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Abstract: Pedunculate oak (Quercus robur L.) is considered the main commercial tree species in conditions 
of floodplain forests of central Europe. In the Czech Republic clear-cutting silvicultural system represents a 
prevailing regeneration method of oak stands in floodplain forest. The natural regeneration is limited only in 
stands and years with sufficient acorn production. We analysed an acorn crop periodicity and an influence of 
canopy opening to the acorn production in South Moravian floodplain forest, Czech Republic between 2008 
and 2011, The acorn crop from trees with different growth spaces in four stand conditions (closed canopy (A), 
moderate open canopy (B), open canopy (C) and single growing trees (D) with unlimited growth space was 
analysed. The amount of acorns was determined using seed traps placed under the crowns of sample trees. 
The average amount of acorns in 2009 and 2011 ranged from 13 (A) to 102 (C)/m2 and from 2 (A) 
to 124 (D)/m2, respectively. At the same time, a considerable difference was recorded in the fructi-
fication of sample trees in the various stand situations. Significant correlations were confirmed be-
tween the amount of acorns and crown size (r2

2009=0.27, r2
2011=0.07) of parent trees and their 

growth space – release area (r2
2009=0.42, r2

2011=0.25) and social area (r2
2009=0.31, r2

2011=0.26). 
The production of acorns could be affected by establishing conditions for the pedunculate oak with a mini-
mum crown projection area in adult trees of at least 70 m2 and/or with a minimum release area of 300 m2, 
it means spacing between parent trees about 10 m or 100 trees per 1 ha.
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Introduction

Pedunculate oak (Quercus robur L.) represents the 
main commercial tree species of floodplain forests in 
the Czech Republic (Poleno and Vacek 2007). The 
predominant silvicultural system applied in these 
forests is large-scale clear-felling with the subsequent 
artificial oak regeneration. Even-aged, single-storey 

stands of pedunculate oak establish dense canopies 
with narrow crowns and minimal fructification.

The pedunculate oaks begin to fructify at the age 
of 40–50 in the open and at the age of 70–80 years 
in dense canopies (Palátová 2008; Vyskot 1958). In 
the open, they fructify nearly every year while in 
stands, seed years repeat every 4–8 years (Svoboda 
1955). The reconstruction of the past seed years for 
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pedunculate oak in the Czech Republic is unclear be-
cause the oak crop was recorded cumulatively for ses-
sile and pedunculate oak together. While the sessile 
oak has shown abundant and regular crops in recent 
years, the fructification of pedunculate oak has been 
rare. In this sense, 1999 was particularly significant 
with the number of acorns in the South Moravian 
floodplain forests reaching 63/m2 (Vaňková 2004). 
Major acorn crops were also recorded in 2003 and 
2006. According to Klimo et al. (2008) the fructifica-
tion in Croatia appears periodically every 3 to 5 years 
or every 2 years (Gradečki-Poštenjak et al. 2011). 
Aussenac (1957 in Poleno and Vacek 2009) reports 
8 full and 11 partial seed years in surroundings of 
Nancy, France over 106 years during 1865–1971 peri-
ods. Different and irregular fructification periodicity 
was also confirmed for other oak species both in Eu-
rope and in North America (Shaw 1968; Koenig et al. 
1994; Bellocq et al. 2005).

Factors which conclusively affect fructification are 
site and stand conditions, crown size, tree position as 
well as climate history (Dey 1995; Klimo et al. 2008). 
Climatic factors influencing the fructification of oak 
include unfavourable temperature and precipitation 
conditions in the time of flowering and the occur-
rence of stress caused by drought or frost periods 
during previous years (Harapin et al. 1996; Koenig 
et al. 1996 and 2010; Askeyev et al. 2005). Several 
hypotheses and causes were generally discussed by 
Kelly (1994) and Koenig et al. (1994) when explain-
ing the occurrence of strong mast years in oak stands. 
The most relevant ones include the synchronized 
flowering of the majority of trees in a given locality, 
the lower adaptation ability of trees to pests and also 
the abundance of nutrients and substances required 
for the development of seeds (Sork et al. 1993; Kelly 
1994). Most authors mention a considerable variabil-
ity of oak fructification between individuals, between 
stands or different localities and between individual 
years (Crawley and Long 1995; Chalupa 1973; Matić 
et al. 1996).

