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Abstract. Rachmat HH, Pamoengkas P, Sholihah L, Fambayun RA, Susilowati A. 2020. The effect of planting technique on the growth
of two Shorea species in Gunung Dahu, Bogor, Indonesia. Biodiversitas 21: 4131-4138. Forest rehabilitation is the counterforce of
deforestation and forest degradation. One of the promising strategies for rehabilitating degraded forest land is through replanting of native
tree species. Nonetheless, investigation in which planting technique is more effective in supporting plant growth is required in various
regional contexts. This study aimed to analyze the growth performance in terms of diameter and height of Shorea leprosula and S.
selanica planted in Gunung Dahu Research Forest (GDRF), Bogor, Indonesia treated with total planting and line planting techniques.
Diameter and height, as well as environmental factors such as soil texture, average litter thickness, slope, the average thickness of
topsoil, and canopy density were observed. Data analysis was performed using ANOVA and followed by Duncan's test. The result
showed that line planting was better in accelerating the diameter growth of S. leprosula and S. selanica than total planting. However,
planting techniques had no effect on the height growth of both species. The highest growth rate was found in S. selanica treated with
line planting with the average diameter and height increment was 1.13 cm/year and 0.78 cm/year, respectively. Line planting also
produced higher basal area and stand volume with 0.06 m? and 0.64 m?3 per year, respectively for S. leprosula and 0.06 m? and 0.66 m?

per year, respectively for S. selanica.
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INTRODUCTION

Indonesia's tropical forests play a significant role in the
economic, ecological, social, and cultural aspects.
However, tropical forests in Indonesia experience one of
the world's highest deforestation rates, second place after
Brazil (Hansen, 2009) both in terms of quantity and
quality. In Indonesia, in particular, over 6 Mha of primary
forests were lost from 2000 to 2012 (Margono et al., 2014).
There are many causes of forest loss in the country,
including the development of oil palm plantation and
timber plantation, mining, high population growth,
urbanization and expansion of urban areas, illegal timber
extraction, land encroachment and occupation in forest
areas, governance problem, and forest fires (Tsumura et al.
2011; van Lierop 2015; Austin et al. 2018; Susanto et al.
2018).

Forest rehabilitation is considered as the counterforce of
deforestation and forest degradation. One of the promising
strategies for rehabilitating degraded forest land is through
replanting of native tree species. Native tree species from
the family of Dipterocarpaceae are frequently advocated
for forest rehabilitation in Indonesia instead of introduced
species, such as Acacia mangium. Dipterocarp species that
have been promoted as potential trees for forest
rehabilitation including those from red meranti group

(Kobayashi et al. 2001). The trees from the group of red
meranti are known as relatively slow-growing species
(Hidayat et al. 2017) with stem structure that is naturally
straight and cylindric (Wistara et al. 2016).

Two species from the red meranti group potentials to be
replanted in degraded forest land are Shorea leprosula and
Shorea selanica. These two species have been widely
known in various Southeast Asian countries (Appanah and
Turnbull 1998) as major commercial timber species. Kenzo
et al. (2011) stated that sunlight exposures enhanced the
growth performance of Dipterocarp species under suitable
planting conditions. Furthermore, Lestari et al. (2019)
stated that soil pH and sloping terrain could increase the
growth performance of planted species in post-coal mining
reclamation area in East Kalimantan. In this study, Shorea
balangeran became one of the most suitable plant species
to be planted in this area, especially in sloping terrain.

Considering the various condition of rehabilitation
areas in Indonesia, there are two common methods in forest
rehabilitation, namely line planting and total/intensive
planting. Line planting involves growing targeted species
in a lane, where in a specific terrain will be found planted
lanes and unplanted lanes (gap lanes). Line planting
method has been used widely, such as in Bukit Kinta
Forest, Peninsular Malaysia (Abdu et al. 2008), and
lowland forests in South Kalimantan (Adjers et al. 1995).
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Total planting is a planting technique where all areas or
plots are completely planted at certain planting distance.
The conservation plot in Haurbentes Research Forest is
also applied total planting technique (Kosasih and
Mindawati 2011).

Considering the importance of selecting planting
techniques of dipterocarp species, an assessment is required
to investigate which method, either total planting or line
planting, is more effective to support plant growth. This
study aimed to analyze the growth performance in terms of
diameter and height of S. leprosula and S. selanica in
Gunung Dahu Research Forest (GDRF), Bogor, Indonesia
treated with total planting and line planting. GDRF is an
excellent case study as in the area has been established
research and practice of forest rehabilitation in the form of
a mixed meranti forest. The hilly environmental conditions
and diverse slopes in GDRF make the rehabilitation
activities adopted several planting techniques, including
line planting and total planting.

