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Norway spruce (Picea abies /L./ Karst.) appears to be the mostimportant conifer species
in our mountain regions. Statistically significant differences were determined in the
diameter and heightincrements for particular types of branching. There were verified
regression functions for estimation biomass fractions. Using model calculations,
fractions of above-ground and underground biomass were determined for selected
permanent sample plots of the Moravian-Silesian Beskids from lower altitudes.
Statistically significant differences were determined in the diameter and height
increments for particular types of branching. From the branching type 1.5 (fascicle/
comb-shaped) across type 2 (fascicle-shaped) and type 2.5 (fascicle/plate-shaped to
type 3 (plate-shaped) both d.b.h., total tree height and radial increment decrease. For
aman-made Norway spruce ecosystem regression functions determined by fitting the
datafrom 45 sample sprucetrees were derived (at Drahanskd Upland) and used also for
sample plots in Beskids.

Keywords: Norway spruce, biomass fractions, modelling of biomass flow, type of branching,
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Introduction tolerance to harsh climatic factors, particularly
wind, snow, hard rime and glazed frost. Based on
literature data, it is possible to suppose that for-
esters already at the beginning of their purpose-
ful Norway spruce growing were aware of a cer-
tain dependence between spruce incrementand
its type of branching. We decided, therefore, to
study in detail the relationship between the
type of branching and increment in the region
of the Moravian-Silesian Beskids in trees situ-
ated in permanent sample plots (PSP) of Lespro-
jekt (Institute for Forest Management, Brandys
nad Labem) and sample plots (SP) at the Bily
Ki#iz locality selected in such a way to cover the

Norway spruce (Picea abies /L./ Karst.) ap-
pears to be the most important conifer species
in our mountain regions. As a Eurasian tree
species it occupies an extensive natural range.
It is due to its considerable morphological vari-
ability which is a precondition for adaptability.
In autochthonous stands, spruce forms various
ecotypes (upland, mountain, high-elevation)
which consist of various phenotypes differing
in many qualitative as well as quantitative fea-
tures. The paper deals particularly with various
types of branching (position of branches of the
2nd and higher orders) because branching pri- : )
marily aﬁ'egts predispositions to incremengt gnd 5th-7th f(?rest vegetation zones. After detailed
stress caused by climatic factors - namely wind. ph(.inotyplcal cla.ssmca?tlon of the trees we o
Each of the types of branching shows different ~2Mmine also relationships between mechanical
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damage to trees caused by climatic factors and
type of branching. In addition to this, we try to
study possibilities of early classification of par-
ticular types of branching using annual ring
analyses. The paper is a follow-up of previous
papers (Palat 1985; Hauck, Palat 2000).

Material and methods

To evaluate spruce phenotypes, the relevant
part of Samek methodology was applied (Samek
1964). Type of branching are depicted in Fig. 1.
For statistical processing the qualitative features
on the basis of their field records temporary
characters 1/2 and 2/3 we replaced by numbers
15and 2.5.

Type of branching
(1) comb-shaped
(1/2) fascicle/comb-shaped, comb-shaped/
fascicle
2) fascicle

(2/3) plate-shaped/fascicle, fascicle/

plate-shaped
3) plate-shaped

For 4 types of branching confidence inter-
vals were determined for P, of d.b.h. and total
length of spruce in 1981, 1986 and 1991 in PSP
and in 1987 and 1991 in SP of the Bily K¥iZ local-
ity. Confidence intervals were also determined
of the annual radial and height increments in
1981-1991 in PSP and in 1987-1991 in SP of the

Bily K¥iz locality. The PSP have been already
evaluated (Palat 1980, 1985; Hauck, Pal4at 2000)
from the viewpoint of soil characteristics and air
pollution, snow and wind damage as well as deer
barking, insect pests, fungi and other agents.

