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1 �Introduction
The European hazelnut (Corylus avellana L.) is a major species of interest for 
nutritional use and is the primary economically valuable commercial tree 
nut crop within the Betulaceae family. C. avellana is a temperate, diploid 
(2n = 2x = 22), monoecious, wind-pollinated, dichogamous species, exhibiting 
sporophytic incompatibility and a relatively small genome size (1C around 
385 Mb) (Mehlenbacher, 2014). Its geographical distribution ranges from Asia 
Minor and the Caucasus region to Europe and North Africa (Boccacci et al., 
2013). Approximately 660 000  ha of the world’s surface is used to cultivate 
hazelnuts (FAOSTAT, 2018), with an average in-shell annual production of 
approximately 835 000  tons recorded between 2012 and 2016 (FAOSTAT, 
2018). Production is mainly concentrated in two countries: Turkey (563 000 tons) 
and Italy (112 000  tons); however, other significant producers include the 
United States (34 000  tons), Georgia (32 000  tons), Azerbaijan (31 000  tons) 
and Spain (15 000  tons). This nut crop has recently been cultivated in the 
Southern Hemisphere in countries such as Chile, South Africa and Australia. 
In general, world production shows an increasing trend from the beginning of 
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the last century, in response to the demand of the confectionery industry which 
processes about 90% of the harvested nuts, while the remaining 10% is sold as 
in-shell nuts.

One of the major concerns for hazelnut growers is the suckering aptitude 
of the species, which varies from cultivar to cultivar but needs to be kept 
under control annually, and has two negative consequences: increased costs 
and spread of diseases. The selection and use of non-suckering rootstocks (C. 
colurna) proved to be a solution.

In order to reduce the initial low cropping of new orchards, increasing plant 
density has proved to be a positive option (Cristofori et al., 2017). The multi-
system bush is the most common training system, whereas in recent plantings 
the open vase and hedgerow (V-shaped hedge) have also been adopted. 
Mineral fertilization has been the object of considerable research activity and 
in recent years, foliar fertilization has become common in the specialized 
orchards in Italy, Turkey, Oregon and elsewhere. The spread of the hazelnut 
industry from traditional areas, the related necessity to increase productivity 
and climatic changes have increased the irrigation need and related research. 
A rainfall of 800 mm/year, well distributed throughout all seasons, is needed for 
good hazelnut growth and production. In recent years, considerable work has 
been undertaken to improve mechanical harvesting using vacuum machines 
and sweepers and pick-up machines.

Important progress has also recently been achieved for the use of different 
hazelnut biomass (wood and shell) as biofuel and feedstock.

2 �Propagation
The advances of European hazelnut propagation have only partially been 
achieved, as the species is usually propagated using own-rooted suckers 
collected from young plants directly in the orchards (Bignami et al., 1999; 
Cristofori et al., 2010). The use of this kind of plant material can negatively 
affect new plantations due to the absence of genetic fidelity and health 
guarantees.

Hazelnut is quite commonly propagated by layering and some progress 
has recently been made in grafting.

Contrariwise, the development of efficient and reliable techniques for 
hazelnut propagation using cuttings or micropropagation from mature tissues 
are still lacking, as the species is considered recalcitrant to induced rhizogenesis.

However, the increasing interest in hazelnut cultivation, which has led to 
the need for a large number of plants, and the presence of some diseases 
recently encountered in some hazelnut districts (i.e. dieback of hazelnuts in 
Italy and Eastern filbert blight in Oregon, USA), emphasize the risk connected 
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with suckers and layering propagation, which is unable to satisfy the massive 
demand for high-quality plant material.

2.1 �Propagation by cuttings

Propagation by cuttings, a technique widely used for many fruit species, has 
not produced protocols able to ensure the large-scale propagation on hazelnut 
(Kantarci and Ayer, 1994; Solar et al., 1994; Contessa et al., 2014; Tombesi et al., 
2015).

Some researchers have shown that although many factors such as collection 
time, type of cutting, bottom heating and rooting chemicals affect rooting, the 
level of rooting obtained on hardwood cuttings from the Turkish cultivar ‘Tombul’ 
was not suitable for commercial multiplication (Soylu and Erturk, 1997).

Furthermore, a strong enhancing effect of polyamines on the microshoot 
rooting of Turkish hazelnut cultivars has been observed. Putrescine, spermidine 
and spermine improved the rooting of indole-3-butyric acid (IBA)-treated 
microshoots in a synergistic fashion, probably favouring a better induction 
of roots, whereas polyamines had a limited positive impact on rooting when 
applied without IBA (Rey et al., 1994).

More recently, Cristofori et  al. (2010) achieved encouraging results 
with higher rooting success using semi-hardwood cuttings of some Italian 
hazelnut varieties (‘Tonda di Giffoni’, ‘Tonda Gentile Romana’ and ‘Nocchione’), 
confirming that rooting ability was strongly influenced by shoot age and 
collection time. Similarly, Contessa et al. (2011a,b) obtained a high degree of 
rooting on the cultivar ‘Tonda Gentile delle Langhe’ confirming that the rooting 
response is markedly affected by the donor genotype, hormonal dosage and 
shoot diameter.

Many attempts have been made to increase the rooting efficiency of 
cuttings by using polyamine (putrescine) in combination with different auxin 
concentrations, which were found to increase rooting efficiency (Cristofori 
et al., 2010). In addition, a trial demonstrated the use of 1-methylcyclopropene 
(1-MCP) or silver nitrate (AgNO3) in combination with IBA at 1000  mg/L 
improved the rooting percentage by reducing bud abscission and leaf retention 
(Contessa et al., 2011b).

Factors such as light intensity and cutting lignification can influence the 
success of cuttings during the acclimatization phase. Herbaceous cuttings 
(not lignified) were easier to root than the lignified explants, and a reduced 
light intensity (~600/µmol/m2/s2) promoted the photosynthetic activity of the 
remaining leaves (Tombesi et al., 2015).

However, the recalcitrance of this species to cutting propagation has 
recently been confirmed by Ozdemir and Dumanoglu (2018). In their trials, 
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they obtained the highest root rates (43%) for ‘Tombul’ with softwood cuttings 
treated using the IBA quick-dip method and with different concentrations 
of polyvinyl alcohol (PVA); rooting was not achieved in ‘Tombul’ hardwood 
cuttings using different concentrations of IBA with or without PVA.

In general, it is clear that annual weather conditions and the health and 
vigour of donor plants are crucial for the success of cuttings, as well as setting 
up an efficient and reliable protocol suitable for a wide range of commercial 
varieties. Table 1 details the main results recently obtained for European 
hazelnut cutting propagation.

2.2 �Propagation by grafting

Grafting is not largely used in hazelnut production, as it is mainly adopted for 
graft cultivars on clonal rootstocks in major fruit species to obtain high-density 
orchards and promote mechanized orchard management (Rovira et al., 2014).

In Serbia, grafting European hazelnut cultivars on Turkish hazelnut (Corylus 
colurna L.) seedlings is routine and the English grafting method is largely used 
due to the high incidence of graft success (Cerovic et al., 2009).

Currently, some trials are in progress to test the half-sib seedlings of the 
Turkish hazelnut, clonal rootstocks of C. avellana L. and interspecific crosses 
between C. colurna and C. avellana (named Dundee and Newberg) as no-sucker 
formation rootstocks (Lagerstedh, 1993; Tous et al., 2009). As for other nut 
trees, specialized procedures are required for successful callus formation at the 
grafted point, for instance, through a hot-callus graft maintaining the graft union 
at +27°C.

Encouraging results were recently obtained using etiolated hypocotyls 
of the American native hazelnut (C. americana Marshall) collected in southern 
Ontario (USA) and used as rootstocks. The 2–3  mm diameter and four bud 
scions of the European hazelnut (variety Carmela) were used for grafting on 
these etiolated hypocotyls and the rate of graft success was more than 80% 
when the scion was coated with paraffin (Rahemi et al., 2016).

Table 1 The main recent advances obtained using specific Italian hazelnut cultivars

Cultivar Treatments Response Reference

Tonda Gentile 
Romana

Putrescine 
1600 mg/L + IBA 
1000 mg/L

After 2 months 60% of the cuttings 
showed callus formation with 76% 
rooting

Cristofori et al. 
(2010)

Tonda Gentile 
delle Langhe

IBA 
1000 mg/L ± 1-MCP 
or AgNO3

The use of ethylene inhibitors 
induced a higher bud retention 
without a negative effect on rooting

Contessa et al. 
(2011b)

Tonda Gentile 
delle Langhe 

Vermiculite/perlite 
or top soil/perlite

Best results were obtained using 
vermiculite/perlite (1:1)

Contessa et al. 
(2014)
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These techniques need further investigation but it would be a successful 
way to establish new orchards grown in a single-trunk training system and for 
reducing the use of herbicide sprays in sucker control.