MATERIALS AND METHODS

Study area
The research was conducted in Gunung Dahu Research
Forest (GDRF), Bogor, West Java, Indonesia.

Geographically GDRF area lies at 06°36'30"-06°37'00" S
and 106°34'00"-106°35'30" E. It has climate type B with
annual rainfall of 2,500-2,700 mm. The soil is grouped into
reddish-brown latosol. The topography varies from flat to
hilly and steep, with altitude ranging from 550 to 800 m
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above sea level. Research plots for the growth
measurement of S. leprosula were in plots 1 and plot 8,
while for S. selanica were in plots 10 and 17. Plots 1 and
10 represented total planting technique, while plots 8 and
17 represented line planting (Figure 1).

Experimental plot

The seedlings planted in GDRF were from cutting
propagation using KOFFCO method, a cutting technology
developed by the Forestry Research and Development
Agency, Bogor, Indonesia in collaboration with the
Research Center, Komatsu Ltd. It can be simply interpreted
as a vegetative propagation technique of shoot cutting with
fogging treatment. This technique was developed to
propagate meranti dipterocarp species in particular and
other local species in general by controlling and
maintaining three important elements, namely temperature,
humidity, and light intensity (Rachmat et al. 2018).

The planting techniques applied at the selected plots in
GDRF were line planting and total planting. For line
planting technique, lines were made in 10 m wide, with 15
m distance between the centers of adjacent lines. Undesired
vegetation was removed in the lines before planting, for
example, ground cover, bushes, small pioneer trees, and
climbers. For total planting technique, land preparation
through clearing was carried out to create open space for 2
X 2 m planting distance. The initial planting density for line
planting and total planting was 750 individuals/ha and
2,500 individuals/ha, respectively. The planting layout was
described in Figure 2.
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Figure 1. Research plot at Gunung Dahu Research Forest (GDRF), Bogor, West Java, Indonesia
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Figure 2. The planting layout: A. Total planting technique, B. Line planting technique

Table 1. The information and environmental conditions of Shorea leprosula and S. selanica stands at the research plot in Gunung Dahu

Research Forest (GDRF) Bogor, West Java, Indonesia

Stand density at

Species Planting Plot Elevation Initial stand measurement time Average litter  Slope LAI
technique number (masl.) density (ind/ha) (ind/ha) thickness (cm) (%)

S. leprosula  Total planting 1 713 2,500 1,137 4,94 >45 1.58

Line planting 8 713 241 9.60 >70 1.32

S.selanica  Total planting 10 785 2,500 682 2.66 >35 1.66

Line planting 17 744 750 161 5.94 >70 1.85

Note: Each plot has the total area of 1 ha. All plots were planted in 1997 and the soil texture in this area was clay

Based on the results of the preliminary survey,
information and environmental conditions related to the
observation plots are presented in Table 1. All observation
plots have similarity in the area extent and year of planting,
which was in 1997. Hence, all observed trees in each plot
were about 22 years old. The elevation of each plot ranged
from 713 to 785 m asl, with the highest point was located
in plot 10 and the lowest location was in plots 1 and 8.
Purwaningsih (2004) stated that in Indonesia, Dipterocarp
species could grow naturally at elevation up to 1,500 m asl.
Soil texture in all observation plots site was clay.

Stand density in GDRF has experienced a reduction
since at the beginning of the planting. This reduction was
due to many factors, for example, the community’s high
disturbance as the planting began and the absence of
intensive maintenance such as replanting (due to limited
planting stock) and weeding, resulting in high competition
between individuals and weeds. Most dipterocarps are
shade tolerant species (Appanah and Turnbull 1998). It
required shade at a young age up to the age of two years or
a height of 1.5 m or more so that a relatively open field

condition during the initial planting caused high mortality
of seedlings or small plants.

Data collection
The following parameters
performance were observed.

representing  growth

Leaf area index

The amount of sunlight accepted by the canopy stand
was calculated by measuring the amount of leaf area index
(LALI). The leaf area index (LAI) is defined as half the total
all-sided leaf area per unit ground surface area (Chen and
Black 1992), which is used as a quantitative measurement
of canopy foliar area (De Kauwe et al. 2011)

The measurement of LAI at plots 1 and 10 was
conducted at five points on each plot. While LAI
measurement in plots 8 and 17 was conducted on each
planting line and spacing between lines. Canopy cover was
measured using a camera with a fisheye lens and further
analyzed using HemiView software package. The results
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obtained by averaging LAl value using the following
formula:

