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Abstract

Aim of study: This research aims to determine if there are statistically significant differences among
provenances of silver fir (Abies alba Mill.) as one of the most important tree species in Bosnia and
Herzegovina, to choose a provenance with the best productivity for further silvicultural activities of silver
fir in the country.

Material and methods: The height and diameter at breast height were measured, and the basal area and
volume of silver fir trees were calculated in the silver fir provenance test. The test contains nine provenances
from Bosnia and Hezegovina and was launched in 1991, with 5-year-old seedlings (3+2). The data were
collected in 2013.

Main results: Variance analysis for all traits showed statistically significant differences among
provenances. Average breast height diameter in 27-year-old plants for all provenances amounted to 11.0
cm, average height 8.4 m, average basal area 0.010342 m?, and average volume 0.070845 m?

Highlights: The research results confirmed the existence of variability among silver fir provenances in
Bosnia and Herzegovina, considering the morphological indicators. Provenance Bosanski Petrovac showed
the highest values of all traits, which implies it is the best provenance for the further activities on seed
collecting and producing planting material for afforestation in Bosnia and Herzegovina.
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Bosna-Hersek Orijin Testinde Gumusi Goknarin (Abies alba

Mill.) Morfolojik Ozellikleri

Oz

Calismanmin amaci: Bu arastirmada, Bosna Hersek’in 6nemli agag tiirlerinden biri olan Giimiisi
Goknar’in (Abies alba Mill.) farkli orijinleri arasinda istatistiksel olarak énemli farkliliklar olup olmadig
ve bu sonuclar neticesinde Glimiisi Goknar’im ileri ki silvikiiltiirel uygulamalar i¢in hangi orijinin en iyi
verimlilige sahip oldugu belirlenmeye ¢aligilmustir.

Materyal ve yontem: Giimiisi Goknar’1n farkli orijinlerinde gdgiis yiiksekligindeki boy ve ¢aplari, gdgiis
yiizey alam ve hacimleri hesaplanmistir. Olgiimler, 1991 yilinda Bosna Hersek’in 9 farkli orijininden alan
5 yasinda ki (3+2) fidanlarda yapilmistir. Daha sonra tiim veriler 2013 yilinda toplanmuistir.

Temel sonucglar: Tum gruplar i¢in varyans analizi yapilmigs ve deney yapilan 9 orijin arasinda
istatistiksel olarak anlamli farkliliklar bulunmustur. 27 yasindaki agaglarda tiim orijinler i¢in ortalama
gogiis yiiksekligi ¢ap1 11,0 cm, ortalama yiikseklik 8,4 m, ortalama gogiis yiizey alani 0,010342 m? ve
ortalama hacim 0,070845 m? olarak belirlenmistir.

Arastirma vurgulari: Morfolojik gostergeler goz Oniine alindiginda arastirma sonuglart Bosna
Hersek'teki Giimiisi Goknar orijinleri arasinda farkliliklar oldugu saptanmaistir. Bosanski Petrovac orijinli
deney orneklerinde tiim 6zellikler bakimindan en yiiksek degerler tespit edilmis ve bu orijinin Bosna-
Hersek'te tohum toplamada ve agaglandirmada kullanilmak {izere dikim materyali iiretme ve daha sonraki
faaliyetler i¢in en iyi kaynak oldugu sonucuna varilmistir.

Anahtar Kelimeler: Morfolojik Ozellikler, Orijin Testi, Giimiisi Goknar

D. (2021). Morphological Traits of Silver Fir (4bies alba Mill.) in the 36 License. F‘.-ﬁ."é L
A

Bosnian-Herzegovinian Provenance Test. Kastamonu  University e {
Journal of Forestry Faculty, 21 (2), 136-149. "y
BY NG EF

ra -

L . - . . This work is licensed under a Creative Commons E"%ﬁ E
Citation (Atif): Hodzic, M. M., Halilovic, V., Advagic, A., & Ballian, Attribution-NonCommercial 4.0 International .1;." _._I.z =


file:///C:/Users/tutku/Downloads/m.memisevic-hodzic@sfsa.unsa.ba
https://orcid.org/0000-0003-3193-3260
https://orcid.org/0000-0003-4007-121X
https://orcid.org/0000-0001-5866-6946
https://orcid.org/0000-0002-0090-6617

Kastamonu Uni., Orman Fakiiltesi Dergisi, 2021, 21(2): 136-149

Kastamonu Univ., Journal of Forestry Faculty

Hodzic et al.

Introduction

Silver fir (Abies alba Mill.) is one of the
most important species of forest trees from an
economic and ecological point of view in
Bosnia and Herzegovina (Ballian &
Cabaravdi¢, 2005; Ballian & Halilovi¢, 2016).

