Thinning effect and crown dieback in a mature secondary stand
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Fig. 1 Location of the experimental plot in the Asahikawa district forest in Minamifurano
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Table 1 Tree density and stand volume of the experimental plots before and after thinning-

before thinning after thinning
plot 1971 1983 1985 1999
/ha No. of trees per ha 1,175 1,060 1,050 965
Unthinned plot /ha \olume (m¥ha) 144 198 203 225
/ha No. of trees per ha 1280 1,100 955(13.2%) 830
Lightly thinned plot /ha Volume (m¥ha) 124 187 168(10..2%) 194
/ha No. of trees per ha 910 825 630(23.6%) 580
Moderately thinned plot /ha Volume (m3ha) m 145 108(25.5%) 122
h No. of trees per ha 1250 1,095 705(35.6%) 680
a
130 186 99(46.8%) 127
Heavily thinned plot /ha \Volume (m3/ha)
1984
thinning ratio
-2
Table 2 Growth of stand volume in the experimental plots before and after thinning
/ha (mé/ha) (méha)
net growth (m¥ha) mortality (m3ha) gross growth (m¥ha)
plot 1971~1983 1985~1999 1971~1983 1985~1999 1971~1983 1985~1999
before thinning after thinning before thinning after thinning before thinning after thinning
534 222 7.3 21.7 60.7 43.9
Unthinned plot 45) (1.6) 0.6) (1.6) (5.1) (31
63.2 26.2 114 154 74.6 41.6
Lightly thinned plot (5.3 29 (2.0 1) 6.2 (3.0
338 148 75 15.6 413 304
Moderately thinned plot (2.8) (1) 0.6) (1) (34) (22)
555 279 6.5 72 62.7 351
Heavily thinned plot (4.6) (2.0) (0.5) (0.5) (52 (25)
growth and mortality per year
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Fig. 2 Relationship between stand volume and tree density from 1971 to 1999 (1971 -.'83-'85-"99).
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Fig. 3 Relationship between stand compactness (a ) and number of

dead trees per year
a) before thinning (from 1971t01983) b) after thinning (from
1985 to 1999)
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Fig. 4 Relationship between total number of trees(N) and total stem

volume(Y) of each plot from 1983 to 1999.
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Fig. 5 Frequency distribution of DBH (diameter at breast height) of Betula maximowicziana in Minamifurano,
Hokkaido from 1971 to 1999.
Dead trees shown in 1971 and 1983 represent the trees which died during 1971-1983, and 1983-1999,
respectively. Thinned trees shown in 1983 represent the trees which were thinned in 1984.
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Table 3 Growth of DBH (diameter at breast height) of Betula maximowicziana trees during 14 years (1985-1999) after thinning.

DBH(before thinning) DBH growth annual DBH growth
plot (cm) (cm/14years) (cm/4years)
21.0+ 4.8 a 0.81+ 0.1 a 0.06
Unthinned plot
1.34+ 0.11 b 0.10
20.5+ 3.5 a
Lightly thinned plot 167+ 012 b.c 0.12
19.4+ 4.5 a
Moderately thinned plot 1.99+ 0.14 ¢ 0.14
20.8t3.9 a
Heavily thinned plot
+ (Tukey-Kramer , p<0.05).

Value is meant SE. Values with the same letter are not significantly different by the Tukey-Kramer multiple comparisons

test(p<0.05).

Table 4 Effect of thinning on crown dimensions

plot tree height( ) height to live crown( ) crown length( ) crown length ratio( )
1985 1999 1985 1999 1985 1999
- 17.6+ 0.38 a 10.6+ 0.35 ab - 7.0£0.41 a - 38.6+ 1.15 ab
Unthinned plot
- 18.1+ 0.40 ab - 11.8+ 0.38 ab - 6.4+ 0.43 a - 36.0+ 1.23 a
Lightly thinned plot
19.7+ 0.41 17.7+ 0.41 a 9.6+ 0.65 a 10.0+ 0.39 a 10.1+ 0.74 7.7+ 0.44 a 45.7+ 1.65 41.2+1.25b
Moderately thinned plot
20.9+ 0.41 19.0+ 0.35 b 12.5+ 0.32 a 11.9+ 0.32 b 8.5+ 0.36 7.0£0.37 a  39.3:0.81 37.4t 1.05 ab
Heavily thinned plot
+ (Tukey-Kramer ,
p 0.05)
Value is meant SE. Values with the same letter in each column are not significantly different by the Turkey-Kramer
multiple comparisons test (p<0.05).
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Fisher's exact test, p 0.05
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Table 5 Number of trees categolized by the class of crown dieback in each experimental plot

Class of crown dieback(lost foliage ratio in crown(%) )

plot
(0.2ha) Undamaged(0%) Lightly damaged(<20%)  Moderately damaged(20-50%)  Heavily damaged(50%)
5 39 19 6
Unthinned plot (7.2%) (56.5%) (27.5%) (8.7%)
18 43 2 3
Lightly thinned plot (27.3%) (65.2%) (3.0%) (4.5%)
3 34 8 5
Moderately thinned plot (6.0%) (68.0%) (16.0%) (10.0%)
7 16 6 3
Heavily thinned plot (21.9%) (50.0%) (18.8%) (9.4%)
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Fig. 6 Frequency distribution of DBH(diameter at breast height) of Betula maximowicziana trees of each
class of crown dieback in Minamifurano, Hokkaido.
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Table 6 Growth of DBH(diameter at breast height) of Betula maximowicziana trees categolized by the class of crown
dieback. The degree of crown dieback is observed in 1999.