In order to assess growth dynamics in young
trees by means of annual ring analyses, Norway
spruce trees in young stands in the Bily K¥iZ lo-
cality were selected. Increment cores were taken
by the Pressler borer from sample plot trees at
b.h. (1.3 m) both from the eastern and western
directions from 11 trees of each of the branch-
ing types (comb-shaped type was absent), i.c. 44
trees in total. Means from both increment bores
were taken for the evaluation. Annual rings
were measured by the Zeiss stereo-magnifying
glass with the object-lens magnification 0.63x
and turning orthoocular magnification 15x.

Some 15 spruce sample trees were taken in
each of three localities (Mrakotin 711, Rajec 13
b,, and Réjec 10 d,), i.e. 45 sample trees in total
(Vyskot 1981). The Réjec-Jestiebi experimental
station is situated in a geographical complex of
Drahanskd Upland. The present Norway spruce
monoculture was established at the turn of the
century; consequently it means that the artificial
spruce pure stand is in its first generation and is
about 90 years old. It is located on the eastern
slope of the watershed ridge oriented in the
N-S direction at an altitude of 625 m. The slope
in alength of about 600 m sinks from the water-
shed ridge (640 m) eastward of the experimental
plot to the valley plain of the Ném¢éice creek be-
ing at altitudes of 590-570 m.

i |

2/3

Fig. 1: Types of branching. Legend: 1- comb-shaped, 1/2 - fascicle/comb-shaped, comb-shaped ffascicle,
2 - fascicle, 2/3 - plate-shaped /fascicle, fascicle/plate-shaped, 3 - plate-shaped.
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Results and discussion

Examples the type of branching are presented
in Figs. 2-6. On the basis of studies carried out
on 1336 trees in the Beskids, in old stands (PSP)
the fascicle type predominates (51%) whereas
in younger stands (SP) it is the plate-shaped/
fascicle type (36%). Older stands are more bal-
anced as for the distribution of phenotypes
because from six stands under study the fascicle
type predominates in four of them, in remain-
ing two stands the plate-shaped/fascicle type
prevails. In younger stands (SP) in the Bily Kiiz
locality, only one of five SP exhibits the fascicle
type, three stands fascicle/plate-shaped branch-
ing and one plate-shaped type of branching. In
general, it is possible to say that the fascicle type
predominates in all plots (45%) followed by the
fascicle/plate-shaped type (31 %), comb-shaped/
fascicle type (12%) and plate-shaped (11%);
comb-shaped type of branching appears to be
nearly negligible (0.7-1.0%).

With respect to the fact that plate-shaped and
fascicle/plate-shaped types exhibit lower incre-
ment being at the same time mostly subject to
windbreak and snow break it is possible to re-
move them in the course of thinning operations
unless it is the case of summit mountain loca-
tions where just these types are advantageous
being more resistant to winds.

Fitted curves of particular types of branching
in diagrams of confidence intervals show similar
pattern differing in their course maximally by
avalue of 1 mm increment providing no reliable
background for visible differentiation of growth
in particular types of branching. Annual ring
curves in Fig. 7 make it possible to reveal the
course of growth in particular types of branch-
ing. Up to the year 1988, i.c. 30-year-old stand,
differences in increment do not exceed 1 mm.
In 1998, however, the largest difference in radial
increment amounted to 1.5 mm, i.e. 3 mm in di-
ameter. Such a difference can be already evident
under conditions of increment accumulation.

In the diagram, there are changes in the or-
der of increment values particularly in the
comb-shaped/fascicle type of branching. At the
beginning of our study, i.e. in 1972, the type of
branching shows the smallest radial increment,
however, in 1998, the increment is greatest. Vir-
tually visible radial increment is best demon-
strated by cumulative curves (Fig. 8).
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Fig. 2: Details of comb-shaped branching (1) for three different individuals. Photo O. Hauck, 1999.
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Fig. 3: Details of fascicle/comb-shaped, comb-shaped / fascicle branching (1/2) for three different individuals. Photo O. Hauck, 1999.
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Fig. 4: Details of fascicle branching (2) for three different individuals. Photo O. Hauck, 1999.
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Fig. 5: Details of plate-shaped/ fascicle, fascicle/ plate-shaped branching (2/3) for three different individuals. Photo O. Hauck, 1999.
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Fig. 6: Details of plate-shaped branching (3) for three different individuals. Photo O. Hauck, 1999.
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Fig. 7: Annual ring curves of spruce trees aged 18-44 years according to particular types of branching, SP Bilyj Kfi%.
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Fig. 8: Cumulative curves of annual diameter increments of spruce trees aged 18-44 years accordingto particu-

