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Fundamental Studies on Pruning II*
Effects of pruning on stem growth (1)
By

Takao FujiMoOrI® and Osamu WASEDA®

Summary: The effects of pruning on stem growth and its methodology were
examined on several Cryptomeria japonica and Chamaecyparis obiusa experimental
stands, whose ages were around 10-year-old at the beginning of the experiment. The
indication of pruning intensity was examined by comparing (1) the ratio of pruning
height to the tree height and (2) the ratio of pruning length in a crown to the crown
length with (3) the ratio of removed leaves to the whole leaves (fig. 9, 10). From the
result of this examination, it was concluded that the ratio (1) cannot be used as the
indication for pruning intensity, and the ratio (2) could be used as an approximate
indication. But it might be desirable to use the ratio of removed leaves to the whole
leaves as the indication for the precise examination.

The degree of pruning intensity and the reduction of the diameter growth had a
close relationship both in Cryptomeria japonica and Chamaecyparis obtusa (fig. 1, 2).
The degree of pruning intensity and the reduction of the height growth had also a
close relationship in Cryptomeria japonica, but in Chamaecyparis obtusa, this relationship
was not clear (fig. 3, 4).

The relationship between* the ratio of removed leaves to the whole leaves, and the
reduction rate of the stem growth through all the experimental stands was demonstrated
as given in fig. 7. According to this, the efficiency of leaf-bearing branches to the stem
growth varies from upper to lower strata in Crypfomeria japonica, but it*does not vary
evidently in Chamaecyparis obtusa. On this graph, any relationship between pruning
intensity and the reduction rate of the stem growth could be obtained so far as the
stands like these experimental stands are concerned. Finally, the criteria of the effi-
ciency of leaf-bearing branches to the stem growth were examined.

Introduction

The authors have been making several examinations on pruning as the basic research to
establish a technical system of pruning. As one of them, the examination to clarify the
effects of live crown removal on stem growth has continued since 1968 on several stands of
Cryptomeria japonica (Sugi) and Chamaecyparis obtusa (Hinoki) whose ages are around 10-year-
old at the time this examination was begun. We report in this paper the results obtained so
far.

In general, the purposes of pruning are regarded as follows:

1. Production of good quality timber.

2. Distribution of sunlight to the understoreys.

3. Prevention of disease, fire, and others.

* Contributions from JIBP-PT No. 118
Received September 30, 1971
(1)(2) Silviculture Unit, Silviculture Division, Kansai Branch.
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4. Control of tree growth.

5. Improvement of forest condition for the efficiency of work.

Among these, this research is primarily focussed on pruning for the production of good
quality timber. But at the same time, the results of this experiment will be utilized for the
prunings for other purposes. Knotless lumber is supplied by producing large size timber in
one way, and knotless squared lumber for poles and pillars can be also supplied from rela-
tively young and small size timber by careful pruning management. In this case, tree size
and excution time of pruning must be carefully determined in accordance with the size of
salable objective timber.

But at the same time, extreme care must also be taken in regard to botanical law, i. e,
the effects of pruning on stem growth in this case. Primary purpose of this examination is
based on this viewpoint.

Another important purpose of this paper is to discuss the methodology of this kind of
experiment. Although many reports about the effects of pruning on stem growth have been
published, the indication of pruning intensity is not always the same, which is a disadvantage
when comparing the data from each of them. In this examination, the ratio of removed
leaves to whole leaves was adopted as the indication of pruning intensity. And the relation-
ships between the ratio of removed leaves to whole leaves, and the ratio of pruning height
to tree height or the ratio of pruning length in a crown to the crown length in different
stand densities were compared.

The data of this paper is limited to the definite region and growth stage, but the ac-
cumulated data of this kind of study will contribute to miore advanced study, and the organi-
zation of them will produce the foundation for a technical system of pruning.

