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Abstract

The effect of tree shelters on the survival and growth in height and diameter of three tree species:
common beech (Fagus sylvatica L.), sycamore (Acer pseudoplatanus L.) and sessile oak (Quercus pe-
traea Matt. (Liebl.)), was studied. The study was conducted in two experimental plantations estab-
lished in the spring of 2018 at the Training and Experimental Forest Range Petrohan ((North-Western
Bulgaria). Four experimental variants with tree shelters — Tubex Ventex Classic, Tubex Ventex Clear,
Layflat Shelterguard, Layflat Treeguard and a control one (without tree shelters) were used. Twenty
to twenty-seven seedlings in three replications of each variant and tree species were planted. The ex-
perimental plantation 1 was established on an east-facing flat terrain at an altitude of 600 m. The soil
is Grey Luvisol mixture of sandy and clay, slightly stony, and very deep. The site class is medium rich
to rich. The experimental plantation 2 is located in a high-density game area. The area is a meadow,
facing north, with an 8° slope and altitude of 850 m. The soil is Dystric-Eutric Cambisol, a mixture of
sandy and clay, slightly stony and deep. The site class is medium rich to rich. In the autumn of the 6-th
year after the establishment of the plantations, survival was assessed and the height and root collar
diameter of all seedlings from each variant and replication were measured. Survival is relatively high
in the tree shelter variants, while it is significantly lower in the control variant. Height growth is better
in the tree shelter variants, especially in the variants with ventilated tree shelters A and B, in which the
highest percentage of seedlings with a height greater than that of the tree shelters was also found. The
tree shelter variants have a larger root collar diameter, but in some cases the difference with the control
(without tree shelters) is not statistically significant. For future afforestation, the ventilated tree shelters
Tubex Ventex Classic and Tubex Ventex Clear could be recommended.
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Introduction

The use of tree shelters is important for better survival and initial growth of woody
plants. It began in the 1970s in Great Britain (Tuley, 1985) and subsequently gained
popularity in a number of countries. A number of publications highlight the effect
of tree shelters with different lengths on the survival and growth of a number of de-
ciduous tree species. Vaughan et al., (2018) studied the survival and height growth
of seedlings of various native oaks in the second year after planting in Alabama
with and without tree shelters. Tree shelters of different lengths were used - 0.76,
0.91 and 1.52 m. The use of a longer shelter was found to promote survival and
growth. Mayhead, Boothman (1997) studied the effect of tree shelter height on the
growth of young sessile oak (Quercus petraea). Four experimental treatments were
imposed: control with no tree shelter and tree shelters of heights 0.6, 1.2 and 1.8
m. Treatments had no significant effect on tree survival. Taller shelters stimulated
growth in height, but not in diameter. The experiment highlights serious problems
with the stability of the seedlings when using the highest tree shelters - 1.8 m.
With tree shelters with a height of 1.2 m, a good balance of height and diameter is
maintained and good acclimatization of the seedlings after removing the shelters.
A protector height of 0.6 m promotes growth in height to a large extent and is a
prerequisite for a good balance in terms of diameter, biomass production and root
to stem ratio.

Some publications discuss the influence of different types of tree shelters. Thy-
roff et al. (2022) studied the influence of two types of tree shelters (solid wall
and mesh) and control to protect against herbivore damage and provide a bet-
ter microclimate for the growth of Quercus virginiana seedlings in the southern
United States. After two growing seasons, it was found that the survival of pro-
tected seedlings, both with solid wall and mesh tree shelters, was higher than that
of unprotected ones, but those with solid walls were more effective in terms of
animal damage. These shelters have positively altered the seedling microclimate,
resulting in the greatest growth response. The study by Mechergui, Pardos (2017)
examined the effect of vented and non-vented shelters on the survival and height
growth of cork oak trees in the fourth year after the establishment of the experi-
ment. Tree shelters did not have a significant effect on seedling survival rate dur-
ing the study period, whereas both vented and non-vented shelters significantly
increased the seedling mean height during the four years. The root collar diameter
of seedlings protected with tree shelters was smaller than unprotected ones. Bet-
ter height growth but weaker diameter growth of cork oak seedlings protected
with tree shelters in Morocco was also reported in a 9-year study by El Alami et
al. (2023).
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In Spain, at two sites — with contrasting precipitation and temperature re-
gimes — two tree species Quercus ilex and Pinus halepensis were tested with the
following protection options — tubes with light transmittance of 20, 40, 60 and
80% and a control protection with mesh tree shelters. Survival, height growth and
biomass accumulation were studied. The results support the use of tree shelters
with higher light transmission, but caution should be exercised when using them
for species with slower root growth under limited water availability. No enhanced
growth was observed when plants were experiencing water stress (Oliet et al.,
2021).

