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Shoot growth and yield of hazelnut READING
(Corylus avellana L.) and the influence ot clImate:
Ten years of observations

By A. SANTOS ANA P. SILVA and E. ROSA
Crop Science Department, University of Tnis-os-Montes e Alto Douro, 5000 Vila Real, Portugal
(e-mail: a.santos@marao.utad.pt)

SUMMARY
Plant growth and development is dependent on climate factors. Studies on the influence of climate on hazelnut
behaviour are few although it is known that yield is influenced by the annual shoot growth and length with a markedly
influence of cultivar. The Iberian Peninsula is an important region for hazelnut production. Thus, in this study we
intended to characterize under the climate conditions of the northern region of Portugal over ten years, the type of
growth and yield of four hazelnut cultivars selected according to their potential use for fresh market. The results
showed that shoot growth and yield are related with climate factors. In cv. Butler the highest yield is well correlated
with temperature, rainfall and sunshine accumulation during active shoot growth. Growth follows a S-shaped curve
characterized by three phases; a logarithmic phase, followed by a linear phase and a third phase of decreasing growth
rate. Tree spacing is of crucial influence on yield since pruning, which reduces shoot length, might have a detrimental
effect on yield.

I n the evaluation of the efficiency of a plant
system, estimates of growth are relevant features

which, when identified might be used to improve
yield. Generally, the growth of a cell, tissue, organ or
plant, means an increase in size, weight, cell number
and complexity (Salisbury and Ross, 1991), as a
result of many biochemical reactions in a dynamic
process occurring at variable rates. These mechan
isms determine daily and seasonal variations,
according to the climatic conditions such as light,
temperature, relative humidity and to the plant
physiology and nutrition. The plant reaction to
climatic stimulis is very complex, differing according
to the factors involved which may exert effects of
different strengths, throughout the year. In the
natural system plant-soil-climate, it is generally
difficult to separate effects of a particular component
on plant growth and development. However, the
effects on growth of a few environmental factors,
such as carbon dioxide and minerals for building raw
materials, light as a source of energy which also
influences morphogenesis, water supply to maintain
cell turgor, as well as oxygen and temperatures
favourable for the numerous processes involved in
growth have been well researched (Kozlowski et al.,
1991).

Increase in plant size is the fundamental char
acteristic of growth, and although not always easy to
measure, stem height, diameter or area, dry matter,
leaf area, leaf efficiency, plant volume, size and
shape, yield and productivity have all been used to
evaluate growth (Salisbury and Ross, (1991).

Despite several references on the influence of
climatic factors on plant growth and flowering,
information on the effects of climate on hazelnut
flowering and fruit set is very scarce. Thus, further
studies are required for a better understanding of the
growth and development of the hazelnut plant, and
their relationship with environmental factors, which,
combined with appropriate cultural practices might
result in higher yields.

Although environmental factors strongly affect
offshoot growth throughout the season, and its final
length, the number of female inflorescences formed
along the shoots is not constant. The percentage of
pistilate flower clusters over the total number of
buds is lower either on short or long branches,
intermediate lengths around 35 cm, showed the best
relation (Bergougnoux et al., 1978). Studies on the
cvs Fertile de Coutard, Merveille de Bollwiller and
Longue d'Espagne also showed (Barbeau, 1973) that
higher pistillate flower cluster densities were posi
tively correlated with shoots between 14 and 40 cm
long. Largestedt (1985) using cv. Fertile de Coutard
suggested that shoots produced annually with a tree
producing annually 15 to 30 cm of new wood would
form the largest flower clusters, the largest nut
clusters and the largest nuts. Thus, promoting
median to large annual growth will contribute to a
better flower differentiation, with more flowers,
increased productivity and better fruits.

Considering the effect of environmental factors on
annual shoot growth and its consequence on yield, in
this study we report changes in the annual shoot
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growth, development, yield, and the respective
influence of climate, on four hazelnut cultivars
under natural conditions throughout a ten year
period (1987-1996) in the northern region of
Portugal.

MATERIALS AND METHODS
Trial

A screening plot was set in March 1984, at Vila
Real site in the northern region of Portugal 470 m
above sea level, 41° 19'N and 7° 44'W, on a Typic
Dystrochrept silt loam soil. The regional climate is of
transition from Csb to Csa of Kopen, corresponding
to C2B'2S2b'4 transition to B2B'2sb'4 of Thornthwait
(Trewartha, 1968). The average annual rainfall is
about 1 000 mm, mainly from October to April.
Warmest months are July and August and the
coldest December/January, with average daily tem
peratures 22-23°C and 6-7°C, respectively.
According to the 31 year period (1930-1960) for
the region, annual mean sunshine is 2,613 hours, the
lowest (103 h) in December and the highest (367 h)
in July.