The authors wis:‘h to acknowledge considerable assistance from the Forestry Section of
Kyoto City Administrative Authorities, Forest Owners Association of Ujidawara-Cho, Mr.
Yoshio Sero, Mr. Shoichiro Fuju and Mr. Kiyoshi Nismikawa, who offered their own forests for
this experiment, and the staff of Forest Division in Kyoto Prefecture Administrative Authori-

ties, who helped us in many ways.
Method and experimental stands

Cryptomeria japonica and Chamaecyparis obtusa which are most extensively planted in
Japan, excluding Hokkaido Island, were chosen as the experimental species in this experiment.
Four Cryptomeria japonica and two Chamaecyparis obtusa experimental stands were chosen
around Kyoto City. Stand statistics at the time this experiment was started are presented in
table 1. The site conditions of the experimental stands were equally good and the stand
ages were almost the same——around 10-year-old, but the stand densities were considerably
different——from 2, 700/ha to 4, 500/ha. Accordingly natural stem clear lengths were different,
too; at the beginning of our investigation, the experimental stands of Cryplomeria japonica in
Betsho and Ogose had not yet begun natural stem clearing, while in other experimental
stands natural stem clearing had already advanced.

In each area, experimental stand was laid out, then it was divided into several plots,
where the pruning of various intensities were carried out. At that time, extreme care was
taken to ensure that the conditions, especially tree size of each plot, was the same as much

as possible in each experimental stand. The number of experimental trees in each plot was
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from 10 to 67 (average 36). Each treatment was replicated a second time. The conditions of
the experimental plots just after the treatment are presented in table 2.

At the same time of pruning operation, several sample trees were chosen in proportion
to the frequency distribution of the diameter at breast height (this is hereafter abbreviated
as D. B. H.) and the tree height from one of the experimental plots which includes about 50
trees. But from the experimental stands in Betsho and Ohara, owing to the convenience of
the forest management, only one sample tree of average size was chosen respectively (table 2).
Then sample trees were cut down and divided into vertical strata of 50 cm from base to tip,
and tree components such as leaves and branches were measured within each of the stratum.
Small samples of respective tree components were taken to the laboratory for stem and
branch ring analyses and for oven dryving (80°C). The ratio of removed leaves to whole
leaves in each experimental stand was estimated from the result of the plot where the leaf
amount was directly measured with the method above mentioned. In this paper, tree height,
D. B. H. and other length units were expressed with the mean value in each experimental
plot, and weight unit was expressed with the dry weight value per ha or per ha. 0.5m,
which was calculated by the following equation:

y=y GG’
where y, ¥/, G and G’ represents the total weight per ha, of sample trees, the total basal area
in ha and of sample trees, respectively.

The establishment of the experimental stands and the first periodical measurement were
made in the autumn of 1968 and the pruning operation was carried out in the early spring
of 1969. Since then, the measurement of tree height and D. B, H. of all the experimental
trees has been taken every year. In this paper, stem volume was roughly approximated with
D*H, where D and H expresses D. B. H. and tree height, respectively. The effects of pruning
on stem growth were expressed with the growth of D, A and D?H during two years after
pruning. Exact measurement of stem volume growth shall be made at the final measurement

of this experiment in future.

Table 1. Statistics of the experimental stands at the time of beginning
the experiment (Autumn of 1968)