The total LAl
Average LAl = -
The Number of take points

Total diameter and height

Measurement of total diameter and height were carried
out on each plot using census method. Tree diameter was
measured at breast height (1.3 m) using a phi band, while
total height measurement using hypsometer. The average
diameter and height were calculated based on the formula:

The total diameter of the tree obeerved (cm)

Aver iameter =
erage diamete The number of individual trees observed

The total height of the tree observed (m)
The number of individual trees observed

Average height =

Mean Annual Increment (MAI)

MAI is a rate of plant growth that can be measured by
counting individual trees, number of stands per unit of
time, or accumulating dimensional increase such as
diameter and height for each year. The MAI value is
perpendicular to the average value. Calculation of the MAI
of height and diameter were based on the formula
developed by Pordan (1968):

fl di
lhi=— Idi=—
Il Il
Where:
Idi : average diameter in the i year (cm/year)
Ihi : average height in the i year (m/year)
Di :average diameter in the i planting year (cm)
hi  :average height in the i planting year (m)
ti  :theage of the plant in the i year (year)

Stand volume
The stand volume was calculated based on the formula:
V=LBD xTxf
Where:

V  :Volume (m®ha)
LBD : Basal area (m?)

T  :Height (m)
f : Form factor (0.6)
LBD : = nd?

4
Where:
n  : Constanta (3.14)
d : Diameter (m)

Data analysis

The data were analyzed using ANOVA (Analysis of
Variance) and then followed by Duncan's test at 5%
confidence level. The box plot diagram was used to
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describe data distribution. All statistical analyses were
conducted using SPSS 25.

RESULTS AND DISCUSSION

General description of S. leprosula and S. selanica stands

Originally, S. leprosula grows naturally in mineral soil
in Kalimantan and Sumatra, while S. selanica grows
naturally in mineral soil in Maluku. Based on the field
observation, the highest average litter thickness was found
in plot 8 with the line planting technique, and the lowest
one was found in plot 10 with the total planting technique.
Factors affecting the fallen litters are forest type,
environment climate, degrees of latitude, soil fertility and
moisture, silvicultural treatments, the influence of tree
density and basal area, thinning, litter collection, seasonal
variation, and age of stands (Bray and Gorham 1964).
Appanah and Weinland (1996) stated that all species of
Dipterocarpaceae generally have self-mechanism of natural
pruning in their life. The lowest branch of Dipterocarp
species will fall off by their own mechanism regardless of
the competition.

At the line planting plot, fern Gleichenia linearis grew
in the space between the lanes, while bamboo (Bambusa
sp.) colonized the space around the observation plot,
creating more diverse and thicker litter composition in the
area (Figure 3). The thick litter is likely caused by the time
of observation which took place at the end of the dry
season in which the ferns dried out and fell, and similar
conditions happened to bamboo leaves. Increased fallen
litter during the dry season was related to the condition of
lack of water that triggered plant to decrease their
evapotranspiration (Welder and Wright 1995).

The elevation in plots 1, 8, 10, and 17 were 713, 713,
785, and 744 m asl, respectively. Plot 10, which was planted
with S. selanica using total planting technique, had the lowest
slope with >35% of slope. Whereas the highest slope was
in plots 17 and 8 with >70% of slope, both plots were
applied line planting techniques. Total planting was applied
in the area with mild steepness, while line planting was
applied in areas with a high level of steepness.

According to Mohamad Jaffar (2018), Dipterocarp trees
under 30% relative light intensity were better in height and
diameter increment as well as leaf number increment than
those under full sunlight. LAI is often used as an indicator
of plant growth as light plays an important role in plant
energy intake through photosynthesis by direct photon
absorption facilitated by pigment molecules such as
chlorophyll. The amount of light is expressed by LAl
value.

The highest LAl was recorded at plot 17 with 1.85,
followed by plots 10, 1, and 8 with LAI of 1.66, 1.58, and
1.32, respectively. Higher LAI value resulted in the greater
radiation intensity absorbed by plants. The level of shade
illustrates the condition of canopy cover in each plot. The
shade levels on these plots tend to bring similar environmental
conditions in terms of temperature and moisture.
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Figure 4. Canopy closure in each observation plot. A. Plot 1 (LAI value = 1.58), B. Plot 8 (LAI value = 1.32), C. Plot 10 (LAI value =
1.32), D. Plot 17 (LAI value = 1.85)

Overall effect of planting technique on the growth of
the stands

Planting technique is intended to regulate the intensity
of light received by tree stand. Appropriate planting
techniques give more growing space and reduce individual
resource competition, maximizing growth. The ANOVA
results show that overall, there was a significant effect of
planting technique on the diameter of the stands planted on
DGREF (F-value <0.05), but this did not apply on the height
(F-value >0.05) (Table 2). There was also interaction effect
between planting technique and species studied on the
diameter (Table 2). Our finding implies that diameter was
the only parameter influenced by planting technique and
species chosen, and it could be a choice when forest
manager plan to increase the production of a forest stand.