The plot, with 75 plants representing 11 cultivars,
was set up at a spacing of 5 x 3 m; it has been
maintained without pruning, either at the planting or
subsequently, to allow tree development as shrubs,
according to their natural habit.

From plant establishment up to the end of the first
biennium, plants received basin irrigation one or two
floods per week between June and August, being
reduced to one or two for the rest of the season.

The cvs Butler, Ennis, Fertile de Coutard and
Merveille de Bollwiller were selected for this study
as being the most adequate and generally accepted
in recent plantings for producing fruits of good table
quality and good yield.

Shoot growth
Each year, shoot growth was assessed weekly by

sampling ten long shoots on each tree, from leafing
out to post-emergence of the catkin, since this age is
known to correspond to the cessation of the active
growth period.

Annual shoot growth was analysed adjusting the
Gompertz function, f(t) =Ae-e(!3-kt\ with the fol
lowing parameters: the curve growth rate is given by
k; the asymptote A represents the maximum value of
the function; the time required to reach the inflexion
point is represented by [3/k and the extension growth
at the same point is given by Ale (Causton and
Venus, 1981). Our option for the Gompertz function
was based on the sigmoid shape and simultaneously
on the asymmetry of the curve which corresponds
generally to the growth pattern of this species which
is influenced by the interannual climatic variations
characterized by considerable growth in the first half
of the growth period with a gentle decrease
throughout the rest of the season. The dates of
beginning and end of growth were taken as inter
ception points of the tangent to the curve at the point
of maximum growth rate with x-axes ([3/k-lIk) and
the asymptote ([3/k + (e-1)/k), respectively. From
these coefficients it was estimated the beginning and
end dates of growth period (Table I).

Climate
The climate data were collected in a standard

meteorological station in the proximity of the
experimental site. Temperature (0C), rainfall (mm),
atmospheric relative humidity (%), sunshine (h) and
wind speed 2 m above ground (km/h) were analysed
separately during the period of active shoot growth
for the ten year period. These data were correlated
with the length of the active growth period and with
the annual yield.

Temperature data were arranged according to the
calculation, from the average daily values, of degree
day units using a base of 7°C. Data for rainfall
correspond to the sum of the recorded values over
each growth period. Similar procedures were used
for sunshine. Relative humidity and wind speed were
recorded daily and averaged over each growth
period.

RESULTS AND DISCUSSION
Shoot growth was measured during the active

growth period between 1 April and the end of

TABLE I
Estimated dates (day/month) for the beginning, maxImum and end of the growth periods, as well as their lengths In cvs 'Butler' (B), 'Ennis' (E), 'Fertile

de Coutard' (F) and 'Merveille de Bollwliler' (M), from 1987101996

Date of Growth Length of the
Beginning MaxImum End growth periods

Year B E F M B E F M B E F M B E F M

1987 18/4 21/4 10/4 22/4 31/5 24/5 28/5 2/6 13/8 20/7 20/8 13/8 117d 90 d 132 d 113d
1988 24/4 22/4 13/4 25/4 12/5 27/5 11/6 29/7 3/9 27/7 22/9 29/7 132d 96 d 150 d 95 d
1989 19/4 12/4 4/4 23/4 29/5 3/6 15/5 30/6 6/8 1/9 25/8 30/7 109d 142 d 124 d 98 d
1990 10/4 13/4 25/3 11/4 7/5 4/5 21/4 30/4 22/6 10/6 6/9 2/6 73 d 58 d 165 d 52 d
1991 9/4 12/4 3/4 17/4 9/5 21/5 23/5 11/5 30/6 27/6 17/8 22/6 82 d 79 d 136 d 66 d
1992 20/3 15/4 12/4 16/4 20/4 7/5 27/4 24/4 10/6 14/6 22/5 10/5 82 d 60 d 40 d 24 d
1993 6/4 21/4 2113 13/4 15/5 17/6 10/5 12/5 23/7 25/9 5/8 1/7 108 d 157 d 135d 51 d
1994 19/3 5/4 13/3 29/3 24/5 1lI5 24/3 29/4 14/9 12/7 5/6 22/6 179 d 98 d 84d 57 d
1995 29/3 1/4 27/3 30/3 30/4 5/5 20/4 2/5 27/5 6/6 25/5 7/6 58 d 66 d 59 d 69 d
1996 8/4 11/4 1/4 1114 15/5 11/5 7/5 25/5 24/6 27/6 14/5 9/6 77 d 77d 43 d 59 d
Average 7/4 13/4 1/4 14/4 13/5 19/5 6/5 22/5 17/7 14/7 23/7 27/6 102 d 92d 107 d 68 d
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Annual growth curves of the four cultivars of hazelnut dunng a ten year period (1987-96).

