=|]m™n
SOUTH-EAST EUROPEAN FORESTRY BISSN 1849-0891
ORIGINAL SCIENTIFIC PAPER DOI: https://doi.org/10.15177/seefor.21-03

Interactions of the Effects of Provenances and
Habitats on the Growth of Scots Pine in Two
Provenance Tests in Bosnia and Herzegovina

Mirzeta Memisevi¢ Hodzi¢"*, Dalibor Ballian*?

Citation: Memisevi¢ Hodzi¢ M, Ballian
D, 2021. Interactions of the Effects
of Provenances and Habitats on the
Growth of Scots Pine in Two Provenance
Tests in Bosnia and Herzegovina. South-
east Eur for 12(1): 13-20. https://doi.

org/10.15177/seefor.21-03.
Received: 11 Jan 2021; Revised: 9 Mar

2021; Accepted: 12 Mar 2021; Published
online: 11 Apr 2021

(1) University of Sarajevo, Faculty of Forestry, Department of Silviculture and Urban
Greenery, Zagrebacka 20, BA-71000 Sarajevo, Bosnia and Herzegovina; (2) Slovenian
Forestry Institute, Vecna pot 2, SI-1000 Ljubljana, Slovenia

* Correspondence: e-mail: m.memisevic-hodzic@sfsa.unsa.ba

ABSTRACT

This research aims to determine the interaction of the effects of provenance and habitat conditions on provenance tests
on the growth of Scots pine on two experimental plots in Bosnia and Herzegovina. Provenance tests are located on plots
with different ecological conditions and altitudes: Romanija Glasinac, 1000 m, and Gostovi¢ Zavidovic¢i, 480 m. Both tests
include 11 provenances and two clonal seed plantations with 10 families in each, and five repetitions. Tree heights and
diameters at breast height were measured at the age of 21 years. Interactions were determined using multivariate analysis
for measured traits. The highest average heights on the provenance test Glasinac had provenances Bugojno, Romanija
Glasinac, and Sipovo (8.8 m), and on the Gostovi¢ provenance Rogatica (11.0 m). The highest average diameter at breast
height on the Glasinac test had Sipovo provenance (13.9 cm) and on the Gostovi¢ test Bosanski Petrovac provenance
(12.3 cm). Variance analysis showed statistically significant differences among provenances in terms of diameter at breast
height and height values. Multivariate analysis showed the presence of interactions of effects of provenances and habitat
conditions on provenance tests. For provenances that did not show interaction, it is recommended to use provenances
that performed better in the given ecological conditions, and for those that showed interaction, it is necessary to choose
those provenances which are expected to show better results in given conditions later in life. The obtained results are very
important for the conservation activities of this species.
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INTRODUCTION Knowing whether a species has resilience and

adaptability to changing environmental conditions, as well

Scots pine (Pinus sylvestris L.) is one of the most
important tree species in European forests. It is characterized
by high genetic variability and complex population structure
(Stefanovi¢ et al. 1980, Omanovi¢ 2008). In Bosnia and
Herzegovina, differences within Scots pine populations can
be expected at the morphological level (Stefanovi¢ 1980).
Differences can be expected in the production potential of
provenances as well (Miki¢ 1991). Due to the importance
of this species for the forestry of Bosnia and Herzegovina,
clonal seed plantations were established (Ballian and Bozi¢
2004, Ballian et al. 2005), two of which were used in this
research.

as stress conditions, is important for the functioning of
modern forestry and conservation of forest ecosystems.
Higher genetic variability makes the species more resilient
and better adapted for survival in changing environmental
conditions and in stress conditions (Villani and Eriksson
2006).

There have not been many studies on the interactions
between the effects of provenance genetic structure
and habitat conditions on Scots pine. Some authors
studied morphological traits of Scots pine in international
provenance tests in Poland (Barzdajn et al. 2016), Spain
(Alia et al. 2001), Turkey (Gulcti and Bilir 2017), and in
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Bosnia and Herzegovina (Ballian et al. 2009, Cvjetkovic et al.
2014, Ballian and Sito 2017, Ballian et al. 2019). Taeger et
al. (2013) studied the impact of climate and drought events
on the growth of Scots pine provenances in an international
provenance test which also contained a provenance from
Bosnia and Herzegovina, and the results indicate a better
adaptation to drought of the provenance from Bosnia
Herzegovina and of local German provenances compared to
other provenances.