b ) Height ) - ) Mean | Mean
4 g .
Species ?;;:rit:liental :gg:‘i:v el c?&taeiity; Tr?;e S(Lli?lcslity I%Jga?{ glreeizht fégagih
N " h
stand (m) (year) | (nofha) | (cm) (m). | (m)
. Betsho 650 Good 9 2,700 8.9 5.3 0.3
Cryptomeria | oqee 750 | Good 10 2, 800 7.7 5.6 | 0.3
japonica
J(Spu gi) Obuse 600 Good 10 4, 300 8.1 6.1 1.0
Ujidawara 250 Good 9 4, 500 8.0 6.7 1.7
c;ulz);naecy!mfis Ohara 350 | Good 14 3, 400 8. 4 6.3 1.6
obtusa
(Hinoki) Ujidawara 250 Good 9 3, 900 7.5 .6.0 2.0
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Table 2. Treatment in the experimental stands
. Extent of pruning
. Area of 51}2:1?211. Percentage of pruning height,
Species ez{pe‘;lmental plot Height of length and weight to whole
stan i i
number p rumn)g Pr}lnin g iﬁgﬁlgl n Removed
(m) height crown leaves
I control 0 o] o]
Betsho 2 L5 29 24 48
3 2.5 48 44 73
: control o] 0 0
2 : 1.5 27 23 35
Cryptomeria Ogose 3 ! 2.0 36 32 51
< . 4 2,5 45 £ 64
J("Sffgl‘)c“ 5 3.5 63 60 a7
1 control 0 Q o]
Obuse 2 2.2 36 24 22
3 3.5 57 49 53
. : 1 control 0 Q 0
Ujidawara 2 3.5 52 36 38 i
1 {  control 0 o} 0
2 2.0 32 9 7
Chamaecyparis Ohara 3 2.7 43 23 17
oblusa 4 3.5 56 40 41
(Hinoki)
. , 1 control 0 [¢] 0
Ujidawara 2 3.5 58 38 32
Table 3. Growth following pruning
Percentage of Values at the time of
. removed
Species Area Plot number | oo 50 u D
whole leaves
(m) {cm)
1 (control) 0 5.23 8.91
Betsho 2 48 5.26 8.92
3 73 5.23 8.92
1 (control) o] 5.62 7.65
2 35 5. 48 7.66
Cryptomeria Ogose 3 51 5.51 7.63
Japonica 4 64 5.53 7.65
(Sugi) 5 87 5.40 7.70
1 (control) 0 6.1 8.13
Obuse 2 22 6.36 8.13
3 53 6. 24 8.13
T t (control) 0 6.73 8.01
Ulidawara 38 6.42 8.0l
I (control) ’ o] 6.30 8.37
2 i 7 6.30 8.38
Chamaecyparis Ohara 3 1 17 6.11 8.50
obtusa 4 41 6. 18 8.38
(Hinoki)
o 1 (control) 0 6.11 7.48
Ujidawara 2 32 6.05 7.41
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Result

The progress of stem growth alter pruning operation
is presenied in table 3.

Diameter growth of Cryptomeria japonica

As is evident in fig. 1, the degree of pruning intensity
and diameter growth reduction have a close relationship.
Pruning at Ujidawara was not so intensive as to show any
difference in the growth between treated and control plot.

Diameter growth of Chamaecyparis obtusa

The result is almost the same as that of Cryptomeria
japonica (fig. 2).

Height growth of Cryptomeria japonica

The tendency in the relationship between the degree
of pruning intensity and height growth reduction is almost
the same as that of diameter growth in Cryplomeria
japonica (fig. 3).

Height growth of Chamaecyparis obtusa

As shown in fig. 4, the effect of pruning on height
growth is not so evident, although the diameter growth
of Chamaecyparis obtusa is obviously affected by the same
pruning intensity.

treatment Annual increment following the treatment
D3H 1 2
H D D:H H D D*H
(cm?.m) (m) (cm) (cm?.m) (m) (cm) (cm2-m)
433 0.77 1.00 177 0.73 0.99 217
437 0.€1 0. 83 145 0. 55 0. 86 165
428 0. 54 0.53 104 0. 46 0. 80 140
340 0. 60 0.81 119 0. 48 0. 69 119
323 0.38 0.62 78 0. 60 0.72 124
337 0.59 Q.71 109 0. 44 0.61 104
340 0.38 0.35 55 0.29 0. 58 835
327 0.32 0.16 36 0.12 0. 44 51
443 0.56 0. 42 S2 0. 42 0. 43 91
438 0. 43 0.23 42 0. 37 0. 60 114
433 0.21 0.19 36 0.33 0.30 63
440 0.62 0. 41 20 Q.53 0. 38 93
427 0. 67 0. 42 92 0.53 0. 39 93
450 0. 65 0.73 133 0.65 0.88 185
452 0.75 0.66 136 0. 41 0.88 102
453 0.57 0,62 118 0.72 0. 56 140
439 0.71 0. 44 106 0. 41 0.58 108
359 0. 60 0. 46 86 0. 64 0. 40 96
340 0.56 0.30 69 0. 66 0. 41 0
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Pruning intensities are expressed by the percentage of removed leaves.
Fig. 1 Diameter growth of Cryptomcria japonica experimental stands.
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Pruning intensities are expressed by the percentage of removed leaves.
Fig. 2 Diameter growth of Chamaecyparis obtusa experimental stands.
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Pruning intensities are expressed by the percentage of removed leaves,
Fig. 3 Height growth of Cryptomeria japonica experimental stands.
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Pruning intensities are expressed by the percentage of removed leaves.
Fig. 4 Height growth of Chamaecyparis obtusa experimental stands.
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Pruning intensities are expressed by the percentage ot removed leaves.
Fig. 5 D2H growth of Cryptomeria japonica experimental stands.
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Fig. 6 D2H growth of Chamaecyparis obtusa experimental stands,
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D:H growth of Cryptomeria japonica

The tendency is almost the same as that of diameter and height growth of Crypfomeria
Japonica (fig. 5).