A complex of harmful biotic and abiotic factors 
resulting in oak decline has been recorded across 
Europe since the end of 1980s (Oosterbaan and 
Nabuurs 1991; Gaertig et al. 2002; Čater and Batič 
2006). Apart from insect pests as secondary factors 
have technical regulations in the landscape (water-
bed regulations) led to changed water regime chang-
es in floodplains and altered the availability of the 
groundwater table especially in growing season, to 
which the pedunculate oak is particularly sensitive 
(Čater 2011; Levanič et al. 2011). One of eventu-
al consequences of these changes and the physical 
weakening of oaks may be also reduced productivity 
(Klimo et al. 2008; Pernar et al. 2009). The decrease 
of oak vitality and increased dieback could also lead 
to decreased fertility.

A commonly used practical method to induce 
the acorn production of acorns is the crown release, 
which is used like silviculture treatment in older 
stands before regeneration (Vyskot 1958; Matić et al. 
1999; Matić et al. 2003).

Seed-tree or shelterwood methods have been 
studied in North America for the northern red oak 
(Bellocq et al. 2005; Dey 1995; Dey et al. 2009). The 
positive influence of such tending focused on the re-
lease of oak crowns has been emphasized as the ba-
sic prerequisite for higher acorn productivity. Special 
attention should also be paid to the identification of 
individual trees which fructify at their middle age and 
to their promotion and release for the future (Dey 
1995; Healy 1997).

The systematic management of the crowns of par-
ent trees and the identification of fructifying individ-
ual trees appear to be the key silvicultural measure 
for increased acorn production.

The aim of our study was to evaluate if different 
growing space between pedunculate oaks affects the 
production of acorns on floodplain sites. We also 
studied acorn production in relation with different 
release rates.

Materials and methods

The surveys were conducted in forest stands with 
a dominant share of pedunculate oaks on Židlochov-
ice floodplain sites, Czech republic (49°0'N, 16°37'E) 
in altitudes ranging around 177 mamsl with the aver-
age air temperature 9°C and 550 mm annual precipi-
tation. The predominating soil type, Cambic Fluvisol 
is slightly gleyic, eubasic in double substrates with 
chernozem fossils (ca. from 160 cm) on fluvial, loamy 
up to loamy-sandy Holocene sediments. The experi-
mental stands are situated on the northern margin 
of the area. Potential vegetation type is defined as 
elm-pedunculate oak woodlands (Querco-Ulmetum) 
(Neuhäuslová et al. 1998).

Fructification intensity was monitored in three 
forest stands under regeneration stage with different 
spatial structures – different area of growth spaces 
for (oak) trees. In each stand representing the given 
stand situation, a research plot was established out 
(RP), each with five adult, socially predominating 
sample trees. The size of the research plot depended 
on the spacing distance of samples trees which was 
in average 0.5 ha. Experiment included also solitary 
trees (standards) with highest surrounding area. 
Four different stand (crown) conditions were applied 
in the study; closed canopy conditions (A) with sin-
gle-storey oak stand and dense canopy, representing 
the most common stand type of the study area, mod-
erate openness of the canopies (B), structured stand 
with two distinctive storeys and moderately open up-
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per storey, open canopy conditions (C), a single-sto-
rey stand as described in (A) with wider openings 
made in 2005 and (D) remnants, single trees with 
highest growth space and with released crowns that 
have been growing in open before the start of exper-
iment. All studied stands were situated on the same 
site and the distance between research plots them did 
not exceed 800 m. Plot characteristics with spatial and 
environmental indicators are presented in Table 1.