In Bulgaria, the use of tree shelters for seedlings from the company Tubex
(www.tubexdeutschland.de) began in the spring of 2016 in the Training and Ex-
perimental Forest Range Yundola with coniferous tree species (Petkova et al,
2022a). In 2018, similar experiments, but with deciduous species, were launched in
the Training and Experimental Forest Range Petrohan. Initial results from studies
in the second and third years after the establishment of the experimental planta-
tions of common beech, sycamore and sessile oak have been published (Petkova et
al., 2022b).

The aim of this research was to study the effect of tree shelters on the survival,
height and diameter growth of common beech, sycamore and sessile oak in the 6th
year after the establishment of the experimental plantations.

Material and Methods

The object of this research were two experimental plantations (EP1 and EP2), es-
tablished in the spring of 2018 in the Training and Experimental Forest Range in
Petrohan (North-Western Bulgaria). EP1 was established on an east-facing flat ter-
rain at an altitude of 600 m (43.187247° N, 23.141207° E). The soil is Grey Luvisol
mixture of sandy and clay, slightly stony and very deep. The site class is medium rich
to rich. The plantation was established after windthrow in a Douglas-fir (Pseudot-
suga mencziesii (Mirb.) Franco) plantation. The stumps were pushed with a bulldozer
and the area was cleaned and levelled. EP2 was located in a high-density game area.
It is a meadow, facing north, with an 8° slope and an altitude of 850 m (43.177994°
N, 23.133380° E). The soil is Dystric-Eutric Cambisol, a mixture of sandy and clay,
slightly stony and deep. The site class is medium rich to rich. The climate in the
region is temperate with an average annual temperature of 10.2 °C and annual pre-
cipitation of 1004 mm. The duration of the growing season is about 6 to 6.5 months
(Kyuchukova et al. 1983; Koleva, Peneva 1990).

The soil in EP1 is Gray Luvisol, poor in humus, well stocked with nitrogen,
poorly stocked with phosphorus and potassium and slightly acidic pH. EP2 is lo-
cated on brown forest soil (Dystric-Eutric Cambisol), poor in humus, moderately
stored in nitrogen, poor in phosphorus, moderately stored in potassium and acidic
pH (Petkova et al., 2022b).
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Method

Four experimental variants with tree shelters — Tubex Ventex Classic (A), Tubex
Ventex Clear (B), Layflat Shelterguard (C), Layflat Treeguard (D) and a control one
(without tree shelters) were used. Detailed information about the individual types
of tree shelters has been published (Petkova et al., 2022b). Twenty to twenty-seven
seedlings in three replications of each variant and tree species were planted. All tree
shelters are 120 cm high.

The afforestation in EP1 was carried out on 17.04.2018 under the 2.0x1 m
scheme, and the tree shelters were installed on 27 and 30.04.2018. In EP2 the affor-
estation was performed on 19.04.2018 and the installation of the tree shelters - on
03.05.2018. The planting of the seedlings in both experimental plantations was done
with a motor drill. Common beech seedlings were 1-year-old, and those of syca-
more and sessile oak — 2-year-old. In the autumn of the sixth year after the establish-
ment (2023), the height and root collar diameter of the seedlings were measured.

Statistical analysis

The statistical processing of the data was done using the SPSS software at a confi-
dence interval of 95%. The homogeneity of the variance by groups for the individual
factors studied was checked using the Levene test. If the homogeneity of the vari-
ance was proven, the influence of the factors studied was sought using a one-way
analysis of variance ANOVA. To prove differences in the mean values, a Post Hoc
test was used. Statistically identical values are marked with the same letter, and dif-
ferent ones — with a different letter.

