for shortage was greater as the intensity of sum-
mer pruning increased. Fruit size impacts of that shortage 
can be mediated by improved water status resulting from 
reduced transpiration. Additionally, varying responses 
may be partially explained by the location of the summer-
pruning treatment. Greene and Lord (1983) suggested that, 
as the severity of pruning increased or as the distance be-
tween the cut and the fruit decreased, the potential for a 
size reduction is enhanced.

Timing of summer pruning also is an important consid-
eration.  In general, regrowth during the period following 
summer pruning is greater the earlier the summer pruning 
is performed. Autio and Greene (1990) showed a linear 
decrease in the amount of regrowth as the pruning was 

performed from early (~45 days after full bloom) to late 
summer (~105 days after full bloom). Zamani et al. (2006) 
described a similar response from summer pruning from 
30 to 90 days after full bloom.

Such data indicate that summer pruning acts as a stress 
on apples. If a stress is severe enough it can predispose 
woody plants to disease particularly from canker patho-
gens, but plants will recover from light to moderate stress 
(Schoeneweiss, 1981). At the same time, abiotic stresses 
can induce disease resistance in plants, including apples, 
though the physiological mechanisms behind induced re-
sistance are not well understood (Hammerschmidt, 1999; 
Poupard et al., 2003). Developing a better understanding 
of the detrimental and positive impacts of pruning stress at 
the physiological level is an area in need of more research.

3. Impacts on disease

Pruning apple trees, including summer pruning, can 
impact disease in several ways: by altering microclimate 
and architecture of the canopy, by removing inoculum and 
infected tissue, and by creating wounds that pathogens can 
invade. In their experiment in an organic orchard, Simon 
et al. (2006) observed that centrifugal training decreased 
apple scab and key insect pests in an organic orchard, and 
listed five explanatory hypotheses: 1) removal of inocu-
lum and arthropods with the removal of fruiting spurs; 2) 
change in canopy microclimate, particularly better aera-
tion; 3) decreased shoot density and increased distance be-
tween growing shoots slowing transmission; 4) changes in 
tree physiology inducing resistance or otherwise changing 
tissue susceptibility; 5) decreased canopy density improv-
ing pesticide penetration and deposition.

Pruning for sanitation is specifically designed to remove 
inoculum, thereby delaying or slowing epidemics and 
decreasing disease incidence and severity. For example, 
pruning removes primary inoculum of apple powdery mil-
dew and fire blight, and is routinely recommended as part 
of the management programs for these diseases (Covey 
and Fischer, 1990; Xu, 1999; Steiner, 2000; Holb, 2005). 
However, pruning for sanitation often requires pruning 
cuts that do not conform to horticultural goals, and in most 
cases is performed in winter or early spring rather than 
summer. Summer pruning may remove inoculum, though 
it is not the primary purpose of the practice.

Changing the canopy density alters microclimate 
thereby impacting infection and disease development. Mi-
croclimate factors, particularly those related to moisture, 
have a major effect on plant diseases (Huber and Gillespie, 
1992), and altering canopy density, as summer pruning 
does, influences canopy drying and disease (Gubler et al., 
1987; Cooley et al., 1997; Sentelhas et al., 2005; Batzer et 
al., 2008). Leaf wetness duration (LWD) is a particularly 
important factor in plant disease epidemics and is often 
used in disease forecast models (Gleason et al., 2008). For 
example, LWD has a major impact on whether or not apple 
scab (Venturia inaequalis) infections occur (Mills, 1944; 
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MacHardy and Gadoury, 1989; Stensvand et al., 2005; Xu 
and Robinson, 2005). High humidity and LWD also in-
crease disease incidence and severity of SBFS (Cooley et 
al., 2011), cedar-apple rust (Gymnosporangium juniperi-
virginianae) (Aldwinckle et al., 1980), black rot (Botryos-
phaeria obtuse) (Arauz and Sutton, 1989), white rot or Bot 
rot (Botryosphaeria dothidea) (Sutton and Arauz, 1991), 
Nectria canker (Nectria galigena) (Krahmer, 1981; Xu et 
al., 1998), and fire blight (Erwinia amylovora) (Steiner, 
2000). Of these diseases, apple scab, SBFS, black rot, 
white rot and bitter rot drive most of the fungicide applica-
tions made in the eastern US, and account for substantial 
fungicide use in many apple production areas around the 
world (Cooley, 2009). By maintaining an apple canopy 
that dries relatively quickly, LWD periods are shortened, 
which may allow decreases in fungicide use.