Competition indicators were derived from the cen-
tral, predominating tree being as the sample tree and 
surrounding competitors affecting the crown condi-
tions and the development of the central tree except 
for the remnants (D). Mensuration parameters of 
sample tree were presented as the average values for 
each variant (Table 2).

Fructification of the sample trees was monitored 
from 2008–2011. In 2008 and 2010, none or insignif-
icant amount of crop had been recorded, so no data is 
presented. Crop abundance in 2009 and 2011 was de-
termined by the use of seed traps (round wire hoops 
with collection sacks) whose circular trap area was 
0.25 m2 (r = 0.28 m). Traps was placed about 0.5 m 
above ground of the soil. For each of the five mon-
itored trees in each stand conditions (A, B, C, D), 
five seed traps were used in a linear arrangement, in 
random azimuth direction from the stem foot to its 
projected crown edge. The direction was chosen with 
respect to the neighbouring trees (to prevent acorns 

falling of neighbouring trees). All seed traps were in-
stalled on the research plots in September 2009 and 
August 2011. Acorns were collected at regular inter-
vals of 1–2 weeks. The amount of collected acorns 
was expressed as the amount of seeds per square m 
(N°/m2) of projected crown with respect to variant.

The “1000 seeds weight” (TSW) was measured 
and also the germination capacity of acorns harvested 
in the respective stand situations was tested accord-
ing to the Czech National Standard (2006) – using 
4 × 50 seed for all test. Because of the insufficient 
amount of acorns in treatment (A), the germination 
capacity could not been evaluated, while for the oth-
er stand conditions germination capacity test was es-
tablished with acorns harvested between 16 Aug.–6 
Sept. 2011, 7–20 Sept. 2011, 21 Sept.–4 Oct. 2011 
and 5 Oct.–2 Nov. 2011. Damage to the seeds was 
analysed accordingly with the test of germination ca-
pacity. Seeds classified as damaged were acorns af-
fected evidently more than 50% by insects, fungi or 
rodents.

To evaluate differences between the individual 
experimental stand conditions non-parametric Man-
n&Whitney and the Kruskall-Wallis tests was applied 
for the multiple comparisons. Correlations were es-
tablished by Spearman correlation coefficient using 
simple linear regression. All statistical analysis was 
performed with Statistica 10 software.

Table 1. Basic research plot parameters

Stand con-
ditions dbh [cm] h [m] hcb [m] Ac [m2] dn [m] V [m3ha–1] G.ha–1 

[m2ha–1] sd Cc [%]

A 52.4 34.4 22.6 50.2 5.48 674.45 47.90 1.05 111

B 46.2 28.8 17.8 54.1 6.14 349.26 29.35 0.68 100
C 53.2 29.9 16.3 74.9 7.98 299.09 23.82 0.48 76

A closed canopy, B slight openness, C wide openness, D remnants, dbh breast height diameter, h tree height, hcb height of the crown base, 
Ac projected crown area, dn average distance to the nearest neighbour, V total volume, G total basal area, sd (V/Vtable) stock density, Cc 
(ΣP/area of RP) canopy closure

Table 2. Experimental tree parameters (median and ± S.E.) and statistical difference for the number of acorns and 1000 
seed weight between 2009 and 2011

Stand 
situations

Number
of trees dbh [cm] Ac [m2] Asoc [m2] Arls [m2] Acorns (pcs.m–2)

2009 2011
p-value 1000 acorn

weight – TSW(g)
2009 2011

p-value

A 5 50.9
± 2.7

48.1
±12.8

33.9
±7.9

170.8
±39.5

13±13 2±3 0.0002 2357.2±
1228.8

1146.8±
1193.7

0.1658

B 5 50.1
±4.8

70.8
±22.2

90.5
±25.6

308.3
±77.9

102±50 75±88 0.0005 3191.6±
833.8

2115.8±
498.2

0.0216

C
5

61.0
±7.3

101.2
±24.0

146.5
±18.1

501.4
±105.8

118±56 88±60 0.1429 3341.0±
999.7

2760.2±
714.1

0.2159

D
3

68.7
±3.3

128.6
±20.0

– – 102±60 124±118 0.8846 4527.7±
1011.1

2637.7±
726.5

0.0113

A closed canopy, B slight openness, C wide openness, D remnants, dbh breast height diameter, Ac crown area, Arls release area (median 
d2*π), d distance (sample tree-competitor distance), Asoc social area (median dsoc

