
1 Site requirements

1.1 Temperature

Juglans regia requires warmth during the growing season,
with at least 6 months of an average temperature > 10 °C
(BECQUEY, 1997). Juglans regia is sensitive to winter and late
spring frosts, with the former being especially damaging for
common walnut because the species often exhibits early ini-
tiation of vegetative activity (flushing) (BERNETTI, 1995).
The timing of spring flushing can vary greatly between
provenances, as demonstrated by various authors (FADY et
al., 2003), therefore provenance choice could affect propen-
sity to frost damage (HEMERY et al., 2005b). In The Nether-
lands cold-tolerant cultivars have been developed in the
north of the country (OOSTERBAAN et al., 2006). With

good quality plant material it still remains important to
avoid cold sites or areas where cold air can accumulate (BEC-
QUEY, 1997), even within an overall good site (e.g. valley
bottoms or hollows). Young shoots and flowers are easily
damaged by spring frosts of –1 °C in Britain where these fre-
quently cause failure of the nut crop (SAVILL, 1991). Late
spring frosts affect both leaf and flower buds; whilst early
frosts in autumn can affect shoots not yet lignified
ŞOFLETEA and CURTU, 2007).

1.2 Water

For optimum growth, Juglans regia requires 700–800 mm
of rainfall annually, which ideally is well-distributed
throughout the year (BECQUEY, 1997; BERGOUGNOUX and
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Zusammenfassung
Der Walnussbaum (Juglans regia L.) wird in vielen Ländern Europas kultiviert. Schnelles Wachstum, hoher Holzwert
sowie seine Flexibilität gegenüber erwarteten klimatischen Veränderungen sind Qualitäten, die ihn auch in Zukunft
als Edellaubholz auszeichnen. In einigen europäischen Länder, insbesondere Frankreich und Italien, wurden viele Jahre
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Summary
Common walnut (Juglans regia L.) is cultivated across much of Europe. There are many qualities that favour it as a 
valuable broadleaved tree for the future including its rapid growth, the high value of its timber and its plasticity in 
respect to projected climate change. Some countries in Europe, particularly France and Italy, have invested many years
of silvicultural and genetic research in developing the species’ potential. Today, most European countries are interes-
ted in common walnut, and research findings have been published in many languages. This paper summarises the
most important of these, published in French, Italian, German and English, and provides an overview of the latest 
recommendations for best practise in walnut silviculture.
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GROSPIERRE, 1981). Juglans regia can tolerate a period of
drought although rainfall must ideally never fall below
100–150 mm during the growing period (GIANNINI and
MERCURIO, 1997).

1.3 Soil

Juglans regia requires deep and rich soils (BARY-LENGER et
al., 1988; JACAMON, 1987), and to grow well, the species
must be planted in soils deeper than 80–100 cm (BECQUEY,
1997; GIANNINI and MERCURIO, 1997). The best soils for
J. regia cultivation are loams (clay >25 %, silt 30–50 % and
sand 30–50 %) (GIANNINI and MERCURIO, 1997). Ideally,
clay soil content should be less than 35 %, and according-
ly, the more rainfall, the less the amount of clay that can be
tolerated (GIANNINI and MERCURIO, 1997). In central Italy
the best basal area increment for the species have been
found in soils with a clay content ranging between 15 and
25 % (FRATTEGGIANI et al., 1996). Juglans regia dislikes
flooded, shallow soils, and soils with free calcium (BOUDRU,
1989).

The ideal soil pH value ranges between 6.5 and 7.5 (BEC-
QUEY, 1997; ŞOFLETEA and CURTU, 2007) or according to
other authors between 6 and 7.5 (GIANNINI and MERCU-
RIO, 1997). To avoid chlorosis, BECQUEY (1997) advises
against planting Juglans regia on surface soils with a high pH
(8.0–8.5). Sites that should be avoided are light sandy soils
and heavy soils (KLEMP, 1979), shallow soils over chalk,
peaty soils and water-logged sites (SAVILL, 1991).Walnut re-
quires well-aerated soils, ideally up to 1.0 m in depth (BER-
NETTI, 1995).

Some species that indicate favourable site conditions for
Juglans regia include: Sambucus nigra L., Corylus avellana L.,
Rubus spp., Fraxinus excelsior L., Ulmus campestris L., Acer
pseudoplatanus L., Arum maculatum L., Mercurialis perennis
L., Ficaria verna Huds., Allium ursinum L., Urtica dioica L.
Unfavourable site conditions are characterised by Juncus
conglomeratus L., Pteridium aquilinum (L.) Kuhn and 
Molinea caerulea (L.) Moench (BECQUEY, 1997).