The main area of distribution of silver fir
in Bosnia and Herzegovina is along the
Dinaric mountains, in several separate, larger
and smaller, areas (Fukarek, 1970). The total
area of the forests where silver fir exists (pure
and mixed forests), is 562.237 ha., or about
50% of all managed forests. The total
growing stock of silver fir in these forests is
63.923.000 m?, which is about 23% of the
total wood stock in all managed forests
(Uscupli¢, 1992).

Provenance tests are widely known as a
special type of plantation experiment that
helps experts to understand how trees are
adapted to different environmental conditions
through genetic adaptation or phenotypic
plasticity. For that reason, the Bosnian-
Herzegovinian provenance test of silver was
setin 1991.

The provenance that grows best can be
considered best adapted to the planting site
conditions and recommended for reforestation
on sites that are similar to the test
environment. Despite their useful results,
provenance tests are very expensive long-term
research, and comprehensive trial series is
only possible for the most valuable forest tree
species in the area.

The research aim is to evaluate the
dynamics of the growth of silver fir
provenances in Bosnhia and Herzegovina by
comparing morphological traits of height and
breast height diameter, to choose a
provenance with the best productivity for
further silvicultural activities.

Material and Methods
The subject of this study were silver fir
trees in the Bosnian provenance test. The

provenance test was established on
experimental plot Delimusa in forest
management  area  Olovsko, forest

management unit Krivaja, department 86,
section a.

The experimental plot is located at an
altitude of 970 m., on the northern exposure
and inclination of the terrain in the interval of
10-20 degrees, on the deep acid brown soil on
silicate substrate.

The starting material for the experiment
originated from nine locations in Bosnia and
Herzegovina (Bosanski Petrovac, Bugojno,
Fojnica, Konjic, Olovo — Klis, Olovo-Palez,
Pale, Prozor, and Sokolac) from positions
between 850 and 1300 m. above sea level. The
northernmost ~ provenance comes from
Bosanski Petrovac, while the southernmost
comes from the area of Herzegovina - Konjic.
the geographical distribution of populations
used as starting material in the provenance test
is shown in Figure 1, and their basic
characteristics are showed in Table 1.

- ‘iosanski Petrovac ‘Sugojno h‘“md Olovo Pal"'égkulm

‘llovn Klis
grozor gale
J{umic
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Figure 1. Geographical distribution of populations used as starting material
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Table 1. Basic characteristics of populations used as starting material in provenance test

Geological-

Provenance Soil Type petrographic Altitude Exposure Inclination Latitude  Longitude
(m) (%)
Substrate
. Rendsina
Bosanski calcocambisol Dolomites 900 N 2 44°29'16" 16°27°21"
Petrovac
pseudogley
Bugojno Rendsina — Dolomitesand 99 Ny 10-25  43°5929" 17°2227"
calcocambisol Limestones
Fojnica Dystric cambisol Rhyolite 1.010 N 10- 15 43°55'57"  17°53'48"
. Calcocambisol Dense 02919 o T11NA"
Konjic calcomelanosol limestones 1.030 E-EN 10-22 43°32'22 18°01'06
Olovo-  Calcocambisol | ;-ocines 850 N-W 13 44°08'12"  18°42727"
Klis luvisol
Olovo-  Calcocambisol =\ ;ocones 960 N-E 12 44°0304"  18°3707"
Palez luvisol
Werfenian
Dystric cambisol schists 04Q191 02915 TN
Pale calcomelanosol Sandstones 1.200 N-E 20 43°48'02 18°32'51
Limestones
Prozor ~ CAlcomelanosol - Limestone 1, 55\ p 5-10  43°4039" 17°3731"
luvisol moraine
Sokolag ~ calcocambisol -t e 940 S-W 13 43°5342"  18°42'17"

calcomelanosol

Collection of seed from these provenances
was carried out in autumn 1985, after which
sowing was done in the nursery Zavidoviéi.
The seedlings of the age of 3 + 2 were planted
in the experimental plot in the spring of 1991.
A block system with five repetitions was
chosen for planting. Dimensions of the plot
are 173 mx 88 m = 1,522 ha, and on each side
of the plot, two rows of the same tree species
were planted. These rows serve as a protective
band so that the total area of the experimental
plot is approximately 2 hectares.

Each of the five blocks was divided into
ten plots with dimensions 14 x 14 meters.
There are 3-meter interspaces among plots on
each side, and seedlings were planted with 2
meters’ distance.