2*π, dsoc = d × [Gcentral tree/ (Gcentral tree+Gcompetitor)]) (Čermák 
et al. 2006), p-value: Mann&Whitney test at α = 0.05
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Results
The sample trees in same stand conditions had 

comparable height of the crown setting. The largest 
at breast height diameter (dbh) was recorded in rem-
nant trees (D), and was significantly different only 
from the stand conditions (B). Single trees had also 
the widest crown projection areas, which different 
only between the categories of dense canopies (A). 
The largest release area and social area were found 
under stand conditions C (significant difference con-
firmed between A and B). Trees with a larger growth 
space had larger crown projection areas indicated big-
ger radial increment (Table 2).

The average number of acorns from analysed 
stands in 2009 and 2011 was 82/m2 and 66/m2, re-
spectively. The lowest values (number of acorns) 
were found under fully closed canopy (A). Bigger 
number of acorns in 2009 and 2011 were recorded 
under open canopies (C) with 118 /m2 and under sin-
gle trees (D) with 124/m2 (Table 2).

The positive correlation between acorn abundance 
and canopy openness closely corresponds with the 
positive correlation between the amount of acorns 
and release rate individual sample trees (Fig. 2, Ta-
ble 3). Statistically positive correlations were con-
firmed between the total crop of seeds and the size of 
growth space expressed by the social area and by the 

Fig. 1. Regression relations – dependency of the number of acorns (pcs/m2) on diameter at breast height (dbh), crown 
projection (Ac), social area (Asoc) and release area (Arls) for oaks of all stands conditions in the years 2009 and 2011

Fig. 2. Number of acorns (pcs/m2) according to the growth parameters (crown projection-Ac, release area-Arls) of sample 
trees (Quercus robur L.) Židlochovice (2009 and 2011)
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release area or the size of projected crown area below 
individual trees. Abundant crops (over 50 acorns/
m2) were evidenced under trees with the Arls growth 
space larger than 300 m2 or with the size of crown 
projection area and social (territorial) area bigger 
than 70 m2 (Fig. 1, 2). The least significant studied 
parameter between different canopy conditions was 
the number of acorns per dbh.

The repeated crop assessment revealed a varied 
predisposition of individual trees to fructification. 
Figure 2 shows that some sample trees fructified 
in both mast years and surpassed the production of 
acorns by all other sample trees in the given stand 
conditions, while others produced either a very low 
or no crop.

Compared to 2011, 2009 exhibited bigger total 
number and a higher “1000 seed weight”. While the 
average value in 2009 was 3407 g, in 2011 it was 
2329 g. Increasing median values of this parameter 
with the stand opening (Table 2) are apparent also in 
the case of “1000 seed weight”. The lowest values in 
both years were recorded under fully closed canopy 
(A). Statistically significant differences in 1000 seed 
weight were found only between conditions A and C 
in 2009 (Table 4).

An assessment of the dynamics of the fall and 
quality of acorns in 2011 (Fig. 3) indicates that the 
number of acorns was high and their quality was low 
at the beginning of the fall. By contrast, at the end of 
the fall in October, the damage to acorns was low and 
germination capacity increased from 13 (D) – 36 (C) 
% to 60 (D) – 85 (C) %.

