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Studies on Tree Injuries caused by Tractor Logging Operation
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Table 1. Results of research on injured trees caused by tractor skidding and
log-pulling with winch

Group number - 1 2 3 4 5 Total
Number of standing trees 617 722 853 666 604 3462 k
Number of felled trees 38 32 34 35 23 162
Total number of injured 71 157 111 85 133 557

trees/ (%) (11.3) (21.7) (13.0) (12.7) | (22.1) (16.1)
Number of injured trees caused 37 103 71 59 ' 70 340

by tractor skidding/ (%) (5.9 (14.2) (8.3 (8.9 (11.6) (10.3)
Number of injured trees caused 34 54 40 26 63 217

by log-pullihg/ (%) (5.4) (7.5) (4.7) (3.8 ( 10.5) ( 6.6)
Mileage of tractor roads (m) 410 sl5 456 446 éég)* l(ggg)*
Average gradient of slopes (%) 11.3 14.4 14.5 6.8 22.9 —
Number of plots 31 24 27 23 23 128

(Unit plot: 0.04 ha, Total area: 5.12ha)
* Mileage of forest roads
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Table 2. Number of injured treés by slope, number of felled trees and
standing trees f

M 0~10% 10~20% 209%~
Total

B o] 1] 2 3~ 0| 1] 2 |383<|0]|1]| 2]|3~

0~20 5 8 0 6 9 13 12 11 7 7 8 3 89

20~35 13 25 12 24 32 25 29 28 7 45 30 9 279
35~ 4 21 16 0 29 28 10 35 26 14 6 0 189
Total 134 261 162 557

* A: Slope (%), B: Number of felled trees, C: Number of standing trees.

£-3. £20 &5 W H T R
Table 3. Analysis of variance Table 2

Factorial effect S @ v F
A 140.26 2 70.13 5.65%*
B 123.86 3 41.29 3.33*
C 210.28 2 105.14 8.47**
AXB 161.28 6 26.88 2,17
BxC 236.91 6 39.49 3.18*%*
CxA 23.46 4 5.87 0.47
AXBXC 50.43 12 4.20 0.34
E 1141.70 92 12.41
T 2088.18 127
A: Slope (%), B: Number of felled trees, C: Number of standing
trees
¥=2.905+64. 63 (3)
7=0. 9559
y=0.16x+37.02 (4)
r=0.9154
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Table 4. Number of injured trees caused by tractor skidding.
A 0~10% 10~20% 20% ~
B Total
c 0| 1] s~ 0 | 1|2 |3~ 0 1] 2 |3~
0~20 4 7 0 3 6 9 9 5 0 7 4 2 56
20~35 9 17 7 14 22 22 23 18 4 18 2 1 176
35~ 4 15 6 0 21 17 4 17 14 8 2 0 108
Total 86 173 81 340
R F K & 3 B £ & X
Number of injured trees caused by log-pulling with winch.
A 0~10% 10~20% 20% ~
B Total
c o | 123~ o]1]z2 3]0 1] 2 |3~
0~20 1 1 0 3 3 4 3 6 7 0 4 1 33
20~35 4 8 5 10 10 3 6 10 3 27 9 8 103
35~ 0 6 10 0 8 11 6 18 12 6 4 0 81
Total 48 88 81 217

A: Slope (%), B: Number of felled trees, C: Number of standing trees.
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REFERIC L DHERFBE O TRER E STAKREIC OV TIE 1% KEET, REABC DWW
TIL 5% KRIETHEENZD bhic,
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#-5. F-4 OB (+ 7 7 #5EFT)
Table 5. Analysis of variance table (tractor skidding).

