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Table 1. Frequency of damage types to residual trees caused by each harvesting tree.

Slre G sl oSle Sl Jila= ool ¢ s
Stan. Devi. Mean Max. Min. Damage type
Wounded o o3
0.50 2.0 6 - Root 4.
1.21 53 8 2 Bole 43
0.72 1.7 3 - Crown -t
Destroyed s, cyo 5l
1.47 3.3 6 - Uprooted ois -Sais,
0.15 0.3 2 - Broken bole a.s a5
0.41 0.7 2 - Crown destroyed «, . 5l 2
4.32 13.3 18 2 Total damage IS o l.>
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Table 1. Frequency of damage to residual trees in logging stages of each harvested tree.

Slae Bl Sl A Jola= S0 e a5

Stan. Devi. Mean Max. Min. Logging stage
0.65 3.0° 5 1 Felling oL
2.76 8.9° 12 3 Winching &z 5
0.55 1.4° 4 - Skidding =<5

DR ) el s el LY IS s (6l e s e 53 el gl Sl 3
Slads 5l Aoy YA 550 L g oo sl b Ls)ﬂ@e- d=l 03 e eliladl Ol s
23 S iy o 3l IS 4 Sleds S I sl s 3 Sl ISKS 4 S Al e
DL Sl 5 a3l el oo Lol Sledo 5l Ao,V 5 YV (e S s e e
53 O SEATA P/ ) G DS (s e il e 3 Sl el sl sl
B Sz s Ao )5 el ey Ol s slaad a3l Ol s sl ol C;U

S Sy s ol Jole

OWounded .»; BDestroyed «, -

olud dads Sy sldsS
Number of damaged tree
O B N W A OO
1

in

Felling ==l Winching @JIC‘* Skidding

(815 g0 S ) 0 53 Sledes Cl_,.sl Sl A - I
Figure 1. Frequency of damage types in logging stages.
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Table 3. DBH of damaged trees (mean + SD) in logging stages.
#odsd dedo Ol )5 diew pl 0 lab

P - value t DBH of damaged trees (cm) & bf‘f“*‘ s
Destroyed 3, oy Sl Wounded .5 Logging stage
0.001  10.32 346+126° 635+ 14.1° Felling ok
0.001 6.92 22.5+12.0° 46.0+19.0° Winching sz s
0.001 5.59 20.8+58° 50.9 + 17.6° Skidding :sC
0.001 6.02 26.1+16.5 49.7+18.3 All stages I |5

sl U= 0/00 C?E-NJQJ‘QL;.JJ Sl skl Oyt o s A;.LC:.AJ_,&«J)J;-%

*Different letters in each column indicate significant diference at a = 0.05.

53 0L 53 43 (555 el sbmil slags s Dlasela 16505 o 1 0 53 45 Slaps 5 Slasts
Sl e Bl TV 055 031l S0le ol sdel £ Jdor 53 (641 e e ciliis |1
Slaosesl mls el Conses o VAN ey e 5105 gLl ke 5 e ke Y0 55 Gas
(F=AY/YO P<e/ee) a5 =5 ool Sl e J:JL 13 e, A e als OLS Ll 4 s
2 2l F= Yo UTUP<e/00)) e o 51 o5 gyl 5 (F= AE/EQ P<e/ee)) o5 Gas
b3 snn ssbar AL Al e 3 el bl Slaast s 31 Sl &S sls 0L 5 (Sls 055
Gos oSle (el S0 s Sammus e 3 el sl glaes s o3l o Sle S 5SS 5
Sl Gos xSle 3l St ol ime sbar (S 5 Sy Jole 03 el bl glaes
Sol3 sme ysba éa.; A se 55 el sl Glags i) oSl 5 el da} a0 55 ol sl
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Table 4. Mean ( standard deviation) of bole wounds characteristics on residual trees in logging stages.