D2H growth of Chamaecyparis obtusa

Intermediate tendency between diameter and height growth of Chamaecyparis obtusa is
seen in fig. 6.

Discussion

Effect of pruning on height growth

Since Honpa® said that a certain extent of pruning promoted the growth of tree height,
Tanaxa™®, Waranase® and others have insisted that the promotion of height growth is one of
the merits of pruning. But as the experimental data of Honpa® and Tanaka”® have not been
expressed, we cannot check the condition of their experimental stands and their methods and
the report of Waranase® was not based on precise examinations.

As far as the result of this experiment is concerned, the promotion of height growth by
pruning was not recognized in any treatment during two years after pruning. Taxanara®
did not recognize it either in Cryptomeria japonica and Chamaecyparis obtusa stands during five
years after pruning. Kurira and Intma® recognized the remarkable reduction of height
growth during two years after pruning in their experiments using a young Cryplomeria
Jjaponica stand. And in other needle trees, Yousc and Kramer®, Srasaveu®’, BarrerD, etc. did
not recognize the reduction of height growth in their pruning examinations.

On the other hand, the authors have not seen any report based on precise examination
which recognized the promotion of height growth by pruning. So it might be said that, in
general, pruning does not promote the height growth, or at least it cannot be said that one
of the purposes of pruning is for the promotion of height growth, even if the promotion of
height growth was recognized to a certain extent in a definite pruning intensity.

Relationship between ratio of removed leaves and reduction rate of stem growth

The reduction rate of stem growth was defined as follows in this paper.

D2H(#,) of control plot— D2H(#) of any plot
D2H(t,) of control plot

where #; and f; expresses the time at the pruning operation and of two vears later respectively.

The relationship between the ratio of removed leaves and reduction rate of stem growth
through all the experimental stands is presented in fig. 7. In Cryptomeria japonica, as this
relationship seems to be free from stand density effect, it was approximated by one line. In
Chamaecyparis obtusa, although the number of plots is not enough to obtain a definite tendency,
an approximate line was roughly drawn, According to this graph, the effect of leaf removal
on stem growth in upper strata of Cryplomeria japonica is more severe than that in under
strata. In Chamaecyparis obtusa, on the other hand, that relationship is proportional from
under to middle strata.

The relationship between the accumulated leaf amount and accumulated branch increment
in each stratum is expressed in fig. 8, which demonstraties that the leaf efficiency of Crypto-
meria japonica decreases from upper to lower strata, while that of Chamaecyparis obtusa does
not vary so much from upper to lower strata. This is based on the following assumption:

the amount of the organic matter which transfers from the leaves in each stratum to
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branches and stem is proportional to the amount of organic matter which accumulates in the
branches of the respective stratum. Fig. 8 accounts for the difference ol tendency between
Cryptomeria japonica and Chamaecyparis obtusa in fig. 7. These characteristics of leaf efficiency
in both species agree with the result of a previous report?®.

Takanara® reported that the growth condition of most of pruned stands began to recover
from two or three years after pruning operation and almost recovered within five years after
pruning in Cryptomeria japonica and Chamaecyparis obtusa. Judging from this, § percent re-

duction rate at second vear after pruning in this examination will be negligible at the present

Uryptomeria japonica

30
* Betsho
@ Ogose Chamaecyparis obtusa
2 * Obuse
. har:
ok & Ujidawara s0p - Ohera

o Ujidawara

Reduction rate of DPH growth(%)
S

1

1 1 1
] 20 40 60 ac 100 [¢] 20 40 60
Ratio of removed ieaves(i)

<

Relationship between -he ratio of removed leaves and the
reduction rate of D2H growth in the experimental stands.
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Fig.
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Accumulated branch increment (8/ha)

& Chamaecyparis obtusa (Ujidawara)
o Cryptomera japonica (Ujidawara)
o Gryptomeria japonica(Ogose)

Accumulated leaf amount (kg ha)
10 1 I | | M|
10? 10° 104 10°
Fig. 8 Relationship between accumulated leaf amount and accumulated
branch increment in each stratum in the experimental stands.