2 Root system 

Young Juglans regia trees have a deep root system with a sub-
stantial taproot. In the first year of growth, the taproot can
grow 50 to 80 cm (BOUDRU, 1989), and up to 3–5 m in fol-
lowing years, according to soil qualities (BECQUEY, 1997;

BERNETTI, 1995). Generally, the taproot disappears gradu-
ally as the tree ages (BECQUEY, 1997). Lateral roots develop
rapidly, producing a very large and shallow root system
(BECQUEY, 1997; BERNETTI, 1995) which can reach lengths
of up to 12–14 m (STĂNESCU et al., 1997). For this reason,
J. regia demonstrates strong intra-specific competition
(BERNETTI, 1995). Root system research of walnut species
by SALBITANO et al. (2001) indicated differences among
Juglans regia, Juglans nigra L. and their hybrids Juglans major
Heller × J. regia. Walnut hybrids have a more complex root
system in comparison to both common walnut and black
walnut. In a mixed plantation with Italian alder, J. regia root
systems were found to develop less in depth but to have
greater radial growth in comparison with those in a pure
plantation (SALBITANO et al., 2001).

Several ecological and anthropogenic factors can influ-
ence the physiological operation and the health of the root
system, and thus also influence the growth and health of the
tree. Careful handling of Juglans regia roots is recommend-
ed during planting in order to avoid wounds, which can in-
crease susceptibility to pathogen attacks (EHRING, 2005;
LÜTHY, 2005; MASSON, 2005). Amillaria mellea s. l. (Vahl)
Kumm is particularly dangerous when roots are damaged,
whilst A. mellea attacks are particularly observed in forest
stands (MASSON, 2005).

Soil temperature can influence the growth of Juglans regia.
Chilling of the root system to 2 °C has been found to result
in a rapid and long-lasting decrease of net photosynthesis
within 24 hours, which remained depressed for up to 
12 days (LYR, 1996). LYR (1996) also observed an impor-
tant influence of soil temperature on the transpiration and
respiration of the tree that demonstrated a strong and rapid
relationship between root activity and leaf processes.

The roots of Juglans regia are also very sensitive to changes
in water regime. According to BELLONI and MAPELLI

(2001), flooding and drought both have negative effects on
physiological parameters of growth. The authors found that
epinastic leaves appeared in conjunction with a reduction
of leaf gas exchange, where stress was found to block xylem
water transport. Furthermore, stem radial growth was halt-
ed and small stem shrinkage was evident. When the stress-
es were removed it was found that stem diameter growth
reinitiated much faster in trees subjected to drought stress
than in those trees subjected to root hypoxia (BELLONI and
MAPELLI, 2001).
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3 Light management

Juglans regia is a light-demanding species, demonstrating
strong positive phototropism, at both young and adult
stages (BARY-LENGER et al., 1988; JACAMON, 1987). Only
in seedling form and in nitrogen-rich soil it is shade-toler-
ant (BERNETTI, 1995). However, some authors have noted
a higher (but still low) shade tolerance at a young stage com-
pared to an adult stage (e.g. EHRING, 2005; WINTER, 1982;
WINTER and GÜRTH, 1990). Juglans regia reacts sensitively
to light availability (BECQUEY, 1997; EHRING, 2005; WIN-
TER, 1982). Young trees can tolerate a short period of shade
but if it persists, crown deformation and undesirable stem
form may result (WINTER, 1982). As the tree matures it re-
quires full light conditions (ŞOFLETEA and CURTU, 2007).
This positive phototropism is very pronounced at all ages,
therefore the light environment for J. regia must be man-
aged very carefully to avoid crooked stem growth, leading
to the development of tension wood or other stem defor-
mations (MASSON, 2005). Also, protection from wind is
important in promoting good growth form (CRAVE, 1990).
However, it is important to manage any side shelter with
care, considering the great sensitivity to light levels of the
species (BECQUEY, 1997). 

The presence of companion or nurse plants can have a
positive effect on butt log quality, including finer branches,
better log form, and better height growth (BECQUEY, 2006;
CAMPBELL and DAWSON, 1989; DELANNOY, 2003; EHRING,
2005; SCHÜTT et al., 1994). In fact, when companion
plants overshadow walnut, it tends to grow more in height
and with a straighter trunk, with walnut growth response
directly related to the architecture of the companion plant
(CLARK et al., 2008). The density and the species of the in-
terplanted trees also influence the butt log quality as well as
diameter and height growth (GRAESCHIKE and GÜRTH,
1993; PEDLAR et al., 2006; SCHULZE-BIERBACH, 1991).
Other benefits of companion planting are discussed further
below.