2.3 �Micropropagation

Micropropagation represents a relatively new approach for hazelnut 
multiplication, as well as an efficient tool to promote in vitro tissue culture 
and genetic improvement (Bacchetta et al., 2008). Although it is a technique 
routinely used by some nurseries, micropropagation starting from mature 
tissues and organs still presents recalcitrance to in vitro culture, especially for 
the main hazelnut cultivars (Nas and Read, 2004; Damiano et al., 2005; Hand 
et al., 2014).

To date, successful protocols for hazelnut micropropagation have been 
published for both embryonic and juvenile material (Anderson, 1984). 
Numerous micropropagation protocols for different hazelnut varieties have 
also been proposed (Garrison et al., 2013; Bacchetta et al., 2008; Damiano 
et al., 2005; Nas and Read, 2004; Yu and Reed, 1993), but a suitable protocol 
for a wide range of cultivars has not yet been identified. Many problems still 
affect hazelnut micropropagation including the lack of multiplication, short 
shoot production, chlorosis and a milky white exudate (Hand et al., 2014). 
Furthermore, bacteria and fungi, combined with extensive damage as a 
result of sterilizing agents, are normally the main problems associated with 
the in vitro establishment of aseptic culture. Recently, Hand and Reed (2014), 
and Akin et al. (2017) employed a computer-assisted technique and surface 
design statistical software with the aim of modelling multiple factors and their 
influence on the overall outcome based on plant response. They concluded 
that the overall quality of the varieties used in the experiment was influenced 
by ammonium and nitrate nitrogen, micro- and macronutrients. The authors 
concluded that the results were genotype dependent and all cultivars require 
minor nutrient concentrations compared with the media commonly used 
(Bacchetta et al., 2008; Hand et al., 2014; Hand and Reed, 2014). In addition, 
growth regulators are crucial for hazelnut micropropagation and are the main 
components in the culture medium that determine proliferation success. The 
length of the shoots and the multiplication rate are influenced by cytokinin 
concentration. The most employed cytokinin is BAP (6-benzylaminopurine) at 
various concentrations and with different results for each cultivar and/or type 
of explant.

The chemical composition of the medium plays an important role in 
the success of micropropagation, as a suboptimal culture medium results in 
physiological disorders of the tissues (Nas and Read, 2004). In order to formulate 
an optimized culture medium in recalcitrant species, a novel approach based on 
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the mineral composition of the seeds has been successfully applied (Bacchetta 
et al., 2008; Nas and Read, 2004), as the seeds store minerals and food reserves 
essential for starting vegetative growth if factors preventing germination are 
eliminated.

In vitro technologies, such as micropropagation, can be used to produce 
existing and new varieties, which can be multiplied exponentially in a short 
time. These techniques can also be used as a tool for implementing plant-
breeding biotechnological approaches in woody species, particularly if mature 
tissues from valuable cultivars are used (Silvestri et al., 2016, 2018a,b; Karasawa 
et al., 2016).

3 �Orchard site selection, cultivar choice and plantation
The richness of genetic variability ensures that European hazelnut have 
a remarkable adaptability to different climates. However, the optimum 
environmental conditions for cultivars are climates with mild and humid 
winters and cool summers. These conditions can be seen in the main hazelnut-
producing areas of the world, located mainly between the 40th and 45th 
latitude: in Turkey and Georgia near the Black Sea, in Azerbaijan on the Caspian 
Sea, in Italy and Spain due to the presence of the Mediterranean basin and in 
Willamette Valley (Oregon), near the Pacific Ocean coast.

3.1 �Orchard site selection

Climate is the main factor limiting the expansion of hazelnut orchards and 
strongly influences its profitability.

Introducing cultivars into different environments from their original areas 
can reduce their productivity or can lead to ecophysiological disorders related 
to the lack of resistance to low temperatures or inadequate chilling (male 
flowers: 100–1200 h, female inflorescence: 500–1200 h, vegetative buds: 600–
1200 h) that influences the correct development of the vegetative and floral 
parts of the plant (Mehlenbacher, 1991a).

During winter, unelongated hazelnut catkins (male inflorescence) can resist 
temperatures of −15/−20°C. During the elongation phase, just before pollen 
release, catkins become sensitive to temperatures of around −7°C. The vegetative 
and fertile buds, bearing female inflorescence, can tolerate temperatures 
of −20°C but, when the stigmas are in full bloom, these can be damaged by 
temperatures below −5°C (Hummer et al., 1986; Krpina et al., 1994).

In the bud break phase, cold damage occurs with temperatures between 
−3.5°C and −4°C at the first-leaf stage and at −2.5°C at the three-leaf stage; 
during orchard site selection, the land on the valley floor should be avoided as 
spring frosts may occur more frequently.
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In general, the most suitable temperature for plant growth ranges 
from +23°C to +27°C during the day and +16°C to +18°C during the night. 
Temperatures above +35°C accentuate stomatal closure with a consequent 
growth break and photo-oxidation induction.

The amount of annual precipitation required is 800–1000  mm, well 
distributed throughout the year and the water requirement of the plant is 
between 80 and 100 mm/month from April to August; irrigation is appropriate 
below these levels (Tombesi and Rosati, 1997).

The hazelnut leaf surface, which is on average 90–100 cm2 (Cristofori et al., 
2007), has high transpiration when the relative humidity of the air is less than 
70%. Under these conditions, vegetative development and the water reserve of 
the ground are affected, even if water is supplied via irrigation.

The species is adaptable to different soil conditions, avoiding clay types 
due to the risk of root asphyxia, and very sandy types as they tend to be poor 
and too permeable. The ideal soil must be homogeneous and fertile to at least 
0.5 m in depth, where most of the hazelnut root system develops.

In general, deep, well-drained soils with an adequate amount of organic 
matter promote vegetative growth in the first years of planting and later, 
the precociousness of fruiting and higher productivity. The optimum soil pH 
for hazelnut is between 6 and 7.8; values higher than 7.8 may lead to the 
phenomena of ferric chlorosis and poor mobilization of microelements, while 
values below 6 may lead to magnesium deficiencies, reduced availability of 
phosphorus and reduced decomposition of organic matter. With regard to the 
limestone content, it is estimated that it should not exceed 8–10%.

3.2 �Cultivar choice

The main demand for hazelnuts is a roundshape with well-blanched kernels for 
use in chocolates and other confectionery. High-quality kernels of the Italian 
cultivars ‘Tonda Gentile delle Langhe’, ‘Tonda di Giffoni’ and ‘Tonda Gentile 
Romana’, Turkish cultivars ‘Tombul’ ‘Palaz’, ‘Çakıldak’ and ‘Fosa’, and the Spanish 
cultivar ‘Negret’ set quality standards for the industry.

Despite hazelnuts having a long history of utilization (Boccacci et al., 2006), 
with over 400 cultivars worldwide (Mehlenbacher, 1991b), global production 
is still based on the use of a few dozen cultivars selected from local and wild 
populations, mainly in Europe and Turkey (Thompson et al., 1996). Hazelnut 
breeding is still poor compared with other domesticated crops and the most 
important public breeding programme is conducted in Oregon State University 
(OSU). Over the last 40  years, OSU has accumulated dozens of advanced 
selections from cultivars, pollinizers and ornamentals, which are listed in Table 2. 
Many of these releases have total or quantitative resistance to Eastern filbert 
blight. This fungal disease is caused by Anisogramma anomala (Peck) E. Miller, 
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which is spread in Oregon and Washington states (USA), and represents the 
main concern for local growers due to its high pressure on hazelnut orchards 
(Mehlenbacher et al., 2004). The new cultivars recently released in the breeding 
programme are mainly planted in the United States and Chile under legal 
protection agreements between OSU and the nurseries. Contrarily, in other 
countries the local cultivars, mainly with round-shaped nuts, are still extensively 
used to establish new plantations.

Table 2  New cultivars, pollinizers and ornamentals released by the hazelnut breeding 
programme at Oregon State University (Corvallis, Oregon, USA)

Name Type of selection
Year of 
cross

Year of 
release Reference

Willamette Cultivar 1973 1990 Mehlenbacher (2009)
VR 04-31 Pollinizer 1976 1990 Mehlenbacher (2009)
VR 11-27 Pollinizer 1976 1990 Mehlenbacher (2009)
VR 20-11 Pollinizer 1976 1990 Mehlenbacher (2009)
VR 23-18 Pollinizer 1976 1990 Mehlenbacher (2009)
Lewis Cultivar 1981 1997 Mehlenbacher (2009)
Clark Cultivar 1982 1999 Mehlenbacher (2009)
Rosita Ornamental 1984 1999 Mehlenbacher (2009)
Gamma Pollinizer 1991 2002 Mehlenbacher (2009)
Delta Pollinizer 1989 2002 Mehlenbacher (2009)
Epsilon Pollinizer 1992 2002 Mehlenbacher (2009)
Zeta Pollinizer 1992 2002 Mehlenbacher (2009)
Santiam Cultivar 1989 2005 Mehlenbacher (2009)
Sacajawea Cultivar 1990 2006 Mehlenbacher (2009)
Yamhill Cultivar 1990 2008 Mehlenbacher (2009)
Red Dragon Ornamental 1997 2008 Mehlenbacher (2009)
Jefferson Cultivar 1993 2009 Mehlenbacher et al. 