The relationship between plant growth and the rate of 
an epidemic is complex, depending on tissue susceptibil-
ity, existing infections and the density of susceptible tissue, 
among other factors (Ferrandino, 2008). For apple scab, the 
relative risk of infection is affected by the amount of leaf tis-
sue available for infection interacting with increasing onto-
genic resistance and inoculum availability, which all change 
over time (Ficke et al., 2002). Summer pruning removes 
target tissue as well as sources of inoculum, and hence 
should slow development of apple scab epidemics. The tim-
ing of tissue removal should affect disease, and in general 
removal early in the growing season should reduce disease 
more than mid- or late-season removal. Still the interaction 
between pruning and the different epidemiological factors 
is complex. In the scab example, if early pruning stimulates 
vegetative growth, the rapid development of relatively large 
amounts of young, susceptible tissue may erase any early-
season disease suppression. Holb et al. (2004) observed that 
heavy winter pruning suppressed foliar scab, but the impact 
on fruit at harvest was not significant.

For fire blight, it is recommended that flower clusters 
be removed from non-bearing trees before bloom, because 
the flowers are an important infection court for E. amy-
lovora (Steiner, 2000). Pruning relatively non-productive 
flower clusters, as in centrifugal training, may reduce risk 
of fire blight.

Pruning also usually improves penetration of fungi-
cides and other disease controlling chemicals (Sutton and 
Unrath, 1984; Travis et al., 1987; Cooley et al., 1997; 
Cross et al., 2003). Both summer (Cooley et al., 1997) and 
winter pruning (Ocamb-Basu et al., 1988; Holb, 2005) 
have been shown to improve spray penetration relative to 
non-pruned trees, though a comparison between two high 
density pruning methods in which centrifugal training re-
duced scab relative to original solaxe pruning did not show 
a difference in spray deposition (Simon et al., 2006).

Apple scab
Scab is probably the most important diseases threat-

ening apples in humid production regions, but only one 
published study has been done on the impacts of summer 
pruning on the disease. Disease incidence in apple scab 

is strongly related to the duration of wetting periods and 
the amount of inoculum available in an orchard, with lon-
ger wetting periods and more inoculum increasing disease 
incidence and severity (MacHardy, 1996). Simon et al. 
(2006) showed a decrease in scab in high-density plant-
ings pruned using centrifugal pruning relative to original 
solaxe pruning. They suggested that centrifugal pruning 
shortened wetting periods in the canopy thereby reducing 
the number and/or intensity of infection periods, though 
they do not present data on canopy microclimate.

A study by Holb (2005) looked at different levels of 
winter pruning on scab in high-density organic orchards, 
and concluded that heavy pruning significantly reduced 
the area under the disease progress curve for foliar and 
fruit scab on susceptible cultivars. They hypothesized that 
suppression of scab epidemics were caused by a reduction 
of inoculum overwintering in apple buds, improved fun-
gicide deposition in pruned trees, and modification of the 
in-canopy microclimate, though microclimate factors did 
not consistently vary among pruning regimens.

Fire blight
Fire blight is an increasingly serious disease of apples 

worldwide. The disease affects all apple tissues, but is 
most damaging when it migrates from primary infections, 
commonly in blossoms and young shoots, to limbs and 
trunks. Scaffold limb and trunk infections are particularly 
damaging, cutting production over several seasons and of-
ten killing trees (Van der Zwet and Beer, 1995; Steiner, 
2000; Thomson, 2000). Primary infections may also oc-
cur when trees are damaged mechanically by hailstones 
or other means, allowing the bacterial pathogen to enter 
the plant.

In the case of fire blight, pruning for horticulture pur-
poses also may provide entry points for the pathogen. An 
early study of effects of summer pruning on fire blight in 
apple showed that it markedly increased infections (Lake 
et al., 1975). Hence pruning when fire blight models (e.g. 
(Steiner and Lightner, 1996; Smith, 1999) indicate risk of 
infection is high should be avoided if possible, or a treat-
ment of streptomycin or other chemical prior to pruning 
be made if it is not. For example, mechanical hedging 
as practiced in fruiting walls would be expected to open 
multiple sites to fire blight infection for several days, and 
would be analogous to a hailstorm in terms of generating 
risk of infection from fire blight.