4 Stand density

4.1 Branch development

Crown shape in Juglans regia is strongly influenced by the
density of stems and the species mixture of a plantation. In
pure walnut plantations with low density and without arti-
ficial pruning, J. regia tends to produce forks and large

branches. Crown shape and branching habit in dense mixed
plantations contrast greatly to those in pure plantations
(GIANNINI and MERCURIO, 1997). TANI et al. (2006)
analysed the effects of companion species on growth, stem
form, branching, and crown shape of J. regia grown in pure
and mixed plantations with Italian alder (Alnus cordata
(Loisel.) Desf.) and other companion species (Robinia
pseudacacia L., Corylus avellana L., Elaeagnus umbellata
Thunb.). The nutritional effects of enrichment in nitrogen
(N) were assessed by measuring nitrogen concentration in
the soil and in the walnut’s leaves. Also the quality of radi-
ation under the canopy of these different plantations types
were analysed measuring red/far red ratio. TANI et al.
(2006), observed that in mixed plantations, J. regia grew
faster (both in height and in diameter) and there was a pos-
itive effect on stem form and crown shape, especially with
Italian alder, compared to those in pure plantation condi-
tions. Indeed, J. regia trees grown in mixed plantations with
Italian alder had straighter stems, with crowns characterised
by fewer competing branches with a lower insertion angle
at the stem, which developed a different crown shape (nar-
rower and lengthened). Moreover, nitrogen-fixing compan-
ion trees increased the amount of N in the soil favouring its
translocation in the walnut’s leaves. No significant differ-
ences were found in the quality of light (red/far red ratio)
except in a mixed plantation with hazel. Among the nitro-
gen-fixing trees, Robinia pseudacacia has been found to be a
very competitive species that may reduce the diameter
growth of J. regia, especially in plantations at high stocking
density (1100 n ha-1) (TANI et al., 2006). CLARK et al.
(2008) found that branch diameter was greatly reduced on
young trees (6 years), and fewer competing stems were pre-
sent, when accompanied by the shrub Elaeagnus umbellata,
compared to those grown in open conditions.

Other authors (SALBITANO and BAGNARA, 2004) have ob-
served similar architectural effects on crown development
amongst walnut trees grown in pure and in mixed planta-
tions with Italian alder, using the same spacing (3 × 3 m)
but in different mixtures. SALBATINO and BAGNARA (2004)
analysed a sample of trees (from 4 to 10) within each mix-
ture type (pure walnut plantation and mixed plantation
with Alnus cordata included at 50 %; 75 % and 80 %). For
each walnut, measurements were made of total height;
height of crown insertion; height of each terminal bud of
branch, branch terminal bud distance from main axes and
azimuthal angle. Different architectural shapes and also sig-
nificant differences in the complexity of branching were
identified. Walnuts in the mixed plantation were taller, had
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longer crowns, and branches with a higher insertion angle
and that were fewer in number. Juglans regia grown with 
50 % Alnus cordata demonstrated the best form, whilst an
increase in the proportion of A. cordata demonstrated a pro-
gressive reduction of crown width.

At a young stage Juglans regia has a conic crown with clear
apical dominance but later, if it is in free growth, the main
stem forms large branches and a globular crown (GIANNINI

and MERCURIO, 1997). Juglans regia requires light and 
a large space, reaching a maximum crown diameter of 
8–10 m (BERNETTI, 1995). Wide crown dimensions
(12–15 m) have been observed in Italy near Florence (BU-
RESTI, pers. comm.) and in The Netherlands (OOSTERBAAN

and VAN DEN BERG, 1998).
The crown diameter-stem diameter relationship (D/d)

has been studied for Juglans regia in fully occupied stands
with no crown overlap (HEMERY et al., 2005a). This rela-
tionship indicated that with a stem diameter of 60 cm dbh,
a crown diameter of 13.6 m and a stocking density of 
68 trees per hectare could be predicted (Table 1). In plan-
tation conditions, the D/d ratio varies between 16 and 18
(BOUDRU, 1989). In The Netherlands it was found that
trees with a dbh of 40–50 cm had crown diameters ranging
between 11 and 13 m (OOSTERBAAN and VAN DEN BERG,
1998).

Table 1: Stand density and basal area for walnut (Juglans regia)
stands based on 100 % canopy closure and square planting
dbh (diameter at breast height), cd (crown diameter), z
(crown/stem diameter) (from HEMERY et al., 2005a)

Tabelle 1: Bestandesdichte und Grundfläche für Walnussbestände
(Juglans regia L.) basierend auf 100 % Kronenschluss und
Pflanzen im Vierechsverband BHD (Durchmesser auf
Brusthöhe), cd (Kronendurchmesser), z (Krone/Stamm-
durchmesser) (nach HEMERY et al., 2005a)

4.2 Growth

In plantation conditions, for single Juglans regia trees no
more than 70 years old, diameter increments of approxi-
mately 1 cm per year have been observed (BECQUEY, 1997;
BERNETTI, 1995; BOUDRU, 1989; HUBERT, 1979). Diame-
ter increments of about 2 cm have been observed in opti-
mum conditions in the north of Italy (BERTOLOTTO et al.,
1994; BURESTI and MORI, 2003a; RAVAGNI, 2001), in the
south of Italy (DI VAIO and MINOTTA, 2005), and in France
(BECQUEY, 1997) within young low-density plantations sit-
uated on flood plains with deep soils rich in nutrients and
well-fed with water. According to COLPACCI (1971) diame-
ter growth is dependent on site characteristics: under the
favourable conditions of Sibiflel-Hunedoara (in central Ro-
mania), at 60–70 years of age, walnuts can reach 80–90 cm
in diameter, whereas walnuts of the same age but grown at
upper elevations and on less fertile soils reach a maximum
of 50–60 cm in diameter.