A total of 2880 seedlings (64 seedlings per
provenance and block) were planted. Each
provenance consists of 15 families, and each
family has four plants.
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In this research, we measured heights and
diameters at breast height (DBH - 1.30 m from
the ground) of silver fir trees in the
provenance test. Basal area and volume of
tress were read from Tables for measuring
elements in high and coppice forests in Bosnia
and Herzegovina (Mati¢ et al., 1990), with
two inputs: DBH and height. Measurements
were made in 2013, at plant age 27 years.

We processed obtained data by statistical
program SPSS 20.0. We calculated
descriptive indicators (mean, minimum,
maximum, standard deviation, coefficient of
variability) and completed variance analysis
and Duncan test per provenances. Univariate
analysis was performed to include effects of
blocks, provenances, and block x provenance
interaction.

Results and Discussion
Descriptive statistics for DBH (cm) per
provenances are shown in Table 2.
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Table 2. Descriptive indicators for diameter at breast height (cm) per provenances

Provenance N Mean Sg;ggg:] Minimum  Maximum Co\g?frilcait:zlr:;% %)
Bosanski Petrovac 218 11.9 34 2.5 19.3 28.3
Bugojno 248 10.8 3.0 3.0 20.2 28.1
Fojnica 271 11.2 3.3 3.3 19.8 29.4
Konjic 258 10.7 2.8 4.3 21.3 25.8
Olovo-Klis 204 111 2.7 3.4 18.7 24.7
Olovo Palez 258 10.8 3.2 3.3 215 29.7

Pale 243 10.8 3.2 35 20.0 29.5
Prozor 251 10.8 3.2 35 21.6 30.0
Sokolac 248 11.2 3.2 1.7 18.2 28.2
Total 2199 11.0 3.1 1.7 21.6 28.5

The average DBH for all provenances was
11.0 cm. Konjic provenance had the lowest
average breast height diameter, 10.7 cm, and
Bosanski Petrovac provenance the highest,
11.9 cm.

The average coefficient of variability for
all provenances was 28.5%. The highest

coefficient of variation had the provenance of
Prozor, 30.0%, and the lowest provenance of
Olovo - Klis, 24.7%.

The variance analysis showed statistically
significant differences among provenances
for DBH at 0.05 level (Table 3).

Table 3. Analysis of variance for diameter at breast height

Source of Variation Sum of Squares DF Mean Square F Sig.
Between Groups 281.920 8 35.240 3.610 0.000
Within Groups 21378.254 2190 9.762

Total 21660.174 2198

According to Duncan's test for DBH
(Table 4), provenances are divided into two

Table 4. Duncan test for DBH
Subset for Alpha = 0.05

. . Provenance N

groups, i.e. provenance Bosanski Petrovac _ 1 2
separates from other provenances. Descriptive Konjic 258 10.726
statistics for heights (m) per provenances are Bugojno _ 248 10.760
shown in Table 5. The average height in all ~ lovo-Palez 258 10.784

Pale 243 10.801
the provenances was 8.4 m. Provenances Prozor 251 10.820
Konjic, Olovo-Klis, and Pale had the lowest Olovo-Klis 204 11095
average height, 8.1 m, and Bosanski Petrovac Sokolac 248 11.202
the highest average height, 9.1 m. Fojnica 271 11.217

B. Petrovac 218 11.946

Sig. 0.145 1.000
Table 5. Descriptive indicators for height (m) per provenances

Standard - - Variabilit

Provenance N Mean Deviation Minimum Maximum Coefficient {%)
Bosanski Petrovac 218 9.1 2.7 15 14.7 29.4
Bugojno 248 8.2 1.9 2.0 13.6 23.1
Fojnica 271 8.6 1.9 2.5 12.9 22.4
Konjic 258 8.1 1.6 2.4 14.8 19.7
Olovo-Klis 204 8.1 1.4 2.5 11.0 17.1
Olovo Palez 258 8.2 2.0 1.8 16.6 24.5
Pale 243 8.1 1.9 1.8 12.9 23.3
Prozor 251 8.3 1.9 2.4 14.5 23.1
Sokolac 248 8.7 2.1 1.8 14.1 23.8
Total 2199 8.4 2.0 15 16.6 23.6
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The average coefficient of variability for
all provenances was 23.6%. The highest
coefficient of variation had the provenance of
Bosanski Petrovac, 29.4%, and the lowest
provenance of Olovo - Klis, 17.1%.

Table 6. Analysis of variance for height

The variance analysis for the height of plants
(Table 6) showed statistically significant
differences among provenances for height at
0.05 level (Fizr.>Ftab, Sig.<0.005).

