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ABSTRACT
Logging is a fundamental component of
forest management, facilitating  the

establishment of new stands through the
removal of mature trees. However, logging
operations often induce substantial soil
disturbances, which may adversely affect
the growth of second-generation stands.
This study aimed to assess the impact of
logging on the growth of second-generation
Pinus patula stands at Sao Hill Plantation,
Tanzania (SHFP), specifically focusing on
the impacts of logging on stand growth and
forest soil. Six compartments, three from
each generation, representing stand ages of
1, 3, and 6 years, totaling 180 systematically
sampled plots, each measuring 20 x 20
meters. First- and second-generation stands
were treated as experimental groups. An
independent t-test was used to analyze the
impact of logging on stand growth across
generations. Stand growth parameters
including the number of stems, tree height,
and diameter at breast height (DBH)
decreased by 6.5% to 12.3% in second-
generation stands compared to first-
generation stands. Soil bulk density in
second-generation stand increased by 25.7%
and 26.2% in the top 10 cm and 20 cm of
soil, respectively, compared to the first-
generation stand. The findings emphasize
the critical role of adopting reduced-impact
logging techniques to minimize soil
compaction, thereby supporting the long-
term productivity.

Key Words: Logging practices-stand
growth- soil compaction- second generation.
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INTRODUCTION

Logging involves the transportation of
felled timber from harvesting sites to
processing facilities, such as sawmills and
lumber yards (Sessions 2007). These
operations can be conducted using fully
manual,  semi-mechanized, or fully
mechanized systems (Masumian et al. 2017,
Silayo et al. 2010). Globally, logging
practices have increasingly shifted toward
mechanized ground-based systems to
enhance worker safety and operational
efficiency (Mauya 2022). Mechanized
logging typically involves the use of heavy
machinery, including forwarders, skidders,
and harvesters (Latterini et al. 2023). These
machines are characterized by high engine
power as well as engine-induced vibrations
and substantial vehicle mass, which
generate significant traction forces between
the wheels and the ground surface (Nazari et
al. 2023).

As a vital medium for tree growth, soil is
highly susceptible to degradation from the
operation of logging machinery, which can
reduce stand productivity in subsequent
rotations (Cambi et al. 2015, Dominati et al.
2010). Assessing the physical properties of
soil before and after the passage of logging
equipment provides valuable insight into the
extent of soil disturbance (Ampoorter et al.
2007). Ground-based mechanized logging
commonly results in adverse impacts such
as soil compaction, rut formation, and the
displacement or removal of topsoil layers
(Agherkakli et al. 2010). The severity and
nature of these disturbances are largely
governed by a range of factors, including
slope gradient (Picchio et al. 2020), soil



moisture content (Naghdi et al. 2016,
Naghdi et al 2020), vehicle mass
(Langmaack et al. 2002), site-specific

characteristics (Makineci et al. 2007), soil
organic matter content, the type of skidding
equipment used (Sadeghi et al. 2022), the
frequency of machine passes, and engine-
induced vibrations (Dembure et al. 2019).

The reduction in stand growth in second-
generation stands is often linked to the
effects of soil compaction caused by
logging practices, which alter physical soil
properties (Solgi et al. 2020). Eisenbies et
al. (2005) reported that stand growth in later
generations can decline by an average of 5%
to 13% compared to the first generation. In
this context, Mariotti et al. (2020) found
that larger trees are less impacted than
younger trees because only a small portion
of the root system of larger trees lies within
the compacted area, making them less
vulnerable. Furthermore, Nash et al. (2021)
and Crawford et al. (2021) stated that while
compaction initially slows tree
development, after several years, it may
catch up to or even match the growth of

similarly  sized trees growing in
uncompacted soil.

Baseline information on best logging
practices is crucial for sustaining

productivity in second-generations. Several
studies have documented the impact of
logging on soil quality in the southern part
of Tanzania, specifically in the Sao Hill
Forest Plantation (Kweka et al. 2014,
Migunga 1996). However, there is limited
information on the impact of logging on
subsequent stand growth in  forest
plantations in Tanzania. This study aimed to
address this knowledge gap. The findings
will raise awareness of the impact of
logging on subsequent stand growth in
Tanzania and suggest ways to mitigate these
impacts by adopting best logging practices.
The study explored: 1) the impact of
logging on subsequent stand growth, and 2)
the impact of logging on forest soils in
subsequent generations.
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To investigate the influence of logging
practices on second-generation stand
growth, the following, hypotheses were
tested: The null hypothesis (HO) posit that
logging practices have no significant effect
on second-generation stand growth. The
alternative hypothesis (H1): suggest that
logging  practices  significantly  affect
second-generation stand growth.