(2011a)
Eta Pollinizer 1999 2009 Mehlenbacher et al. 

(2012)
Theta Pollinizer 1999 2009 Mehlenbacher et al. 

(2012)
Tonda Pacifica Cultivar 1981 2010 Mehlenbacher et al. 

(2011b)
Dorris Cultivar 1997 2011 Mehlenbacher et al. 

(2013)
Wepster Cultivar 1997 2013 Mehlenbacher et al. 

(2014)
McDonald Cultivar 1997 2014 Mehlenbacher et al. 

(2016)
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Considering the high industrial demand for hazelnuts, certain nut physical 
characteristics are preferred for market. The preferred nut shape is spherical 
which facilitates shelling operations. The industry requires a high percentage of 
kernel cultivars to have a kernel/nut ratio above 45% and most kernel sizes need 
to be 11–15 mm. The double kernel is considered a defect. Good pellicle removal 
after kernel roasting is also highly desired. These characteristics contribute to 
determining the industrial nut quality parameters and subsequently the price 
of hazelnut production.

On the basis of these qualitative parameters, the cultivars ‘Barcelona’ (sin. 
‘Castanyera’; ‘Fertile de Coutard’), ‘Ennis’, ‘San Giovanni’ and ‘Corabel’ are often 
sold in-shell for fresh consumption, while the round-shaped cultivars ‘Tonda 
Gentile delle Langhe’, ‘Tonda Gentile Romana’, ‘Tonda di Giffoni’, ‘Tombul’ and 
‘Negret’ are destined for market.

Currently, the industry uses ‘Tonda Gentile delle Langhe’, ‘Tonda Gentile 
Romana’, ‘Tonda di Giffoni’, ‘Mortarella’ and ‘San Giovanni’, which are mainly 
produced in Italy; ‘Negret’ and ‘Pauetet’ produced in Spain; ‘Tombul’, ‘Palaz’ 
and ‘Fosa’ produced in Turkey; ‘Barcelona’ and the OSU releases produced in 
Oregon and Chile (Tombesi, 2005).

The cultivars mainly spread in traditional hazelnut countries are discussed 
briefly.

3.2.1 �Turkish cultivars

There are 18 standard registered cultivars in Turkey mainly obtained from 
natural hybridization (C. avellana × C. maxima), with three recently registered 
(‘Okay 28’, ‘Giresun Melezi’, ‘Allahverdi’) as new releases (Anil et al., 2016). 
Turkish varieties are grouped as ‘Giresun’ and ‘Levant quality’. The first group 
produces high-quality nuts and includes ‘Tombul’ and the main varieties used 
in the oldest hazelnut area of the Turkish Black Sea (Giresun, Ordu and Trazbon 
provinces). ‘Levant quality’ group varieties are mainly cultivated in younger 
hazelnut provinces (Turan and İslam, 2018).

Turkish hazelnut varieties are also grouped into three classes depending 
on their nut shape, for example round-shaped group (‘Allahverdi’, ‘Cavcava’, 
‘Çakıldak’, ‘Foşa’, ‘Giresun Melezi’, ‘Kalınkara’, ‘Kan’, ‘Kara’, ‘Kargalak’, ‘Mincan’, 
‘Okay 28’, ‘Palaz’, ‘Tombul’, ‘Uzunmusa’); pointed-shaped group (‘Sivri’, ‘İncekara’) 
and the long-shaped group (‘Yuvarlak badem’, ‘Yassıbadem’).

‘Tombul’. Highly cultivated in Giresun, Trabzon and Ordu. The nuts are 
of medium to small size (2.0–2.2  g), with a kernel/nut ratio of approximately 
50%, spherical shape, excellent pellicle removal and excellent taste and aroma. 
Generally, a single husk has three to four nuts and its length is twofold longer 
than the nut. For this reason, nuts are often collected by hand directly from the 
tree. S4S12 are alleles of incompatibility.
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‘Çakıldak’. Widely grown in middle to high altitude in Ordu. The cultivar is 
tolerant to spring frosts due to its late bud burst. The nuts are medium sized 
(2.1–2.5 g) with a kernel/nut ratio of approximately 55%. It has very high yield 
and large nut size. The alleles of incompatibility are unknown.

‘Sivri’. This cultivar is highly productive but it is sensitive to drought, and as 
a result there is an unacceptably high pre-harvest fruit drop in dry seasons. The 
nuts are medium to small size (2.0 g). The nut/kernel ratio is 50% and the alleles 
of incompatibility are S4S12.

‘Foşa’. A large and attractive hazelnut cultivar mainly grown in the Trabzon 
province. Its shell is reddish-brown and the nuts are small sized (1.7 g). The nut/
kernel ratio is 50–53% and the alleles of incompatibility are unknown.

‘Palaz’. This cultivar is commonly grown in the Ordu and Samsun provinces, 
it can be easily distinguished by its tick-leaf tissue and long, split husk. It is 
sensitive to many diseases and pests. The nuts are of medium to small size 
(2.1 g) with a nut/kernel ratio of 51.4%. The alleles of incompatibility are S2S4.

3.2.2 �Italian cultivars

‘Tonda Gentile’ (sin: ‘Tonda Gentile delle Langhe’). The nuts are medium sized 
(2.6  g), with a kernel/nut ratio of approximately 45%, spherical shape, good 
pellicle removal, excellent taste and aroma and good shelf life. This cultivar 
is of medium productivity and ripens early, has intermediate vigour and is 
characterized by poor adaptability to different environments from the area of 
origin. The alleles of incompatibility are S2S7.

‘Tonda Gentile Romana’. The nuts are medium sized (2.5 g), with a kernel/
nut ratio of about 45%, spherical shape, low pellicle removal and good taste 
and aroma. The cultivar is characterized by a medium to high productivity, 
intermediate vigour, late bud break and medium to late ripening. The alleles of 
incompatibility are S10S20.

‘Tonda di Giffoni’. The nuts are of medium to large size (2.7  g), with a 
medium-to-high kernel/nut ratio (46%), spherical shape, excellent pellicle 
removal and good taste and aroma. It is a cultivar characterized by high yield, 
intermediate to high vigour, early bud break, intermediate ripening and a good 
adaptability to different environments. The alleles of incompatibility are S2S23.

‘Nocchione’ (sin. ‘Montebello’). The nuts are of medium to large size (3 g), 
with a low kernel/nut ratio (38%), spherical shape, good pellicle removal and 
excellent taste and aroma. This cultivar displays high productivity, intermediate 
to high vigour, early bud break, early to intermediate ripening and good 
adaptability to different environments. The alleles of incompatibility are S1S2.

‘San Giovanni’. The nuts are medium sized (2.6 g), with a medium-to-high 
kernel/nut ratio (46%), semi-elongated shape, good pellicle removal and good 
taste and aroma. It is a cultivar characterized by high yield and vigour, early 
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bud break, early ripening and good adaptability to different environments. The 
alleles of incompatibility are S2S8.

‘Mortarella’. The nuts are of medium to low size (2.2 g), with a medium-
to-high kernel/nut ratio (46%), semi-extended shape, excellent pellicle 
removal and excellent taste and aroma. This cultivar displays medium to high 
productivity, intermediate vigour, medium to late bud break and intermediate 
ripening. The alleles of incompatibility are S2S17.

3.2.3 �Spanish cultivars

‘Negret’. This is the main variety cultivated in Tarragona and Girona and is 
of unknown origin. It has medium-to-small-sized nuts, with a kernel/nut ratio 
of 47–49%. It is highly appreciated by the industry for its good organoleptic 
characteristics and ease of pellicle removal after toasting. Its agronomic 
characteristics are not ideal; it shows weak vigour and sensitivity to iron 
chlorosis, produces a large number of shoots and has high chilling requirements 
to produce pollen. The alleles of incompatibility are S10S22.

At the end of the 1980s, the Institute of Agrifood Research and Technology 
(IRTA) started a clonal selection of this cultivar, the free apple tree virus (ApMV) 
clone ‘Negret-IRTA-N-9’ was selected (Rovira et al., 2006) and was more 
productive than the standard ‘Negret’ variety infected by this virus, which 
affects hazelnut (Aramburu and Rovira, 1998).