ŞOFLETEA and CURTU (2007) observed fast early height
growth; with trees attaining 30–50 cm in the first year of
growth. Stump sprouts can grow up to 3 m in height in the
first year. Grown without competition, at 8 years old, trees
can be 8 m tall and 20 cm in diameter. NEGULESCU and
SĂVULESCU (1965) observed height growth between 70 and
100 cm per year after 8 years.

5 Maximum age and size

Juglans regia can live for 150–200 years and can reach
25–30 m in height and 1.5–2.0 m in diameter (GELLINI and
GROSSONI, 1997), whilst increased longevity (300–400
years) has been reported in natural stands (HEMERY and
POPOV, 1998). 

6 Growth models

There is relatively little published data on the growth of
Juglans regia but there are many publications about the
growth of Juglans nigra in the USA (e.g. ARES and BRAUER,
2004; BOHANEK and GRONINGER, 2005; PEDLAR et al.,
2006; RIEBELING, 1991).

A volume table for pure Juglans regia plantations between
16–26 years old was developed in Italy (BORDIN et al.,
1996; BORDIN et al., 1997), from data arising from the
analysis of 1800 trees sampled across twenty four planta-
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dbh cd z N Basal area
(m) (m) K/d ratio trees/ha (G m2 ha-1)

0.10 4.47 44.70 500 3.9
0.15 5.35 35.67 349 6.2
0.20 6.23 31.15 258 8.1
0.25 7.11 28.44 1198 9.7
0.30 7.99 26.63 157 11.1
0.35 8.87 25.34 127 12.2
0.40 9.75 24.38 105 13.2
0.45 10.63 23.62 88 14.1
0.50 11.51 23.02 75 14.8
0.55 12.39 22.53 65 15.5
0.60 13.27 22.12 57 16.1
0.65 14.15 21.77 50 16.6
0.70 15.03 21.47 44 17.0



tions. Merchantable volumes for trees up to 35 cm (dbh)
were forecast (Table 2) using the following equations with
one or two independent variables: v = b0+b1d+b2d2  and v
= b0+b1d+b2d2+b3hins, where v is the volume, b0, b1, b2 are
coefficients, d is dbh and hins is height of crown insertion .
Production forecasts indicated 35–60 m3 ha-1 at the age of
26 years and diameters between 20.7–26.5 cm.

DI VAIO and MINOTTA (2005) developed a production
table for pure Juglans regia plantations in the Campania re-
gion of Italy. This table is valid for plantations between
7–27 years old and estimated yields are consistent with
those of BORDIN et al. (1996).

Table 2: Mean expected value of merchantable tree volume, confi-
dence intervals and mean tree height dbh classes (from 
BORDIN et al., 1997)

Tabelle 2: Durchschnittlich geschätzter Wert des verkäuflichen Holz -
volumens, Vertrauensintervalle und durchschnittliche Baum -
höhe, BHD-Klassen (nach BORDIN et al., 1997)

7 Silvicultural interventions 

7.1 Formative shaping

Walnuts do not have a strong central axis, their growing
habit being sympodial, and formative pruning is normally
required to ensure a single and straight stem of 1.5–3.0 m
(EVANS, 1984). In Juglans regia the terminal shoot some-
times shows reduced growth so it can be overtaken by one
or two lateral shoots. In this case the defective terminal
shoot should be substituted with the most vertical and tall
lateral shoot (HUBERT, 1979; HUBERT and COURRAUD,
1998).

BULFIN and RADFORD (1999a) studied the effect of early
and annual formative shaping on newly planted broadleaves
(including Juglans regia) on stem quality, height and dia -
meter growth. In the experiment, early formative shaping
was defined as: “work carried out to maintain a single, straight
stemmed and apically dominant leading shoot on the

broadleaf ”. The authors state that formative shaping had a
slight positive effect on J. regia quality in the first two grow-
ing seasons after planting. This effect increased in the two
following years. The form of J. regia in the unshaped treat-
ment was distinctly globular and bush-like but it was also
noted that: “the straightening response, which was clearly evi-
dent among the shaped ash (Fraxinus excelsior L.) and
sycamore (Acer pseudoplatanus L.), was not so apparent in wal-
nut (J. regia)”. The authors suggest that this could be ex-
plained by the unsuitability of the experimental site (frost
and exposure) for J. regia. In the second part of this work
BULFIN and RADFORD (1999b) found a significant positive
effect of early formative shaping on the height growth of F.
excelsior, Castanea sativa Mill. and A. pseudoplatanus , but it
had no significant effect on J. regia and the other studied
species. There was a significant negative effect from forma-
tive shaping on the diameter growth of F. excelsior, C. 
sativa, A. pseudoplatanus and J. regia.