The differences between the variants in the num-
ber of acorns and their damage have also reflected in 
the total amount of germinable seeds at the end of 
the fall (Table 4 and 5). In 2011, the highest num-
ber of germinable seeds (38/m2) was detected under 
open canopy conditions. Under solitary trees with 
the highest number of acorns (124/m2), severe dam-
age resulted in reduced the number of germinable 
seeds to 30/m2. Under moderate canopy openness 
with a total number of 75/m2 reached 27 germinable 
seeds/m2. Statistically significant differences were 
found between wide open canopy conditions (C) and 
remnants (D) in term of percentage of acorn damage 
and between wide open (C) and slight open canopy 
conditions (B) in term of acorn germination capacity.

Differences between canopy conditions reflected 
also in the acorns distribution under the sample trees. 

Fig. 3. Acorn fall dynamics (pcs/m2), damage (%) and germination capacity (%) sampled oak trees in 2011 for different 
stand conditions (A closed canopy, B slight openness, C wide openness, D remnants)

Table 3. Spearman correlation and regression parameters 
for the dependency between acorn abundance and the 
breast height diameter (dbh), crown size (Ac), social 
area (Asoc) and release area (Arls) for oaks of all stands 
conditions in 2009 and 2011

dbh Ac Asoc Arls

Acorns 
crop
2009

α –97.28 –2.81 3.33 4.83
β 3.24 1.10 0.82 0.22

rsprm 0.23 0.48 0.74 0.70
R2 0.14 0.27 0.42 0.31

p-value 0.001** *** *** ***

Acorns 
crops
2011

α 9.80 8.9 –9.43 –20.63
β 0.84 0.63 0.71 0.23

rsprm 0.16 0.39 0.71 0.73
R2 0.01 0.07 0.25 0.26

p-value 0.470 0.023* *** ***

P-value (F-test): 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘

Table 4. Comparison stands conditions in acorns crop pa-
rameters between years 2009 and 2011 

Com-
parison

Acorn crop “1000 seed 
weight” (TSW)

of acorns 

Acorn crop
2011

2009 2011 2009 2011 Dam-
age

Capable of 
germination

A–B + + – – N N

A–C + + – – N N

A–D + + + – N N

B–C – – – – – +

B–D – – – – – –

C–D – – – – + –

A closed canopy, B slight openness, C wide openness, D remnants, 
N not analysed, + significant differences, – non significant differ-
ences, K-W test α = 0.05
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While the variants with a higher degree of release 
(conditions C and D) exhibited the biggest number 
of acorns under the central part of the crowns, the 
density of seeds in variant B did not change and was 
more or less equal (Fig. 4).

Discussion

A basic prerequisite for successful natural regen-
eration is a sufficient amount of quality seeds (Vin-
cent 1965; Smith 1986) in to-be-regenerated parent 
stand. Poor and rare fructification of pedunculate 
oaks in floodplain forests increase the need for the 
regeneration by sowing or planting. A commonly 
used method in practice to increase and stimulate 
the fructification of forest trees is stand opening 
with direct purpose to releasing the quality crowns 
of vital trees in the dominating layer. The opening 
should start in the early stages of stand development 
(Matić et al. 1999; Klimo et al. 2008). Apart from the 
corresponding stand structure, mature stands must 

have sufficient number of vital individuals with wide, 
healthy and unobstructed crowns (Dey 1995; Matić 
et al. 1999).

The beneficial influence of stand openings on 
the production and quality of acorns has been con-
firmed by our survey. The production of acorns from 
the sample trees in the respective stand conditions, 
which significantly differed from the lowest acorn 
abundance recorded below fully closed canopy (A). 
In 2009, the crop from this stand was nine times low-
er than the crop from the stand in which the canopy 
area was reduced to 1/2 (C). Compared to the other 
stand conditions, the 2011 crop from the fully closed 
canopy (2 acorns per square metre) was negligible.