‘Pauetet’. The nuts are medium to small, oval in shape and are similar to 
those of ‘Negret’. However, pellicle removal after roasting is lower than ‘Negret’. 
It has a kernel/nut ratio of 46–49%. It is a very vigorous tree, more productive 
and resistant to compact and calcareous soils than ‘Negret’ and produces fewer 
suckers. This cultivar also performs well on rainfed land in mountain areas. The 
alleles of incompatibility are S18S22. Since the 1990s, ‘Pauetet’ has been the most 
widely planted variety in France for the industrial hazelnut market (Germain and 
Sarraquigne, 2004).

‘Gironell’. The nuts are small and round and peel poorly after roasting. It 
has a low kernel/nut ratio (40–42%). It is a vigorous cultivar, very productive, 
produces large numbers of suckers and old orchards show biennial bearing. 
The alleles of incompatibility are S1S2. It is a good pollinizer as it produces large 
amounts of pollen.

‘Barcelona’ (sin: ‘Castanyera’; ‘Fertile de Coutard’). This cultivar is of 
unknown origin. It has round large nuts, with a kernel/nut ratio of 43%, intended 
for the table hazelnut market. The alleles of incompatibility are S1S2. It is an old 
variety cultivated in some countries under different names: ‘Barcelona’ (USA), 
‘Fertile de Coutard’ (France), ‘Grada’ (Portugal) and ‘Grande’ (Asturias, Spain) 
(Köksal, 2002).
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3.3 �Plantation

In suitable hazelnut districts, such as the Mediterranean area, Oregon (USA), 
and the new hazelnut-growing countries, such as Chile, the orchards are trained 
as a multi-stem bush or vase shape (Fig. 1) at a density of 400–500 plants/ha 
(Bignami et al., 2005a).

The advised spacing for new orchards is still 5 × 5 m (400 plants/ha) or 
5  ×  4  m (500  plants/ha) depending on the vigour of the cultivar, to enable 
mechanical working of the orchard in two directions. For some high vigour 
cultivars, such as Barcelona, 6 × 6 m tree spacing (about 278 plants/ha) is still 
quite commonly adopted. In new hazelnut areas, the orchard layout should 
incorporate at least 10% of pollinizers placed every third tree in every third row.

Dynamic spacing of the orchard has recently been suggested for fruit 
tree species with a long unproductive period after planting, such as olive and 
hazelnut (Riggert and McDonald, 1987; Sarraquigne, 1989; Tous et al., 1994a). 
This plantation technique consists of planting double the number of plants 
(i.e. 800  plants/ha, spaced 5  ×  2.5  m) with the aim of enhancing the yield 
during the first 10–12 years of the plantation and then eliminating 50% of the 
plants to achieve the final orchard design (i.e. 400 plants/ha, spaced 5 × 5 m). 
Nevertheless, this system has not been applied on a large scale because of 

Figure 1 Hazelnut trees trained to a multi-stem bush, which is a growing system mainly 
adopted in Italy (a), Turkey (b) and Spain (c), in comparison with trees trained as a single 
trunk, which is the growing system adopted in Oregon (d).
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the higher plant costs, the tendency of the farmer to delay the timing of tree 
spacing and the risks of competition among the plants (Bignami et al., 2005a). 
High-density systems have received little attention, and the new orchards are 
still mainly created by hand planting three to four rooted suckers per hole; 
however, this technique is labour intensive. In Turkey, growers have recently 
preferred to adopt the row system with spacings of 5–6 m between the rows 
and 1–2 m between contiguous plants to replace the traditional ‘ocak system’ 
that consists of planting at least four rooted suckers around a circle 1  m in 
diameter (Fig. 1b).

Considering that the hazelnut is a self-incompatible species, the orchard 
layout needs to include 10% pollinizers. Recently, Differential Global Navigation 
Satellite System – Real Time Kinematic (DGNSS-RTK) technology has been 
introduced to design and mechanically plant single-trunk high-density new 
orchards spaced at 4.5–5.0 × 3.0–2.5 m (Fig. 2), which can be managed with a 
high level of mechanization of future pruning operations. There are companies 
that will work with the grower to mark the exact spot for each tree according 
to the expected spacing and tree arrangement. The economic advantages 
derived from the adoption of DGNSS-RTK technology include a significant 
cost reduction for mechanized setting of 30  ha and over, indicating a good 
opportunity for the entire hazelnut agro-food chain (Cristofori et al., 2017).

Young plants can be planted anytime from autumn through spring to 
ensure tree roots do not dry out. Planting during the autumn is preferred to 
give the plant more efficient seasonal time to develop a working root system 

Figure 2 Differential Global Navigation Satellite System-RTK mechanized transplanting 
operation in the field.
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before it leafs out in the spring. In a temperate climate, hazelnut root growth is 
active in late January whenever soil temperatures are higher than +4°C.

Manual planting holes need to be 50–60  cm wide and 30  cm deep. 
During planting, portions of the roots are lost, reducing water absorption and 
potentially slowing tree growth. For this reason, irrigation interventions during 
spring and summer are recommended. After planting, it is advisable to prune 
back the tops of the tree, leaving 80–90 cm of the trunk (particularly for the vase 
shape), and if trees are branched the laterals should be cut back to a few buds 
or removed. This top reduction should offset root damage that occurred during 
digging and handling.

4 �Orchard management: irrigation, nutrition and pruning
In the most important hazelnut production areas, with the exception of Turkey 
where orchard management is mostly conducted manually, the agronomic 
management of specialized orchards is mainly mechanized.

Among orchard operations, soil management is crucial to maintain and 
improve fertility, to contain erosion in sloping areas, to facilitate the mechanical 
harvesting of nuts and to facilitate the access of agricultural machinery avoiding 
soil compaction.

Soil management techniques vary from milling to growing cover crops and 
using herbicides, the latter are also used in combination.

Soil management through controlled grassing using spontaneous flora, 
widely diffused in the main hazelnut orchards, is one example of the effective 
application of an integrated fruit-growing technique, which partially offsets 
the problem of dust rising during mechanical harvesting of the nuts and at the 
same time attenuates erosion and hydrogeological instability.

Managing soil with grassing involves the periodic shredding of the turf 
with shredders during two to three seasonal interventions based on the spring–
summer rainfall, which influences the growth of the grass. Chemical control 
through spreading herbicides, mainly along the row, represents an economically 
sustainable method of grass control in the orchard, with positive effects also on 
the conservation of the water resource, otherwise transpired by the flora. The 
orientation towards sustainable and ‘low-impact’ soil management, as well as 
restrictions on the use of herbicides mainly required for organic and integrated 
production regulations, place some limits on the use of herbicides.

The European hazelnut is a species with an aptitude for high sucker 
emission and the quantity of suckers emitted varies among the cultivars 
(Cristofori et al., 2014a). Starting from the second leaf on the ground, sucker 
control is an essential practice. During the juvenile phase of the plant, the 
suckers are removed manually, while from the fourth year the control strategies 
range from manual or mechanical elimination in summer, to chemical control 
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with the use of specific herbicides as the active principles ‘Carfentrazone 
etile’ and ‘Pyraflufen etile’ or proper nitrogen and salt solutions. To ensure 
the effectiveness of these chemical applications, the suckers must be in the 
herbaceous stage (10–15 cm in height).

In small orchards, sucker management is mostly achieved by hand using 
sharp tools such as pruning shears. Managing this operation by hand enables 
the farmer to leave some suckers to rejuvenate the bush. The method is 
environmentally friendly but is labour intensive and hence expensive (Serdar 
and Akyuz, 2018).

The use of non-sucker emission rootstocks are under evaluation in trials 
and in some commercial orchards in Serbia and Spain (Cerovic et al., 2009; 
Tous et al., 2009).

4.1 �Irrigation

The irrigation of hazelnut is widely applied due to its positive effects on 
productivity both in areas and periods with limited rainfall, and in soils with 
low water capacity. The hazelnut is generally considered a species sensitive 
to water stress, with a low capacity for stomatal regulation. Several negative 
effects of water stress have been observed in this species, such as a decrease 
of photosynthetic activity, early break fruit growth and early leaf fall, a higher 
susceptibility to diseases (Girona et al., 1994; Tombesi, 1994; Bignami and 
Natali, 1997; Diaz et al., 2005) and an increase in blank nuts and decrease of 
per cent kernel (Bignami et al., 2009). Vegetative and productive activity is 
affected by water availability during the growing season, with consequences 
on production quality and quantity. The complex annual cycle, characterized 
by the overlapping of different vegetative and reproductive processes (end 
of leaf area development, fruit set, kernel filling, flower bud initiation and 
differentiation) from June to August, makes the availability of water an important 
factor to overcome competition. Usually, a hazelnut needs at least 800 mm of 
rain well distributed throughout the year.

Irrigation systems have been introduced in the main production areas 
with limited water availability, irregular rain distribution during the year and for 
young plants. Currently, drip irrigation is the most utilized technique in hazelnut 
orchards and is applicable in its variants according to the soil and orchard 
design.