BECQUEY (1997) recommended that formative shaping of
Juglans regia should be initiated from the second growing
season when trees reach 1 m in height and demonstrate an-
nual height increment of approximately 25 cm. Productive
pruning should be started later, after 3–4 growing seasons,
when trees are 2 m in height or when the diameter of
branches reach approximately 3 cm at the basis of the
crown.

7.2 Pruning

Pruning is a very important silvicultural operation for
Juglans regia, as it is desirable to obtain a stem of at least 
2.5 m without defects. It is possible to define three types of
formative pruning: “flagpole pruning” (termed “astone”
pruning in Italy , and “élagage en queue du billard” in
France) is the typical pruning method adopted in the South
of Italy and in France for the production of wood and nuts
(BECQUEY, 1997; FALCONI et al., 1996), “progressive prun-
ing” used in France (BECQUEY, 1997; HUBERT and COUR-
RAUD, 1998) and a new type, “reiterative pruning”, tested
in Italy (BURESTI and MORI, 2003b; BURESTI et al., 2001b).
These three types of pruning were defined by BIDINI et al.
(2004) and are described in more detail in Table 3 and 
Figure 1.

According to an investigation described by BECQUEY

(1997), pruning that is conducted too early and too brutal-
ly can have the following consequences: a lack of stem rigid-
ity (cylindrical trunk rather than conical), an explosion in
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Dbh Volume Confidence Height Crown 
(cm) (dm3) intervals (dm3) (m) insertion (m)

15 116.1 ±0.1 14.6 2.7
10 127.5 ±0.2 17.1 3.0
15 165.2 ±0.6 19.3 3.8
20 119.0 ±1.3 11.2 3.9
25 189.0 ±2.3 12.8 3.6
30 275.2 ±3.6 14.1 –
35 377.5 ±5.3 15.2 –
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the production of epicormics, a hypertrophy of the pruning
wounds (continual elimination of the epicormics which de-
velop on the wounds of pruning), and a general reduction
in growth. BECQUEY (1997) states that this type of pruning
could initially encourage height growth but only for a few
years, thereafter as a consequence, growth would slow down
considerably, accompanied by a general weakening of the
tree. On the contrary, if a good proportion between crown
length and the length of the pruned stem is maintained (re-
spectively ⅔ and ⅓ of the total tree length, and for isolated

trees ½ and ½), pruning will permit the development of a
clean trunk without epicormic growth (BECQUEY, 1997).
EHRING (2005) advises pruning that does not exceed 50 to
60 % of the total tree length. According to HUBERT and
COURRAUD (1998), the target pruning height is 4 m for iso-
lated trees and 6 m for stand trees. On isolated trees grown
on less favourable sites, the pruning height could be as 
little as 2.5 m but this should be considered the minimum.
Generally in plantations the target height should be be-
tween 2.5–4.0 m. The stem diameter should not exceed 10

Disadvantages

The stress due to this tech-
nique, that favours stem elon-
gation rather than diameter
growth, produces instable trees
that need additional support.

This pruning technique re-
quires a highly skilled work-
force. In contrast with the
other pruning methods, wood
quality is lower due to the
presence of knots and defects. 

Using high intensity pruning,
trees are stressed and instable,
similarly to flagpole pruning,
and additional support is re-
quired. 

Advantages

Pruning produces rapid stem
elongation and defects are
absent from the central stem.

With this method of pruning
it is not necessary to provide
additional support because
trees are generally stable. This
technique is more suitable 
for medium and low fertility
con ditions. 

The trunk presents few de-
fects in the central cylinder.
Its dimension depends on
pruning intensity.

Pruning method

Flagpole pruning
This technique is the most widely adopted for Juglans regia in Italy.  It is prac-
tical only with optimal site conditions where it is possible to obtain an annual
height increment of at least 100–150 cm. Use of this pruning method provides
effective control of tree architecture. It consists of systematic and repeated re-
moval of all shoots along the stem. Only the apical shoot it is not controlled and
grows freely. It is necessary to repeat this process every year until the trunk reach-
es 2.5–3.0 m in height. When this pruning method is adopted, more operations
are necessary during the same growing season to control new shoots. In gener-
al, the pruning period extends from April to July.

Progressive pruning
In this type of pruning trees initially grow without any intervention. Later, at
least after two years, pruning is carried out to control and modify tree architec-
ture. During formative cutting (shaping) only branches that are prone to become
dominant or competitive with the apical shoot must be cut or controlled.
The progressive pruning method focuses on increasing the crown height mini-
mizing the stress on a tree in order to reach a minimum of 2.5 m of clean stem.
This goal must be obtained progressively before stem diameter reaches 10 cm
by removing all branches. Using this technique, larger knots and anomalous
colours in the wood are avoided.
Progressive pruning can be implemented in winter or spring but to favour rapid
healing, vigorous branches (c. 3 cm) should to be cut in winter.

