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ABSTRACT: The effects of two silvicultural methods on quality and quantity of forest trees (along skid trails) were
studied. The aim of this study was to compare the effects of shelterwood and selection methods on forest stand, and
to compare the results with intact stand. Asalem forests were selected for this research. The belt transects of 10 x
100 m were used to collect the data. The plots were classified as those with low traffic, medium traffic, high traffic
and control. The analysis of data showed that the degree of damage to forest stand, quality and quantity of trees on
control plots was lower than along skid trails. In addition, there was a significant difference between high-quality
trees in the two methods (P = 0.007). Furthermore, silvicultural methods showed significant differences in skewness
and plummeting of low-quality trees (P = 0.014). In general, it can be concluded that trees in selection method were

in better shape than those in shelterwood method related to quantity parameters. The results suggest that the damage

caused by a silvicultural method can be reduced by using better methods and pre-harvest planning.
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The Caspian forest is located in the north of Iran;
it covers northern slopes of the Alborz Mountains
and is classified as a mountainous forest. The ma-
jority of these forests are managed as uneven aged
and about 60% of them are used for timber produc-
tion. Logging operations always lead to severe dis-
turbing effects on forest ecosystems. Disturbance
of soil surface, changes in chemical and physical
properties of soil and damage to natural regenera-
tion and tree stand are the main effects of logging
operations and wood extraction on soil and forest
stand (NAGHDI et al. 2009). Heavy machinery traf-
fic on skid trails affects soil, regeneration, and re-
sidual trees which can also affect the growth of for-
est stand. Since the skid trail covers about 30% of
felling gaps, machinery traffic causes disturbance
of soil and stand (MurrHY 2004). Compaction,
rutting, soil displacement, clogging of drainage sys-
tem and removal of forest floor mass on skid trails
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are major disturbing effects of logging machinery
(RAB 2004; AMPOORTER et al. 2007; MAKINECI et
al. 2007; NAGHDI et al. 2009). Soil compaction and
removal of forest floor mass can limit the growth of
tree roots along skid trails. Neither are there any ox-
ygen, nutrients and water in soil that are necessary
for trees; these are other disturbing effects of log-
ging machinery (HAGER, SIEGHARDT 1992; DAVIES
et al. 1992). The results of this change can affect
tree height, diameter growth, canopy condition
and other quantity and quality aspects of trees and
regeneration along the skid trails; so forest fertility
decreases in the long run (RAB 1994; KOZLOWSKI
1999; MAKINECI et al. 2008). Also, tree stem and
crown collisions during logging operations can af-
fect height, diameter growth and canopy quality
(LAMsON et al. 1985; HaN, KELLoGG 2000). AN-
DERSON et al. (1994) showed that the root biomass
on landing and skid trail was significantly different
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Table 1. General properties of the study area and collected samples

Compartment Number-ha-! Volume-ha™!  Proportion of Area Mean height Mean Mean crown
No. (m3) E orientalis (%) (ha) (m) diameter (cm) coverage (%)
23 197 164 76.58 37 21.76 46.53 85
35 305 181 41.79 39 22.69 48.07 80

from the control area after 25 years. They also re-
ported a decrease in height and diameter growth of
Eucalyptus seedlings in comparison with the con-
trol area. Studies on structural and compositional
aspects of forests and the effects of exploitation,
fire, clear cutting and other human activities on
the dynamic characteristics were focused rather
on tropical forests (RICHARS 1952; BRUNIG 1970;
HOLDRIDGE et al. 1971; WHITMORE 1984; THANG
1987; FAVRICHON 1998; OKUDA et al. 2003). To en-
sure sustainable forest management, more precise
studies are needed to clarify the effects of logging
on stand structure, floristic composition, and spe-
cies diversity, including that of non-timber species
(SHUGART, WEST 1981; FAVRICHON 1998). In addi-
tion, canopy structure and features of the forest af-
ter logging provide a good indicator for predicting
the ecological soundness of logging (CLARK et al.
1996). However, the stand structure and the spe-
cies composition of major tree families in logged
forests differed distinctly from those observed in
the primary forest (OxuDA et al. 2003). Such differ-
ences have also been reported in the African, South
American, and Central American tropical regions
(Crow 1980; CHAPMAN, CHAPMAN 1997; WEBB
1997; WITHMAN et al. 1997; PANFIL, GULLISON
1998; FINEGAN, CAMACHO 1999).