DBH growth(cm)
Class of crown dieback 1971
(lost foliage ratio in crown(%) ) DBH(cm) 1971~1983 1985-1999
before thinning After thinning
18.41+ 0.69 3.19+ 0.30 a 1.85+ 0.14 a
Undamaged(0%) 0.27) (0.13)
18.88+ 0.34 3.11+ 0.15 a 1.61+ 0.07 a
Lightly damaged(<20%6) (0.26) (0.11)
18.88+ 0.66 2.98+ 0.29 a 1.49+ 0.14 a,b
Moderately damaged(20-50%) (0.25) (0.11)
18.22+ 0.91 2.30+ 0.40 a 0.89+ 0.19 b
Heavily damaged(50%<) (0.19) (0.06)
1999
+ (Tukey-Kramer ,
p<0.05) ,

Value ismean + SE. Values with the same letter in each column are not significantly different by the Tukey-Kramer
multiple comparisons test (p<0.05). ( ) : Annual growth of DBH (diameter at breast height)

Table 7 Influence of crown dieback on crown dimensions

Class of crown dieback tree height height to live crown crown length ratio
(lost foliage ratio in crown(%y)) () () (%)
19.0+ 044 a 11.0+ 041 a 402+ 1.34 a
Undamaged (0%)
185+ 022 a 112+ 021 a 38.6+ 066 a
Lightly damaged (20%)
180+ 044 a 113t 041 a 371+ 133 a
Moderately
damaged(20-50%) 170+ 069 a 108+ 064 a 375+ 208 a

Heavily damaged (50%<)

* (Tukey-Kramer ,
p<0.05)
Value ismean + SE. Values with the same letter in each column are not significantly different by the Tukey-Kramer
multiple comparison test (p<0,05).




1985 1999

@
-7
1955
6.5 %/ha ,
70 1984
, 40
, 40
1978
0.14cm
0.46cm 1997 28
30cm

1980

1986b

70 1980
50
1983
48 , 26
70
25
0.55cm 1990
14 1999
1999 19 ,
1995

18

, 10

1985

24



1996 1997 , ,

100 18 48cm
2000
) 2000 .
1978 1989 1995 2000 2001
60 .
1978 .
7 14 7
60 1971 ,
, 1971 1983 12

1985 1999 14 ,

40 50 2000



) Gross 1972
1997

2000

85 , 5 , 43cm

18 1997 24 1996

1986 . 38 7882

Gross,H.L. 1972 Crown deterioration and reduced growth associated with excessive production by
birch. CanJBot. 50 2431-2437

1978 - - 30 231-236
1997
257 7-8
1948 . 7 37p
2000
52 173-176
1983 . 581 50-51
1990 3 . 38

198-199



1980
20:46-48
1983 152p

Kikuzawa, K. 1983 Yield-density diagram: compactness index for stands and components. For. Ecol.
Manage. 7:1-10

1995 . 43 178-
179
2000
85-89
1968 3 ) 64
51-52
1955 3 . 64
43-49
1989
43-49
1986a -1-, 38:182-187
1986b -2-. 38:275-279
1991 . 43 327-330
1990 . 2 34-35
1978 . 52
482p
1979 1998 . 23 42
1995
- -. 106
263-264
1988 - . 36 124-126
1996
10 . 44 86-88
2001
49 69-72
2000
u 96-97
1997 , - 7
- 8 46-47
Summary

Thinning effects and occurrence of crown dieback were investigated in a mature stand of Betula
maximowicziana established after 1911 fire in central Hokkaido, northern Japan. Experimental thinning was
done in 1984 with three different thinning rates; 10.2%, 25.5% and 46.8% at lightly-, moderately- and
heavily-thinned plot, respectively. In 1999, growth of individual trees and stand yield were measured and
degree of crown dieback found in Betula maximowicziana trees was evaluated. Net growth of stand volume



during the period after thinning (1985-1999) was higher than those before thinning (1971-1983) at all the
plots including the untwined plot. Since the volume of dead trees didn't differ between two periods before
and after thinning, decrease of gross growth was responsible for the decline of stand net growth in the
period after thinning. DBH growth of individual trees after thinning was highest in the heavily-thinned
plot. Mean annual DBH growth after thinning, however, was as small as 0.14cm/year even in the heavily-
thinned plot. Thinning resulted in the decrease in number of dead trees during the period after thinning.
Difference in the number of dead trees among the plots, however, did not reflect to total volume of dead
trees after thinning, because larger number of trees, whose DBH were beyond average DBH of the plots,
died after thinning as compared with before thinning at all the plots. Crown dieback was observed in 80 per
cent of Betula maximowicziana trees, and proportions of trees in each crown dieback class were not
different among all the plots. In the trees whose crowns were declining at the 1999 census, DBH growth
had been slightly lower as compared with the trees with healthy crown in the period before thinning (1971-
1983), and the decrease of DBH growth in the trees with crown dieback had become apparent between 1985
and 1999. Although there was no sufficient evidence to specify the cause of crown dieback, both of the
occurrence of declining trees even in the unthinned plots and the symptoms of growth depression of those
trees even in the period prior to the thinning suggest that thinning may not be responsible for the crown
dieback in this stand. Crown dieback seems to have become more apparent in the trees with lowered
growth rather than in vigorous trees, triggered by some biotic or abiotic stresses (e.g. damage by fungi and
insects, or climatic damage).

Keywords : Betula maximowicziana, secondary forest after fore, thinning effect, crown dieback, stand
growth