Source of Variation Sum of Squares DF Mean Square F Sig.
Between Groups 205.915 8 25.739 6.750 0.000
Within Groups 8351.463 2190 3.813

Total 8557.378 2198

Duncan’s test divided provenances into
three groups (Table 7).

Table 7. Duncan test for height

Provenance N Subset for Alpha = 0.05

1 2 3

Olovo-Klis 204  8.095

Pale 243  8.119

Konjic 258 8.143

Bugojno 248  8.170

Olovo Palez 258 8.230

Prozor 251 8.260

Fojnica 271 8.608
Sokolac 248 8.681

B. Petrovac 218 9.062
Sig. 0.427 0.679 1.000

Descriptive indicators for the basal area
(m?) per provenances are shown in Table 8.

The average basal area of trees for all
provenances was 0.005630 mZ2 Provenance
Konjic had the lowest, and provenance
Bosanski Petrovac the highest values for the
basal area. The coefficient of variability was
high for all provenances, from 47.4% for
Olovo-Klis to 57.6% for provenances Pale
and Prozor.

The variance analysis for the basal area
(Table 9) showed statistically significant
differences among provenances for height at
0.05 level (Fizr.>Ftab, Sig.<0.005).

Table 8. Descriptive indicators for basal area (m?) per provenances

Provenance N Mean Sg;gg ;?1 Minimum Maximum Co\g?frigzlr:;% %)
Bosanski Petrovac 218  0.01213 0.00624 0.00071 0.02835 51.4
Bugojno 248  0.00981 0.00525 0.00071 0.03142 53.5
Fojnica 271 0.01079 0.00607 0.00071 0.03142 56.3
Konjic 258 0.00964  0.00495 0.00126 0.03464 51.3
Olovo-Klis 204 0.01029 0.00487 0.00071 0.02835 47.4
Olovo Palez 258  0.00999 0.00562 0.00071 0.03801 56.3
Pale 243 0.00998 0.00575 0.00126 0.03142 57.6
Prozor 251  0.01003 0.00578 0.00126 0.03801 57.6
Sokolac 248  0.01063 0.00563 0.00031 0.02545 53.0
Total 2199 0.01034  0.00563 0.00031 0.03801 54.4
Table 9. Analysis of variance for basal area

Source of Variation Sum of Squares DF Mean Square F Sig.
Between Groups 0.001 8 0.000 4.239 0.000
Within Groups 0.069 2190 0.000

Total 0.070 2198
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Duncan’s test divided provenances into
two groups, i.e., as for the trait of breast height

Table 10. Duncan test for basal area

Subset for Alpha = 0.05

diameter, provenance Bosanski Petrovac Prov_(?nance N 1 2
separates from other provenances (Table 10). Konjic 258 0.00964
Descriptive statistics for volumes (m?) ~ Bugoino 248 000981
. Pale 243 0.00998
per provenances are shown in Table 11. OlovoPalez 258 0.00999
Prozor 251 0.01003
Olovo-Klis 204 0.01029
Sokolac 248 0.01063
Fojnica 271 0.01079
B. Petrovac 218 0.01213
Sig. 0.052 1.000
Table 11. Descriptive statistics for volume (m?®) per provenances
Provenance N Mean S(te?/?gt&ilg Minimum Maximum Co\é?frilcaizlr:;tzg/o )
Bosanski Petrovac 218 0.089207 0.057383 0.00182 0.24102 64.3
Bugojno 248  0.066005  0.041781 0.00242 0.24852 63.3
Fojnica 271 0.075201  0.049310 0.00374 0.27351 65.6
Konjic 258 0.063745  0.039109 0.00592 0.33875 61.4
Olovo-Klis 204  0.066839  0.035996 0.00302 0.21102 53.9
Olovo Palez 258 0.067931  0.046590 0.00218 0.41075 68.6
Pale 243 0.067189  0.046327 0.00304 0.26019 69.0
Prozor 251  0.068083  0.046129 0.00412 0.36574 67.8
Sokolac 248 0.074876  0.047475 0.00142 0.24265 63.4
Total 2199  0.070845  0.046420 0.00142 0.41075 65.5

The average volume of trees for all
provenances was 0.070845 m3. Provenance
Olovo-Klis had the lowest average value of
the basal area, and provenance Bosanski
Petrovac the highest. The average coefficient

differences among provenances for height at
0.05 level (Fizr.>Ftab, Sig.<0.005).

Duncan’s test divided provenances into
three groups. First two groups overlapped, and
provenance Bosanski Petrovac separated into

of variability was 65.5%.