Unfortunately, so far there has been little research
dealing with provenance interactions. So far, interactions
among provenances originating from different countries,
from a greater geographical distance (Memisevi¢ Hodzi¢ et
al. 2020), but not provenances from a narrower geographical
area such as Bosnia and Herzegovina, have been analyzed.
Thus, Memisevi¢ Hodzi¢ et al. (2020) studied the interaction
between the effects of provenance genetic structure and
habitat conditions on international provenance tests of Scots
pine in two locations in Bosnia and Herzegovina. Obtained
results indicated interactions on some provenances.

For studying the variability and adaptability of Scots
pine in Bosnia and Herzegovina, provenance tests were
established in 1988 on two locations, Romanija Glasinac and
Zavidovici Gostovi¢. The study aims to determine whether
there is an interaction between the effects of provenance
genetic structure and habitat conditions on the growth of
Scots pine in both test plots, for selection and breeding of
provenances adapted to habitat conditions.

MATERIALS AND METHODS

In this paper, the material from two provenance tests
of Scots pine in Bosnia and Herzegovina was investigated.
Information about the locations of test plots are shown in
Table 1.

Provenance tests were established from seed material
from 11 seed stands of Scots pine and two clonal seed
plantations (Sarajevo-Rakovica and Doboj-Stanovi). A
random block system was applied, and the distribution of
provenances was the same at both provenance tests. The
seeds were sown in 1986 in the nursery "Slatina" of the
Faculty of Forestry in Sarajevo. At the age of two years (1 +
1), seedlings were planted in two experimental plots, with
planting spacing of 2x2m. Each provenance within the plot
was composed of ten families with four plants, and each
provenance was planted in five replications. The list of
provenances and information about their locations is shown
in table 2 and their geographical distribution in figure 1.

In the spring of 2007, plant heights and diameters
at breast height were measured. Data were processed
using the statistical program SPSS 26.0. Descriptive and
multivariate analyses (Two-way ANOVA) were performed.
Two-way ANOVA shows whether there is an interaction of
two independent factors (provenance and habitat) on the
dependent variable (height and diameter). In other words,
it shows whether the influence of one of the independent
variables on the dependent variable is the same for all
values of the second independent variable (and vice versa).

RESULTS

Average values of height per provenances and
provenance tests are shown in Figure 2. All provenances
had higher values of average heights on the Gostovi¢ than
on the Glasinac plot. The highest average heights on the
Glasinac plot had provenances Bugojno, Romanija Glasinac,
and Sipovo (8.8 m), and on the Gostovi¢ plot provenance
Rogatica (11.0 m). The lowest average height on the Glasinac
plot had Olovo and Zavidovici provenances (7.3 m), and on
the Zavidovici plot seed plantation Doboj had the lowest
average height (9.0 m).

Table 1. Information about Scots pine provenance tests’ locations.

Information / Provenance test

Romanija Glasinac

Zavidovici Gostovic

North Latitude

East Longitude

Forest Management Area
Management Unit
Department

Altitude

Exposition

Inclination

Geological substrate

Soil type

Vegetation

Average annual temperature

Vegetation period duration

43°52'43.10"
18°50'31.34"
»Sokolacko”
,Romanija Glasinac”
15
1000 m
E
5o
Limestone
Calcomelanosol
Piceo Pinetum illyricum pyroletosum
7.08°C
157 days

44°20'55.27"
18°08'04.03"
,Krivajsko”
,Gostovi¢”
42
480 m
SW
20°
Serpentine-peridotite
Ranker, eutric cambisol
Pinetum silvestris nigrea serpentinicum
9.35°C
184 days
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Table 2. List and location information of provenances in the provenance test.

