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Pulkkinen, P. 1991. Crown form and harvest increment in pendulous Norway
spruce. Tiivistelmé: Riippakuusen latvusmuoto ja maanpiillisen kasvun
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Crown characteristics and the distribution of three years (1986—1988) biomass
production of 20 pendulous Norway spruce (Picea abies f. pendula (Lawson)
Sylvén) trees with heritable narrow crown and 15 normal-crowned (Picea abies
(L.) Karst.) spruces were studied in a 19-year-old mixed stand. The form of the
crown is conical in normal-crowned trees, columnar and narrow in pendulous
trees. The partitioning of aboveground biomass to stems (Hinc) during studied
3 years was significantly higher in pendula (0.281) than in normal-crowned
trees (0.255) and also the ratio between growth of stemwood and growth of
needle biomass in studied three years was higher in pendula trees (0.67 g g”') than
in normal crowned trees (0.52 g g™'). The needle biomass in pendulous trees
was distributed higher in the crown in pendula than in normal-crowned trees
and they had a higher needle biomass/branchwood biomass ratio than normal
trees. The difference in harvest increment between the two crown types are
mostly due to the significantly lower branchwood biomass values in pendula
than in normal-crowned trees. The higher needle ‘efficiency’ in pendula trees

- than in normal-crowned trees is probably connected with high partitioning of
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needle biomass to the upper part of the crown in pendula trees.

Normaalilatvuksellisten kuusten (Picea abies (L.) Karst) ja pendula-kuusten
(Picea abies f. pendula (Lawson) Sylvén) tuottaman biomassan jakautumista
seki latvusominaisuuksia tutkittiin 19 vuotta vanhoista puista, jotka olivat
kasvaneet samassa metsikossid. Normaalipuiden latvusmuoto on kartiomainen
ja pendula-kuusien kapea seki pylvismainen. Pendula-kuuset allokoivat kolmen
vuoden aikana tuottamastaan maanpééllisesti biomassasta merkitsevésti enem-
min runkoon (0.281) kuin tavalliset kuuset (0.255). Myds pendula-puiden
runkopuun kasvun seki neulasmassan kasvun suhde tutkittuina kolmena vuotena
oli korkeampi (0.67 g g™") kuin normaalilatvuksisten puiden (0.52 g g"). Pen-
dula-puiden latvuksen yldosan neulasmassa on suhteellisesti suurempi kuin
normaalilatvuksellisten puiden ja niiden neulasten massan suhde oksapuun
massaan on suurempi. Ero tuotetun runkopuun osuuksissa maanpéillisen bio-
massan kasvusta tutkittujen puutyyppien vililld johtuu suurelta osin pendula-
puiden merkitsevisti pienemmistd oksapuun massoista. Pendula-puiden nor-
maalilatvuksellisia kuusia korkeampi neulasten "tehokkuus’ liittyy luultavasti
pendula-puiden neulasten suureen méiréén latvuksen yldosissa.
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abies f. pendula.
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1 Introduction

The crown form of the Norway spruce (Picea
abies (L.) Karst.) is a variable character
(Schmidt-Vogt 1986). However, a large part of
the variation can be explained by the environ-
mental factors (Schmidt-Vogt 1977) and the ge-
netical determination of the crown form is ob-
viously based on the polygenic system. The
crown form of pendula spruce (Picea abies f.
pendula (Lawson) Sylvén) is extremely narrow.
The mean crown diameter of about 100-year-
old trees with mean height of 25 meters was
only 1.9 meters (Pulkkinen 1991a). This narrow
crown form also inherited to 18-50% of open
pollinated progenies, thus the inheritance of the
crown form is based on only a few genes or
gene groups (Lepisto 1985).

The form of the crown has been noticed to be
an important factor determining the biomass
production of the trees and it also affects allo-
cation ratios between tree components (Cannell
et al. 1983, Ford 1985, Pulkkinen 1991a, b).

Also the crown structure has an effect on the
stand factors (Jarvis et al. 1976, Mohler et al.
1978, Kellomiki et al. 1985, Pukkala and Kuu-
luvainen 1987), thus affecting also the stand
stemwood production capacity.

At the individual tree level the stemwood pro-
duction capacity can be characterized by using
harvest increment values rather than harvest in-
dex values. The harvest increment is increment
apportionable to the harvested part over a peri-
od of years within a lifespan of the trees (Cannell
1985). The harvest index is a measure for total
lifespan of the trees, thus including several un-
known factors of the history of trees and stands.

The objective of this study is to analyze rela-
tionships between crown form and stemwood
production in heritable narrow crowned trees
and in trees with normal crowns. The effect of
crown characteristics and biomass partitioning
on the wood production possibilities is also dis-
cussed.

