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Abstract. The tree growth is influenced by soil morphological and physicochemical properties
in the site. The purpose of this study was to describe correlation between soil properties under
various stage secondary forests and vegetation parameters, such as floristic structure
parameters and floristic diversity indices. The vegetation surveys were conducted in 5, 10,
and 20 years old at secondary tropical forests in Sarawak, Malaysia. Nine sub plots sized 20 m

20 m were established within each study site. The Pearson analysis showed that soil
physicochemical properties were significantly correlated to floristic structure parameters
and floristic diversity indices. The result of PCA clarified the correlation among most
important soil properties, floristic structure parameters, and floristic diversity indices. The
PCI1 represented cation retention capacity and soil texture which were little affected by the
fallow age and its also were correlated by floristic structure and diversity. The PC2 was linked
to the levels of soil acidity. This property reflected the remnant effects of ash addition and
fallow duration, and the significant correlation were showed among pH (H,0), floristic
structure and diversity. The PC3 represented the soil compactness. The soil hardness could be
influenced by fallow period and it was also correlated by floristic structure.

1. Introduction

Swidden fallow secondary forests provide rotating habitats for succession species in a primary forest
matrix thus, enhancing biodiversity. Due to the rapid re-growth in secondary forest ecosystem, the
watershed and soil pr@erties of this primary-secondary forest landscape are ecologically at par with
each other [1]. The diameter increment of dominant tree species determine growth rate m the
secondary forest [2]. Forest succession alters the chemical. physical, and biological properties of the
soil through their occupancy of the area, and it is likely that these alterations contribute to the relative
changes in the abundance of the dominant plant species that characterizes succession aspect on the
land [3].

A number of soil characteristics affect plant growth and its well-being. These include soil texture
(size distribution of particles), structure (arrangement of soil particles). and soil depth. Soil reaction
primarily influences plant growth indirectly through its effects on the solubility of ions and the activity
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7
of microorganisms [4]. In addition, gve easily observable properties of soil (texture, structure, color,
depth, and stoniness) @h be used to infer a great deal about how a particular soil influences plant
growth [3]. It is the ability of the soil to supply nutrient elements in the amounts, forms, and
proportions required for maximum plant growth. The plant growth depends on the physicochemical
properties and organic matter content of the so1l [5].

There are associations between species and soil characteristics under homogenous parent rock and
elevation range [6] as well as correlation among topography, soil nutrient, and floristic |7]. In addition,
several soil properties showed positive and negative correlation to floristic parameters ([8] [9]). On the
other hand, several studies reported that there was not significant correlation between soil nutrient
availability @1 tree growth pattern under forest succession process in the tropics [10] [11] [12]. The
purpose of this study was to describe correlation between soil physicochemical properties and
vegetation parameters. The information on correlation between soil properties and vegetation growth
is important for addressing future management and sustainability of secondary forests.

2. Materials and methods

2.1. Study sites

The study was carried out in three stages of fallows or period of abandonment such as 5, 10, and 20
years old of secondary forests in Sabal, Sri Aman, Sarawak, East Malaysia (figure 1). The geographic
locations of these sites are 01°04'43.3"N 110°59'02.0"E, 01°03'55.9"N 110°55'51.4'"E, and
01°03'59.3"N 110°53'34.4"E, respectively. The study plots at Sabal were located approximately 110
km southeast of Kuching along the Kuching-Sri Aman Road and 5 to 15 km from the Sabal
Agroforestry Centre. The study sites had the similar histories of abandonment after shifting cultivation
based on interviews with the land owner as well as confirmation by staff of Sabal Agroforestry Centre.
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Figure 1. Map of study area in Sabal, Sarawak, Malaysia.

2.2. Data collection

The surveys of 5, 10, and 20 years old at secondary forests were conducted during 6 months from
January - July 2013. Nine plots sized 20 m x 20 m were established within each study site. The
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diameter at breast height (DBH) and total height of all woody trees with DBH of = 5 em within the
plot were enumerated and their species were identified.

2.3. Data analysis

Individual basal area (BA) and volume (V) were measured by using formulas [13]:
Individuals BA = (DBII/2)*. 107 (1)
Individuals V =Y m x DBH? 107 x H x f (2)
where: DBH is diameter at breast height (cm), “H’ is tree height (m), and °/~ is form [actor.
Four diversity indices of Shannon-Wiener’s diversity index (H'), Simpson’s dominance index (D),
Pielou’s evenness index (/"), and Margalef”s richness index (R) were used to measure species diversity
of standing tree in each community [14]:

b s " i
H'= Z[NJID[NJ 3)
2
D, =Z[§J @

Hl

J=—
(S-1)

R=>—~ 6
7 ©6)

As stated here, n; = number of individuals of the i- th species, N = total number of all the individuals in
a unit area, and S = number of species in each plot.