Effect of planting technique on diameter growth

Table 3 shows that planting techniques significantly
affected diameter growth and increment of the two species
studied. The best results were observed in line planting
technique plots, suggesting that line planting technique is a
better choice to produce plants with large diameters. Adjers
et al. (1995) stated that line planting technique is best
applied in secondary forests with relatively homogeneous

canopy structures or in a former area of shifting cultivation
with underdeveloped stratification of canopy layer. Such
statement is in accordance with the condition in GDRF,
which was previously a cultivation land with shrubs and
pine trees grew on the land.

Duncan's test results of the effect of planting technique
on the diameter growth and Mean Annual Increment (MAI)
of S. leprosula and S. selanica can be seen in Table 4.
Based on Duncan's test results, the largest average diameter
was observed in S. selanica treated with line planting
(24.74 cm) and the MAI of 1.13 cm/year. While the lowest
value was recorded in S. selanica treated with total planting
(16.40 cm) and the MAIl of 0.75 cm/year.

The MAI of diameter of the total planting in this study
is lower than that of S. leprosula at 11 years of age planted
in Jasinga, Bogor with 1.99 cm/year (Arim 1995). Jasinga
is located at an elevation of 233-358 m asl, which is
considered suitable for the growth of red meranti. S.
leprosula is commonly found on well-drained or swampy
sites on clay soils with the elevation less than 700 m asl
(Kochummen et al. 1994). This is different from the
condition of GDRF since the elevation of this area is > 700
m asl.
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Age, competition, and environmental variables,
especially elevations and light, are considered to be the
cause of lower growth of diameter in GDRF. The decrease
in MAI as plant age increase is likely due to higher energy
requirement for metabolic processes as plant increase in
size. This means more energy is needed from
photosynthesis to support metabolic processes result in less
energy available for plant growth. However, the result of
this research shows that S. leprosula and S. selanica could
grow relatively good in a quite high elevation and it can be
an alternative species to be planted in other areas with the
elevation up to 800 m asl in the eastern part of Java.

Diameter MAI of the two species treated with line
planting is far higher than that of red meranti planted in
Bukit Kinta Forest, Malaysia, with diameter MAI ranging
from 0.46-0.96 cm/yr (Abdu et al. 2008). This is apparently
due to environmental differences and spacing between
planting lanes. The space between planting lanes applied in
our study was 20 m, while the space between the lines in
Bukit Kinta was 10 m. Wider lane spacing provides better
exposure to sunlight. The success of planting Dipterocarp
in field trials can be perceived from the selection of
species, planting techniques, and light availability (Adjers
et al. 1996; Bebber et al. 2002).

Based on the diameter MAI, the growth of both species
with the line planting is categorized as normal. While the
growth of S. selanica with total planting is categorized as
moderately slow (Meijer in Mindawati and Tryana 2002).
The result illustrates that line planting techniques perform
better than total planting. The higher diameter growth and
MALI in line planting are likely related to environmental
factors, especially the average litter thickness (Table 1).
The leaf litter types and interactions between litter diversity
and macrofauna are considered to be important in
influencing decomposition rates (Slade and Riutta 2012).

Table 2. Results of ANOVA to test the effect of planting
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Furthermore, the decomposition of leaf litter is closely
related to soil nutrient cycling (Ristok et al. 2019).

Effect of planting technique on height growth

Differs with the effect on diameter growth, the results
of Duncan’s test showed that planting technique has no
significant effect on the height growth and MAI (Table 5).
Similar results are shown in several studies, such as the
study of spacing distance by Kosasih and Mindawati
(2011) in the Haurbentes Research Forest, Bogor and
research by Abdu et al. (2008) on the selection of line
planting and gap planting techniques in Bukit Kinta,
Peninsular Malaysia.

Duncan's test results of the effect of planting technique
on the height growth and MAI of S. leprosula and S.
selanica can be seen in Table 6. Average height growth and
MAI of S. leprosula and S. selanica showed no significant
difference. Kosasih and Mindawati (2011) explained that
another factor strongly influences the vertical growth and
MAI of height of S. leprosula and S. selanica. Equal
response of the plants to grow vertically across all plots is
believed to be the cause of this indifferent result.