The variance analysis for volume (Table

12)  showed

statistically

significant

Table 12. Analysis of variance for volume

a different group, as shown in Table 13.

Source of Variation Sum of Squares DF Mean Square F Sig.
Between Groups 0.112 8 0.014 6.637 0.000
Within Groups 4.624 2190 0.002
Total 4.736 2198
Table 13. Duncan test for volume
Subset for Alpha= 0.05

Provenance N

1 2 3
Konjic 258 0.06375
Bugojno 248 0.06600 0.06600
Olovo-Klis 204 0.06684 0.06684
Pale 243 0.06719 0.06719
Olovo Palez 258 0.06793 0.06793
Prozor 251 0.06808 0.06808
Sokolac 248 0.07488
Fojnica 271 0.07520
B. Petrovac 218 0.08921
Sig. 0.375 0.056 1.000
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To analyse the effects of blocks on the
growth of silver fir in the provenance test, we
performed univariate analysis (Table 14).
Table 14. Average values of DBH (cm) per provenances and blocks

Provenance Block 1 Block 2 Block 3 Block 4 Block 5 Total
N Mean N Mean N Mean N Mean N Mean N Mean

B.Petrovac 50 121 23 125 38 107 52 139 55 106 218 119
Bugojno 46 109 48 105 46 110 56 110 52 104 248 108
Fojnica 53 11.0 52 109 60 11.5 54 11.5 52 112 271 112
Konjic 41 11.5 57 108 52 9.6 56 10.6 52 11.3 258 10.7
Olovo-Klis 25 11.6 42 122 53 11.1 52 10.0 32 111 204 111
Olovo Palez 50 9.6 42 111 58 11.0 54 115 54 106 258 10.8
Pale 3 102 52 88 47 121 50 118 58 110 243 108
Prozor 43 11.1 56 117 53 10.2 47 10.7 52 104 251 10.8
Sokolac 42 114 53 110 49 105 50 124 54 108 248 112
Total 386 110 425 109 456 109 471 115 461 108 2199 110

The highest average value of DBH for all
provenances was in block 4 (11.5 cm), and
lowest in block 5 (10.8 cm).

Tests of Between-Subjects Effects table
(Table 15) for DBH showed the presence of a
statistically significant effect of interaction
between blocks and provenances (Fizr.>Ftab.,

Sig.<0.005), which means that even though
the environmental conditions are similar in the
whole surface of provenance test, small
differences in microclimate caused the
differences among provenances regarding
values of diameter at breast height.

Table 15. Tests of between subject effects for breast height diameter

Source Type 11l Sum of DF Mean Square F Sig.
Squares

Corrected Model 1549.7462 44 35.221 3.773 0.000

Intercept 258132.102 1 258132.102 27648.170 0.000

Block 133.100 4 33.275 3.564 0.007

Provenance 268.601 8 33.575 3.596 0.000

Block * 1135.665 32 35.490 3.801 0.000

Provenance

Error 20110.429 2154 9.336

Total 288954.960 2199

Corrected Total 21660.174 2198

a. R Squared = .072 (Adjusted R Squared = .053)

In the graphical representation of
estimated marginal means for the trait of DBH
(Figure 1), it is visible that there is a
statistically significant interaction between
blocks and provenances. Provenance
Bosanski Petrovac showed the highest
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estimated marginal mean values in block 1,
block 2, and block 4, but the value among
others in block 3 and block 5. Provenance Pale
showed the lowest estimated marginal mean
in block 2, but the highest in block 3 (Table
16).
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Estimated Marginal Means of Diameter at Breast Height (cm)

14.0

13.0

12.0

Estimated Marginal Means

10.0

9.0

Provenance

= Bos. Petrovac
= Bugojno

— Fojnica
Konjic
Olovo-Klis
Olovo Palez
Pale

Prozor
Sokolac

3
Block

Figure 1. Estimated marginal means of DBH

Table 16. Average values of height (m) per provenances and blocks

Provenance Block 1 Block 2 Block 3 Block 4 Block 5 Total
N Mean N Mean N Mean N Mean N Mean N Mean

B. Petrovac 50 9.6 23 8.3 38 7.7 52 11.5 55 7.5 218 9.1
Bugojno 46 8.1 48 7.9 46 8.4 56 8.5 52 7.9 248 8.2
Fojnica 53 8.4 52 8.5 60 9.3 54 8.5 52 8.3 271 8.6
Konjic 41 8.4 57 8.0 52 7.6 56 8.1 52 8.6 258 8.1
Olovo-Klis 25 8.1 42 8.5 53 8.0 52 7.6 32 8.4 204 8.1
Olovo Palez 50 7.4 42 8.2 58 8.8 54 8.5 54 8.2 258 8.2
Pale 36 7.5 52 6.7 47 8.7 50 9.2 58 8.3 243 8.1
Prozor 43 8.2 56 8.8 53 8.8 47 7.5 52 7.9 251 8.3
Sokolac 42 8.7 53 8.2 49 8.1 50 10.2 54 8.3 248 8.7
Total 386 8.3 425 8.1 456 8.4 471 8.8 461 8.1 2199 8.4

The highest average value of height for all
provenances was in block 4 (8.8 m), and
lowest in block 2 and block 5 (8.1 m).