Reiterative pruning
This pruning method is carried out in green (June–July)
With this technique it is possible to stimulate trees to produce a particular
crown structure that will be reiterate every year until a free stem 2.5 m long is
produced. The typical crown structure consist in :
• apical shoot without lateral branches;
• intermediate stem of two or more years (according to pruning intensity) with

many small branches able to develop freely and to produce a large photosyn-
thetic surface;

• basal stem without branches.
In relation to site conditions it is possible to distinguish three intensity levels:
Low intensity: used in non-optimal site conditions, trees have to demonstrate
height increments at least 50–70 cm. 
Medium intensity: used in medium-good site conditions, trees have to demon-
strate height increments at least 70–100 cm. 
High intensity: good site conditions, trees have to show height increments at
least 100–150 cm.

Table 3: Three methods of pruning used for Juglans regia: definitions, advantages and disadvantages (BIDINI et al., 2004)
Tabelle 3: Drei Wertastungs-Methoden für Juglans regia und ihre Vor- und Nachteile (BIDINI et al., 2004)
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Figure 1: Different intensity levels of reiterative pruning (adapted from BIDINI et al., 2004)
Abbildung 1: Verschiedene Stärken bei wiederholtem Wertasten (BIDINI et al., 2004, verändert)
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cm at the height of the lowest pruned branches (HUBERT

and COURRAUD, 1998).
EHRING and METZLER (2005) studied the effect of varia-

tion in the timing of pruning on development of epi-
cormics, radial growth, callous margin, discoloration of
wood, and fungi or bacterium susceptibility in a Juglans
regia plantation (2 × 2 m) in Germany. They concluded that
J. regia could be pruned at anytime during the year. How-
ever, the best time to prune to avoid development of epi-
cormics, was June and August; although diameter growth
was reduced (20 % less radial growth compared to the un-
pruned tree of the study) for three to four years after prun-
ing in June and August. The best wound occlusion results
were achieved after pruning in June, the worst after prun-
ing in August (when radial growth had ceased). The study
demonstrated that it is inadvisable to prune in November
due to the development of a high number of epicormics and
the detection of pathogenic fungi. No fungi or bacterium
were found after pruning during the other seasons. Febru-
ary was found to be a good time to prune with regard to 
diameter growth, callous margin, wood discoloration, path-
ogenic attacks and epicormic development. According to
the conditions in any winter, pruning at the end of the win-
ter (February) may cause wound bleeding, although bleed-
ing was absent after pruning in February in this study. The 
authors specify that even if there was bleeding it did not
cause any damage to the tree. Table 4 summarises the effects
of the different pruning seasons.

BRUNETTI and NOCETTI (2007) studied the effects of
pruning techniques, different pruning tools and time of
pruning on the presence and extent of wood discoloration.
The preliminary results indicated that shears are the best
tools and winter is the best season. Pruning in summer pro-
duced negative effects on wood quality (72 % of sample
showed wood discoloration). The presence and extent of
wood discoloration depended mainly on branch dimen-

sion, indicating that a maximum branch diameter of 3 cm
was desirable. To obtain a clean trunk without epicormics
and other defects, BECQUEY (1997) and EHRING (2005) ad-
vised limiting any pruning to small-diameter branches (less
than 3–4 cm in diameter). According to CUTTER et al,
(2004) it is also important to prune at an early age.

7.3 Thinning 

Building on work carried out in the USA on Juglans nigra
(KURTZ et al., 1984; SCHLESINGER, 1976), crown competi-
tion factor (CCF) was assessed in Italy in the management
of Juglans regia plantations (FRATTEGGIANI and MERCURIO,
1991). CCF is the per cent ratio between Maximum Crown
Area (MCA) and the surface (A) of land occupied by trees:
CCF = Σ (MCAi)/A × 100. This factor is an objective
method to evaluate the optimal stocking density and to plan
thinning regimes. In Italy, CCF has been applied in plan -
tations with different stand density (from 4.0 × 4.5 to 
7.0 × 7.0) and has shown good potential of application for
J. regia plantations. When CCF has reached 110 %, the
stand must be thinned reducing the factor to 70 %. Inde-
pendently from the initial spacing, this aim is achieved by
thinning approximately 38 % of trees.