— 10 — PHERBRLMRRE oS

time and in future. In fig. 7, when 5 percent reduction of stem growth is allowed, from 35
to 40 percent of leaves can be removed in Cryptomeria japonica and around 15 percent in
Chamaecyparis obtusa. In the same way, any relationships between the ratio of removed leaves
and reduction rate of stem growth can be looked up on this graph, and this could be expanded
to the stand whose condition is similar to these experimental stands.

Indication of pruning intensity

The relationship between the ratio of pruning height to the tree height and the ratio of
removed leaves in the different stand densities of the experimental stands is presented in
fig. 9. In this graph, when reduction rate of stem growth is allowed within 5 percent in
Cryptomeria japonice, pruning can be made up to 52 percent of the tree height in the high
density stand (Ujidawara) and 23 percent in relatively low density stand (Betsho), although
the same ratio (37%5) of leaves was removed respectively. And also in fig. 9, if pruning is

made up to 40 percent of tree height, 64 percent of leaves is removed in the low density

Cryptomeria _japonica. Chamaecyparis obtusa
100, 100
4 Betsho
[ e Ogose F oo Ol??ra
83 % Obuse sof © Ujidawara
~
) )

N e Ujidawara _ _ - 201 |

0

00 - - I5% oo}

3
10% -

3

5 4r __ IS __ L) 53 401

] i

5 20| oo}

2 m—foSm - 5%

5 L

x

0 — 0 Los—os=0—o" P S T |
0 20 40 60 80 100 0 20 40 60 80 100

Ratio of pruning height o the tree height (%)

Parallel lines on the graphs express the reduction”rate of D2H growth.

Fig. 9 Relationship between the ratio of pruning height to the tree height
and the ratio of removed leaves in the different stand densities of
the experimental stands.
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g L i
(o} 20 40 50 80 100 0 20 240 60 80 100
Ratio of pruning length in a crown o the crown lengti(%)

Parallel lines on the graphs express the reduction rate of D2H growth.

Fig. 10 Relationship between the ratio of pruning length in a crown to the
crown length and the ratio of removed leaves in the different
stand densities of the experimental stands.
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stand (Betsho), while only 19 pe‘rcent of leaves is removed in the high density stand
(Ujidawara), a difference of more than three times. Thus the conclusion is that the ratio of
pruning height to the tree height cannot be used for the general indication of pruning
intensity.

The relationship between the ratio of pruning length in a crown to the crown length and
the ratio of removed leaves in different stand densitie.s of the experimental stands is presented
in fig. 10. This relationship differs to a certain extent in accordance with the difference of
the stand densitics. But as the difference of this relationship is not much, when rough
estimation is permitted, the ratio of pruning length in a crown to the crown length could be
used for the general indication of pruning intemsity. Strictly speaking, it must be desirable
that the ratio of removed leaves be used for the indication of pruning intensity, at least in
the case of the pruning examination.

Criteria of the efficiency of leaf-bearing branch

In the practice of pruning, if the efficiency of leaf-bearing branches in each stratum to
the stem growth is judged from some criteria in a tree crown, it must be convenient for the
practice. Fuymomi® discussed the criteria of the efficiency of leaf-bearing branches to the
stem growth, that is, the relationship between the efficiency of leaf-bearing branches and
clear length ratio of branches in each stratum, or the stratum with the largest branch amount
and with the largest leaf amount. And the authors would like to discuss it again in this
paper.