2 Material and methods

The experimental trees were all open pollinated
progeny of three pendula spruce trees growing
in Mintsild, southern Finland. These Mintsili
trees are characterized by thin and drooping
branches, extremely narrow crown (Saarnijoki
1954, Pulkkinen 1991b) and the inheritance of
the ‘pendula-trait’ (Lepistd 1985). Several hun-
dreds of seedlings were grown in a nursery for 3
years and planted out in 1973 at a spacing of 2 x
2 m. The total study area was approximately
400 m? consisting 64 trees growing in four rows.
All these trees were harvested in 1987 and 1988.
However, only the trees felled in 1988 were
measured with details and included in this study.
The total number of trees felled in 1988 was 35
and consists 20 trees with pendula crown type
and 15 trees with normal-crown type. The dis-
tinction between crown types was based on the
differences in the diameter growth of the
branches. This growth is almost totally arrested
after second year in pendula trees (Pulkkinen
1991a).

Before the trees were felled in 1988, branch
diameters were measured and sample branches

208

were selected. Sample branches were the thick-
est, a medium and the thinnest living branch at
whorl levels 1-4, 7 and 10. Branch angles and
the distance between the tips of sample branch-
es and the stem were recorded. The lengths of
the sample branches and the positions of whorls
were also recorded. Trees were divided into
stem and crown, and the crown was further
divided into crown layers, defined by means of
whorls, which were numbered beginning from
the top of the tree and included the branches in
the whorl and corresponding interwhorl branches
(interwhorl branches that arose in the same year
as the whorl branches). Whorl branches were
further divided into the annual amount of needles
and corresponding amount of branch wood. All
parts were weighed separately.

The dry weights of sample material were de-
termined after drying at +105 °C for 48 h. The
dry weights of crown components were esti-
mated from the dry weights of needles and
branch wood of sample branches. The stem was
divided into seven sections above whorls 1, 2,
3,4,7 and 10 and the widths of the growth rings
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of each stems section was measured from the
top and from the base of each section. The annual
volumes of the stem sections were calculated
from the diameters of the growth rings, and the
total annual biomasses of stem wood was esti-
mated by multiplying the annual volumes of
stem sections by the density values of corre-
sponding sections and summing the values ob-

tained. The dry weight of stem bark was com-
puted by multiplying volume of the bark by a
density value of 0.365 (Kiarkkidinen 1985).

Differences between crown types were stud-
ied by analysis of variance (Dixon et al. 1990).
The equality tests of regression lines were car-
ried out according to Dixon et al. (1990).

3 Results

Although the pendula spruces were taller than
the normal-crowned spruces (Table 1), the mean
maximal crown diameter was only 117 cm in
pendula trees and 202 cm in normal-qrowne@
trees (Table 1). Also the crowns had their maxi-
mal diameters more higher in pendula trees than
in normal-crowned trees (Fig. 1a). The normal-
crowned trees had thicker branches and smaller
branch angles than pendula trees, but the branch
lengths were quite similar in the two tree types
(Table 1). .

The mean values of all aboveground biomass
components were higher in the normal-crowned
trees than in the pendula trees (Table 1), and the
differences were significant for needle apd
branchwood dry weights. There were no statis-
tically significant correlations between tree
height and needle biomass in the upper part of
the trees in either crown type.

Maximal needle weight in normal-crowned
trees was distributed little lower in the crown

than in pendula trees (Fig. 1b,c). Within 'the
upper part of the crown (layers 1-4, comprising
46% of the total height) normal-crowned trees
carried 15% (601 g) and pendula trees 25%
(635 g) of their total needle biomass (p < O.QOI).
The proportion of needles within the middle
part of the crown (layers 5-7, 23% of the total
height) was 42% (1707 g) in normal-crowned
and 51% (1288 g) in pendula trees. Within the
lower part of the crown (from layer 8 to the
ground, 31% of total height) normal-crowned
trees carried 43% (1776 g) of their total needle
biomass, whereas pendula trees carried only 24%
(593 g) (p < 0.01). When absolute biomasses
were compared, differences between the two
crown types were significant in the middle (t-
test p < 0.05) and the lower parts of the crown
(p <0.001).

The allocation of branch biomass among
crown layers of normal-crowned and pendulous
trees was similar to that of needles. The ratios of

Table 1. Means and standard error of means of some morphological chara.cte.rs~ and
biomass components (dry weight) of 19-year-old Norway spruce based on individual

tree measurements (Pulkkinen 1991a).

Parameter Crown form Pt:[t:s;]
Normal (n = 15) Pendula (n = 20)

Mean SE Mean SE
Height, cm 428.1 255 471.2 18.6 NS
Ma)%imal crown diameter, cm 202.4 9.5 116.7 54 < 0.001
Branch diameter, mm 11.2 0.4 8.6 0.3 <0.001
Branch angle, ° 74.4 2.1 99.0 1 2 < g.OOl
Branch length, cm 69.2 23 63.7 3.2 NO Al
Needles, g 4083.8 3979 2516.5 178.1 <0.
Branch wood, g 34574 361.6 18148 1438 < 0.001
Stem, g 2783.3  379.6 2291.5 2345 NS
Bark, g 323.6 429 2629 29.0 NS
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Table 2. Growth of aboveground biomass components during the 3 years period between 1986—
1988 of 19-year-old Norway spruce based on individual tree measurements.