Results and discussion

Survival

In experimental plantation 1 (EP1), the highest average survival rate was the sessile
oak with 84.4%. In second place with 76.2% was the sycamore, and in third place
was the common beech with 73.3%. In the case of common beech, the highest sur-
vival rate was reported in variant B Tubex Ventex Clear, but the differences with
the other tree shelter variants were not statistically significant (Table 1). The lowest
survival rate was in the control variant (45.8%) and the difference with the other
variants was of high statistical significance (Table 2). In the case of the sycamore,
differences were found only between variant A, which had the highest survival rate
(89.03%), and the control, but they were not statistically significant (Table 2).

In experimental plantation 2 (EP2) which is in a high-density game area, sur-
vival was best for the sessile oak, with an average survival rate of 72.7%. In second
and third place were the sycamore and the common beech, respectively, but the
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average survival rate for the two species was close — 61.1 and 60.7%, respectively
(Table 1). In the case of common beech, the highest survival rate — 79.4% was re-
corded in variant B, and the lowest — 43.9% in the control, but the differences were
not statistically significant (Table 2).

In the sycamore, the survival rates in the tree shelter variants were relatively
close (from 65 to 79.2%) and the differences were not statistically significant. The
difference between the control and the tree shelter variants was statistically signifi-
cant (Table 2). In the control, the survival rate is only 6.7%. The large percentage of
losses in the control is mainly due to damage by game to unprotected saplings (most
seedlings had damaged top shoots). In the sycamore, the difference was statistically
significant (Table 1) between variant A with the best survival (91.7%), variant C
(65%) and the control (40%). In the other tree shelter variants, there were differ-
ences in survival, but they were not statistically significant.

Table 1. Survival by site, species and treatment.

lﬁ';i::r Treatment Common beech Sycamore Sessile oak
A Tubex Ventex Classic 80.57+6.07b 89.03+3.83¢ 95.07+1.23b
B Tubex Ventex Clear 86.10+1.40b 82.73+2.47bc 97.53+1.23b
C Shelterguard 72.23+3.68b 78.57+11.58bc 87.67+4.45ab
P D Tree guard 81.93+7.35b 78.23+8.03bc 83.93+6.49ab
E Control 45.78+4.17a 52.33+20.62ab 66.80+13.49a
Average survival 73.3 76.2 84.4
A Tubex Ventex Classic 60.00+£10.00 79.27+2.98b 91.67+8.33¢
B Tubex Ventex Clear 79.43+5.31 78.33+8.82b 80.00+5.77bc
EP2 C Shelterguard 59.43+7.08 65.00+5.77b 65.00+2.89b
D Tree guard 60.57+19.01 76.10+12.19b 86.67+4.41bc
E Control 43.90+17.28 6.67+6.67a 40.00+0.00a
Average survival 60.7 61.1 72.7

Note: Values marked with the same letters do not differ significantly from each other

Table 2. Significance of results

Object number Tree species F Significance
EP1 Common beech 10.561 0.0001
Sycamore 1.526 0.267
Sessile oak 2.983 0.073
EP2 Common beech 0.947 0.476
Sycamore 15.290 0.0001
Sessile oak 16.628 0.0001
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Regarding survival, several publications highlight the positive role of tree shel-
ters (Duerden et al, 2017; Vaughan et al.; 2018, Liovi¢ et al, 2019; Thyroff et al., 2022).
Dorji et al. (2020) emphasize that the survival of Quercus semecarpifolia seedlings
is even 3 times better when using tree shelters. Mayhead, Boothman, (1997) and
Ponder (2003) point out, however, that the differences in the survival of unprotected
and protected seedlings are not statistically significant.