Tests of Between-Subjects Effects table
(Table 17) for the trait of height showed that
there is a statistically significant interaction
between blocks and provenances (Fizr.>Ftab.,

Sig.<0.005), which means that even though
the environmental conditions are similar in the
whole surface of provenance test, small
differences in microclimate caused the
differences among provenances regarding
values of diameter at breast height.

Table 17. Tests of between subject effects for height

Source Type 111 Sum of Squares DF Mean Square F Sig.
Corrected Model 1330.3962 44 30.236 9.012 0.000
Intercept 147578.326 1 147578.326 43985.682 0.000
Block 147.643 4 36.911 11.001 0.000
Provenance 159.503 8 19.938 5.942 0.000
Block * Provenance 970.777 32 30.337 9.042 0.000
Error 7226.982 2154 3.355

Total 162668.920 2199

Corrected Total 8557.378 2198

a. R Squared = 0.155 (Adjusted R Squared = .138)
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In the graphical representation of
estimated marginal means for the trait of
height (Figure 2), it is visible that there is a
statistically significant interaction between

Bosanski Petrovac showed the highest
estimated marginal mean values in block 1,
and block 4, but the value among others in
block 2 and block 3, and the lowest value in

blocks and provenances. Provenance block 5 (Table 18).
Estimated Marginal Means of Height (1)
12.0 Provenance
— Bos. Petrovac
— Bugojno
= 11.0 — Fojnica
E — Konjic
= Olovo-Klis
E 10.0 — Olovo Palez
B Pale
g — Prozor
= 00 Sokolac
z
=
é 8.0
=
7.0
1 2 3 4 5
Block
Figure 2. Estimated marginal means of height
Table 18. Average values of basal area (m?) per provenances and blocks
Provenance Block 1 Block 2 Block 3 Block 4 Block 5 Total
N Mean N Mean N Mean N Mean N Mean N Mean
B. Petrovac 50 0.01204 23 0.01299 38 0.00989 52 0.01592 55 0.00983 218 0.01213
Bugojno 46 0.00964 48 0.00927 46 0.01066 56 0.01023 52 0.00925 248 0.00981
Fojnica 53 0.01006 52 0.01004 60 0.01128 54 0.01141 52 0.01108 271 0.01079
Konjic 41 0.01053 57 0.00982 52 0.00777 56 0.00948 52 0.01079 258 0.00964
Olovo-Klis 25 0.01091 42 0.01238 53 0.01022 52 0.00848 32 0.01011 204 0.01029
Olovo Palez 50 0.00786 42 0.01066 58 0.01028 54 0.01140 54 0.00972 258 0.00999
Pale 36 0.00835 52 0.00664 47 0.01260 50 0.01177 58 0.01031 243 0.00998
Prozor 43 0.01067 56 0.01158 53 0.00857 47 0.01024 52 0.00915 251 0.01003
Sokolac 42 0.01133 53 0.01006 49 0.00937 50 0.01310 54 0.00949 248 0.01063
Total 386 0.01013 425 0.01017 456 0.01007 471 0.01131 461 0.00996 2199 0.01034

As expected, the highest average value of
the basal area was in block 4, and lowest in
block 5, as for the traits of breast height
diameter.

Tests of between-subjects effects table
(Table 19) for the trait of basal area showed
that there was a statistically significant
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interaction between blocks and provenances
(Fizr.>Ftab., Sig.<0.005), as it was the case
with the diameter at breast height which we
used for the calculation of basal area, where
the small differences in environmental
conditions among blocks cause differences in
growth of provenances.
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Table 19. Tests of between subject effects for basal area

Source Type 111 Sum of Squares DF Mean Square F Sig.
Corrected Model .0052 44 0.000 4.160 0.000
Intercept .228 1 0.228 7640.357 0.000
Block .001 4 0.000 4.738 0.001
Provenance .001 8 0.000 4,139 0.000
Block * Provenance .004 32 0.000 4.008 0.000
Error .064 2154 2.981E-5

Total .305 2199

Corrected Total .070 2198

a. R Squared = .155 (Adjusted R Squared = .138)

In the graphical representation of
estimated marginal means for the trait of basal
area (Figure 3), it is visible that there is a
statistically significant interaction between
blocks and provenances.