Recent research has identified a slow reaction of walnut
trees after a late thinning (MARCHINO and RAVAGNI, 2007).
Juglans regia does not readily react to canopy opening if it is
grown in dense plantations where excessive lateral competi-
tion and reduction in a crown’s functionality is already 
evident. In such situations, the tree demonstrates small 
diameter growth for many years after thinning. Therefore,
thinning must be undertaken before lateral competition in-
fluences diameter growth, with the aim of maintaining trees
with crowns free from competition and able to grow with
large and constant diameter increments. 
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Pruning season Epicormics Radial growth Callous margin Discoloration Fungi infection
0 = negligible development 0 = no reduction + = the best + = very little + = no infection
- = moderate developement — = the highest reduction 0 = medium 0 = normal - = infection
— = the highest development - = the least

June 0 — + 0 +
August 0 — - 0 +
November — 0 0 0 -
February - 0 0 + +

Table 4: Pruning season and their effects (EHRING and METZLER, 2005)
Tabelle 4: Zeitpunkte der Wertastung und ihre Effekte (EHRING and METZLER, 2005)



8 Cultivation systems

8.1 Pure plantations

Prior to the 1990s in Italy the majority of walnut’s timber
came from multipurpose walnut plantations (nut and wood
production). Specialised walnut plantations for wood pro-
duction are relatively recent and were established under
CEE Reg. 2080/92. (DI VAIO and MINOTTA, 2005). Early
pure Juglans regia plantations were designed with a stocking
density of 400–300 trees per hectare (GIANNINI and MER-
CURIO, 1997). At this density the plantation required sev-
eral thinnings, and the spread of Armillaria mellea s. 
l. (Vahl) Kumm, a dangerous fungal disease of J. regia, was
favoured. More recently, a stocking density of 200–150
trees per hectare has been adopted. At this stocking density,
it has been found difficult to maintain a constant diameter
increment until a commercial dimension (40 cm) is at-
tained (BURESTI et al., 2006). Currently, pure plantations
with a low stocking density of 120–70 trees per hectare have
been most widely adopted in Italy (BECQUEY, 1997; BU-
RESTI LATTES and MORI, 2006) even though mixed planta-
tions appear to be the best silvicultural option.

8.2 Mixed plantations with companion trees

Many research programmes indicate that the cultivation of
Juglans regia in mixed plantations can support good diame-
ter and height growth, and reduce the number and diame-
ter of branches (BECQUEY and VIDAL, 2006; BURESTI, 1995;
BURESTI et al., 2001a; BURESTI and FRATTEGGIANI, 1995;
CLARK et al., 2008; GAVALAND et al., 2006; RAVAGNI and
BURESTI, 2003; TANI et al., 2006).

Research testing the growth of Juglans regia in dense plan-
tations with companion trees has often demonstrated
greater height and diameter growth (BECQUEY and VIDAL,
2006; BURESTI and DE MEO, 2000), compared to J. regia in
pure stands at low density. In Italy, BURESTI and DE MEO

(2000) report that J. regia grown in dense mixed plantations
(204 J. regia trees in mixture with a total of 816 stems per
hectare) with Alnus cordata and Elaeagnus umbellata, at the
age of 12 years old, have shown superior height (60 %) and
superior diameter (70 %) in comparison to pure plantations
(only 204 stems per hectare). These results could be attrib-
uted to a combination of effects, including stand densities
and increase of N from N-fixing trees. Contrasting results
have been obtained in similar plantations (CONTU and

MERCURIO, 2005), where growth in diameter and height of
J. regia in a pure plantation and in a mixed plantation with
Prunus avium L. was greater in comparison with the growth
of J. regia in a mixed plantation with A. cordata.

More recently in plantation conditions, Juglans regia is
often mixed with different species without any negative ef-
fects. Indeed, mixed planting schemes are recommended
for walnut in Italy. Problems can arise when the distance be-
tween plants, of different or of the same species, lead to in-
terspecific and intraspecific negative competition. In these
situations, J. regia can exhibit poor growth with very com-
petitive species (for example, Robinia pseudacacia or Fraxi-
nus angustifolia Vahl.). However, by choosing the right
species and with prompt silvicultural interventions (e.g.
thinning or pollarding) problems can be overcome or avoid-
ed altogether (BURESTI, pers. comm.).

BECQUEY and VIDAL (2006) summarized the results of
several French experiments of mixed stand plantations with
hybrid walnut (Juglans nigra × Juglans regia) combined with
various tree and shrub companion species. They noted that
the trees within mixed plantations with hybrid walnut have
a stronger and longer effect on the shape and the growth of
the walnut than companion shrub species. Alder (Alnus
spp.), birch (Betula spp.) and black locust (Robinia pseuda-
cacia) seemed to be the most suitable tree species and it is
recommended they should be planted at the distance of 
4–5 m from hybrid walnut. Poplar (Populus spp) can be
planted in association with hybrid walnut, but at a wider
spacing (9–10 m). Similar observations have been made in
Italy (BURESTI LATTES and MORI, 2003). European elder
(Sambucus nigra), hazel (Corylus avellana), autumn olive
(Elaeagnus umbellata) are the most appropriate shrubs; and
these should be planted near walnut at the distance of 
1–2 m. These shrubs rapidly cover the soil and reduce weed
competition. However, they can restrict forest operations
by making access more difficult, especially at the time of the
last pruning and first thinning operations (BECQUEY and
VIDAL, 2006).