The correlations between soil physicochemical properties and vegetation parameters both flonstic
structure and diversity were determined using Pearson correlation analysis [15]. The soil
physicochemical properties in the study sites had been reported by Karyati et al. [16]. The flonstic
structure parameters included average DBH, average height, total BA, and total volume, while floristic
diversity indices were /1', Ds, J', and R. Principal Component Analysis (PCA) of soil physicochemical
properties were performed to [ove and confirm correlation between soil properties and vegetation
parameters in each study sites. ®l1 statistical tests were conducted using SPSS version 18 for Windows
(SPSS Inc. 2012).

3. Results and discussion
3.1. Correlation between soil physicochemical properties and vegetation parameters

The result of the Pearson’s correlation analysis between soil properties and vegetation parameters of
the study sites was presented in Table 1. The soil pH (IH,0) showed positive correlation to H, BA, ",
and R (P value <0.01) and to age and V (P value <0.05). A negative correlation (P value < 0.01) was
also shown by the relationship between pH (H,O) and Ds. In contrast, relationship between pH (KCI)
and Mg showed no correlation to all vegetation parameters. The soil EC value showed negative
correlation with /" and J' (P value < 0.05) and positive correlation to Ds (P value < 0.05). The soil T-
C showed positive correlation to age stand of the study sites (£ value <0.01), DBH, H, and V (£ value
< 0.05) and negative correlation to N' (P value < 0.05). The negative correlation were shown by the
relationship between T-N and N’ (P value <0.01) as well as /' (P value <0.05).

The soil CEC level showed positive correlation to age, DBH, H, BA, and V (P value < 0.01) and
Ds (P value < 0.05). There was negative correlation between CEC and N’ (P value < 0.01) and CEC to
H"and R (P value < 0.05). The exchangeable Ca showed positive correlation to BA (£ value <0.01)
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and V (P value < 0.05). The positive correlation was shown by the relationship between exchangeable
K to DBH, BA, V, Ds (P value < 0.05), and age (P value < 0.01). While the relationship between
exchangeable K to /" and R showed negative correlation (P value < 0.05). The exchangeable Na
showed positive correlation to age, DBH, H, BA, V (£ value <0.01) and negative correlation to N' (P
value < 0.01). The CEC showed negative correlation to diameter growth rate (DGR) as well as
relationship between Ca and basal area growth rate (BAGR). Meanwhile, Mg and K had negative
correlation to DGR and BAGR [9].

The strong positive correlation (£ value <0.01) was shown by the relationship between percentage
of clay to age, DBH, H, BA, and V. The positive correlation was also shown by the relationship
between percentage of silt to age. DBH, H, V (P value < 0.01). and BA (P value < 0.05). The
percentage of silt showed positive correlation to I (P value < 0.01) and negative correlation to N’ (P
value < 0.01). However, the percentage of sand showed a negative correlation (P value < 0.01) to age,
DBH, BA, V., and positive correlation (£ value < 0.05) to N'. The percentage of sand showed positive
correlation (P value <0.01) to average DBH, BA, V. and negative correlation (P valuef0.01) to H. In
Toledo et al. [9] study, the percentage of silt had negative relationship to DGR. The soil texture had
major effects on forest growth, but these effects are indirect, manifested through the effect of texture
on features such as water-holding capacity, aeration, and organic matter retention [3]. The soil bulk
density showed negative correlation to age (£ value < 0.01), DBH, H, and V (P value < 0.05) of the
study sites. In contrast, positive correlation was showed by relationship between porosity to DBH, V
(P value < 0.05) and age and H (# value < 0.01). The relationship between soil hardness to age, H,
BA. V, and biomass showed negative correlation (P value < 0.05).

Table 1. Correlation between soil properties and vegetation parameters.

e : Age (vears) N Average DBH (ecm) Average H (m) BA (m”)