Provenance Bosanski Petrovac showed the
highest estimated marginal mean values in

block 1, block 2 and block 4, but the value

among others in block 3 and block 5.
Provenance Pale showed the lowest estimated
marginal mean in block 2, but the highest in
block 3.

Results of average volume per provenance
and blocks are shown in Table 20.

Estimated Marginal Means of Basal Area

016000000 Provenance
= Bos. Petrovac
=— Bugojno
@ — Fojnica
E .014000000 — Konjic
= Olovo-Klis
E = Olovo-Palez
aj .012000000 Pale
E = Prozor
= Sokolac
1
£ .010000000
s
.008000000
1 2 3 4 5
Block
Figure 3. Estimated marginal means of basal area
Table 20. Average values of volume (m?®) per provenances and blocks
B rOvE narGe Block 1 Block 2 Block 3 Block 4 Block 5 Total
N Mean N Mean N Mean N Mean N Mean N Mean
B. Petrovac 50 0.08973 23 0.08673 38 0.06544 52 0.13485 55 0.06304 218 0.08921
Bugojno 46 0.06336 48 0.06067 46 0.07526 56 0.07114 52 0.05955 248 0.06601
Fojnica 53 0.06696 52 0.06944 60 0.08255 54 0.07877 52 0.07717 271 0.07520
Konjic 41 0.06959 57 0.06373 52 0.04993 56 0.06236 52 0.07447 258 0.06375
Olovo-Klis 25 0.07064 42 0.08287 53 0.06580 52 0.05354 32 0.06615 204 0.06684
Olovo Palez 50 0.04872 42 0.07328 58 0.07211 54 0.07985 54 0.06516 258 0.06793
Pale 36 0.05140 52 0.03948 47 0.08788 50 0.08444 58 0.07019 243 0.06719
Prozor 43 0.07179 56 0.08075 53 0.06080 47 0.06726 52 0.05954 251 0.06808
Sokolac 42 0.08104 53 0.06596 49 0.06289 50 0.10342 54 0.06329 248 0.07488
Total 386 0.06826 425 0.06772 456 0.06930 471 0.08151 461 0.06653 2199 0.07085
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As expected, the highest average value of
volume was in block 4, and lowest in block 5,
as for the traits of breast height diameter and
height.

Tests of between-subjects effects table
(Table 21) for the trait of volume showed that
there was a statistically significant interaction

between blocks and provenances (Fizr.>Ftab.,
Sig.<0.005), as it was the case with the traits
of the diameter at breast height and the height,
where  differences in  environmental
conditions among blocks caused the
differences in the growth of provenances.

Table 21. Tests of between subject effects for volume

Source Type Il Sum of Squares DF Mean Square F Sig.
Corrected Model 0.5262 44 0.012 6.122 0.000
Intercept 10.639 1 10.639 5443.656 0.000
Block 0.069 4 0.017 8.804 0.000
Provenance 0.095 8 0.012 6.066 0.000
Block * Provenance 0.344 32 0.011 5.502 0.000
Error 4.210 2154 0.002

Total 15.773 2199

Corrected Total 4,736 2198

a. R Squared = .155 (Adjusted R Squared = 0.138)

In the graphical representation of
estimated marginal means for the trait of
volume (Figure 4), it is visible that there is a
statistically significant interaction between

estimated marginal mean values in block 1,
block 2 and block 4, but the value among
others in block 3 and block 5. Provenance Pale
showed the lowest estimated marginal mean

blocks and provenances. Provenance in block 2, but the highest in block 3.
Bosanski Petrovac showed the highest
Estimated Marginal Means of Volume
140000000 Provenance
— Bos. Petrovac
= Bugojno
2 120000000 — Fojnica
E == Konjic
= Olovo-Klis
= = Dlovo-Palez
a .100000000 Pale
£ — Prozor
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T .080000000
:
K .060000000
.040000000
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Figure 4. Estimated marginal means of volume
Discussion Larsen (1986) investigated the geographic

Provenance tests of silver fir in Europe
started in Switzerland and were focused on the
research of individual growth of trees (Engler,
1905).

146

variability of silver fir and found that
provenances from South-East Europe showed
significant differences in increment between
each other, and also comparing to Carpathian
provenances.
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Meki¢ (1988) found a high variability of
morphological and physiological indicators of
Calabrian provenances, while the Central
European provenances showed homogeneity.