Cra) e 3l o255 g

) (jw‘.;l'_w) P e 5 (GJ» J:.»L;JL.:) ) o311 S5 p0 g0l 6
Wound height from Wound depth (mm) Wound size (cm?) Logging stage
ground level (m)
235+121° 13.943.4° 583.6 £115.6 ° Felling oL
0.3140.26°" 23.9+6.4° 209.8 +52.0° Winching &< 5
0.39+0.22" 225+57°% 188.1 £59.1° Skidding =<
0.86 +0.80 20.146.9 327.1+ 136.4 All stages |1 - Js

el 0= +/40 ck.—zjé Dl s sl s ksl Ogne a3 aline 8 by
Different letters in each column indicate significant diference at a = 0.05.*

Slaateie ol wlad Ol 3 31 Lol e (Krwad 05030 el il g I8 3T Jal e
e i sl DL sl sal £ Jpd 53 IS et Sl 3 L S s oK)
e R S Al Sl A L (P</Y) (gols pme s e LLI Jits

el sy (P adjusted = +/NY) Kooy s abols 5 Slads S5 3 w odd L

Sl L S s oK, Slasie odd gab Sl o3INl Jalse G (Shemes RY" @& -0 Jodx
JS olue

Table 5. Results of regression analysis between size of harvested trees, stand and winching
characteristics with frequency of total damage.

= R’ Sl Gl ke Slas Bl Jolse
adjusted  stan. Devi. Mean  Max. _ Min. Factors
59.93%*  0.423 3.0 210 273 125 () ok plad o3 ¢,
Height of felled tree (m)
) e
60.55%*  0.421 215 684 1070 25.0 (o) s ol s

DBH of felled tree (cm)
Ol s dsl) o5 oSl
Stand density (stem/ha)

62.57%*  0.429 18.7 433 75 5 (ho03) (e o
Ground slope (%)
Distance of winching (m)
(a53) Sz s 4l
Angle of winching (%)

116.85** 0.586 50.7 239.7 347 136

176.54** 0.682 10.2 24.5 47 3

47.79%* 0.363 7.9 19.1 47

0=+, ck.—zjé BIOPETE 2
** Significant at a= 0.01.
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Figure 2. Affective factors on damages in felling stage: correlation between number of damaged trees
and DBH of felled tree (a), height of felled tree (b), stand density (c) and felling direction (d).

ay



Ol e 9 ,lg o152

Sz s dhools 5l Lnp Sl A el 3 I8 56 Llse ((Winching) Koy s d- 50
5l (Saen 4 a5 L (7 JS8) Ky o 5 035 o515 Sz 4l (el o
et et Sl U (P AT s weds Ol sl 5 oslaer Aol o 68
S ey ngﬂcu,- ol b LLosl 55 olss aeds Ol jo sluad 5 o0 g8 VS\JJ)&.QWJ 4 9l3
Sl e asdo Ol s sl ij@}_ Aol Il L Sepl pesdle o sls Ol ml
Ol s 3lad Lol (51530 4 5 es s SIS 30 53 o0 oS5 5 Kamus sl comns b il oo
S 5 5 Kot s e Swizeen (@D,C-Y K0) il atils 5 e Il edss aeds
s (508 Slods i a5 (gls oo (0T JK2) 550 LIS 50 os asds Ol s
o do3 asdes Ol 3 Bl sl Simen s Aol 1550 b s ddls conlisl Kz s (g s
ol s 53 (o3 YV/F) 0T 5550 WY L Kz s Sldas ol S 51 ap anil ol 53l

(A-F IS8) sty 13 e YY1 xS S s ool s Bitae 48 i S 5
a5 3l Sl Wa g Sl al e ol 53 1S 5L Ll g (SKidiNg) 2SS gy A e
oI RE I | A Ve Sy VPP I O VR VN W R | L2 DR EE R eSO g |
Sl 5 Blas .@-t JSK2) (F= 118708 P<s/v0)) s anly (il 58l 2S5 e sla e a8
N I R R N Lt
-t ) (F=YVo/Ye P<a/on)) sy asl (2l sdis aedo Ol js i 20 g sl e