The relationship between the pruning height and the percentage of clear length in bran-
ches just at the pruning height or others in this experimental stands are presented in table 4.
According to this table, the clearing of leaves from the base of branches had not yet started
at the height of pruning in most of the Cryplomeria japonica stands. In a 19-vear-old Crypto-
meria japonica stand®, even in the leaf-bearing branches which is still contributing to the
growth, clearing of leaves was advancing to a certain extent. But in this experimental stand,
although the pruned branches had not yet started the clearing of leaves, effect of pruning on
stem growth was not recognized much without intensive pruning. This difference seems to
be primarily owing to the difference of stand age, and it will be necessary to clarify this
relationship in association with the growth stage of Cryplomeria japonica stands.

On the other hand, in Chamaecyparis obtusa, clearing of leaves in branches is considerably
advancing at the height of each pruning. So far as this experiment is concerned, the pruning
whose height is less than the height where clearing of leaves in branches is 55 or 62 percent
did not cause any remarkable reduction of stem growth. And in a 19-vear-old Chamaecyparis
obtusa stand?, the pruning until the height where clearing of leaves in branches is around 40
percent was judged not to cause considerable reduction of stem growth, either. Judging from
these experiments, it might be said that the height where clearing is advancing around 50
percent in branches is adopted as the criterion until whose height pruning can be made
without considerable reduction of stem growth in Chamaecyparis obtusa.

Furthermore, the stratum with the largest branch amount or with the largest leaf amount
could be adopted as the criteria of the efficiency of leaf-bearing branches to the stem growth,
The height of these in each experimental stand are presented in table 4. As is evident from
this table, the stratum with the largest leaf amount is higher than that with the largest

branch amount both in Cryptomeria japonica and Chamaecyparis obtusa. The stratum with the
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Table 4. Crown structure and the indications of pruning intensities

in this experiment

} The ' The The Percentage
stratum stratum . ecnnt. |Of clean
} Area of with the it,fﬁfu&}e with the Height 5"?8’}.“ lengthin the
Species | experimen-| largest largest \ ) g .1 |branches of
tal stand branch largest branch prun removed the stratum
) ’ weight leaf weight} {0 oment 118 leaves | the prun-
(m) (m) (m) ‘ (m) ing height
! V o o o
Betsho 0.3~0.8 1.3~1.8 3.5~5.8 1.5 48 &)
2.5 73 ¢
I . -
1 0
1.5 35 0
Cryptomeria | Oguse 0.8~1.3 1L.3-.8& | 33~38 20 51 ¢
LY
Jjaponica 3 s g; g
(Sugi) - A .
| 0
Obuse LL3~1.8 2.8~3.3 4.5~4.8 2.2 22 E
3.5 53 o¥
. Y O,, -
Ujidawara | 3.8~4.3  3.8~4.8 4,8~5.3 | as 3 ; o*
! 0
- — . o 2.0 7 88
Chamaceyparis | OPaTa ‘ 2.8~3.3| 3.3~3.8 | 3.3~3.8 3 7 62
obtusa | 3.5 41 25
(Hinoki) - - _t ) )= -
T —~ P 3 g 0
Ujidawara | 3.3~3.8 ‘ 3. 86~4,3 3.8~4.3 a5 32 55
! R

* The stratum where the clearing in branches is beginning.

largest branch increment is above the stratum with the largest leaf amount in Cryplomeria
japonica, and just the same in the stratum with the largest leaf amount in Chamaecyparis
obtusa. These tendencies agree with the result of the previous report?.

Judging from table 4 and the result of stem growth after pruning as above mentioned,
in the case of Cryptomeria japonica, the pruning up to the stratum with the largest branch
amount will be allowed, and even the pruning nearly up to the stratum with the largest leaf
amount could also be allowed without considerable reduction of stem growth. In Chamaecyparis
obtusa, on the other hand, only the pruning up to the stratum with the largest branch amount
will be allowed.

As far as this experiment is concerned, the following items could be adopted as the
criteria for the upper limit of the pruning intensity which does not so much affect the
reduction of stem growth. In the case ol Cryplomeria japonica, the amount of removed leaves
is about 40 percent, pruning length in a crown to the crown length is about 30 percent or
nearly the stratum with the largest leaf amount. In the case of Chamaecyparis obtusa, the
amount of removed leaves is about 15 percent of the total leaves, pruning length in a crown
to the crown length is about 25 percent, the stratum with the largest branch amount or the

stratum with the branches whose clear length is about 40 percent.
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