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Abstract: The objectives of this study were a) to analyze the growth of seed origin saplings and young 
stump sprouts, emerged from small dimension stumps that were established and grew under different 
shade and site conditions in low elevation Fagus sylvatica L. s.l. stands, which are located in northeastern 
Greece, and b) to examine whether those stump sprouts can be incorporated in the regeneration process 
of beech stands growing in analogous marginal, for the species conservation conditions. Fifty-six seed and 
sprout origin saplings were cut. The sprouts had emerged from stumps having a basal diameter lower than 
7 cm. For each of the 56 saplings, the mean annual height increment was calculated, dividing the height 
of the sapling by the age of its base. The different shade regimes were determined using hemispherical 
photography. Sprouts, which grew in deep shade in both site types, and in the moderate shade in medium 
productivity sites, exhibited height growth analogous to seed origin plants growing under moderate and 
deep shade in good productivity sites, and under moderate shade in medium productivity sites. Moreover, 
even though it is of no practical significance, stump sprouts that were established and grew under mod-
erate shade in good productivity sites, showed higher height growth rates than all the other (compared) 
categories of seed and sprout origin saplings. Consequently, sprouts can be used in various types and forms 
of shelterwood silvicultural systems where regeneration plants are established and grow under shade con-
ditions. A few years after the emergence of sprouts, as regeneration cuttings proceed through the gradual 
removal of the mother trees, sprouts will probably exhibit high growth rates as a result of the improved 
light conditions and their pre-existing root system.
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Introduction

Sprouting is a plant trait that enables ecosystems 
to confront disturbances (Peterson & Pickett, 1991; 
Masaka et al., 2004; Milios et al., 2014; Pausas et 
al., 2016; Batziou et al., 2017). It is strongly related 

to species persistence in a site against the new con-
ditions created by disturbances (Bond & Midgley, 
2001; Papalexandris & Milios, 2010). For this reason, 
sprouting ability has been proposed as a tool for the 
conservation of ecosystems against climate change 
(Milios, 2010; Sjölund & Jump, 2013). There are 
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species that regenerate using both sprouts and seeds 
(Kozlowski, 2002). Fagus sylvatica L. s.l. is one of them 
(Papalexandris & Milios, 2010; Cullotta et al., 2015; 
Leonardsson & Götmark, 2015; Cullotta et al., 2016).

Fagus sylvatica is a species that is susceptible to 
drought and will possibly retreat from many areas as 
a result of climate change (Packham et al., 2012; Pe-
nuelas et al., 2007). Papalexandris and Milios (2010), 
studying low elevation beech stands in northeast-
ern Greece, reported that sprouting can support the 
maintenance of beech stands, and proposed the us-
age of seedling sprouts in the silvicultural systems 
applied in the area. However, beech can have a multi–
stemmed form as a result of extreme ecological con-
ditions (Cullotta et al., 2015; Cullotta et al., 2016), 
it also has the ability to produce stump sprouts after 
tree cutting (Papalexandris & Milios, 2010; Leon-
ardsson & Götmark, 2015). This ability is not limited 
to young ages (seedling and saplings) but continues 
for the first decades of the tree life. Thus, in many 
areas of southern Europe, the coppice system was 
used in beech stands mainly in the past (Bartha et al., 
2008; Mariotti et al., 2017, Chianucci et al., 2016). 
The rotation of these coppices in some areas of Italy 
reached 27 to 30 years (Bartha et al., 2008; Chianucci 
et al., 2016). Fagus sylvatica trees with rather large di-
mensions can also sprout. According to Leonardsson 
and Götmark (2015), the mean diameter of more or 
less shaded living beech stumps, 9 years after thin-
ning was between 35 and 40 cm. However, the living 
sprouts were few.

Rot can enter to sprouts from the mother stumps, 
but this risk is not the same for all species (Oliver 
& Larson, 1996; Smith et al., 1997). In coppices, in 
order to avoid the spread of decay from the mother 
stump to the new sprouts, the stump must be cut 
at a low height and the cut surface has to be prop-
erly shaped (Dafis, 1992). According to Smith et al. 
(1997), even though in some cases trees that come 
from sprouts are not straight, sprouts that emerge 
from small stumps having a diameter less than 5 cm 
(seedling sprouts) tend to be straighter than seed-
lings since these sprouts overcome faster the zone of 
height where deformities are usually created. Moreo-
ver, in these sprouts, the risk of the heart rot expan-
sion from the stump to the new sprout is considera-
bly reduced (Smith et al., 1997).