Effect of planting technique on basal area and stand
volume

Planting techniques significantly affected basal area and
stand volumes (Table 7). Line planting produced the
highest basal area and stand volumes with 0.06 m?and 0.64
m? per year, respectively for S. leprosula, and 0.06 m? and
0.66 m® per year, respectively for S. selanica. The lowest
result was S. selanica treated with total planting with the
basal area of 0.02 m? and stand volumes of 0.28 m3 per
year.

Table 4. Effect of planting technique on the diameter growth and
MAI of Shorea leprosula and S. selanica

technique on the growth of the stands in DGRF. Species Planting Average MAI
P technique diameter diameter
Factor Diameter Height S. leprosula I_Ota| p;lar;@ing %23‘1‘1?1223 gfflﬁgggb
- - ine planting .31+11.50a .11+0.52a
Plant_mg techmgue . 0'000: 0.260 S.selanica  Total planting 16.40+6.83c 0.75+0.31c
Species x planting techniques 0.004 0.805 Line planting 24.74+11.32a 1.13+0.52a

Note: The numbers shown in the table are significant values. * =
treatment significantly affected the 95% confidence interval with
a significant value (F-value) <0.05 (a).

Table 3. Effect of planting technique on the diameter growth and
MAII of the stands in DGRF

Note: Numbers followed by different letters show significantly
different treatments at 95% confidence intervals

Table 5. Effect of planting technique on the height growth and
MAI of the stands in DGRF

Planting technique Average diameter MAI diameter
Total planting 17.98+8.54b 0.82+0.39b
Line planting 24.48+11.41a 1.12+0.52a

Planting technique Average height MAI height
Total planting 16.6315.14a 0.82+0.39a
Line planting 16.97+4.99a 1.1240.52a

Note: Numbers followed by different letters show significantly
different treatments at 95% confidence intervals

Note: Numbers followed by the same letters indicate that the
treatment is not significantly different at 95% confidence intervals
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Table 6. Effect of planting technique on the diameter growth and
MAII of Shorea leprosula and S. selanica
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Table 7. Effect of planting technique on the basal area and stand
volume of Shorea leprosula and S. selanica

Type of Planting Average MAI Species Planting Basal area  Stand volume

plant technique height height techniques (m?) (m3/year)

S. leprosula  Total planting 16.52+5.23a 0.75+0.24a S. leprosula Total planting 0.03+0.03b  0.41+0.53b
Line planting 16.91+4.95a 0.77+0.23a Line planting  0.06+0.05a  0.64+0.66a

S. selanica Total planting 16.81+4.99a 0.76+0.23a S.selanica  Total planting 0.02£0.02c ~ 0.28+0.29¢
Line planting 17.0625.06a  0.78+0.23a Line planting  0.06+0.05a  0.66+0.68a

Note: Numbers followed by the same letters indicate that the
treatment is not significantly different at 95% confidence intervals

In general, the result showed that basal area and stand
volume in line planting are higher than those in total
planting. The dense population and the high number of
individuals in total planting technique (Table 1) increased
the competition among individuals and limit the nutrients
absorption, light, and water availability for each individual
(Subiakto et al. 2016).

Novak et al. (2010) suggested that growth is largely
influenced by growth factors, one of which is stand density.
Higher stand density in total planting techniques likely
caused higher competition among individual trees.
Overcrowded stand inhibits individual growth due to fierce
competition to get growth factors, such as sunlight, water,
and mineral nutrients, that eventually led to lower growth
and MAI (Phitaloka et al. 2015). Lipiec et al. (2013) stated
that water stress has a great influence in the plants’ mineral
nutrition as most of the nutrients are provided with water.
Plants need water for carbohydrate production in leaves,
maintaining protoplasm hydration, and transporting and
translocating food and mineral elements to other plant body
parts.

In the total planting plots, the growth of S. leprosula
was higher compared to S. selanica. S. leprosula is known
for the faster growth compared to other species of Shorea,
especially in diameter growth. This has been tested by
Kosasih and Mindawati (2011) that the diameter growth in
S. leprosula was superior with an average diameter of
26.30 cm, significantly higher from S. selanica with an
average diameter of 20.76 cm and S. mecistopteryx with an
average diameter of 20.76 cm at the age of 13 years.

Assessing the success of rehabilitation project by
selecting the best planting technique will optimize the
growth of Dipterocarps species. The results of our study
suggest that line planting is better in accelerating the
diameter growth, basal area, and stand volume than total
planting of S. leprosula and S. selanica planted in Gunung
Dahu Research Forest. However, planting technique has no
effect on the height growth of both species. Our findings
imply that planting Dipterocarp species could be an option
for rehabilitation activities in other areas which have
similar characteristic with GDRF.
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