August for the hazelnut cvs Butler, Ennis, Fertile de
Coutard and Merveille de Bollwiller over the ten
year period (1987-96) as shown in Figure 1.

In all years, and especially in the first three, annual
hazelnut shoot growth followed a simple S-shaped
curve, which shows stern cumulative growth as a
function of time. These S-shaped curves are char
acterized by three primary phases, particularly in the
young stage of the plants (1987 and 1988),
corresponding with tree establishment, in which

there is no competition among trees. During the
first phase of shoot growth, the logarithmic phase,
there is an exponentially increase with time. The
second is the linear phase, in which the increase in
shoot size continues at a high rate for almost three
months (mid-April to mid-July). Growth during this
phase is mostly influenced by the genetic character
istics of the cultivar (Pearce, 1976), environmental
factors having a later effect. The third shoot growth
phase, characterized by a decreasing growth rate,
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Relative growth rates and annual yield of the studied cultivars during a ten year period (1987-96).
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TABLE II
Partllli correlation matrlx and coefficIents ofsIgnificance between the cltmate factors and yield and duratIOn of the growth period 11l cvs Butler, Emus,

Fertile de Coutard and Merveille de Bollwiller, from 1987 to 1996

Cultivar
Period

(lO-yr. average) ~Rainfall ~Sunshme Au humidity

Yield -0.922 0.859 0.857 -0.227
Butler *** *** *** n.s.

DuratIOn -0.850 0.907 0.960 0936
*** *** *** ***

Yield -0.465 0.823 0.21 -0.981
Enms n.s. *** n.s. ***

Duration n.s. n.s. n .s. n.s.

Yield -0.708 0.736 0.389 -0.832
Fertile ** ** n.s. ***

Duratlon -0.564 0.934 0.281 -0.886

Yield -0908 0.990 0.915 -0.982
Merveille *** *** *** ***

Duration n.s. n.s. n.s. n.s.

n S., *, **, *** Non significant or Significant at P<O.lO, 0.05 or 0.001, respectlvely, according to R2
.

starts at the end of July (around 130 d after leafing
out) and continues up to the beginning of stem
hardening,

Observations throughout the ten year period
showed that in 1987, 1988 and 1989 the relative
shoot growth rates were higher (P<O,OOl) than in the
following years (Figure 2), There were large
differences (P<O,OOI) between cultivars, with 'But
ler' showing on average, the highest relative growth
rate and 'Ennis' the lowest Nevertheless, the curve
pattern for every annual five-month period followed
a similar trend. Between 1989 and 1990, there was a
large decrease in the relative growth rate for all the
cultivars, particularly 60 d after the beginning of
shoot growth, when competition for growing factors
increased within and between the trees, particularly
after the time when metabolites began flowing more
and more to the differentiating flowers and growing
fruits. Similar findings were reported by Barbeau
(1973) using the same cultivars.

From 1990 up to the last year (1996) there was a
downward trend in growth rate due to interference
between plants resulting in competition for climate
factors. According to Santos et 01. (1994), crown
competition begins in the fifth year after planting,
there being more reduction in growth of the bigger
trees, suggesting that adequate spacing should be
needed according to different varietal crown

TABLE III
Correlation coefficients and SIgnificance between the beginmng, end and
dumtlOn of the growing periods WIth yield in cvs Butler, Enms. Fertile

de Coutard alld Mervedle de Bol/wlller, frolll 1987 to 1996

Cultivar Beginnmg End Duration

Butler -0.921 n.s. n s.
***

Ennis -0.555 n.s. n.s.

Fertile -0.485 n.S. n.s.

Merveille -0.823 n s. n.s.
***

n.s., *, **, *** Non sigmficant or significant at P<O.lO, 0.05 or 0.001,
respectively, accordmg to R2

.

volumes. Also, in the late years of our experiment,
it was observed that the spacing employed had
already induced mutual shading, particularly in cv,
Merveille which has a large canopy.

In our study, on average, annually shoot growth
ranged between 25 and 50 cm, with 42 ± 14 cm for
'Butler',40 ± 14 for 'Ennis', 33 ± 7 for 'Fertile de
Coutard' and 29 ± 13 cm for 'Merveille de
Bollwiller'.