Sprouts (from stumps and roots) generally show 
higher growth rates than seedlings (Kennard et al., 
2002; Farahat & Lechowicz, 2013). However, there 
are no research results on the growth of sprouts 
emerging from small dimension stumps of F. sylvati-
ca under shade. Moreover, the growth superiority of 
stump sprouts, compared to that of seedlings, has 
not been investigated under shade for F. sylvatica. 
The knowledge of height growth competitiveness of 
stump sprouts that emerge from small dimension 

stumps against seed origin regeneration plants will 
be one of the basis for the development of special 
silvicultural treatments for the regeneration of beech 
stands. These treatments will be necessary for the 
conservation of F. sylvatica in marginal areas of the 
species range.

The aims of this study were: a) to analyze the 
growth of seed origin saplings and young  stump 
sprouts that emerged from small dimension stumps, 
under different shade and site conditions in low ele-
vation F. sylvatica stands in northeastern Greece and 
b) to recommend silvicultural treatments for the 
incorporation of stump sprouts in the regeneration 
process of beech stands, which are growing in analo-
gous ecological conditions.

Materials and methods
Site characteristics

The present study was conducted in an area of 
196 ha that is covered by uneven-aged low elevation 
Fagus sylvatica s.l. stands where Quercus pendunculiflora 
appears in the form of sparsely scattered individuals. 
In part of the area, there is a mixed formation of F. 
sylvatica – Q. pendunculiflora in the form of groups of 
trees (Milios & Papalexandris, 2008; Papalexandris & 
Milios, 2010). The elevation of the study area ranges 
from 475 to 700 m a. s. l. (41°09'N, 26°03'E), the 
soils are sandy to sandy-clay, while the parent mate-
rial is gneiss. According to the closest meteorological 
station, the annual precipitation has an average of 
934.71 and the mean annual temperature is 12.56 °C 
(Iloriki, 2006). The dominant slopes are 5–20% and 
there is a high variability in soil and micro topog-
raphy conditions, resulting in changes of site condi-
tions at rather small spatial scales.

The beech stands exhibit an irregular and une-
ven-aged structure (Papalexandris & Milios, 2009). 
In the area where F. sylvatica dominates, the stand vol-
ume ranges from 304.9 to 313.6 m3 (Iloriki, 2006). 
Low intensity thinnings and regeneration fellings 
have been made in the past decades in the area. The 
last silvicultural treatments (thinnings or cuttings) 
were made 7 and 9 years (in different parts of the 
study area) before the data acquisition period (see 
also Milios & Papalexandris, 2008).

Seed origin regeneration is the predominant form 
of regeneration. However, sprouts represent a signif-
icant part of regeneration plants in medium produc-
tivity sites. The sprouts are stump sprouts (emerged 
mostly by small dimension stumps) and root sprouts. 
The stump sprouts are mainly the result of the cut-
ting of small dimension trees (seedlings and sap-
lings). For more detailed information for the study 
area see Papalexandris and Milios (2010).
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Methods
During the summer of 2007, in the frame of a 

study regarding the influence of shade and site on 
the seedling density (see Milios & Papalexandris, 
2008), 180 points were randomly selected in the F. 
sylvatica stands. Ninety of them were selected in me-
dium productivity sites, and 90 in good productivity 
sites. The points were selected both in areas where 
regeneration cuttings and thinnings were applied.

In order to characterize the site productivity of a 
small area, the approach of Papalexandris and Milios 
(2010) was followed. In particular, the shape (con-
cave or convex) of the terrain as a total soil depth 
surrogate, the location on the slope, the surface soil 
depth where organic matter was intermingled with 
inorganic soil, and the occurrence of a source of wa-
ter in the vicinity (stream) were used (Dafis, 1986; 
Barnes et al., 1998; Milios, 2004; Adamopoulos et al., 
2009). Two site productivity site types were distin-
guished. Site type A represents the good productivity 
sites and site type B represents the medium produc-
tivity sites. The concave terrain, as well as the lower 
part of the slope, represented good productivity sites. 
Moreover, in cases that there were doubts regarding 
the site productivity classification, resulting from the 
topographical characteristics, the surface soil depth 
where organic matter was intermingled with inor-
ganic soil and the occurrence of a source of water in 
the vicinity (stream) were used as the main factors 
for site productivity determination. Papalexandris 
and Milios (2010) found a soil depth up to 30 cm in 
site type B and of over 40 cm in site type A.