lar types of branching, SP Bilyj K#7Z.

Originally very similar curves running closely
side by side begin to differentiate in 1985 (stand
age 27 years) and in 1998, the size of radial in-
crements exhibit an order which is known
from older stands, i.e. from the smallest for the
plate-shaped type to the largest for the comb-
shaped/fascicle type. The course of annual ring
curves evidently corresponds to the course of
branching type differentiation which begins to
differ after 25 years of the stand age as already

mentioned. Thus, virtually visible changes in
radial increment occur simultaneously with
branching differentiation so that the charac-
ter of growth in a young tree cannot serve for
the early differentiation of particular types of
branching as supposed on the basis of literature
data (Hauck, Palat 2000).

Confidence intervals of the radial increment
of spruce for the Bily K¥iz locality is presented
in Figs. 9-11.
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Fig. 9: Confidence intervals (P=0.05) of the annual radial increment of spruce in 1987-91 for four types of branching

and in total, the Bily KiiZ locality.
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Fig. 10: Confidence intervals (P=0.05) of annual radial increment for type of branching 1.5, Bilyj K#iZ, Norway spruces 44 old.

On the basis of confidence intervals for P
of the annual radial increment in 1987-1991 for
markedly represented types of branching for SP
decrease from the greatest value for the comb-
shaped/fascicle type to the plate-shaped type.

Data from the destructive analyses (Vyskot
1981, 1985) were fitted by means of regression
and correlation analysis in order to study the re-
lationships between selected characteristics of
the sample trees (Grossmann 1991; Palat 1985,

1991, 1997; Palit et all. 1992, 1994, 1999) and the
resulting regression functions for the construc-
tion of models.

A selection was carried out of 14 regression
equations from a total of 59 equations charac-
terizing both biomass fractions and a number
of other characteristics. Selected dependences
are depicted in Figs. 12-19. Biomass of stem in
relation to d.b.h., incl. data of Bily K¥iZ locality is
presented in Fig. 20.



Modelling of biomass fractions and radial increment of the selected
Norway spruce forest stands in the region of the Moravian-Silesian Beskids 19

[17l
HHH

TR 19T LETO AUTO 1000 1en2 1ol 1ela  To00 1000 1o 1old 1ol 1ol

o

Fig. 11: Confidence intervals (P=0.05) of annual radial increment for type of branching 3, SP Bily Kfi%, Norway spruces 44 old.
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Fig. 12: Above-ground biomass in relation to the d.b.h.
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Fig. 13: Underground biomass in relation to the d. b. h.
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Fig. 14: Biomass of roots above 5 cm in diameter in relation to the d.b.h.
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Fig. 15: Biomass of roots from 2.1 to 5 cm in diameter in relation to the d.b.h.
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Fig. 16: Biomass of roots from 0.1 to 2 cm in diameter in relation to the d.b.h.
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Fig. 17: Biomass of roots under 0.1 cm in diameter in relation to the d.b.h.
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Fig. 18: Biomass of roots and root swellings without stump in relation to the d.b.h.
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Fig. 19: Biomass of stumps in relation to the d.b.h.
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Fig. 20: Biomass of stem in relation to d.b.h., incl. Data od Bilyj K¥iz locality (V).
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For a man-made Norway spruce ecosystem diameter over 4 cm were calculated in 1981,
regression functions determined by fitting the 1981 and 1991. Selected two PSP are presented
data from 45 sample spruce trees were derived.  in Tab. 1-2.