MATERIALS AND METHODS
Description of study area

The study on the impact of logging practices
on the growth of second-generation stands
of Pinus patula was conducted at the Sao
Hill Forest Plantation (SHFP) in Tanzania,
located in the Mufindi District of the Iringa
Region (Figure 1). SHFP is the largest
forest plantation in Tanzania, covering a
total area of 135,903 hectares, of which
54,070 hectares are planted with pine, while
3,500 hectares are planted with cypress and
Eucalyptus species. The plantation is
divided into four divisions and is managed
under the SHFP Headquarters. The study
was conducted in Divisions | and IV to
capture  first- and second-generation
compartments. In this context, these
divisions are characterized by differing
climatic conditions and edaphic factors.
Such environmental variations introduce
potential confounding effects, making it
difficult to isolate logging as the sole factor
influencing stand growth responses. The
environmental characteristics of the study
area are presented in Table 1.

Data collection

This study assessed stand growth and soil
physical parameters across compartments
aged 1, 3, and 6 years, representing critical
periods during which soil structure has not
fully recovered following mechanized
logging operations, as noted by Nazari et al.
(2023). A total of six compartments were
purposively  selected-three  representing
first-generation stands from Division IV and
and three representing second-generation.
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Figure 1. Location of the study area and sites. Source: Ntalikwa et al. (2024)

Table 1: Environmental conditions of Sao Hill Forest Plantation

Characteristics Condition

Altitude (m, above sea level) 1400 to 2000
Precipitation (mm year™) 725 to 1400
Temperature (° C) 2310 28

Soil (pH) 441054

Soil type Sandy to sandy loams

Source: Mauya (2022), Silayo et al. (2010), Beleko (2021)

Table 2: Compartments used to assess the impact of logging on subsequent stand
growth in Sao Hill Forest Plantation

Transect Sampling Number of

Generation ~ Compartment Age Area . . .
status name (ears)  (ha) distance intensity plots
(m) (%)

I 4/MP/1/39.5/PP 1 39.5 120 0.101 30

I 1/G3/27 1 27 120 0.148 30

I 4/KT2/19/30.5/PP 3 30.5 120 0.131 30

I 1/Gla/22.1 3 22.1 100 0.180 30

I 4/MP/1/18.3/PP 6 18.3 100 0.219 30

I 1/G3/30 6 30 120 0.133 30
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stands from Division I. A systematic
sampling approach was applied to establish
180 square plots (20 x 20 m) across all
compartments. All six compartments were
used for stand growth assessments, while
two were selected for soil sampling. Plot
allocation was guided by plantation maps
and a reconnaissance survey, with four
transects established per compartment. The
initial plot in each transect was randomly
located, followed by systematically spaced
plots determined by dividing transect length
by the number of allocated plots as shown
in Table 2. Skid trails and landing sites were
included to capture spatial heterogeneity.
Stand growth data included number of stem
(for all age classes) and measurements of
diameter at breast height (DBH) and total
tree height (for 3- and 6-year-old stands),
following standard inventory procedures
outlined by Malimbwi et al. (2018). Soil
samples were collected at depths of 10 cm
and 20 cm using intact core extraction
methods with metal rings (6.8 cm diameter,
4 cm height), as described by Kweka et al.
(2011). A total of 30 samples were obtained
per depth across the selected compartments.

Data analysis

The stand parameters used to describe
growth were the number of stems, quadratic
mean diameter, and tree height. The
quadratic mean diameter (QMD =
\/((diA2)/n), where QMD = quadratic mean
diameter, and di = diameter at nth) was used
instead of the arithmetic mean diameter
(DBH) because it gives greater weight to
larger trees and is equal to or larger than the
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arithmetic mean diameter by an amount
depending on the variance (Curtis and
Marshall 2000). Soil samples from both
generations were transferred into containers
and oven-dried at 105°C until a constant
weight was achieved and confirmed. The
oven-dried mass of the sample was divided
by the sample volume to determine the soil
bulk density, as described by Hao et al.
(2008).