The shade conditions were determined using 
hemispherical photography. In each point, we took 
hemispherical photograph at a height of 1.5 m with 
a Nikon Coolpix 900 digital camera with fisheye lens 
(180° field of view) and a self–leveling mount. The 
photos were taken during August of 2007 under a 
clear sky after sunset or before sunrise. Photos were 
processed with the Hemiview software (Delta T De-
vices, Cambridge, UK). For each photo, the Visible 
sky (Vs) value was calculated (see also Milios & Pa-
palexandris, 2008). Visible sky is the part of the sky 
that is visible as the ratio of the entire hemisphere 
when it is viewed from a single point (Hale, 2001). 
Visible sky (or Gap fraction or canopy openness) is 
a useful index that is related to the light reaches a 
point (Jennings, 1999; Hale, 2001; Montgomery, 
2004). The reason for which the Visible sky index 
was selected as a measure of shade was that it gives 
information regarding growth conditions of regener-
ation plants and based on that, manipulations of the 
canopy can be made (see Jennings, 1999).

A classification of all photos was made based on 
their Vs. For each one of the two site types, 10 photo-
graphs with Vs value lower than 0.08, and 10 with a 

value being higher than 0.08 and lower than 0.2 were 
selected. The selection of photos was made in order 
for the photographs of site type A with Vs<0.08 to 
have more or less the same mean Vs value with the 
photographs of site type B with Vs<0.08 (Table 1). 
The same process was followed for the photographs 
with Vs values between 0.08 and 0.20. The adoption 
of those limits was based on the range and the dis-
tribution of the taken photos in order to have two 
groups of photographs that represent two different 
conditions (degrees) of shade. Moreover, other pre-
requisites for the selection of a photo were to had 
been taken in points: a) that were under rather ho-
mogenous canopy and b) where there were seed ori-
gin saplings and stump sprouts up to 1.5 m in height 
in the vicinity.

For each of the forty aforementioned selected 
photos, a circular plot having a radius of 2.5 m was 
established. The center of the plot was the point 
from which the photo was taken.

For each plot, the site characterization was con-
firmed by the determination of the soil depth. The 
plots of site type B had a soil depth up to approxi-
mately 30 cm, while the plots of site type A had a 
soil depth of over 40 cm (see also Papalexandris & 
Milios, 2010).

From each plot, two seed origin saplings and 
two stump sprouts up to approximately 1.50 m in 
height were cut, in the context of another study re-
garding the growth of saplings. These saplings had 
to be robust and taller compared to their competitors 
(if there were any). Moreover, the sprouts had to be 
emerged from stumps having a basal diameter up to 
7 cm. The upper limit of a mother stump diameter, 
in order a sprout to be selected, was set to 7 cm, 
since the stump dimensions influence the growth of 
sprouts (Oliver & Larson, 1996; Lockhart & Cham-
bers, 2007; O’Hara, 2014). As a result, a great range 
of mother stump dimensions could influence the re-
sults of a study on sprout growth. However, in the 
established plots, all the robust sprouts up to 1.50 m 
in height emerged from stumps having a basal diam-
eter lower than 7 cm.

In the plots where there were more than two 
saplings in an origin category (seed origin or stump 
sprout) that fulfilled the selection prerequisites 
(height, stump basal diameter for sprouts, robust-
ness, taller than their competitors), the saplings of 

Table 1. Characteristics of the selected photos

Classification of photos
Visible sky

N
Mean S. D. Min Max

S. type A Vs <0.08 0.058 0.013 0.039 0.077 10
S. type B Vs <0.08 0.054 0.010 0.033 0.066 10
S. type A 0.08< Vs <0.20 0.111 0.031 0.081 0.183 10
S. type B 0.08< Vs <0.20 0.108 0.015 0.93 0.146 10

S.D. – standard deviation.
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this category were randomly selected. However, in 
almost all cases the four saplings that were cut (two 
seed origin and two stump sprouts) were the only 
saplings that fulfilled the selection prerequisites. The 
height of the sprout origin saplings was measured at 
the point where the sapling arose from the mother 
stump. In each sapling, a cross section was cut at their 
base. All cross sections were sanded and the number 
of annual growth rings was counted in each section.

In the frame of the present study, the selected 
saplings that a) were in a distance up to 1.8 m from 
the point where the photo was taken, and b) had es-
tablished in the year or in the next year from the time 
when the last silvicultural treatment had taken place, 
were considered that were established and grown 
under the same light conditions. In total, 56 of the 
cut seed and sprout origin saplings fulfilled the above 
mentioned prerequisites (distance from the point of 
photo and time of establishment). The age of those 
saplings ranged from seven to ten years.