Mixed plantations have been projected to obtain inter-
mediate income, before the plantation reaches economic
maturity (BURESTI et al., 2006). In particular, successful
economic results have been obtained in mixed plantations
of Juglans regia, Populus hybrid I214, Alnus cordata and
some nurse shrubs tested in the Padana valley in Italy (BU-
RESTI et al., 2001a). Seven or eight years following estab-
lishment the poplar was mature (dbh > 30 cm) and was
felled to obtain roundwood; while the remaining species,
including J. regia, would be cut when they are about 20
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years old (BURESTI LATTES, pers. comm.). With adequate
planning in these multi-objective (round wood and biomass)
and poly-cycle plantations (use of different rotations: bio-
mass 2–4 years, poplar roundwood 8–10 years and walnut
roundwood 20–25 years) it is possible to obtain quality
round wood (poplar and walnut) together with wood for
energy 
(BURESTI LATTES et al., 2007). The linear distribution of the
poplar and a distance of 7 m between poplar and walnut was
sufficient to sustain regular growth in the walnut and to
avoid any damage on walnut during poplar exploitation.

Similar mixed plantations of hybrid walnut (Juglans nigra
× Juglans regia) and poplar (Populus hibrid I214) without
companion trees have been realised in France; the results
from two mixed plantations, with a spacing of 7 and 8 m
between the trees, were reported after eight years by VIDAL

and BECQUEY (2008). In these plantations walnut demon-
strated superior growth, both in diameter and height, in
comparison to pure plantations where a distance of 8 × 8 m
or of 7 × 14 m was adopted.

8.3 Agro-forestry systems

Recently, several agro-forestry systems have been estab-
lished using walnut in agricultural land intercropped with
cereal production and fodder plants (OOSTERBAAN, 2004;
OOSTERBAAN, 2005; OOSTERBAAN et al., 2006; PARIS and
OLIMPIERI, 1993; PARIS et al., 1995; PARIS et al., 2005;
PISANELLI et al., 2006). In France, CHIFFLOT et al. (2006)
demonstrated the positive effect of intercropping hybrid
walnut (Juglans nigra × J. regia) with non-irrigated cereals
on the diameter growth and the leaf biomass production of
the walnut trees. The beneficial effect on tree growth was
accounted for in terms of enhanced nitrogen nutrition. In
the USA, several researchers have studied agro-forestry or
silvo-pastoral systems with J. nigra (DELATE et al., 2005;
LEHMKUHLER et al., 1999) to develop, for example, sus-
tainable agricultural methods or increase farm income. 

8.4 Combined nut and wood production

Traditionally walnut has been planted as single tree crops or
in linear plantations to produce nuts and wood. Later, spe-
cialised plantations for nut production were adopted, using
grafted varieties developed for nut production. Pure and
mixed plantations using hazel (Corylus avellana) have been

adopted, especially in the south of Italy (MINOTTA, 1990;
MINOTTA, 1992). It is possible to obtain a stem of 2 m in
height that can be marketed for timber in both combined
nut-timber plantations and in nut orchards. This subject is
covered in detail by BECQUEY (1997).

9 Conclusions

In this paper we have drawn together a wealth of up-to-date
knowledge on the silviculture of walnut. Clear guidelines
exist for site selection, including optimal temperatures and
soil conditions. Light management was revealed as a key
issue for successful walnut culture, with Juglans regia being
strongly phototrophic. In combination with good stand de-
sign (e.g. stand density), the development of good quality
walnut is possible, thereby minimising the need for inter-
vention. Where intervention is required in the form of
pruning, we reviewed three different pruning techniques
adopted across Europe.

We highlighted that relatively little work has been con-
ducted on modelling growth for Juglans regia. A growth
model for young plantations is now available and studies of
the crown diameter: stem diameter relationship for walnut
can be used to predict thinning regimes.

It is evident that mixed plantations are now widely rec-
ommended for walnut culture. In practise however, anec-
dotal evidence suggests that forest managers in some coun-
tries have been slow to adopt new techniques, preferring
traditional (wide spacing and pure plantations) methods.
With the predicted impacts of climate change in mind,
mixed plantations may be a highly practical option for for-
est owners, due to their additional resilience to environ-
mental change. Mixed plantations may provide insurance
for forest owners, in that diversity may provide a range of
products for alternative markets, together with a resource
capable of withstanding climate change.

Interest in land-use diversification, together with the pro-
jected change in climate, may provide an opportunity for
walnut culture to increase in importance in new areas of 
Europe, as the climate space shifts north and east. Oppor-
tunities for including walnut in agro-forestry schemes and
in combined nut and timber cultural schemes, provides ad-
ditional options for land owners. The relatively short rota-
tion of the species may help meeting any future needs for
high quality and sustainably produced hardwoods.
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