An independent t-test was conducted to
assess whether the mean values of stand
growth parameters (i.e., number of stems,
quadratic mean diameter, and tree height),
and soil bulk density differed significantly
between the first- and second-generation
compartments (p < 0.05). All statistical
analyses were carried out using Microsoft
Excel software.

RESULTS

Stand growth
Number of stems

In the second-generation compartments
aged 1, 3, and 6 years, the results showed
that the number of stems was reduced by an
average of 8.6%, 10.3%, and 6.5%,
respectively, compared to the first-
generation  compartments  (Table  3).
However, the statistical results of an
independent t-test indicated that the mean
number of stems between first- and second-
generation compartments was statistically
significant at the 0.05 level (P < 0.05).
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Table 3: Impact of logging practices on the number of stems in second-generation

stands
Compartment Age GS Number of stems n SD t- df P- Change in
(years) (N/ha) statistic value  Number
Min Max Mean of stems
(%)
4/MP/1/39.5/PP 1 I 850 1050 976 30 65.661 -4.144 58 0.000* 8.6
1/G3/27 1 I 725 1025 898 30 85.332
4/KT2/19/30.5/PP 3 I 850 1050 962 30 48572 -6.225 58 0.000* 10.3
1/Gla/22.1 3 Il 675 975 872 30 62.537
4/MP/1/18.3/PP 6 I 475 1000 916 30 86.971 -2.836 58 0.006* 6.5
1/G3/30 6 I 700 1000 860 30 66.463

Note:* = Significant Difference at P<0.05, n = number of samples, GS = Generation status,
SD = standard deviation, df = degree of freedom

Table 4: Impact of logging practices on tree height second-generation stands

Results on tree height indicated that the 3-
year-old and 6-year-old compartments in the
second generation decreased by an average
of 7.7% and 10.9%, respectively, compared
to the first-generation compartments (Table
4). Statistical analysis revealed that the 3-
year-old compartment was insignificant at
the 0.05 level (P > 0.05). However, the 6-
year-old compartments were significant at
the 0.05 level (P < 0.05).
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Compartment Age GS Tree height (m) N SD t- df P-value Change
(years) Min Max Mean statistic in tree
height
(%)
4/KT2/19/30.5/PP 3 | 27 62 4.2 30 0.960 -7.440 58 0.255ns 7.7
1/G1A/22.1 3 I 23 6.0 39 30 0.965
4/MP/1/18.3/PP 6 | 83 101 9.1 30 0.447 -1.148 58 0.000* 10.9
1/G3/30 6 I 75 93 82 30 0.484
Note:* = Significant Difference at P<0.05, n.s = Implies no significant difference, GS =
Generation status, SD = Standard deviation, df = Degree of freedom, n = Number of
samples.
Tree height Quadratic mean diameter

The findings showed that, compared to first-
generation compartments, the quadratic
mean diameter in the second generation’s 3-
and 6-year-old compartments decreased by
an average of 12.3% and 9%, respectively
(Table 5). Statistical analysis indicated that
the 3-year-old and 6-year-old compartments
were statistically significant at the 0.05 level
(P <0.05).



Soil data (bulk density)

In the second-generation compartment, soil
bulk density increased by an average of
25.7% and 26.2% in the 10 cm and 20 cm
upper soil layers, respectively, in plots
harvested during the dry season compared
to the control plots in the first-generation
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compartments (Table 6). Based on soil
depths of 10 cm and 20 cm, soil bulk
density within the compartments changed
by an average of 0.9% and 1.3%,
respectively, between the first- and second-
generation compartments.