The saplings that were established near the point 
where the Vs values (calculated from the photo taken 
from each point) were lower than 0.08, were con-
sidered that have been established and grew under 
deep shade conditions. On the contrary, the saplings 
that were established near the point where the Vs 
values were between 0.08 and 0.2, were considered 
that have been established and grew under moderate 
shade conditions. Thus, the 56 saplings were clas-
sified in eight categories: These were 1) saplings of 
seed origin growing under moderate shade in site 
type A, 2) saplings of sprout origin (stump sprouts) 
growing under moderate shade in site type A, 3) sap-
lings of seed origin growing under deep shade in site 
type A, 4) saplings of sprout origin growing under 
deep shade in site type A, 5) saplings of seed origin 
growing under moderate shade in site type B, 6) sap-
lings of sprout origin (stump sprouts) growing under 
moderate shade in site type B, 7) saplings of seed or-
igin growing under deep shade in site type B, and 8) 
saplings of sprout origin growing under deep shade 
in site type B.

For each of the 56 selected saplings the mean an-
nual height increment (MAHI) was calculated divid-
ing the height of the sapling by the age of its base 
(Husch, 1982).

Statistical Analysis

Tree MAHI data of the different sapling categories 
were compared using the Duncan test, since the data 
followed the normal distribution and exhibited ho-
mogeneity of variances (Illowsky & Dean, 2008). The 
seed origin saplings that were established and grew 
under deep shade in site type B were not included in 
the comparison, since only two of the saplings that 
were cut belonged to that sapling category.

Results

The mean MAHI of the seed and sprout origin 
saplings that were established and grew in the dif-
ferent shade conditions in the two site types ranged 
from 11.02 cm, in seed origin saplings that grew in 
moderate shade in site type B, to 13.56 cm in sprout 
origin saplings that grew in moderate shade in site 
type A (Table 2). Almost all sprout origin saplings 
emerged from stumps having a diameter of lower 
than 5 cm.

The sprout origin saplings growing under mod-
erate shade in site type A had the highest MAHI 
(p<0.05), compared to the rest six categories of sap-
lings. On the other hand, there were no differences 
among the other categories of seed and sprout origin 
saplings (Table 2).

Discussion

The shade regime that created unfavorable growth 
conditions, probably led to low growth rates and to 
absence of MAHI differences (p>0.05) among the 
(compared) categories of the seed origin plants (Table 

Table 2. Mean MAHI of saplings of different origin, growing in different combinations of site productivity and shade 
conditions

Categories of saplings
MAHI

Mean MAHI (cm/year) S.D. N
Seed origin saplings growing under moderate shade in site type A 11.21b 0.485 5
Sprout origin saplings growing under moderate shade in site type A 13.56a 0.767 11
Seed origin saplings growing under deep shade in site type A 11.67b 1.330 5
Sprout origin saplings growing under deep shade in site type A 11.47b 0.892 4
Seed origin saplings growing under moderate shade in site type B 11.02b 1.442 6
Sprout origin saplings growing under moderate shade in site type B 11.15b 1.267 12
Sprout origin saplings growing under deep shade in site type B 11.14b 1.609 11

Means followed by a different letter are statistically different for P <0.05.
S.D. – standard deviation.
MAHI – mean annual height increment.
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2). According to Collet et al. (2001), the reduced 
growth of beech seedlings under low light conditions 
in combination with their capacity to survive under 
such harsh conditions, gives the ability of young and 
old seedling coexistence in a regeneration patch.

Growth of stump sprouts is influenced by a com-
plex combination of factors. The first period after the 
time of stump sprout emergence, the height growth 
of sprouts is supported by the movement of photo-
synthesis products from the stump and the preexist-
ing root system (Wilson, 1968; Kennard et al., 2002). 
Moreover, after the depletion of the carbohydrate re-
serves of the sprouting system, the preexisting root 
system can provide more water and nutrients to the 
sprout as a result of its larger size (Kennard et al., 
2002). According to Lockhart and Chambers (2007), 
the high early height growth of stump sprouts grad-
ually decreases over time, as sprout dimensions and 
root system comes into balance. The above-men-
tioned stump sprout traits probably contributed to 
the higher MAHI (p<0.05) that was exhibited by the 
sprouts, growing under moderate shade in site type 
A, compared to the other sapling categories (Table 2).

The dimensions of the parent tree may have a 
negative effect in the cumulative growth of sprouts if 
a rather small photosynthesis production of sprouts 
has to maintain respiration of a mother root system 
having large dimensions. This possibly can result in 
lower amounts of energy available for sprout growth 
(Peterson & Picket, 1991; Masaka et al., 2004). In the 
present study, the mother trees of the sprouts had 
small dimensions, as a result, the respiration needs 
of the mother root systems are considered rather low.