Factorial effect S ¢ A\ F
A 27.89 2 13.95 1.62
B 30.88 3 10.29 1.20
C 62.34 2 31.17 3.62%
AXB 54.55 6 9.09 1.06
BxC 80.52 6 13.42 1.56
CXA 20.03 4 5.01 0.58
AXBxC 57.82 12 4.82 0.56
E 791.84 92 8.61
T 1125.87 127
R F #) ;
(log-pulling with winch)
Factorial effect S @ A\ F
A 62.22 2 31.11 6.94**
B 41.12 3 13.71 3.06*
C 45.99 2 23.00 5.13*%*
AXB 31.69 6 5.28 1.18
BxC 81.99 6 13.67 3.05%*
CXxA 7.55 4 1.89 0.42
AXBXC 23.44 12 1.95 0.44
E 412.12 92 © 4,48
T 706.12 127

A: Slope (%), B: Number of felled trees, C: Number of standing

tress.
AARLBINT D 2 LB M7 X > TRDbhDERD THDHA, ThiHEERLOBRK
TFETE M-8 DLk THD, M-8 TVHEHIT =, P4 (20mx20m) O+ 77 XEOE
EIEEHT 20~25 m MEERE L, b2 2 BRI 20 m FiETHERS 14% Fitklnb
CENRMBR D, LEFOSEOIIC X IUTER E BHEREE L ORMICEREIRD Dhish -7
P, M-8 X v EAID BRI s oy BERLHEAT S HE A bR, 77 2 BERERES
20m L kiciesd, @A 10% LITE 20% LA bE TIRBEERCHLD OE;BED bhd,

CITHRIT R, PO T 2 2 EERER X LroBEE Y, oBRIKROLED

TH %o

Y,=0.623X,—1.097 ‘ ' (5)
7=0.8951 :
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F-6. WEREB/NNCTS MT 7 xBEEFEM (0.04ha K1)

Table 6. Mileage of tractor skidding road per unit plot to minimize percent. of
injured trees for each number of felled trees. )

Number of | Mileage of tractor | Percent of injured 1.5983X+3.5479 log S—4.0291
felled tress skid. road trees S g g

n X Y 10% 20% 30%
1 5.531 8.842 8.361 9.429 10.054
2 8.441 13.493 13.012 14,080 14.705
3 10.807 17.277 16.796 17.864 18.489
4 12.880 20.592 20.111 21.179 21.804
5 14,757 23.593 23.112 24.180 24.805
6 16.493 26.368 25.887 26.955 27.580
7 18.118 28.964 28.482 29,551 30.176
8 19.657 31.423 30.942 32.010 32.635
9 21,121 33.766 33.285 34.353 34,978
10 22.522 36.004 35.523 36.591 37.216
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Summary

1. The end of the study is to investigate practically and analitically the tree injuries
caused by tractor logging operation in connection with influencing factors of injuries
such as the number of standing trees, the distribution pattern of standing trees, the
number of felled trees, the distance of log-pulling with winch on the tractor, the
mileage of tractor skidding road and the slope of terrain.

II. In 1969, the study area of 5.12 ha was prepared in the Comparment No. 44, No.
II Management Area, the Tokyo University Forest in Hokkaido, where the practical
logging operation by tractors was going on. The study area was situated in the mixed
stand of coniferous and broad leaved trees of natural forest around 700 m above the
sea level, where Abies sachalinensis, Picea ezoensis, Quercus crispula, Acer pictum,
Tilia japonica and Betula ermanii are dominant trees. In the forest on and around
the study area, the number of standing trees over 6 cm DBH is about 730 per ha (the
ratio of coniferous to broad leaved trees, 4:6), stumpage volume 273 cu. m per ha (the
ratio of coniferous to broad leaved trees, 7:3). The average slope of terrain of the
study area was 13.5%. It is rather mild and suitable for tractor logging operation.
Soil is made of sandy loam, the mother rock material of which is quartz trachyte.
The ground is covered with dense Sasa vegetation and there are fallen trees and rotten
stumps so that they make, more or less, the obstacle for tractor logging operation.
In the area, operation roads (very simple structured road on which the loaded truck
can run only during the frozen season) were constructed with the road interval of
about 200 m.

1II. The working system is based on the selective cutting system. The rotation is
20 years. The rate of selection is not more than 25% by volume and the cut volume
is around 60 cu. m per ha per rotation.

Limbing and cross cutting to make 3.65 meter logs by chain saw was carried out
at the felling site. The logs were pulled, using the winch mounted on the tractor,
on the tractor skidding road (hereafter this process will be called “log-pulling by
winch”). Several numbers of cross-cut logs collected in this way were ground-skidded
to a landing along the operation road (thir process will be called “tractor skidding”).
“The tractors used were two crawler tractors, D4D (7.9t) and CT-35 (5.5t), and a wheel
tractor FT-2 (3.0t).