It is necessary to calculate the water balance in order to calculate the 
volumes of water supply. Crop evapotranspiration is calculated using the 
formula ETc = ETo  Kc, where ETo represents the estimated daily water loss (for 
instance determined using a class A evaporimeter) and it is multiplied by the 
crop coefficient (Kc), which is specific for each development phase. The only 
current hazelnut Kc available in the literature were determined in a Spanish 
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environment using ‘Negret’ cultivar plants (Tous et al., 1994b) reported as: 
April: 0.30, May: 0.40, June: 0.62, July: 0.70, August: 0.55 and September: 0.35.

Localized irrigation, as well as ensuring a high efficiency of water use, also 
allows the administration of nutrients via fertigation, after the installation of 
appropriate fertilizer mixers and injection systems. Drip irrigation with drip-wing 
laying on the row or on the canopy is highly spread in specialized orchards and 
water is distributed through anti-occlusion and self-compensating drips (with a 
variable flow rate of 4 and 8 L/h). Normally, two drips per plant are applied, one 
on each side, at a distance of about 1 m from the trunk.

Micro-jets, also called micro-sprayers, are very common in new high-
density systems and provide large volumes of water in less time than drip 
systems. Micro-jets require the structuring of irrigation systems with a higher 
flow rate and require maintenance of the micro-sprayers, which can easily 
occlude. In areas with low relative humidity or, in particular, drought, they have 
the advantage of partially raising moisture in the foliage of the plant.

Sub-irrigation is a good application in flat and large plantations. This 
technique, based on the administration of irrigation water by capillary 
ascent, is more efficient due to the absence of evaporative phenomena. The 
installation of self-compensating drip-off wings, buried at a depth of 20–50 cm, 
is performed with special machines and affects only the centre line of each 
inter-row in adult systems, while in young orchards the laying of a dripping 
wing buried per single inter-row is carried out at distances of about 80–100 cm 
from the row.

Recent experiments conducted in Italy on ‘Tonda Gentile Romana’ have 
shown that irrigation aimed at returning 75% of the crop evapotranspiration 
allows a suitable balance between vegetative growth and production (Cristofori 
et al., 2014b).

4.2 �Nutrition

The complex overlapping of vegetative and reproductive activity in a short 
period of the annual cycle makes hazelnut yield and quality highly dependent 
on correct nutritional support. Nitrogen is the most important component in 
the mineral nutrition of hazelnut (Bignami et al., 2005b); in addition, the foliar 
application of calcium plays an important role during the kernel filling stage 
(Cakca and Sanguankeo, 2014). Trials were recently carried out to develop 
optimized protocols of hazelnut nutrition including foliar applications, such as in 
Italy for the cultivar ‘Tonda Gentile delle Langhe’ (Roversi, 2011; Pansecchi et al., 
2014), in Oregon on different cultivars (Olsen and Cakca, 2009) and in Chile 
on the ‘Barcelona’ cultivar (Ellena et al., 2014). The principle of foliar nutrition 
carried out in these experiments is based on the proven ecophysiological 
condition that the elements are absorbed, digested and used by the tree and 
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are not dispersed in the environment. However, knowledge of the nutrition of 
the main hazelnut cultivars is still incomplete.

In general, the hazelnut has a high demand for nitrogen and potassium, 
while phosphorus requirements are slightly lower. The literature agrees that in 
soils of medium fertility and with mature plants in balance for vegetative and 
productive activity, the correct ratio for the three macroelements is 1:0.5:1 (N: P: 
K) (Olsen, 1997). The hazelnut also requires calcium and magnesium and their 
application is advised every 3–4 years during the spring according to soil and 
foliar analysis. The need for magnesium application is greater where potassium 
and calcium levels in the soil are high (Cacka and Sanguankeo, 2014).

Nitrogen demands are high in the juvenile phase because this element is 
required for vegetative development of the plant, but a balanced contribution 
of nitrogen is also fundamental in the production phase, considering that the 
hazelnut is a species that produces nuts exclusively on the vigorous 1-year-
old branches and adequate nitrogen availability favours this development. 
Nitrogen is also in abundance in mature nuts (about 3% of kernel dry weight) 
and shows the highest content during kernel filling (5% of kernel dry weight), 
indicating that this growth phase has a high requirement for suitable nitrogen 
availability (Cristofori et al., 2015).

Potassium is necessary throughout the biological cycle both for vegetative 
and reproductive phases, and the availability of this macronutrient also favours 
the absorption of nitrogen, magnesium and manganese, the latter two elements 
are particularly important for the accumulation of fatty substances in the kernel.

Phosphorus is an essential element in many physiological functions of 
the plant including cellular respiration and sugar and protein metabolism. It is 
present in the kernel and reproductive organs.

For young plants, nitrogen fertilization can be performed in early spring 
using granular formulations (i.e. ammonium nitrate) starting from the second 
leaf in the field. The doses to be administered per plant (referred to as fertilizing 
units) are 50 g in the second year, 90–130 g from the third to the fifth year and 
150–220 g from the sixth to the seventh year. In soils that have ample phosphorus 
and potassium and through adequate pre-implantation administration, the 
contributions of these elements can start from the third or fourth year.

In adult and specialized orchards, the quantities of macronutrients should 
be annually integrated to about 90 units of nitrogen per year (considering an 
average production per ha of 2–2.5 t for in-shell nuts) divided into 2–3 epochs 
(vegetative bud break stage, kernel filling and post-harvest). The nitrogen 
post-harvest intervention allows the development of the root system and the 
accumulation of reserves in the trunk and should be performed before the leaves 
have lost their photosynthetic functionality. For phosphorus and potassium, the 
yearly integration consists of giving 40 and 80 units/ha, respectively, in spring 
and in a single solution.
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The administration of other elements is not necessary in soils in which 
the chemical analysis shows adequate levels and the plants do not exhibit 
symptoms of deficiency. Moreover, the periodic administration of organic matter 
is generally enough to cover microelement requirements. The administration 
of organic matter should be carried out every 2–3 years during the autumn in 
poor soils and every 4–5 years in those with a high silt and clay content. This 
intervention provides a certain amount of nitrogen, phosphorus and potassium, 
which must be taken into account at the time of mineral fertilization.

The foliar administration of macro- and microelements is an effective 
practice to compensate for any nutritional deficiencies that may occur during 
the economic cycle of the orchard and currently available formulations are 
particularly suited to hazelnut requirements.

Correct foliar application should however be accompanied by diagnostic 
observations to determine the actual nutritional status of the plant. Foliar 
applications of boron, iron, calcium and magnesium have shown positive 
effects in various environments and for different cultivars, for example in Italy 
for ‘Tonda Gentile Romana’, in Spain for the ‘Negret’ cultivar and in Oregon for 
‘Barcelona’ (Olsen and Cacka, 2009).

Three to four proper foliar applications (macro- and micronutrients), 
sometimes combined with fungicide or pesticide applications, are 
recommended for adult hazelnut orchards.

Table 3 summarizes some recent findings of the micro- and macroelement 
content in adult leaves observed in different environmental conditions and are 
useful for correct diagnostic provision.

4.3 �Pruning

Hazelnut orchards are mainly trained to a multi-stem bush system and in some 
traditional areas the new plantations are still created by hand planting three to 
four rooted suckers per hole. Alternatively, the plantations are made using one 
well-rooted young plant per hole and the trees are grown as a vase shape and 

Table 3 Minimum and maximum content of the main macro- and microelements present in 
adult hazelnut leaves considered ‘standard’ by the international literature, and average values 
observed in adult leaves of Italian cultivars ‘Tonda Gentile Romana’, ‘Nocchione’ and ‘Tonda 
Gentile delle Langhe’ sampled at the end of July in Latium and Piedmont

Cv

Nitrogen 
% dw (dry 

weight)

Phosphorus 
% dw (dry 

weight)

Potassium 
% dw (dry 

weight)

Calcium 
% dw (dry 

weight)

Magnesium 
% dw (dry 

weight)

Boron ppm 
dw (dry 
weight)

Iron ppm 
dw (dry 
weight)

Standard (Olsen 
and Cacka, 2009)

2.21–2.50 0.14–0.45 0.81–2.00 1.01–2.50 0.25–0.50 31–75 51–400

Average Italian 
cultivars

1.82–2.60 0.14–0.32 0.79–1.40 1.31–1.95 0.16–0.44 40–85 50–300
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single trunk, as in the United States and Chile. Recently, mechanized planting 
systems have been adopted for hazelnut, mainly to establish large orchards on 
flat ground.