The absence of a (practically) high height growth 
(MAHI) difference between sprouts growing under 
moderate shade in site type A and the other (com-
pared) seed and sprout origin saplings, was the re-
sult of the low light environment. After the deple-
tion of the carbohydrate reserves of the preexisting 
root system and the stump, which supported sprout 
growth, the root system had the ability to provide 
more water and nutrients to the sprouts. In addition, 
the respiration needs of the root system were prob-
ably low. However, stump sprouts did not exhibit 
rapid height growth. Shade conditions reduced the 
photosynthetic production of sprouts and, thus, their 
ability for high height growth rates. Only in the fa-
vorable site conditions of site type A, under the mod-
erate shade conditions, sprouts managed to exhibit 
higher height growth rates, compared to seed origin 
saplings (p<0.05). On the contrary, in the harsher 
conditions created under deep shade in site type A, 
and in the two shade regimes of site type B, sprout 
origin saplings did not show higher MAHI than the 
categories of seed origin saplings that grew under the 
two shade regimes in site type A and under moderate 
shade in site type B (p>0.05) (Table 2).

Light conditions seem to influence the growth per-
formance of other species sprouts too. Lockhart and 
Chambers (2007) reported that, after a plantation 
thinning, as light is reduced a lower height growth 
of Quercus pagoda stump sprouts should be expected. 
O’Hara et al. (2007) mentioned that, the light con-
ditions following cuttings and the existing reserves 
at the time of cutting, have a significant effect in the 
vigor of the sprout clumps of Sequoia sempervirens. As 
time from the year of sprout emergence passes, light 
conditions become the factor that determines the 
growth of sprouts (O’Hara & Berrill, 2010).

The height growth of sprouts that grew under 
moderate shade in site type A cannot be consid-
ered very low, since it was not much lower from 
the growth of the nine years old F. sylvatica sprouts 
that emerged after a conservation thinning in Swe-
den (Leonardsson & Götmark, 2015). Those sprouts 
grew under more favorable light conditions than 
the saplings of the present study and emerged from 
stumps having larger dimensions. Moreover, Milios 
et al. (2012) reported that more than 95% of the seed 
origin saplings, having an age of between 5 and 44 
years, which were established under an open canopy 
in medium productivity sites in northeastern Greece, 
had a MAHI lower than 20 cm/year.

Another factor that probably affected sprout 
growth was that the sprouts emerged as a result of 
silvicultural treatments that were made in summer 
during the growth period.

According to Kozlowski et al. (1991), sprouting 
usually is not so vigorous when the cutting takes 
place in the period when reserves are low (early sum-
mer). Moreover, Ducrey and Turrel (1992) reported 
that stump growth is weaker in a coppice of Quercus 
ilex, when the cutting was made in the growing sea-
son. They also mentioned that the cutting period for 
the best sprout growth was that just before the start-
ing of the growing period.

More research is needed in order to determine 
the growth performance of F. sylvatica sprouts under 
different growth conditions. The influence of factors 
like the mother stump dimensions as well as the 
sprout age on the height growth of beech sprouts 
must be analyzed in future studies.

Conclusions and implications for 
forest practice

Sprouts that grew in deep shade in both site 
types, and in moderate shade in site type B, exhib-
ited height growth (MAHI) analogous to seed origin 
plants growing under moderate and deep shade in 
site type A, and under moderate shade in site type B. 
Consequently, sprouts can be used in various types 
and forms of shelterwood silvicultural systems, 
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where regeneration plants are established and grow 
(at least the first years of their life) under shade con-
ditions. Moreover, even though it is of no practical 
significance (the MAHI difference was about 2 – 2.5 
cm/year), stump sprouts growing under moderate 
shade in site type A, showed higher MAHI than all 
the other (compared) categories of seed and sprout 
origin saplings. A few years after the emergence of 
sprouts, as regeneration cuttings proceed through 
the gradual removal of the mother trees, sprouts will 
probably exhibit high growth rates, as a result of the 
improved light conditions and their preexisting root 
system (see discussion). O’Hara et al. (2007), in or-
der to promote height growth of Sequoia sempervirens 
sprouts, suggest the increase of light to approximate-
ly 50 % of the above canopy light, through silvicul-
tural treatments.

Finally, in order to have a robust sprout growth, 
the cuttings for the emergence of stumps should be 
made just before the beginning of the growth period.
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