This study attempts to assess the effects of dif-
ferent operating systems (shelterwood cutting and
selection system) on the quality and quantity of
single tree growth. The aim of this study was to de-
termine some tree features such as characteristics of
tree crown, diameter, height etc. along skid trails in
a ground skidding system after 20 years in shelter-
wood method and after 10 years in selection method.

MATERIAL AND METHODS

The study was carried out in two beech (E orien-
talis) stands in the north of Iran (Guilan province).
The area is located between 48°44'36" and 48°49'58"
of longitude, and between 37°37'23" and 37°42'31"
of latitude. The elevation ranges between 300 and
2,100 m a.s.l. The study area has a humid climate.
It is dominated by beech (F orientalis), hornbeam
and alder. The shelterwood method has been used
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in practice as well in the majority of scientific for-
estry projects in northern forests of Iran. How-
ever, the selection method has been implemented
in practice during the last decade. For this study,
Compartments No. 35 and 23 were selected that
are situated in District 1 and 2 Nav, Asalem forest,
which is located in the north of Iran (Fig. 1). Brief
general properties of the two studied compart-
ments are shown in Table 1. Methods of harvesting
in these compartments (No. 35 and 23) were selec-
tion and shelterwood, respectively, and there have
not been any operational activities in these two
compartments since 10 and 20 years ago. The lon-
gest skid trail was selected in each compartment.
The length of the skid trail for shelterwood and
selection method was 850 and 650 m, respectively.
The average longitudinal slope of skid trails was ap-
proximately 20%. In logging methods, manual fell-
ing (chain saw) and wheeled skidder were used for
wood extraction. The other ecological conditions of
the studied area were the same. For this investiga-
tion, three classes of traffic were identified in each
skid trail. The class High was the part of the skid
trail close to the landing which had the highest traf-
fic, the class Medium with an intermediate distance
to the landing which had a medium traffic, and fi-

Fig. 1. The map of the study area
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nally the class Low was the ultimate part of the skid
trail which had the lowest traffic. Then tree qual-
ity and quantity were considered in skid trails by
10 x 100 m transects (NAGAIKE et al. 1999) in each
traffic class. Furthermore, the same transects were
selected 50 m away from the operational area as the
control plot to compare results of the quantitative
and qualitative parameters. The quantitative pa-
rameters were mean diameter, mean height, crown
and dominant heights. It was necessary to compare
the crown length in diameter classes separately.
Since, the studied trees in both shelterwood and se-
lection systems were included in diameter classes of
40 and 60 cm, the samples were grouped into these
classes and then the crown length comparisons be-
tween two silvicultural systems were performed in
these mentioned diameter classes. The surveyed
quality parameters were the existence of curvature
which is defined as any skewness through the main
trunk of the trees, plummeting which represents
how much the trees are vertical, and the type and
length of existing cracks. Three plots of 0.1 ha were
established for each traffic class at three points of
the route in order to evaluate damage caused by
the two harvesting methods (8 plots in total). Our
procedure was randomly designed. Data analysis
included t-test and non-parametric Friedman test
that was done using the SPSS software (SPSS 1999).

To investigate differences between high-quality
trees, all plots (skid trail and control) in the two
methods were assessed in terms of determining
optimal tree quality (vertical status without cracks
and tear). To do this, all measured trees along skid
trails were divided into two groups of high-quality
and low-quality trees. The trees with highly positive
qualitative properties such as verticality of trunk
with no crack, vitality of crown, and being plum-
meting were included in the high-quality group.
The trees in the low quality grops did not have the

above-mentioned properties ang were deficient in
one characteristic at least.