The pruning of adult trees is usually performed during vegetative rest and 
is generally limited to the removal of suckers, dead wood and old and diseased 
or broken branches. A reduction of shoot vigour, low light penetration within 
the tree canopy and yield decline are long-term consequences observed in 
hazelnut orchards (Cristofori et al., 2009). As a result, canopy density increases 
and over the years partial crossing of branches, reduction of shoot growth and 
lessening of fruiting potential occur especially in the lowest and inner parts of 
the canopies (Me et al., 1994; Roversi and Mozzone, 2005). Romisondo et al. 
(1983) showed that hazelnut productivity is positively related to the strength of 
mixed 1-year-old shoots, and indicated 15–20 cm as the optimum shoot length 
without cultivar interaction. Considering that hazelnut pruning carried out 
manually is labour intensive, a new trend to manage this operation mechanically 
is being developed in some areas, such as Italy and Spain, based on hedging 
and topping cutting combinations.

The pruning of young bush-grown plants is performed starting from the 
second to third leaf in the field and is limited to the selection of four to five main 
lignified suckers, thinning the apical portion and eliminating other suckers 
produced at the base. In single-trunk plants, a single and vigorous sucker is 
selected and thinned at heights of 60–80 cm for setting up the new vase shape 
and promoting the development of lateral shoots to generate new primary 
branches. During the first following season, four to five well-oriented main 
branches will be selected eliminating the remaining ones.

Annual pruning of adult trees is mainly focused on removing 15–20% 
of wood according to the age and vigour of the cultivar and soil fertility. In 
some areas, ‘green pruning’ techniques have been tried on adult plants, with 
interventions carried out in May, which seems to provide positive results in 
terms of plant productivity; however, the use of this technique needs further 
investigation before being applied on a large scale (Ughini et al., 2009).

Mechanical pruning was recently applied to hazelnut in both trials and 
commercial orchards and was performed using a rotating blade bar carried by 
a tractor (Fig. 3). The effectiveness of this operation, advisable for large orchards 
and in medium- to high-density plantations, is confirmed by the positive effects 
on production obtainable in the medium period.

Mechanical pruning is performed with side-cutting interventions along the 
row (hedging) and cutting the top of the plants (topping). The first intervention 
can occur when the branches of the two contiguous rows come to meet on the 
half of the row, on average from years 10 to 11 of the plantation depending on 
cultivar vigour. To avoid the pruning of all trees, which can drastically reduce 
productivity in the first year of application, hedging interventions can be 
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foreseen over some years (from 3 to 5). Figure 4 shows a hedging scheme that 
is adoptable every 3 years in the same row side.

Topping may be less frequent than hedging and is performed on the 
whole orchard every 5–8 years. The more promising technique involves cutting 
one side of two rows facing each other; this type of cut is carried out during the 
first year on an inter-row every three, leaving the two following inter-row spaces 
unaltered. The following year the first pruned inter-row is not cut, but the second 
one is, leaving the two following ones unchanged and resuming the sequence. 
The third year ends by pruning all the inter-row threads not yet pruned in 
previous years. The rotation every 3 years of pruned rows allows diluting the 
loss of nuts production due to pruning and maintaining a constant rhythm of 
renewal of the plantation. To complete mechanical pruning, it is advisable to 
proceed with the manual cutting of those branches that exhibit any mechanical 
damage or that are badly positioned. The clippings are transported out of the 
orchard and are eliminated or can be collected and treated for biomass energy 
production.

5 �Integrated pest management
The hazelnut industry and several agricultural management laws in different 
countries encourage farmers to use integrated pest management (IPM) to 

Figure 3 Mechanical pruning of the hazelnut: hedging cut demonstration carried out in 
an adult orchard in Italy.
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control phytophagous insects, certain diseases and weed pests that are found 
in hazelnut orchards to reduce the amount of pesticides used.

Adult orchards tend to have few weed problems because shading inhibits 
most weed establishment. Younger orchards have more light penetration and 
herbicides are often used mainly along the rows, but growers also manage 
weeds mechanically. Maintaining a vegetation strip between the tree rows and 
carefully timing mowing events provides habitat for beneficial insects that aid 
in conventional IPM.

The IPM techniques used for weed management not only provide weed 
control but also help maintain biological diversity in the orchard (De Francesco, 
2006).

In Oregon (USA), advances in IPM practices have included the development 
of monitoring techniques and treatment thresholds for ‘filbert aphid’ (Myzocallis 
coryli (Goetze)) and ‘filbert leafroller’ (Archips rosanus (L.)), which have reduced 
prophylactic insecticide applications. Advances have also included the use of 
pheromone traps and a degree‐day model for ‘filbert worm’ (Cydia latiferreana 

FIRST YEAR

SECOND YEAR

THIRD YEAR

FOURTH YEAR

Figure 4  The hedging scheme for mechanical pruning adopted in large commercial 
orchards. The same row side is cut every 3 years. Alternatively, the intervention can be 
extended to 4 or 5 years.
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(Walsingham)), which allow precise, targeted treatments for this pest (Olsen, 
2002). The most valuable result of this IPM approach has been the successful 
identification and introduction of a filbert aphid parasitoid, Trioxys pallidus 
(Haliday). This parasitoid, a small Braconid wasp, has provided nearly complete 
biological control of the filbert aphid and has significantly reduced insecticide 
use for this pest. This approach, based on parasitoid distribution, should be 
proposed for the biological control of other hazelnut pests following a similar 
programme, as the elimination of aphicides improves the survival of predators 
and parasitoids that attack leaf rollers and filbert worms.

The effective monitoring of pests is the basis of pest management for IPM 
production and organic growing. Monitoring reveals the current pests and their 
levels so that decisions with regard to pest control can be made. In addition, 
timing of control is very important for many pests and this is determined 
by monitoring pest biology. Several methods can be applied to monitor 
hazelnut orchards, with the main monitoring methods including pheromone 
traps for lepidopteran pests, visual counts and beating sheets. In Turkey, 
current management programmes in hazelnut orchards are based on regular 
monitoring, field counts and phenology models (Tuncer et al., 2009).

In addition, beneficial organisms must be considered in hazelnut orchards 
as there are hundreds of natural enemies of the major hazelnut pests and 
diseases.

More generally, many adverse events contribute to the reduced quantity 
and quality of hazelnut production. The factors at higher risk for production 
quality are the infestations due to certain specialized arthropods. Various 
phytophagous arthropods are now associated with the hazelnut, as shown in 
Table 4.

The main phytophagous arthropods commonly recognized to be most 
harmful for hazelnuts are the Phytoptus avellanae (Nalepa) mite, hazelnut true 
bugs, hazelnut weevil and hazelnut scolitids. Each biological cycle, the damage 
caused to hazelnut and some guidelines of IPM will now be discussed.

5.1 �Phytoptus avellanae

Phytoptus avellanae causes serious damage to hazelnut crops via bud 
deformation due to the development of hypertrophies that inhibit the normal 
development of the bud and inflorescence. The mite overwinters as an adult 
in hypertrophic buds and lays from the end of February to the end of March. 
It migrates between the scales of the hypertrophic bud, between April and 
June during leaf development and then infests new buds. During the autumn 
phase, there is an explosion in population density within the new infested buds, 
which will become hypertrophic. There are differing degrees of susceptibility 
to these infestations and the most sensitive cultivar is ‘San Giovanni’, while the 
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least sensitive is the ‘Mortarella’ cultivar. Generally, the plant is very tolerant of 
the presence of mites up to 10% of infested buds, beyond this value acaricide 
treatments are necessary during the leaf development period (stools 2–3 cm 
long with three to four leaves).

5.2 �Gonocerus acuteangulatus

Gonocerus acuteangulatus species is reported in all Italian regions. It has six 
pre-imaginal stages including two stages of neanidae and three nymphae. 
It overwinters as an adult in natural shelters such as accumulations of wild 
herbs, bushes, shelters in hollow trunks and houses. They generally overwinter 
individually but in rare cases form an aggregation with more than four individuals. 
In spring, they come out of the wintering phase and go directly to receptive plants 
that in principle could be plants of Prunus spp. and then move on to hazelnut 
plants. They feed by pricking with their pungent and sucking mouthparts directly 
on the achenes from the beginning of seed development until they reach ripe 
fruit. During the first phases of hazelnut development, the infestations produce 
a traumatic abortion, which does not allow fruit growth. Late infestations, with 
already formed hazelnuts, form both white and dark spots on the fruit. These 
stains are often associated with unpleasant tastes commonly called ‘bug flavour’. 
This latter type of damage is the one that most affects product quality. After 
mating, which can occur several times, the females lay the eggs in small groups 
of usually two to three with a maximum of about 12 elements, on the bracts of 
the cupula. Laboratory tests have enabled verification that the female can live 
up to 400 days. Each stage of the pre-imaging phase requires a variable period 
depending on the climatic conditions, and we can assume an incubation of about 
1  week in the summer months, with an average duration of the pre-imaging 
stages of 3 days. The complete cycle can last approximately 1.5–3 months. It lays 
its eggs from the end of May to September. Towards the end of July, the adults of 
the generation of the year emerge. Several authors hypothesize that the species 
can create two generations per year, but generally the insect is considered to be 
monovoltine. Given the potential plasticity of this type of feeding, it cannot be 
excluded that the second generation could occur on other hosts and only when 
the winter temperatures are milder than usual. The phytophage is parasitized by 
numerous species of calcidoid Hymenoptera and tachinid Diptera.