North East Altitude p q
Provenance Latitude Longitude (m) Soil type Geological substrate
Bosanski Petrovac 44°29'28" 16°29'21" 920 rendzina dolomite, limestone
Bugojno 44°03'10" 17°19'55" 1230 dolomite rendzina dolomite
Foda 43°20'51" 18°56'25" 1370 distric cambisol quartzporphyrite
Han Kram 44°01'53" 18°56'32" 1100 swampy, charred, brown podzolic tuff sandstones
Kladanj 44°16'46" 18°37'47" 900 district camblspl ar1d brown sandstones, clay minerals, cherts
podzolic soil
Olovo 44°14'50" 18°20'54" 850 eutric cambisol peridotite
Rogatica 43°48'06" 19°08'32" 1100 distric cambisol, luvisol cherts
Romanija — Glasinac 43°54'20" 18°42'50" 1235 calcocambisol limestone
Romanija — Palez 44°02'14" 18°45'50" 780 pseudogley diabase gabbro
Seed plantation Doboj 44°45'11" 17°59'50" 180 fluvisol sandstone
Seed plantation Sarajevo 43°52'14" 18°12'52" 570 clay, ortstein marl
Sipovo 44°14'31" 17°13'26" 1200 dolomite rendzina, calcocambisol dolomite, limestone
Zavidovici 44°19'56" 18°12'44" 480 ranker, eutric cambisol serpentine peridotite
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Figure 1. Provenances included in provenance tests Glasinac and Gostovi¢ (SP — seed plantation; PT — provenance test).

Average values of breast height diameter per
provenances are shown in Figure 3. Unlike for the trait
of height, all provenances had higher average values of
diameter at breast height on the Glasinac than on the
Gostovic plot. The highest average breast diameter on the
Glasinac plot had Sipovo provenance (13.9 cm) and on the
Gostovi¢ plot Bosanski Petrovac provenance (12.3 cm). The
lowest average values of breast height diameter on the
Glasinac plot had provenance Olovo (11.9 cm) and on the
Gostovic plot seed plantation Doboj (9.8 cm).

In the multivariate tests table for height and diameter
at breast height together (Table 3) it is visible that Wilks'
Lambda showed Sig. value of 0.000, which indicates p <

https://www.seefor.eu

0.0005 for both factors and interaction between factors.
It means that values of heights and diameters at breast
height are significantly dependent on provenances,
habitat conditions on provenance tests, and interaction of
provenances and habitat conditions on provenance tests.
Considering that an interaction effect can usually be
seen as a set of non-parallel lines, it is visible in Figure 4
that there is a statistically significant interaction of effects of
provenance and environmental conditions on experimental
plots for the trait of height for some of the researched
provenances. The provenance of seed plantation Doboj was
most clearly distinguished by the interaction of provenance
x habitat, with estimated marginal mean of height among
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Figure 2. Average values of height of plants per provenances and experimental plots.
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Figure 3. Average values of breast height diameter of plants per provenances and tests.

other provenances on Glasinac, but lower than other
provenances on the Gostovi¢ plot. Provenance Romanija
Glasinac had one of the highest estimated marginal means
on the Glasinac plot, but one of the lowest marginal means
on the Gostovi¢ plot. Provenance Rogatica had estimated
marginal mean of height about average for all provenances
on the Glasinac plot, but the highest estimated marginal
mean on the Gostovi¢ plot. Provenance Sipovo had the
highest estimated marginal mean for height on the Glasinac
plot, and one of the highest marginal means on the Gostovi¢

16  SEEFOR 12(1): 13-20

plot. Provenances Zavidovi¢i and Olovo had the lowest
estimated marginal means for height on the Glasinac plot,
but on the Gostovic plot, their values were among the values
of other provenances.

Tests of between-subjects effects table (Table 4) for the
trait of height showed the presence of statistically significant
interaction between provenances and habitat conditions
(Fizr.>Ftab., Sig.<0.005).

In the graphical representation of estimated marginal
means for the trait of diameter at breast height (Figure 5),

https://www.seefor.eu
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Table 3. Results of multivariate testsa for the height and diameter at breast height.

Effect Value F Hypothesis df Error df Sig.
Pillai's Trace 0.961 45238.595° 2.000 3651.000 0.000
Wilks' Lambda 0.039 45238.595° 2.000 3651.000 0.000
Intercept
Hotelling's Trace 24.781 45238.595° 2.000 3651.000 0.000
Roy's Largest Root 24.781 45238.595° 2.000 3651.000 0.000
Pillai's Trace 0.541 2150.029° 2.000 3651.000 0.000
Wilks' Lambda 0.459 2150.029° 2.000 3651.000 0.000
Provenance test
Hotelling's Trace 1.178 2150.029° 2.000 3651.000 0.000
Roy's Largest Root 1.178 2150.029° 2.000 3651.000 0.000
Pillai's Trace 0.030 4.656 24.000 7304.000 0.000
Wilks' Lambda 0.970 4.669° 24.000 7302.000 0.000
Provenance
Hotelling's Trace 0.031 4.682 24.000 7300.000 0.000
Roy's Largest Root 0.025 7.655¢ 12.000 3652.000 0.000
Pillai's Trace 0.030 4.690 24.000 7304.000 0.000
P. test * Wilks' Lambda 0.970 4.713° 24.000 7302.000 0.000
Provenance Hotelling's Trace 0.031 4.736 24.000 7300.000 0.000
Roy's Largest Root 0.028 8.602¢ 12.000 3652.000 0.000
Provenance
=== Bos. Petrovac
- 11 — BungJno
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]
‘v === Han Kram
= .
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s 10 Rogatica
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E s Zavidovici
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I
8