However, such values are dependent on the
weather conditions throughout the growing season.
The curve inflection points expressed in Figure 1 are
not likely to be related to cultivars themselves
(Santos et aI., 1992), but mainly with the climatic
conditions of the current growing seasons, as shown
In Table I. These data show an important inter
annual difference either at leafing out or in the
duration of the active growing period. For instance,
it is likely that the smaller average shoot growth in
1992 and 1995,21 and 15 cm respectively, was due to
low rainfall, and consequently less water stored in
the soil. This affected cellular stem growth, the
process most sensitive to water deficit in plants,
resulting in a decrease in root and shoot growth. The
decrease in shoot length in those two years was
reflected in low yield in the two subsequent years,
1993 and 1996, respectively (Figure 2).

The influence of shoot length on yield has already
been reported by Dimoulas (1979) who suggested
keeping adult tree shoot growth at reasonable high
levels, due to more fruit setting in shoots of 15-35 cm
long.

If adult trees must be kept within the selected
spacing (5 x 3 m) throughout the economical life of
the orchard it is necessary to prune old branches in
about the same proportion as the new ones are
forming. If longer shoots are recognized to increase
yield, which according to Dimoulas (1979) and
Painter and Hartman (1957; 1958) must be up to
40 cm, then plant spacing should be increased to
avoid higher competition for environmental factors
and maintain shoot capacity to differentiate flowers.
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When analysing the partial correlation coefficients
among climate factors, yields and length of the
growing season (Table II) we noted higher cumula
tive rainfall and sunshine in the years of higher
yields. On the other hand, medium temperatures
above 7°C were highly but negatively correlated with
yield, which shows that hazelnut is better adapted to
colder than warmer climates, in agreement with
other findings (Mehlenbacher, 1991). However,
according to Latorse (1981) and Jany (1990) a
period of three days or more in June, with daily
maximum temperature higher than 21°C, is required
to improve fertilization and a reduction in blank fruit
occurrence. However other cultivars might respond
differently to temperature as noted in cv. Ennis in
which there was no correlation between yield and
temperature and sunshine, as shown in Table II.

The growing season span is dependent on both
climate and cultivar. For instance, in the early cv.
Butler which maintains a close relationship with
climate, longer growing periods are due to cooler,
rainy and humid seasons although with large number
of sunshine hours. A different trend was noted for
cvs M. Bollwiller and Ennis. When considering the
durations of the growing season of the different
cultivars, the values for 'Butler' and 'F. Coutard'
were 102 and 107 d, respectively, whilst Ennis and
Merveille de Bollwiller, (the latest cultivars because
of the late start of their shoot growth) the lengths of
the growing season were 92 and 68 d, respectively.
This observation may suggest that the latest cultivars
may be less dependent on climate, as they grow
faster.

The overall correlation analysis between climate
and yield and duration of growing season revealed
that high rainfall and sunshine, under lower tem
peratures between April and September, is likely to
induce longer shoot growing seasons and higher
yields.

On the other hand, the correlation between yield
and beginning of the growth period showed sig
nificant differences (Table III), and suggest that
when growth starts early in the season yields are
higher, probably as a result of early leaf emergence.
Since plant growth and productivity are largely
determined by the amount of carbon fixed and how
this is distributed among vegetative, reproductive,
and storage organs, which means a great dependence
on the development, performance, and behaviour of
the source-sink systems, the sooner leaves expand
the earlier they become adult and sources, thus
contributing to the supply of resources to other
developing organs (sinks) resulting in a positive
balance of photoassimilates. Thus, conditions favour
ing higher relative leaf growth rate should also
encourage relative growth rate and yield. On the
other hand, the duration and end of the growing
period did not show any significant effect on nut
yields. Since in this species pollination occurs during
the winter when there are no leaves, photoassimi
lates are not relevant at this stage however, when
growth begins by April (Table I) there is intensive
metabolic activity characterized by ovule growth
followed by the fertilization of the ovules, by rapid
fruit and shoot growth and flower differentiation.
Thus, whereas photoassimilates available at this
stage are important for earliness and yield, the
length of the growth period is more likely to
influence the amount of storage photoassimilates
later in the season which determine next year's yield.
Such a situation is reflected in the yield of either
short and long branches; in the first the amount of
storage compounds is too small to supply the
reproductive organs whilst for longer branches
there is a stronger competition between the vegeta
tive and reproductive organs. Thus, as referred by
Dimoulas (1979) branches between 15 and 35 cm will
be ideal for fruit setting and larger yields.
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