IV. The study area was divided into 128 plofs with the size of a plot of 20mXx20m
{0.04 ha). The information map of the study area was prepared based on the field
survey. The map comprised the positions of standing trees with the marks distin-
guishing coniferous and broad leaved trees, the diameter groups of DBH below 6 cm,
6-20cm and over 20cm. By the method of every tree measurement before felling,
after felling and cross cutting, and after skidding operation, the injured trees caused
first by each phase of logging were recorded; i.e. by felling and cross cutting by
chain saw, log-pulling with winch on the tractor and skidding to a landing by tractor.
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As injuries breaking of the stem and big branches, scars of stems with more than
10sq.cm and the trees disappeared e.g. by tractor running were recorded.
V. Results obtained are summarized as follows.

1. The pattern of the distribution of standing trees of the area was the random
pattern according to the “nearest neighbor method”.

2. The percent of injured trees caused by tractor skidding operation was approxi-
mately the same or the double of that caused by winch-pulling (Table 1).

3. The correlation coefficient between the number of injured trees (») and the
number of standing trees (/V), the number of felled trees (), the slope of terrain (S%)
and the mileage of tractor skidding road (x in meter) (each of these factors was per
ha) was higher than 0.9 respectively, and the respective relationship was obtained by
the linear equations (Eq. 1-4).

4. As the results of analysis of variance, the difference between the slope of
terrain and the number of standing trees was statistically significant with the signi-
ficance level of 1%, between the slope and the number of felled trees with 5%. The
interaction between the number of felled trees and that of standing trees was statis-
tically admitted (Tables 2, 3). There was also the statistical interaction between the
number and the distribution pattern of standing trees, and this suggests that the
percent of tree injuries will be changed according to the difference of the pattern of
tree distribution. The number of injured trees caused by tractor skidding was statis-
tically significant only regarding the number of standing trees with the significance
level of 5%. The number of injured trees caused by log-pulling with winch was
statistically significant regarding the slope and the number of standing trees with the
significance level of 1%, respectively (Tables 4, 5).

Based on the above, both injuries caused by tractor skidding and log-pulling with
winch were, as quite natural, strongly influenced by the number of standing trees.

5. The inclinations showed that the percent of injuries caused by tractor skidding
increased according to the increase of the slope (Fig. 8). The equations explaining
the relationships between the percent of tree injuries (Y,) and the mileage of tractor
skidding road (X;) in the unit plot were obtained by slopes (below 10%, 10-20% and
and above 20%), with the respective correlation coefficient over 0.95 (Egs. (6), (7), (8)).

6. The greater the average distance of log-pulling with winch became and the
more the number of winch-pulled logs became, the greater became the percent of in-
jured tress (Fig. 9). The equation showing the relationship between the product of
the number of the winch-pulled logs and average distance of log-pulling (#X,) and the
percent of trees injured (Y,) was obtained, with the correlation coefficient of 0.77 (Eq.
(9)). At the same time as the results of analysis of variance, in order to test the
significance of difference between the percent of injuries trees by slopes A4, (below 10%),
A; (10-20%) and A; (over 20%), there were statistically admitted significances between
A, and A,, and between A, and A,.

7. The percent of trees injured was expressed by the multi-regression equation
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including the influencing factors i.e. the average distance of log-pulling (X,), the
number of felled trees (%), the slope of terrain (S%) and the mileage of tractor skidding
road (X; in meter) (each factor was expressed by per unit plot) (Eq. (12)). The percent
of injured trees was explained by the equation of compound function by the mileage
of tractor skidding road (Eq. (13)). From this equation, the mileage of tractor skid-
ding road to minimize the percent of tree injuries was expressed as an exponential
equation by the number of felled trees (Eq. (14)).

8. Based on the above, the interrelationship between the percent of injured trees,
the number of felled tress and the mileage of tractor skidding road was graphically
expressed and at the same time it became possible to obtain practical figures of the
tractor skidding road to minimize the tree injuries (Fig. 12).

The results obtained in this report will make contributions for arranging the tractor
road network to minimize the tree injuries. Moreover it will give a practical informa-
tion from quite a new standpoint to the operation road system which is closely related
to the tractor skidding road system.