Height growth

In EP 1, the highest average height in the sixth year after afforestation in all variants
was characterized by the sessile oak (Fig. 1), with the control variant significantly
different from the tree shelter variants (at p<0.05). The sessile oak of variant B Tubex
Ventex Clear was most affected by the tree shelters, in which the average height was
almost 160 cm. When studying the second and third years after afforestation in the
same EP also showed that the sessile oak from variant B was the tallest (Petkova et
al., 2022b). In the case of sycamore, the control was significantly (p<0.05) different
from variants A, B and D (Fig. 1). Its slow growth is striking. The average height in
the tree shelter variants was only 28 - 36 cm, and in the control variant the aver-
age height was 20 cm. Similar values were characteristic of the sycamore from the
same EP and in previous studies (Petkova et al., 2022b), i.e. for 3 years its height
growth was minimal. In the case of common beech, the seedlings of variant B were
the tallest — approximately 120 cm, and the difference with variants A, C and E was
significant. The average height of the beech from variant C and the control (variant
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E) differed significantly from the others (at p<0.05), but without a significant differ-
ence between them.

Unlike experimental plantation 1 (EP1), in experimental plantation 2 (EP2)
the arrangement of the species is different (Fig. 2). The highest average height was
characterized by the sycamore from variant D (111.5 cm), followed by variant B
(108.1 cm). The lowest average height of the species was in the control variant E
(72.5 cm), but the differences are not statistically significant. The average height
values for the sycamore in a previous study in the same experimental plantation
were not statistically significant either (Petkova et al., 2022b). In the case of the
sessile oak, the average height is the largest in variant A (94.1 cm), but the dif-
ference in the average height of variant A with variants C, D and E is significant
(at p<0.05). In the case of common beech, the differences in the average height
between the individual variants are statistically significant (at p<0.05), and in par-
ticular, variant B differs significantly from variants C, D and E (Fig. 2). Variants
C and E do not differ significantly from each other. Variant A is the only one that
does not differ significantly from the others. In all three tree species, the weakest
growth in height was observed in the control variant E due to the significant per-
centage of damage by game.

A positive effect of tree shelters on height growth was found by Ponder (2003),
Mechergui, Pardos (2017) and El Alami et al. (2023). Vaughan et al. (2018) found
a different impact on the height growth of oak seedlings on tree shelters of differ-
ent heights. 0.76 m, 0.91 m and 1.52 m, and in the second year after afforestation
the average height of the seedlings was 0.85 m, 0.96 m and 1.75 m, i.e. the highest
tree shelters were the most effective. Liovi¢ et al. (2019) seedlings of Quercus robur
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which were three times taller when protected with polypropylene tree shelters, com-
pared to unprotected ones. Dorji et al. (2020) reported a twofold greater height of
seedlings of Quercus semecarpifolia protected with tree shelters compared to unpro-
tected ones.

In the sixth year after the establishment of the plantations, some of the seedlings
of all three tree species were taller than the tree shelters. The highest percentage
of tall seedlings was found in the sessile oak in both experimental plantations in
all protection variants (Table 3). The ventilated tree shelters Tubex Ventex Classic
(variant A) and Tubex Ventex Clear (variant B) particularly stimulated growth in
height. In these variants, over 60% of tall seedlings were found in the sessile oak of
EP 1 (maximum height 320 cm in variant B). Also, in the sixth year after afforesta-
tion for Quercus robur, Liovi¢ et al. (2019) found an average height of 200 cm, and a
maximum of even 400 cm. In the case of common beech from the same plantation
(EP1), the overgrown tree shelter seedlings from variants A and B were 32.8 and
42%, respectively (Table 3). It should be noted that in the case of sessile oak, in the
third year, in all protection variants, some seedlings outgrow the tree shelters, as
well as in the case of common beech, but only in variant B (Petkova et al., 2022b).
Ponder (2003) notes that red oak, black walnut and Pennsylvania ash trees began
to emerge from the 120-cm-tall shelters after the second growing season, but not in
large numbers until the fourth growing season. As highlighted above, the sycamore
from EP2 grows extremely slowly and at this stage only single seedlings, mainly
from variants A and B, are taller than the tree shelters. In EP2, a higher percent-
age of tall seedlings was also reported in these 2 variants and in all three species.
In the case of sycamore, a relatively high percentage of seedlings that outgrew the
tree shelters was found even in variant D (mesh tree shelters) — Table 3. In common
beech, variant C had the lowest percentage of tall seedlings, while in EP2 there were
none. The impact of this type of tree shelter was the weakest, probably due to the
lack of ventilation (these tree shelters are made of mesh with foil).