Table 5: Impact of logging practices on quadratic mean diameter in second-generation

stands
Compartment Age GS Quadratic mean n SD t- Df P-value Change of
(years) diameter (cm) statist guadratic
Min Max Mean ic mean
diameter
(%)
4/KT2/19/30.5/PP 3 I 4.16 7.19 5.84 30 0.882 -2.83 58 0.006* 123
1/G1A/22.1 3 I 3.56 6.59 5.20 30 0.891
4/MP/1/18.3/PP 6 I 11.81 13.26 12.70 30 0.309 -13.76 58 0.000* 9.0
1/G3/30 6 I 10.61 12.07 11.65 30 0.298

Note:* = Significant Difference at P<0.05, SD = Standard deviation, GS = Generation
status, df = Degree of freedom, n = Number of samples

Table 6: Impact of logging practices on bulk density in second-generation stand

Compartment GS  Depth Bulk density (g/m°) n SD t- df P- Change of
(cm) statis value  bulk density
Min  Max Mea tic (%0)
n
4/MP/1/39.5/PP 1 0-10 0.977 1.023 0.996 30 0.014 30 58 0.000 25.7
*
1/G3/27 I 0-10 0.990 1.287 1.252 30 0.031 30
4/MP/1/39.5/PP 1 10-20 0.743 1.040 1.005 30 0.007 30 58 0.010 26.2
*
1/G3/27 I 10-20 1249 1295 1.268 30 0.009 30

Note:* = Significant Difference at P<0.05, n.s = implies no significant difference, n =

number of samples, SD = standard deviation, df = degree of freedom, SG

generation status

36



DISCUSSION

A reduction in stand growth parameters
(number of stems, tree height, and quadratic
mean diameter) was observed in the second-
generation compartments compared to the
first-generation compartments (Tables 3, 4,
5). These effects were attributed to the
passage of logging machines over forest
soils, which led to changes in physical soil
properties, such as increased soil bulk
density as reported by Allman et al. (2015).
This, in turn, led to localized declines in site
productivity, manifesting as reduced above-
ground tree growth, as documented in
previous studies (Luckow and Guldin 2007,
Gebauer and Martinkovéa 2005).

As the compartment age increased, the
percentage reduction in stand growth
parameters in the second generation
decreased was observed. This finding is
consistent with the studies by Mariotti et al.
(2020), and Picchio et al. (2020) which
indicated that soil compaction primarily
occurs in the top 30 cm of soil, increasing
the risk of compaction for young trees
compared to older ones. Additionally, the
study by Hwang et al. (2020) reported that
the root growth of small trees tends to grow
horizontally rather than vertically, which
increases the effects for young trees.

Increased soil bulk density in second
rotation, driven by logging activities,
contributes to reduced soil productivity by
compacting soil particles, decreasing pore
space, and increasing soil mass per unit
volume (Naghdi et al. 2016). Our results are
consistent with findings that the passage of
logging machinery on forest soils can
increase soil bulk desnity (Naghdi et al.
2009, Jourgholami et al. 2014, Sirén et al.
2019). Additionally, soil bulk density was
found to increase with soil depth, likely due
to declining organic matter content, further
affecting soil structure as reported by Sirén
et al. (2019).

The study is constrained by several factors.
Data was restricted to Division 1 and
Division 4, which are characterized by

37

anzania Journal of Forestry and Nature Conservation, Vol 94, No. 1 (2025) pp31-40

distinct climatic conditions and edaphic
factors. These environmental variations
introduce potential confounding effects,
making it challenges to isolate logging as
the sole determinant of stand growth
responses. Consequently, the observed
growth pattern may reflect an interaction
between logging intensity and site-specific
climatic influences. For more
comprehensive inference, future studies
should employ stratified sampling across a
wider range of ecological gradient.

CONCLUSION AND
RECOMMENDATIONS

The study found that logging practices
affect stand growth in second-generation at
Sao Hill Forest Plantation, Tanzania.
However, the sustainability of stand growth
in subsequent rotations in Tanzania is not
guaranteed due to the observed changes of
physical soil property (bulk density) that
limit root growth as result of the passage of
logging machinery.

Despite efforts to reduce logging’s impact
on Tanzania forest soil, this study urges
policymakers to adopt sustainable logging
practices including use of designed skid
trails, harvesting during dry seasons, use of
slash mats, reduced traffic frequency, and
soil restoration post-logging. This supports
long-term  forest health development.
However, the study is constrained by site-
specific  variability such as terrain
conditions and microclimates, across the
Sao Hill Forest Plantation. To enhance
future studies, it is recommended to broaden
sampling across multiple divisions and
control for environmental variability to
better isolate logging effect and enhance
reliability.
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