Studies of red oak (Quercus rubra) from North 
America are also in accordance with our results. The 
beneficial influence of stand opening on the produc-
tion of acorns was reported by Healy et al. (1999), 
who recorded over an average abundance of acorns 
in an open red oak stand at 18/m2 a period of eleven 
years (1986–1996), while in the closed part of the 
stand was abundance reached only 13.5/m2. At the 
same time, a crop over 10/m2 was recorded by the 
authors below the closed canopy conditions three 
times during the studied period, and six times in the 
open. By contrast, Bellocq et al. (2005) observed in-
conclusive differences in the production of red oak 
acorns on the control plot and on the plot with a 50% 
canopy reduction. Nevertheless, the crop was eval-
uated immediately after the implemented measure 
when the corresponding response of tree fructifica-
tion could not yet be expected.

Some older studies on the European beech in 
which e.g. Markus (1959 in Burschel et al. 1964) re-
corded a crop of beech nuts that was more abundant 
at stand margins as compared with conditions below 
dense stand. Diasporas from trees occurring nearer 
the stand margin had greater weight and germina-
tion capacity. A more abundant crop was detected in 
stands with a crop density of 0.5–0.6 as compared 
with those where crop density was 0.8–0.9. At that 
density, the northern faces of tree crowns showed a 
less abundant crop (41%), but better quality of the 
seeds than on the southern faces of the crowns. The 
beneficial effect of the release of trees on the pro-
duction of acorns was also apparent in the compar-
ison of individual sample trees with no regard to 
the stand situation. In our survey, the abundance of 
the crop of pedunculate oak acorns significantly and 
closely correlated to the available growth space of 
the parent tree (see Fig. 2). Our research generally 
acknowledged empirical knowledge that dominant 
trees, grown with standards and marginal trees gain 
more heat and light (Korpeľ et al. 1991) and have 
better dispositions to fructify more frequently and 
abundantly than trees of lower tree classes and trees 
inside a dense stand conditions (Vincent 1965). Fruc-

Table 5. Acorn crop characteristics in different stand con-
ditions (2011) 

Stand
conditions

Acorn crop 2011

Total
(pcs.m–2)

Healthy
(pcs.m–2)

Capable of 
germination

(pcs.m–2)

A 2 / /

B 75 35 27

C 88 49 38

D 124 45 30

A closed canopy, B slight openness, C wide openness, D remnants

Fig. 4. Number of acorns (No/m2) under sampled trees of 
different stands conditions (A closed canopy, B slight 
openness, C wide openness, D remnants) in 2011
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tification can be positively affected by the long-term 
continual and consistent support of crown forming 
through thinning measures and during regeneration 
felling (Klimo et al. 2008; Matić et al. 1999). The 
phenomenon is physiologically related to tree nutri-
tion. The number of produced flower primordia is 
proportional to the amount of supplied assimilates. 
If the production of assimilates is low, the buds es-
tablished in the following year are likely to be main-
ly vegetative. The amount of assimilates needed for 
reproduction is considerable (ca. 20% in beech). In 
this way, tree nutrition and fertility can affect the in-
crement of wood and the frequency of tree flowering 
(Larcher 1988).

The repeated assessment of fructification demon-
strated a considerable variability in the fertility of 
sample trees in studied stand conditions. Poor fruc-
tification of some individuals with desirable growth 
parameters may be fixed genetically and their find-
ing and removal from the stand should be part of any 
targeted management of such stands (e.g. Dey 1995; 
Healy et al. 1999).

Conclusion and recommendations 
for silvicultural practices

Pedunculate oak (Quercus robur L.) trees grown 
in even-aged monocultures on floodplain sites are 
characterized by poorly developed crowns and small 
growth space. This consequently results in poor seed 
production; the suitable solution may be the regener-
ation with sowing/planting with applied clear-cutting 
silvicultural system. The timely release at middle ages 
of targeted pedunculate oak trees which would pro-
vide with sufficiently developed crowns (min. ground 
projection = approximately 70 m2) and growth space 
reaching at least 300 m2 (distance separation of ca. 10 
m) could significantly increase crop abundance. The 
management of mature stands should also include 
the identification of fructifying oak individuals and 
their promotion through silvicultural measures.
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