5.3 �Nezara viridula

Nezara viridula is a light-green bug with three small light points on the back at the 
base of the scutellum. It overwinters as an adult in natural and artificial shelters. 
They lay from 40 to 100 eggs grouped on both herbaceous and arboreal 
plants and undergo two generations per year. The most susceptible host to its 
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infestations is the tomato, where it forms yellowish areas corresponding to the 
sucking stings, transmitting an unpleasant taste to the berries. On the kernel, 
as with G. acuteangulatus, it pierces the hazelnuts to feed itself, producing the 
same damage.

5.4 �Palomena prasina

Palomena prasina is an extremely polyphagous bug but very attached to 
the hazelnut. In southern Italy, it is the most important species for this plant. 
It overwinters in the adult stage in natural and artificial shelters. In April, 
adults mate preferably on plants used as winter shelter. In the same month, 
ovipositioning of the lower page of the leaves begins. Newborn neanids, after 
about 10  days of incubation, have a strong gregarious instinct while in the 
following stages they disperse on the plant. The next stages of development 
descend from the plant to prick the seeds in the formation of grasses and only 
in summer, when these plants dry up, they return to the hazelnut where they 
begin to prick the nucula causing the same damage as G. acuteangulatus. The 
first adults of the generation of the year emerge true in the second half of July. 
These individuals will wander between the hazelnut, bramble and chestnut tree 
and then position themselves in the winter shelters for wintering.

The hazelnut true bugs are monitored by shaking the branches in the 
early hours of the morning. The shaken insects fall to the ground in a state of 
‘thanatosis’ and can be collected and counted to determine the adults. The 
intervention threshold, using proper pesticides, is 1.5 adults/plant/week, 
sampling ten representative trees per ha.

The pesticides approved in organic production such as kaolin, spinosad, 
neem and microbial formulations exhibited only partial control of the bug 
species present in hazelnut orchards.

5.5 �Halyomorpha halys

Halyomorpha halys represents species represents a new emergency for the 
hazelnut. It is an invasive species native to Asia and is currently present in 
almost all of Europe (Fig. 5) and North America. It is one of the main species with 
economic importance because of its danger to the production of numerous 
crops. In its place of origin, it can undergo four to six generations per year, while 
in the United States it goes through two to three generations per year. They winter 
as adults in natural and artificial shelters. In spring, the wintering adults emerge 
from the shelters and after a short period begin ovipositioning on shrubs. Ovid 
laying takes place in small groups of about 28 eggs on the lower page of the 
leaves (Nielsen et al., 2008). It is extremely polyphagous and can feed on over 
120 plant species including fruit trees, small fruits, vegetables, ornamental plants 
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and plants of agricultural interest. It has strong food preferences for all plants 
with growing fruits or seeds. It is a species strongly attracted to wooded areas 
and therefore all adjacent agricultural fields will be used by this phytophagous 
insect as a place of feeding and ovipositioning (Rice et al., 2014). It disperses 
very quickly, and adults can fly up to 2 km in 24 h especially during the pre-
wintering phase in late summer (Wiman et al., 2015). The pre-imaginal stages are 
very mobile from the second to the fifth stage by dispersing very quickly while 
walking (Lee et al., 2014). Males produce an aggregation pheromone. In winter 
they tend to cluster and hide in shelters such as rooms and houses near infested 
plots (Inkley, 2012) and in vegetation residues, dead plants, live trees with thick 
bark such as oak and the locust tree – Robinia (Lee et al., 2014). Their passive 
dispersion is facilitated by the gregarious behaviour that brings them together 
in shelters, such as cars or other vehicles, which will then transport the colonies 
to other areas. Typical damage is due to the insertion of the mouth stilettos into 
the fruits and seeds to suck food. The infested and affected parts are deformed, 
dried or with spongiform stains. The damage can vary:

•• Reduction in fruit production due to early fall.
•• Vector of bacterial stool fruit produced by the recently reported 

Eremothecium coryli bacterium in Bulgaria (Rice et al., 2014).
•• The infested and spotted fruit or kernel may have an abnormal ‘bug taste’.

Figure 5 Adult Halyomorpha halys captured in the Cimini Mountains, in the province of 
Viterbo, Italy. Photo: Stefano Speranza 2018, DAFNE – UNITUS.
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5.6 �Curculio nucum

The adult of the Curculio nucum beetle has a head that is characterized by a 
long rostrum with chewing mouthparts at the end. The length of the rostrum 
allows determination of females from males. The adults come out in spring, 
and feed on young cherry fruits. At the end of May, coupling takes place, which 
can last until the second week of July. At the beginning of summer, they move 
to the hazelnut where they drill holes before feeding, only with the rostrum on 
the growing fruits, and then begin ovipositioning towards the end of June. The 
female lays by piercing the base of the bract envelope up to 2–4 mm deep with 
the rostrum. In the hole, it lays an egg and pushes it deep using the rostrum. 
The emerged larvae feed on the seed and complete their cycle in a month. 
Infested hazelnuts tend to fall especially at the end of larval development. 
The mature larva pierces the shell of the hazelnut with its robust mandibles. It 
comes out in a few minutes and buries to a depth of 20–30 cm where it builds 
a wintering cell. The larvae overwinters and pupates the following spring. 
The insect is monitored by shaking the branches in the early hours of the 
morning. The shaken insect falls to the ground in a state of ‘thanatosis’ and 
can be collected and evaluated directly for sex determination. The intervention 
threshold is 1 female/plant/week. It is believed that sanitation (e.g. flailing the 
orchard floor after harvest and the surrounding oak habitats) would be helpful 
in reducing weevil populations.

Paparatti and Speranza (2005) have investigated Beauveria bassiana 
(Balsamo) with good results for the control of this pest and a commercial 
product (Naturalis) for B. bassiana is currently registered in many countries. 
Some entomopathogenic nematode species were also applied to nut weevil 
larvae and it was concluded that Heterorhabditis bacteriophora is the most 
promising organism for controlling the hazelnut weevil pest due to its good 
persistence and efficacy (Tuncer, 2009).

5.7 �Xyleborus dispar

The Xyleborus dispar insect exhibits sexual dimorphism with the female being 
about 4–5  mm while the male is much smaller. In spring, when they reach a 
temperature of 20–22°C, the females begin to lay eggs by piercing the trunk 
in a perpendicular way and then digging a semi-circular gallery on a plane 
perpendicular to the branch itself. In the semi-circular gallery, the female digs 
small diverticules where it lays a maximum of 40 eggs. The newborn larvae feed 
on the mycelium of the fungus Ambrosiella hartigii, with the female transporting 
the spores inside its ‘mycangia’. This insect causes damage both directly by 
weakening the plant and indirectly by predisposing it to attack by different 
phytopathogenic microorganisms. This species is monitored by funnel traps 
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(multi-funnel traps) activated with ethyl alcohol. Phytophagous is associated 
with hazelnut death, a disease with complex aetiology (Speranza et al., 2009a,b).

The IPM practices used in hazelnut production help protect and maintain 
tree health and improve nut quality, and enable a substantial reduction in 
pesticide use. Maintaining and improving this successful IPM programme for 
insects, diseases and weeds is critical for the future of the hazelnut industry.

6 �Exploitation of biomass
The exploitation of agricultural residual biomass as energy offers an interesting 
opportunity for diversification of production and farmers’ income, as well as 
a solution to solve the long-standing problem of disposal, since the incorrect 
management of hazelnut by-products can have a strong environmental impact 
on air quality when they are burned on-field (Colantoni et al., 2016). Hazelnut 
prunings must be removed from the ground, avoiding the risks of pathological 
problems and facilitating mechanical harvest. Biomass production arising from 
the management of adult hazelnut orchards is equivalent to approximately 
1.5 t/ha (Di Giacinto et al., 2014).

Agricultural hazelnut residues can be used as a raw material for the 
production of woodchips or pellets used in modern combustion devices 
taking into consideration the possible problems related to high ash content. 
Alternatively, a solution is represented by using pruning residues as a feedstock 
in a downdraft air gasifier, working with low values of equivalence ratio, in order 
to obtain syngas and biochar.

When to harvest the pruning residues depends on the quantity, annual 
yield, biomass produced per ha, and the chemical and physical properties of 
raw materials.