Tree quality was anaysed by the non-parametric
Friedman test, and they have been compared in two
ways. In order to survey the differences between
low-quality trees, plots were compared together
regarding the low and high curvature, non-verti-
cality and tear. Considering most of the dominant
trees in each locatiok would take a long time. The
height of dominant trees can be a good index for
fertile factor in many countries. For estimating the
height of dominant trees, the average height of 100
trees with larger diameter per hectare was mea-
sured (ZOBEIRY 1993). As each method was done
in 0.1 ha, both in the selection and shelterwood
method the heights of the 10 thickest trees among
39 existing trees along the skid trail were measured.
In the investigation of the influenes of selection and
shelterwood methods on crown length, most trees
were grouped into two diameter classes of 40 and
60 cm. Two diameter classes in selection and shel-
terwood methods were anaysed by ¢-test.

RESULTS

Quality parameters of trees

Investigation of high-quality trees

The results of samples in each method, each of
which were compared with control plots separately,
showea significant differencet in a 95% confidence
interval of means (0.05 error level) (Table 2). Then,
plots in the two methods (shelterwood and se-
lection method) were comparer with each other,
which provided significant differences in a 99%
confidence interval of means (0.01 levels) (Table 3).
The highest quality was found out on control plots,
low-traffic skid trail and moderate traffic skid trail

Table 2. Comparison of high-quality trees in each method with control plots by the non-parametric Friedman test

Method Skid trail traffic Mean rank df Chi-square p
low 3
medium 2 .
Selection method ) 3 9 0.029
high 1
control 4
low 2.83
di 2.17 .
Shelterwood medium 3 8.97 0.032"
method high 1
control 4

*with significant differences at 0.05 error level

J. FOR. SCL, 57, 2011 (10): 459-465

461



Table 3. Comparison of high-quality trees in two methods by the non-parametric Friedman test

Method Skid trail traffic Mean rank df Chi-square Y
low 5.67
medium 4.5
Selection method
high 2.67
control 7.33
7 19.3 0.007**
low 4.33
Shelterwood medium 2.83
method high 1
control 7.67

**with significant differences at 0.01 error level

in the selection method. In fact, the tree quality
in selection method was higher than shelterwood
method.

Investigation of low-quality trees

The results showed that in both comparisons of
skewness (existence of curvature) and being plum-
meting a significant difference in a 95% confidence
interval of means was revealed between the two in-
vestigated systems. The least damage can be seen in

control samples, low and medium traffic of the skid
trail in selection method, respectively. Finally, trees
along the high traffic skid trail in selection method
were damaged to a lesser extent than trees along
the high (heavy) traffic skid trail in shelterwood
method (Tables 4 and 5).

Furthermore, damage to beech (E orientalis) in
selection method was smaller than in shelterwood
method and trees along skid trails were in better
shape (Fig. 2).

Table 4. Comparison of low-quality trees in each method with control plots by the non-parametric Friedman test

Method Skid trail traffic Mean rank df Chi-square P
low 2
medium 3.13
Selection method 3 10.34 0.016*
high 3.75
control 1.13
low 1.75
medium 2.38
Shelterwood 3 6.35 0.039*
method high 4
control 1.88

*with significant differences at 0.05 error level

Table 5. Comparison of low-quality trees in two methods by the non-parametric Friedman test

Method Skid trail traffic Mean rank df Chi-square p
low 2.75
medium 3.75
Selection method ]
high 6.50
control 3.25
7 17.6 0.014#
low 4.13
Shelterwood medium 6.13
method high 7.25
control 2.25

*with significant differences at 0.05 error level
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Fig. 2. Comparison of the quality of trees in shelterwood
and selection methods

Table 6. Analysis of variance of crown length in two
diameter classes

Diameter class t df P (2-tailed) P-value
40 cm 2.3 15 0.036 *
60 cm 1 9 0.343 Ns

*with significant differences at 0.05 error level; Ns — without

significant differences

Trees quantity

Dominant height

The result of considering the height of thick trees
showed that the average height of dominant trees
in selection and shelterwood methods was 24.2 and
23 m, respectively (Fig. 3). Therefore it can be con-
cluded that the fertility index in selection method
is better than in shelterwood method.

Crown length

The results of comparison of crown length be-
tween two silvicultural systems in two groups or
40 and 60 cm diameter are shown in Table 6. Av-
erage crown length of trees in selection and shel-
terwood methods was 4.6 and 3.9 m, respectively,
which was a significant difference in favour of the
40 cm diameter class. But, no significant differenc-
es were found in the 60 cm diameter class.