Various fractions of the biomass of trees with

Tab. 1: Biomass fractions (kg DM ha') computed on the basis of regression equations calculated on data from

sampletrees PSP E4005.
Year 1981 1986 1991
Number of trees 533 533 515
Needles 26826 30230 31873
Shoots 11386 12664 13224
Branches 21800 24341 25488
Stem (large timber) 267009 304666 324442
Stem (small timber) 4005 4144 4107
Total above-ground 341348 391815 419506
Total underground 63028 74073 80735
Total 404377 465888 500241
Roots above 5 cm 21711 26175 29037
Roots from 2.1to 5 cm 4247 4988 5455
Roots from 0.1to 2 cm 3363 3984 4380
Roots under 0.1 cm 200 231 246
Roots and root swellings without stumps 28917 32852 34807
Stumps 30593 35794 38872

Tab. 2: Biomass fractions (kg DM ha™') computed on the basis of regression equations calculated on data from

sampletrees PSP E4024.
Year 1981 1986 1991
Number of trees 555 555 545
Needles 21001 23999 25361
Shoots 9071 10217 10702
Branches 17356 19609 20585
Stem (large timber) 206881 239500 255317
Stem (small timber) 3736 3876 3882
Total above-ground 265155 308401 330176
Total underground 48058 57297 62334
Total 313213 365698 392511
Roots above 5 cm 16085 19755 21863
Roots from 2.1to 5 cm 3350 3963 4313
Roots from 0.1 to 2 cm 2612 3124 3418
Rootsunder 0.1 cm 152 178 190
Roots and root swellings without stumps 22259 25697 27284

Stumps 23350 27722 30065
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Conclusions

The fascicle (45%) and plate-shaped/fascicle
(31%) types of branching appear to be the most
distributed types of branching in the region of
the Beskids represented by our sample plots
(SP). Transitional comb-shaped/fascicle and
fascicle/plate-shaped types are represented
by 11-12% of trees. The comb-shaped type of
branching occurred only in 10 trees, i.e. <1%.
With respect to the fact that according to our
studies the plate-shaped and fascicle/plate-
shaped types show significantly smaller incre-
ments (both in diameter and height) and, at
the same time, are heavily affected by breaks, it
is possible to remove them particularly in the
course of thinning operations with the excep-
tion of ridge locations where just the types are
suitable being more resistant to the effects of
wind. Types showing larger increment (comb-
shaped and fascicle/comb-shaped types) should
be supported if they are present in stands and
unless they suffer from considerable breaks.
In the region of the Hruby Jesenik Mts. repre-
sented by three PSP, the plate-shaped (50 %) and
fascicle types of branching are most distributed.
The transitional fascicle /plate-shaped type is
represented by 15.8% and the comb-shaped/
fascicle type by only 1.5% of trees. The comb-
shaped type of branching was quite absent.

On the basis of field survey conducted in the
Beskids and in the Kitiny Training Forest Enter-
prise it is possible to say that particular pheno-
types can be reliably distinguished from 25-30
years of age, i.e. the pole-stage stand (d.b.h.
13-19 cm). Tt is not recommended to carry out
the classification in young age due to possible
great errors. Annual ring analyses of spruce
trees in Bily K¥iz locality show that diameter
increment differentiation caused by the type of
branching occurs simultaneously with branch-
ing type differentiation between twenty and
thirty years of age so that diameter differences
appearing earlier cannot be used as an auxil-
iary characteristic for determining the type of
branching.

For a man-made Norway spruce ecosystem
regression functions determined by fitting the
data from 45 sample spruce trees were derived
(at Drahanska Upland) and used also for sample
plots in Beskids. Various fractions of the bio-
mass of trees with diameter over 4 cm were cal-
culatedin 1981, 1981 and 1991. Selected two PSP
are presented in Tab. 1-2.
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