Investigations of morphological traits in
provenance cultures from central and southern
Italy showed significant intrapopulation and
interpopulation variation of silver fir (Ducci,
1991).

Meki¢ & Larsen (1991) researched the
geographic variability of silver fir in Europe
in 15 provenances when they were six-year-
old. Italian provenances had a significantly
higher increment of height and diameter than
provenances from Central and Eastern
Europe.

In France, the provenance trial of common
fir was founded in 1963 with 19 French and
two Romanian provenances (Lapus and
Prahova). Foreign provenances with their
characteristics were control populations to
local ones. The range of height increment
variability was up to 27% higher in foreign
than in local provenances (Kajba, 2001).

Ratkni¢ et al. (2002) researched the
provenance test of silver fir in Serbia and
found statistically significant differences
among observed provenances.

Ivankovi¢ et al. (2006) researched in
provenance test in Croatia, which included 18
provenances from Croatia and two from
Slovenia. By variance analysis, they found
statistically significant differences between
provenances in growth dynamics.

Memisevi¢ et. al. (2016) researched
phenological phases of leafing of silver fir in
the same provenance tests. They didn't found
statistically significant differences among
provenances for dates of starting of individual
phases, nor for the duration of phases.

Halilovi¢ (2008), Halilovi¢ et al. (2009a,
2009b, 2013) researched the younger age of
plants on the same provenance test and found

statistically ~ significant  differences in
morphological indicators among
provenances.

In this research, we analyzed

morphological traits of 27-year-old trees from
nine provenances on Delimusa experimental
plot.

The variance analysis showed statistically
significant differences among provenances
for two measured traits (breast height
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diameter, height, and two calculated traits
(basal area and volume).

Konjic provenance had the lowest, and
Bosanski Petrovac provenance the highest
average DBH. Obtained results are similar to
those of research of Halilovi¢ (2008) on 20-
year-old plants in the same experimental plot,
where Pale provenance also had the lowest,
and provenance of Bosanski Petrovac the
highest average DBH.

Provenances Konjic, Olovo-Klis, and Pale
had the lowest, and Bosanski Petrovac the
highest average height. The results correspond
to results obtained by Halilovi¢ (2008) in the
same provenance test of 20-year-old plants
when Olovo Klis provenance had the lowest,
and Bosanski Petrovac the highest average
height. In research of the same provenances
on three-, four- and five-year-old seedlings,
Meki¢ (1991) found statistically significant
differences in height among provenances in
the age of three and four, while there were no
statistically significant differences among
provenances at age five. Ratkni¢ et al. (2002),
in the test of same provenances in Priboj,
Serbia, obtained the lowest average height for
the Olovo-Klis provenance, and the highest
for Bosanski Petrovac, as in this research. As
for the trait of diameter at breast height,
provenance Konjic had the lowest, and
provenance Bosanski Petrovac the highest
average value of the basal area.

Provenance Olovo-Klis had the lowest
average value of volume, and provenance
Bosanski Petrovac the highest.

Variance analysis for all traits showed
statistically significant differences among
provenances.

Univariate analysis showed the effects of
blocks and interaction block x provenance.
Maximum average values for all traits
provenances showed in block 4. It means that
small differences in ecological conditions can
cause differences in the growth of silver fir.

This research included a small part of the
silver fir natural distribution range, so we did
not expect significant differences among
provenances, especially because of the young
age of the provenance test.

The Dinaric Mountains region is very
specific when it comes to environmental
conditions. On a very small area, there is a
variety of climatic, edaphic, orographic, and
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other factors affecting the differentiation of
ecotypes, especially in the area of Central
Bosnia (Stefanovi¢ et al., 1983). Therefore,
experts consider that forest tree species from
the Dinaric Mountains show higher variability
compared to the same species from the north
(Ballian & Cabaravdi¢, 2005; Ballian &
Halilovi¢, 2016)

Conclusion

Based on the written above, we can
conclude that the results of this research
confirmed the existence of variability of
Bosnian-Herzegovinian provenances of silver
fir regard to morphological traits. In other
words, there are differences among
populations from different ecological niches,
i.e. differences in the ecology of habitats
cause morphological differentiation among
populations.

Provenance Bosanski Petrovac showed the
highest values of the height, diameter at breast
height, basal area, and volume of the trees,
which implies it is the best provenance for the
further activities on seed collecting and
producing planting material for afforestation
in Bosnia and Herzegovina.

Morphological research of provenances on
this experimental plot should be continued to
obtain more reliable results of morphological
traits at older plants, as well as determine the
juvenile-adult correlation for these traits.
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