Table 3. Proportion of seedlings taller than the tree shelters

Sessile oak Sycamore Common beech
Object number Variant
Nmb. % Nmb. % Nmb. %

EP1 A 50 64.9 3 4.4 19 32.8
B 50 63.3 2 3.0 26 42.0
C 28 39.4 8 15.4
D 20 29.8 1 1.7 19 32,2
EP2 A 22 40.0 11 239 9 28.1
B 15 31.2 19 40.4 16 36.4

C 5 12.8 10 25.6
D 8 15.4 18 41.9 5 15.1
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Root collar diameter growth (RCD)

The best result at root collar diameter growth EP1 (Fig. 3), as well as in height
growth, was found in the sessile oak in variant B (18.2 mm), which differed sig-
nificantly (at p<0.05) from the other variants (Fig. 3). For the same species, sig-
nificant differences in this indicator are also found between variants C and E. In
common beech, variant B (12.7 mm) was also characterized by the largest root
collar diameter, which differs significantly (at p<0.05) from variant A and the
other variants. The same indicator did not differ significantly in variants C, D and
E (Fig. 3). In the sycamore, the root collar diameter growth was the weakest, with
the differences in the tree shelter variants being insignificant, the only significant
difference at p< 0.05 being noted between variant D and the control (variant E)
- Fig. 3.

Unlike EP1, in EP2, the largest root collar diameter in all variants was record-
ed for the sycamore (Fig. 4) from variant D (12.4 mm). The average root collar di-
ameter of variant D differs significantly (at p<0.05) from variant A and E, but not
from variants B and C. In second place in terms of RCD of the seedlings was the
common beech, in which the largest value of the average root collar diameter was
also established in variant D (11 mm), but it did not differ significantly from that
in variant B. It is also striking that the RCD of the control variant did not differ
significantly from that of variants A and C (Fig. 4). In the case of the sessile oak,
variant A stands out with the largest average root collar diameter of the seedlings
and differs significantly (at p<0.05) from variant C and from the control E. In all
three species, the control (variant E) was characterized by the weakest growth
both in height and in RCD.
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In both experimental plantations, the root collar diameter was smaller in unpro-
tected seedlings than in protected ones, but in some cases the differences were not
statistically significant. However, some authors found that the root collar diameter
in the control variants was larger compared to the variants with tree shelters (May-
head, Boothman, 1997; Mechergui, Pardos, 2017; El Alami et al., 2023). In our ex-
periments, the seedlings in the control variants were significantly smaller in height
than the variants with tree shelters. For example, in sessile oak from EP2, the aver-
age height in variant A was almost 5 times greater than that in the control (Fig. 1).
This difference probably also reflects on the root collar diameter growth. In this ex-
perimental plantation, the seedlings of all three species in the variants without tree
shelters were damaged annually by game, which can explain the minimum size even
in the sixth year. In experimental plantation 1 (EP1), seedlings in the control vari-
ants experience serious competition from weeds and self-settled woody vegetation
(mainly birch) and are also significantly lower than the variants with tree shelters.

Conclusion

The survival of common beech, sycamore and sessile oak is relatively good in the
tree shelter variants. The highest survival rate in both experimental plantations is
reported for sessile oak, followed by sycamore and common beech, with slightly
better survival rate in experimental plantation 1. The survival in the control variant
is significantly lower for all three species, and no surviving seedlings were reported
in some replications.
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o The tree shelters in all their variants stimulate height growth to a greater
extent. Growth is especially activated in variants A and B, where the highest
percentage of seedlings outgrowing the tree shelters is observed.

« Root collar diameter growth is less affected, more often better in the tree
shelter variants, but in some cases the differences between the control vari-
ant and tree shelter variants are not statistically significant.

o Asignificant difference in the growth of the sycamore was noted in the two
experimental plantations. It was significantly more active in EP 2, where
in variants A and B a large percentage of seedlings which outgrew the tree
shelters was established. It is likely that the growing conditions in EP2 are
more favorable for the growth of the sycamore.

o For future afforestation with the studied species, the ventilated tree shelters
Tubex Ventex Classic and Tubex Ventex Clear could be recommended.
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