Glasinac

Gostovic¢

Provenance test

Figure 4. Graph of the interaction of effects of provenance and habitat conditions for height

it is visible that there is a statistically significant interaction
between provenance and environmental conditions of
experimental plots for some of the researched provenances.
Similar to the trait of height, the provenance of seed
plantation Doboj was most clearly distinguished by the
interaction of provenance x habitat for the breast height
diameter, with estimated marginal mean among other
provenances on Glasinac, but lower than other provenances
on the Gostovi¢ plot. Provenance Romanija Glasinac had
one of the highest estimated marginal means on the
Glasinac plot, but one of the lowest marginal means on the
Gostovic plot. Provenance Rogatica had estimated marginal
mean of diameter at breast height about average for all

https://www.seefor.eu

provenances on the Glasinac plot, but the highest estimated
marginal mean on the Gostovi¢ plot. Provenance Sipovo
had the highest estimated marginal mean for diameter at
breast height on the Glasinac plot, and one of the highest
marginal means on the Gostovic plot. Provenance Olovo had
the lowest estimated marginal mean for diameter at breast
height on the Glasinac plot, but on the Gostovi¢ plot, its
value was among the values of other provenances.

Tests of between-subjects effects table (Table 5) for
the trait of breast height diameter showed that there is a
statistically significant interaction of effects of provenances
and habitat conditions on provenance tests conditions
(Fizr.>Ftab., Sig.<0.005).
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Figure 5. Graph of the interaction of effects of provenance and habitat conditions for diameter at breast height.

Table 4. Tests of between-subjects effects for trait of height.

Source Type Il Sum of Squares df Mean Square F Sig.
Corrected Model 4796.276° 25 191.851 54.368 0.000
Intercept 318609.332 1 318609.332 90290.226 0.000
Provenance test 4015.689 1 4015.689 1138.000 0.000
Provenance 311.826 12 25.986 7.364 0.000
P. test * Provenance 358.017 12 29.835 8.455 0.000
Error 12886.902 3652 3.529
Total 342382.930 3678
Corrected Total 17683.178 3677
R Squared =.271 (Adjusted R Squared = 0.266)
Table 5. Tests of between-subjects effects for diameter at breast height.
Source Type Il Sum of Squares df Mean Square F Sig.
Corrected Model 2970.403° 25 118.816 11.473 0.000
Intercept 552301.877 1 552301.877 53329.602 0.000
Provenance test 1824.163 1 1824.163 176.139 0.000
Provenance 768.520 12 64.043 6.184 0.000
P. test * Provenance 496.316 12 41.360 3.994 0.000
Error 37821.517 3652 10.356
Total 599746.103 3678
Corrected Total 40791.920 3677

R Squared =.073 (Adjusted R Squared = 0.066)

DISCUSSION

Investigating the interactions of the effects of prove-
nances and environmental conditions can be important in
the breeding strategy of Scots pine.

18  SEEFOR 12(1): 13-20

In this research, statistically significant interactions
of effects of provenance and environmental conditions
on experimental plots for both traits and some of the
researched provenances were found. Provenance Romanija
Glasinac had one of the highest estimated marginal
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means for height on the Glasinac plot, but one of the
lowest marginal means on the Gostovi¢ plot. It could
be explained by the vicinity of the provenance origin to
the provenance test and similar ecological conditions.
Provenances Zavidovi¢i and Olovo had the lowest estimated
marginal means for height on the Glasinac plot, but on
the Gostovi¢ plot, their values were among the values of
other provenances, which can also be explained by the
vicinity of the provenances and similarity of their ecological
conditions with the provenance test Gostovi¢. Similar to
the trait of height, provenance Romanija Glasinac had one
of the highest estimated marginal means for diameter at
breast height on the Glasinac plot, but one of the lowest
marginal means on the Gostovi¢ plot. Provenance Rogatica
had estimated marginal mean of diameter at breast height
about average for all provenances on the Glasinac plot, but
the highest estimated marginal mean on the Gostovi¢ plot.
Provenance Olovo had the lowest estimated marginal mean
for height on the Glasinac plot, but on the Gostovi¢ plot, its
value was among the values of other provenances.