Fire blight epidemics often force growers to prune in 
an attempt to stop the progress of infections and remove 
inoculum. Recommendations for such pruning generally 
suggest cutting back to a healthy branch union approxi-
mately 25 cm below visible infections; disinfection of 
pruning tools with alcohol or bleach between cuts may also 
be recommended (Van der Zwet and Beer, 1995; Steiner, 
2000; Toussaint and Philion, 2008). In apples it has gener-
ally been recommended diseased tissue be pruned out as 
soon as symptoms are observed, and pruning continued at 
frequent intervals thereafter in order to slow and stop epi-
demics (Covey and Fischer, 1990; Steiner, 2000; Toussaint 
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and Philion, 2008). Shtienberg et al. (2003) found that fac-
tors related to the host, pathogen and environment should 
all be taken into account when determining whether and 
how to prune fire blight in pears, and elements of this ap-
proach may be useful in apples.

Sooty blotch and flyspeck
Summer pruning has been shown to decrease SBFS in 

apples, primarily because it reduces relative humidity and 
improves fungicide penetration and coverage in the canopy 
(Cooley et al., 1997). This study was conducted on free-
standing semi-dwarf apple trees approximately 5 m tall by 3 
m diameter. It is not known whether similar results would be 
obtained in systems using fully dwarf trees in dense plant-
ings. However a trial in the US showed that it took over 450 
hours LWD for SBFS symptoms to develop in fully-dwarf, 
well-maintained trees while large trees with dense canopies 
developed signs at 225 hours LWD (Ellis et al., 1999). The 
extent to which fully-dwarf trees in high-density systems 
may benefit from summer pruning has not be studied. Mum-
mified fruit have been shown to harbor inoculum for SBFS 
pathogens, and removing these mummies can reduce dis-
ease incidence (Gleason et al., 2011).

Black rot and white rot
Black rot and white rot are fungal diseases that can 

attack fruit, foliage and woody tissue of apples. Sutton 
(1981) showed that much of the inoculum for these diseas-
es comes from prunings in or near production blocks, and 
it is recommended that prunings be removed or chopped 
so that they rapidly disintegrate so as to remove inocu-
lum from the orchard. Removing mummified fruit is also 
recommended as a cultural control. In that rates of these 
diseases on fruit is related to wetness duration and can be 
controlled with fungicides, pruning that reduces canopy 
humidity and improves fungicide coverage would be ex-
pected to enhance their management (Sutton, 1981; Arauz 
and Sutton, 1989; Arauz and Sutton, 1990; Sutton and 
Arauz, 1991; Parker and Sutton, 1993).

Nectria canker
Nectria can cause infections on fruit and woody tissue 

in apple. Pruning wounds are susceptible to the disease, and 
hence summer pruning can have an impact on canker inci-
dence (Krahmer, 1981; Xu et al., 1998). Studies have con-
sistently shown that new wounds, including pruning cuts, 
are readily colonized by N. galigena. While this is another 
example of a disease that can be exacerbated by summer 
pruning, unlike fire blight, there are no forecast models to 
predict when summer pruning is less risky. There are fungi-
cidal chemicals that can be very effective in reducing can-
ker incidence if applied right after pruning, including the 
organically accepted slaked lime (Heijne et al., 2005).

Powdery mildew
Since the early 20th century, dormant pruning has 

been recommended as a control measure against pow-
dery mildew (Fisher, 1920). More recent studies from 

eastern Europe suggest that summer pruning that targets 
infected shoots can significantly reduce the disease, and 
even eliminate the disease (e.g. Berbekov et al., 2006; 
Holb and Abonyl, 2007). Disease reduction is probably 
primarily the result of inoculum removal, though reduc-
tion in canopy humidity may play some role as well 
(Xu, 1999).

4. Conclusions

While the role of summer pruning in modern high-
density apple orchards is not disease management, the 
practice does alter the canopy architecture in ways that 
may reduce moisture levels and wetting period duration. 
For some diseases, notably fire blight and Nectria canker, 
summer pruning can increase the risk of infection by caus-
ing wounds. While some recent studies show that summer 
pruning can reduce risk for major apple diseases, such as 
scab and powdery mildew, virtually no studies have been 
done outside Europe. There is a need to assess the horticul-
tural and disease management benefits and costs of sum-
mer pruning across a broader range of climates and high-
density production systems, in order to determine whether 
summer pruning can be an element in economically and 
environmentally sustainable apple production.
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