Hazelnut wood has an average calorific value of 15 MJ/kg, which is lower 
than coal and naphtha, with averages of 25 and 43  MJ/kg, respectively; 
this means that 1  L of diesel oil corresponds to 2.5–3  kg of hazelnut wood. 
Furthermore, hazelnut wood is characterized by lower volumetric mass density 
than other woods, such as beech or oak (650 kg/m3 vs. 750 kg/m3).

According to these data, hazelnut by-products could represent an 
interesting opportunity as the pruning material derived from a hectare produces 
the energy of about 500 kg of diesel oil.

The supply chain organization is fundamental: suitable machinery for 
harvest and chipping are necessary, and farmer cooperatives could represent a 
way to promote transport, storage and use at the territorial level.

A further way of exploiting pruning material and hazelnut by-products 
could be the hydrolysis of the cellulosic fraction and forming fermentable sugars 
that could be used in various processes for the production of ethanol, acetone 
and hydrogen using different microorganisms widely employed for cellulosic 
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by-products, such as corn hub, but also applied to lignin-rich products such as 
wood. Another possible application is the use of wood for the production of 
edible mushrooms after enzymatic hydrolysis.

Recent studies have developed a method for agro-forestry waste 
management that is able to provide energy in terms of syngas to satisfy the 
energy demand of farms and at the same time replace commercial fertilizer 
with the use of biochar, obtained from waste biomasses, as a soil enhancer 
(Colantoni et al., 2016; Couto et al., 2013). Char from the pyrolysis of hazelnut 
biomass shows a high carbon content (about 75%) while the solid residue, 
that is the biochar resulting from the partial gasification of char via pyrolysis, is 
characterized by a carbon content ranging from 32% up to 47% for the higher 
and lower airflow values, respectively. The physico-chemical characterization 
of hazelnut biochar has been performed to assess the quality of biochar 
according to the standards of the European Biochar Certificate, demonstrating 
the high quality of biochar obtained from hazelnut-pruning residues (Zambon 
et al., 2016).

Hazelnut shells represent about half of the harvested fruit production, 
and are usually destined for thermal energy production, or mulching, since 
the particular shape promotes soil humidity conservation and its natural 
decomposition does not cause changes in soil pH.

Over the last few years, the shells, similar to the use of woody material, 
undergo a thermal hydrolysis process with acidified water, to produce 
hemicelluloses, FOS and XOS (fruit and xylo-oligosaccharides), or short-
polymerized sugars with high nutritional interest, stimulating economic interest; 
however, these very complex processes are still under investigation (Surek and 
Buyukkileci, 2017).

Although these processes are currently still in the experimental phase, 
the large quantity of raw material available at no cost could lead to interesting 
economic and technological options.

The use of shells for heating residential and industrial spaces depends 
on a suitable calorific value (around 15–17 MJ/kg), its economy and ease of 
management and storage and commercial boilers that are available on the 
market, that is those that run on pellets. The chemical properties of the shell 
are very interesting (Table 5), as they also show a calorific value higher than the 
pellets. The application of shells and husks directly to the orchards has proved 
very useful for soil health with respect to saving moisture, preventing weeds 
and as a source of microminerals when they decay.

Furthermore, fruits not suitable for food processing could be used to 
extract the lipid and polyphenolic fractions for use in food or cosmetics; in 
addition, hazelnut oil is commonly commercialized in Turkey for its fatty-acid 
profiles classified into the oleic acid class as olive oil (Cristofori et al., 2008).
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7 �Summary and future trends
The European hazelnut is a species that contains a great amount of genetic 
diversity for climatic adaptation and resistance to pests and disease. However, 
the species is relatively poorly domesticated compared with other major fruit 
crops originating in temperate climates.

The breeding of Corylus avellana is still poor and only the OSU breeding 
programme is highly operational. Systematic exploration of the genus Corylus, 
collection in centres of diversity and germplasm exchanges between research 
centres is needed to establish ‘new-generation breeding programmes’ to 
obtain new cultivars with desirable nut and kernel traits, develop new non-
sucker emission rootstocks, generate more adaptability to drought and cold 
temperatures including non-dormant genotypes suited for subtropical areas 
and new cultivars able to resist some high-pressure pathologies.

A new trend in developing a more friendly environment and profitable 
hazelnut cultivation, characterized by a high level of mechanization and 
high-density plantations, is interesting and some new, large orchards 
which are spreading around the world accompany a very fast diffusion 
of hazelnut cultivation both in traditional and new areas. This new trend is 
shepherded by the need to create new hazelnut cultivation techniques 
to develop an agricultural equivalent of an industrial Supervisory Control 
and Data Acquisition (SCADA) system to be used for the precision farming 
of large hazelnut orchards in a scenario of ‘hazelnut cultivation 2.0’. Some 
experimental trials are being conducted with the aim of taking advantage 
of the technological advancements in the fields of robotics, remote sensing 
and big-data management, and the objective is to design integrated systems 
where a relatively limited number of heterogeneous unmanned robotic 
components (including terrestrial and aerial robots) move within the orchards 
to collect data and perform some of the most common farming operations. The 
information would be stored in central operative units that will integrate the 
data coming from the different robotic units to perform automatic feedback 

Table 5 Chemical and physical characteristics of the pruning residues and hazelnut shells for 
energetic purposes

Hazelnut-pruning wood Hazelnut shells

Yield 1.5–2.0 t/ha/year Calorific value 15.7 MJ/kg
Harvest humidity 35–40% Density 360 kg/m3

Post-harvest humidity 15–16% Density (shredded shells) 430 kg/m3

Carbon content 46–47% Humidity 5%
Calorific value 15–17 MJ/kg Ash content 2–4%
Ash content 2–3%
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actions (e.g. to regulate the irrigation system) and to support the decisions of 
agronomists and farmers.

This system could be able to acquire information at the resolution of a 
single plant and could permit a drastic increase in the detection of possible 
limiting factors for each tree, such as lack of water or the presence of pests 
and diseases affecting plant health, and to react accordingly. Compared 
with the current state of the art in precision farming, the proposed SCADA 
infrastructures could represent a relevant step ahead in the context of 
hazelnut orchard management and the main advantages of this architecture 
would be:

•• Increased hazelnut production;
•• Decreased chemical input usage;
•• Environmentally friendly water usage;
•• Simplified orchard management.
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9 �Where to look for further information
A standard introduction to the subject is in book chapter 17 by S. A. 
Mehlenbacher, Hazelnuts (see Mehlenbacher, 1991a), and in book chapter 11 by 
S. D. Sharma, Fiberts (Temperate Fruits, edited by S. K. Mitra, T. K. Bose and D. S. 
Rathore, Horticulture and Allied Publishers).

The best sources of information on hazelnut research and cultivation are 
available on the website of the International Society for Horticultural Science 
(ISHS) (http://www.ishs.org/). The Publications section contains the peer-
reviewed series of the Proceedings of the International Congresses on Hazelnut 
published in the series Acta Horticulturae (ISSN 0567-7572; https://www.
actahort.org/). The book series is under the Editorial of the section ‘Nuts and 
Mediterranean Climate Fruits’ and of the related ‘Hazelnut Working Group’.

The most important centres of expertise include:

•• Oregon State University (OSU) ‘Hazelnut Breeding Program and related 
Extension Services’ (http​s://p​lantb​reedi​ng.or​egons​tate.​edu/p​lantb​reedi​
ng/re​searc​h/haz​elnut​-bree​ding-​progr​am)

http://www.ishs.org/
https://www.actahort.org/
https://www.actahort.org/
http://http​s://p​lantb​reedi​ng.or​egons​tate.​edu/p​lantb​reedi​ng/re​searc​h/haz​elnut​-bree​ding-​progr​am
http://http​s://p​lantb​reedi​ng.or​egons​tate.​edu/p​lantb​reedi​ng/re​searc​h/haz​elnut​-bree​ding-​progr​am
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•• National Clonal Germplasm Repository: Corvallis, OR (http​s://w​ww.ar​s. 
usd​a.gov​/paci​fic-w​est-a​rea/c​orval​lis-o​r/nat​ional​-clon​al-ge​rmpla​sm-re​
posit​ory/)​

•• International Nut and Dried Fruit Council: INC and related publications 
(https://www.nutfruit.org/)

•• Hazelnut Research Institute, Giresun (Turkey) (http​s://a​rasti​rma.t​arimo​
rman.​gov.t​r/fin​dik/S​ayfal​ar/EN​/Anas​ayfa.​aspx)​

The websites include information resources and key contacts.
There are current research projects designed to support innovation in the 

hazelnut chain including:

•• ‘Precision Agriculture for Hazelnut Orchards – PANTHEON’ (H2020) (http://
www.project-pantheon.eu/)

•• ‘Safeguard of hazelnut and almond genetic resources – SAFENUT’ (AGRI 
GEN RES) (http://safenut.casaccia.enea.it/)

•• ‘Hazelnut Breeding Program’, Oregon State University (see the website 
reported in the list of centres of expertise)
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