These results correspond to the results of other rese-
archers. Eiche and Andersson (1974) investigated survival
and growth in Scots pine in provenance tests in Northern
Sweden. Their results showed the genecological variation
of climatic hardiness, capacity for survival, and growth rate
of different populations. They concluded that interaction
for genotype and environment emerged quite obviously.
Matheson and Raymond (1984, 1986) stated that the
provenance by site interactions in forest trees are often
detectable, but of small importance. Savva and Vaganov
(2006) assessed genetic and environmental effects in
Scots pine provenances planted in Central Siberia. They
found that the main climatic factors controlling tree-rings
formation differed slightly among different provenances.
The genetically fixed ability of the provenances was not
great (less than 15%), which proves the high adaptability
of Scots pine to abrupt climatic change. The tree-ring
formation of Scots pine provenances is mainly determined
by environmental factors. Zhelev and Lust (1999) inves-
tigated Scots pine provenances in Belgium and found that
the provenance by site interactions was of importance only
for height growth. Alia et al. (2001) investigated 16 Spanish
and 6 German provenances of Scots pine in a provenance
test in Spain. Based on data for the height, diameter, the
number of twigs at the fourth year whorl, and survival,
provenance by site interaction was very significant (P <
0.01) for most traits.

Ballian et al. (2009) measured the diameter and height
of the plants and calculated basal area and volume of plants
in the provenance test of Scots pine Glasinac Sokolac,
which is one of the provenance tests in this research. The
provenance geographically closest to the provenance test
showed the best results of productivity. Cvjetkovi¢ et al.
(2014) measured and calculated the same characteristics at
the same plot in 2011. The results confirmed the existence
of significant differences within and among provenances,
and the provenance geographically closest to the
provenance test showed the best results. In this research,
provenance Romanija Glasinac, closest to the provenance
test Glasinac Sokolac, showed the highest average height,
but not the highest average of breast height diameter.

https://www.seefor.eu

Gilcti and Bilir (2017) studied provenance x site
interactions in thirteen-year-old Scots pine provenance
tests at two sites in the southern part of Turkey, containing
30 provenances, based on height, diameter, and survival
of plants. The results showed statistically significant
provenance x site interaction (p<0.05). Memisevi¢ Hodzi¢
et al. (2020) studied provenance x site interaction in two
international provenance tests in Bosnia and Herzegovina,
based on the data of heights and root collar diameter, and
determined interaction between some of the researched
provenances.

CONCLUSIONS

The results of this research showed interaction of effects
of provenance genetic structure and habitat conditions for
both researched traits (height and diameter at breast height).
Considering the height, provenances Bugojno, Romanija
Glasinac, and Sipovo had the highest, and provenances
Olovo and Zavidovi¢i the lowest values on the Glasinac
provenance test. On the Gostovic test, provenance Rogatica
had the highest, and Seed plantation Doboj the lowest value
of height. The highest values of breast diameter on the
Glasinac provenance test had Sipovo provenance and the
lowest Olovo provenance. On the Gostovic test, provenance
Bosanski Petrovac had the highest values of breast height
diameter, and the lowest had Seed plantation Doboj. Except
for provenance Romanija Glasinac on the Glasinac test for
the trait of height, provenances originated from locations
nearest to the provenance test locations did not show higher
values of researched traits. Wilks' Lambda multivariate tests
showed that values of heights and diameters at breast
height are significantly dependent on provenance, habitat
conditions on provenance tests locations, and interaction
of provenance x habitat conditions on provenance tests
locations. Graphical representation of estimated marginal
means for both researched traits showed the presence of
statistically significant interaction of effects of provenance
and environmental conditions on provenance tests for some
of the researched provenances. Tests of between-subjects
effects for both traits showed a statistically significant
interaction of effects of provenances and habitat conditions
on provenance tests. The results of this study can be used in
the process of Scots pine breeding and for its conservation
by in situ and ex-situ methods.
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