Parameter

needle to branchwood biomass was significant-
ly higher in pendula trees than in normal-
crowned trees at upper and middle parts of the

growth of needle and branch wood between
studied three years were significantly higher in
normal-crowned than in pendula trees, whereas

Crown form t-test crown (Fig. 1d). owth of stemwood (without bark) was quite
: . e q
s 18) Bl fw 30 P-level The production of aboveground biomass  similar in normal-crowned and pendula trees.
Mean SE Mean SE components and the allocation of biomass among Harvest increment (dry weight of stem growth
needles, branch wood and stems (without bark) ~ without bark/dry weight of total aboveground
¢ ry g g
Needles, g 3682.7 3537 23482 1622 <0.01 differed between crown types (Table 2). The g'rov.vth betwegn years 1986—1.988) values were
Branch wood, g 2820.3 297.8  1579.9 122.0 <0.001 significantly higher (p < 0.05) in pendula (0.281)
%ter:l, g 19155 276.5 1602.5 165.8 NS than in normal-crowned trees (0.225) and cor-
otal, g 8418.5 8543  5530.6 423.2 <0.01 . related significantly with crown diameter in
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Fig. 1. Absolute values of crown diameters (a), needle biomasses (b), needle biomass distributions (c) and ratios
betwe'en needle biomass and branch biomass (d) at different crown layers (whorl height/total height of the
tree) in the normal-crowned and pendula spruces (symbols in Fig. 1a).

Needle growth 1986-1988 (g) Needle growth 1986-1988 (g)

Fig. 3. Regression of stemwood growth (1986-1988, a) and regression of branchwood growth (1986-1988, b)
versus growth of needle biomass (1986-1988) in the normal-crowned and pendula spruces.
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Fig. 4. Regression of harvest increment (1986—1988, a) and regression of stemwood growth/needle growth
(19861988, b) versus proportion of the needles in the upper part of the crown (crown layers 1-4) to total
needle biomass produced (between 1986 and 1988) in normal-crowned and pendula spruces.

4 Discussion

According to present results the narrow crowned
spruces had higher allocation rates to stemwood
than the normal-crowned trees. However, the
total biomass per tree was smaller in pendula
trees than in normal-crowned trees. The diam-
eter of the crown in 19-year-old pendula trees
was about the half of the diameter of normal-
crowned trees and in over 100-year-old pendula
trees the diameter still remained extremely nar-
row and showed no reaction to the free growth
space (Pulkkinen 1991b). So it seems to be
possible to increase the stocking density by us-
ing pendula trees at least if the crown characters
are concerning. Also the form of the coarse-
roots seems to be more narrow in pendula trees
than in normal-crowned trees thus not prevent-
ing the idea of high stocking densities (Pulkkinen
and Tigerstedt 1992).

Differences in biomass partitioning to the stem
in normal-crowned and pendula trees is associ-
ated with crown structure, especially to the
branch properties. The drooping form of
branches in pendula trees is associated with ar-
rested branch diameter growth after the second
year (Pulkkinen 1991a). The difference in stem-
wood allocation ratios between pendula and
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normal crowned trees is almost totally explained
by the higher branchwood ratio in normal
crowned trees than in pendula trees. The branch
structure of pendula trees had smaller supporting
costs than the branches in normal crowned trees
and hence had a surplus of assimilates. Accord-
ing to Cannell and Morgan (1990) the favorable
structure for high production of surplus of as-
similates might be a system of semi-pendulous
shoots or shoots with high photosynthetic rates,
a low level of annual shoot elongation and a
high number of laterals.

The lower branchwood biomass, however, did
not explain the differences betwe: n pendula and
normal crowned trees concerning produced stem
biomass versus needle biomass. The production
of stemwood/dry weight of needles was clearly
higher in pendula than in normal-crowned trees.
The proportion of needles distributed in the up-
per part of the crown was higher in pendula
trees and in those trees the stemwood/needle
ratio seems to be high. Also the ratio between
stem biomass and needle biomass increased with
needle biomass more rapidly in pendula than in
normal trees (Pulkkinen and Poykko 1990,
Pulkkinen 1991a). It is important to have the
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current-year and 1-year-old needles in condi-
tions where shading is not a limiting factor for
capturing radiation, because the rate of photo-
synthesis decreases with increasing age of the
needles (Watts et al. 1976).

In dense stands the physical competition be-
tween pendulas might be small, but the produc-
tion capacity of trees and stands are more de-
pending on the efficiency of light interception
than actual physical competition. The narrow-
crowned coniferous trees in high latitudes had
low within-tree shading (Kuuluvainen and
Pukkala 1987). Shaded leaves in conifers are
likely to be below the light compensation point

for some of the time (Helms 1964). The addi-
tion of more leaves into the full shade of a
closed canopy will not increase the production
of photosynthates (McCree and Troughton
1966). In 19-year-old pendula trees the harvest
increment values seem to increase with increas-
ing proportion of needles located in upper crown.
The high allocation rates to stem has been noticed
in trees with narrow-crowns (Kelloméki 1986,
Kuuluvainen 1991a). However, according to
Kuuluvainen (1991b) a narrow and a long crown
depicts increased between-tree shading at high
latitudes, especially in dense stands.
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