B e VNN SVIY S ESG Sla ps B1 e58 plad ST 5 Sl (D

ay



1¥A0 (¥) aliogg (YY) s SR g ga (55908 9 pole (sla g3y 4 i

20 20
53
E- 4 Ts
13" 20| 3%
£ 4 E
g § 10 S1 % § 10
iz 1% s
Tg® e =
=1 = chsspatrms
Z o4 . ' . . . = 0+ . r - : \
0 10 20 30 40 50 0 10 20 30 40 50
() Sy g absls (o) Sty y sl
Distance of winching {m) Distance of winching (m)
a) b)
20 20
@ v
£ @
1215 435
a2 @ P
r g > E
g S 10 g 10
k] ke
_i; g s 2R
e T €
E E
Z o+ T T . T ) =
10 0 30 40 =0 0 10 20 30 40 50
(o) Sopprys ot s
Distance of winching (m) Distance of winching(m)
c) d)

GBS 3 (5T mer Aol 5 atss andss Sl sliad L3l i Kumy s o o 3 Slodos IS ST Lulge Y IS

5 eS8 01) Kz w91y bawdS (@ —daoys 04 51 250 1S3 5 des s 00 B Y0 1S2 (ks YO S RS S1) ey o

Yoo D2 S o abol Yoo 5l S D1 0355 oS5 aauwdS (B —az s ¥ 5l i 0B g ama ¥ G110 102 wax s N0
(d — slzals :UNSUIL 5 ol :SUTE) Kioets 5 s 5 o(C —,kKa 53 ol YOu 51 225 D3 5, 5 abol YOr U

Figure 3. Affective factors on damages in winching stage: correlation between number of damaged
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Abstract

Background and objectives: Logging is one of the critical operations in forest
management that causes damage to remaining trees in forest. Reducing frequency
and intensity of damages during logging operation is one of the main goals in
section cutting forests. The aim of this study was the analysis of effective factors
on damage during logging of each tree in Nav forests.

Materials and methods: From the total of selected trees to cut in the two parcels
of the Nav forests, the number of 83 trees (22.7%) were randomly selected and
damages to remaining trees were individual-level analyzed during felling, winching
and skidding operation.

Results: Results indicated average 13.3 damaged residual trees per each harvested
tree, which 3 trees were damaged at felling stage, 8.9 trees were damaged at
winching stage, and 1.4 trees were damaged at skidding stage. Diameter at breast
height (DBH) of felled trees were from 25 to 107 with average 68.4 cm, and their
heights were from 12.5 to 27.3 m with average 21 m, and damaged trees were
increased by increasing of DBH and height of harvested trees. Winching distances
were from 3 to 47 m with average 24.5 m, and winching angles were 0 to 47 degree
with the average 19.1 degree, and damaged trees increased by increasing the
distance and angle of winching. Damaged trees were increased by increasing of the
number of skidd-trail curves and by decreasing of skid-trail radius. Damaged trees
due to felling of trees on suitable directions, and winching of the on suitable routes
were lower 42.4 and 17.1 percent than unsuitable directions and routes,
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respectively. The DBH of wounded and destroyed trees at felling stage (63.5 and
34.6 cm, respectively) was more than their averages at winching and skidding
stages. Average size of bole wounds was 327.1 cm2, average depth of bole wound
was 20.1 mm, and average height of bole wounds from ground level was 0.86 m.
The averages of the bole-wound sizes and the bole-wound height from ground level
were higher at felling stage, the average bole-wound depths at the winching stage
were higher than other stages.

Conclusion: The results reveled that appropriate management of selection cutting
forests needs to develop of sciences and techniques of logging operation.
Implementation of tree directional felling, and limiting of winching operation to
areas without standing trees, regeneration and ground slopes less than 50 percent
are necessary for reducing logging damages to residual trees in these forests.

Keywords: Logging damages, Tree felling, Winching, Skidding, Nav forests
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