DISCUSSION

Timber harvesting with insufficient planning, im-
proper operation techniques and lack of the control
of operations result in severe damage to forest soil,
residual trees, seedlings, and wood production. This
damage can lead to environmental degradation such
as damaged trees, compacted and infertile soil, ero-
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Fig. 3. Comparison of dominant height of trees in two
silvicultural methods

sion and turbid water (EROGLU et al. 2009). Previous
research revealed that logging intensity significantly
influenced forest stand and flora population and it
could have some effects on the forest ecosystem (B1-
SONG, MFON 2008). The results of this study showed
that there were significant differences in quantitative
and qualitative characteristics of trees between skid
trail plots and control plots in selection and shel-
terwood methods. The comparison of trees existing
along 10 and 20 years old skid trails (in selection and
shelterwood methods, respectively) showed that
there were significant differences in the tree prop-
erties such as fertility and vertical curvature so that
the qualitative characteristics in selection method
were significantly better than those in shelterwood
method. The reason could be more frequent traf-
fic and higher harvesting intensity in shelterwood
system than in selection system in the same period.
The results of qualitative characteristics showed the
minimum quality of trees in shelterwood method
with high traffic on the skid trail. The results of high
traffic areas indicated that they had the highest por-
tion of skidding, so these areas were destroyed more
than other areas, and they will need longer time for
improving the soil fertility and subsequently this will
result in reducing the investigated tree quality pa-
rameters. This situation occurred to a lesser extent
in selection method because logs are more scattered
in the operation area and the density of skid trails
and skidding intensity are lower. Log gathering and
transportation from the operation area were done
with higher intensity in shelterwood method, so that
soil and stand damage on harvested areas and skid
trails were greater than in selection method. The
results of this study showed that the effects of shel-
terwood method would remain in the forest after
20 years.

The comparison of quantitative features such
as height of dominant trees and crown length in
both selection and shelterwood methods showed
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that the mean crown length and height of domi-
nant trees in selection method were significantly
larger than in shelterwood method. In shelter-
wood method because of a high number of logs
in the harvested area, there are higher frequencies
of transportation on skid trails than in selection
method, so the amount and severity of damage
and wounds caused to trunks and roots of re-
maining tree are greater (Hoseint 2002). How-
ever, stressed soil and changes in the soil proper-
ties can affect the diameter and height growth of
trees (LAMSON et al. 1985; ANDERSON et al. 1994;
HaN, KELLOGG 2000).

JALALI (1996) considered the reasons for wizen-
ing of beech (E orientalis) trees; four sites of beech
(E orientalis) in the north of Iran (Mazandaran)
were selected and studied. The results showed that
although some elements were limited in some parts
of the forest soil such as phosphorus and organic
carbon in soil horizons, these deficiencies were not
high enough to cause beech (F orientalis) wizen-
ing. In fact, the physical factors such as root-race
situation, hydromorph soil, impenetrable clay lay-
ers, soil compaction and soil texture are effective in
determination of the health of beech (E orientalis)
trees. This study showed that the most important
destructive factor for forest health in anthropic
activity that must be controlled and programmed.
Because other factors such as species kind, age,
environmental factors etc. can affect qualitative
and quantitative parameters of residual stand, they
should be studied thoroughly in the future.

After one decade of implementing the selection
system in the northern forests of Iran it is neces-
sary to consider the quality and quantity of residual
trees in logging areas and to compare them with re-
sults of implementing the shelterwood method. Al-
though each harvesting method can cause distinc-
tive damage to remaining tree, site index and soil,
the intensity of damage can be reduced by means of
better timber harvesting and silvicultural method.
This study showed that the proper planning of skid
trails in selection system with low traffic on skid
trails can reduce the impairment of tree quality and
quantity recognizable many years after. Therefore,
the construction of skid trails should be planned
before logging operations commence and pre-
harvest planning should be carried out after finish-
ing these operations in order to conserve residual
stand, regeneration and soil fertility. Choosing the
better logging method (such as selection method)
with two key recommendations mentioned above,
can help us to reach the sustainable forest manage-
ment and to preserve forest ecosystems.
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