Soil properties r - P value r P value r . P value R - P value r F value
pH (H0) 0.48* =0.05 0.31 0114 0.32 0.107 0.5]%* =0.01 0.49%* <(0.01
pl 1(KCl) =009 0.655 -0.07 0.743 -0.04 0,861 -0.22 0.262 -(L11 0.593
EC (uS) 0.00 0.993 -0.16 0.437 0.22 0.272 0.13 0511 023 0.255
T-C (%) 0.50%* =0.01 -0.41* <105 0.46* <105 0.39* <0.05 0.30 0.130
T-N (%) 0.37 0.058 -().53%* =(0.01 032 0.107 0.14 0.501 0.06 0. 766
C/N ratio -0.21 0.302 0.42% <0.05 -0.16 0.431 0.03 0.882 0.07 0.739
CEC 0.68%* <0.001 -0.54** =0.01 0.73%* <0.001 051** =0.01 0.53** =0.01
Exch. Ca 037 0.055 0.36 0.066 0.34 0.086 0.34 0.08 0.53** =0.01
Exch. Mg 032 0.099 0.22 0.267 0.23 0.255 0.25 035 0.071
Exch. K 0.49%* =001 -0.22 0278 0.46* <005 0.30 0.39* =005
Exch. Na 0.92%* <0.001 -0.52%* <0.01 0.84%* <0.001 0.69%* 0.66%*  <0.001
Sum of exch. bases 0.93%* <0.001 -0.33 0,088 0.85%* =0.001 0.71 0.75%* =0.001
CIay (%o) 0.8]%* <001 -0.32 0109 (0.72%* =(.001 0.62%+* 0.60%* =0.01
Silt (%) 0.77%* <0.001 -0.59** =0.01 0.70** <0.001 0.50%* =0, 0.44* =0.05
Sand (%a) -().83%* <0001 0.46* =005 ). 74** =0.001 (). 59%* 0.001 -(.55%* =0.01
BD -(.63%* <0001 0.13 0518 -(0.44* =005 0.511** =0.01 -0.36 0.067
Porosity 0.65%* <0.001 -0.13 0516 0.45% <0.03 0.53%* =0.01 0.38 0.054
Hardness -(.39*% <0.05 -0.11 0,595 -0.34 0.084 -0 44* =0.05 -0.47* <(.05

Soil properties v (n) LS 21 S R

r P value r P value r P value R P value r P value
pH (H;0) 045% =0.05 0.56%* <0.01 0.50%* <0.01 0.36 0.069 0.54%* =0.01
pH (KCI) -0.07 0.715 -0.33 0.097 0.26 0.200 015 (1466 -0.35 0.071
EC (uS) 021 0.296 -0.41% <0.05 0.42% <0.05 -0.47* =0.05 -0.37 0.058
T-C (%0) 0.42* 01031 =0.10 0.635 .10 0,635 0.07 1743 =(1.06 0.771
T-N (%) 0.23 0.248 -0.39* <0.05 0.35 0.074 -0.16 0439 -0.35 0.077
C/N ratio -0.07 0713 0.44% <0.05 -0.38 0.053 0.23 0247 041% <0.05
CEC 0.65%* <0001 -0.48* <05 047* <105 -.25 0201 -).42* =0.05
Exch. Ca 0.42% =0.05 0.14 0.489 -0.03 0.877 -0.06 0.754 0.19 0.346
Exch. Mg 026 0.189 -0.12 0.55 0.23 0.255 -0.31 0.113 -0.05 0.808
Exch. K 041* =0.05 -0.46* <0.05 047* <0.05 -0.37 0.06 041* <0.05
Exch. Na 0.80** <0.001 -0.14 0493 0.11 0.574 0.05 0.808 -0.11 0.603
Sum of exch. bases 0.847%* <0.001 -0.11 0.575 0.13 0.513 -0.02 0.909 -0.06 0.759
Clay (%) 0.69** =0.001 -0.19 .331 0.20 0.326 -0.06 0.752 -0.14 0.500
Silt (%) 0,59+ 0,001 -0.34 0,088 0.28 0.155 -0.06 0.776 -0.30 0.126
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Sand (%) -0.68%* =0.001 027 0.174 -0.25 0216 0.06 0.752 022 0.270
BD -0.42* =0.05 -0.23 0.246 021 0.303 -0.24 0224 -0.27 0.180
Porosity 0.44* <0.05 0.25 0214 -0.22 0276 0.25 0213 028 0.150
Hardness -0.39*% <0.05 -0.23 0.243 0.16 0.420 -0.05 0813 -0.28 0.158

Note: Soil properties were at the depth of 0-10 cm (n=27). Calculation of vegetation parameters were done according to the 20 m ~ 20 m
subplots (n=27% N-number of individuals (tree). DBH=diameter at breast height (em); H-height (i): BA=basal area (m%), V=volume (m’),
I Shann()n—&nncr diversity index: Ds—Simpson dominance index: J-Piclou evenness index: f argalel richness index: EC—clectrical
conductivity: T-C-total carbon: T-N-total nitrogen; CEC-cation exchange capacity (cmol, kg"): Exch. Ca, Mg. and K-exchangeable Ca,
Mg, and K (cmol, kg'): Clay, Silt, and Sand=percentage of clay, silt, and sand: BD=bulk density (2 mL™"). Soil hardness (mm) was measured
using a Yamanaka-type penetrometer; » are Pearson’s correlation coefficients; P values of correlation are shown; * and ** correlations are
significant at the 0.05 and 0.01 level (2-tailed).

In general, soil physicochemical properties showed positive and or negative correlation to one or
more vegetation parameters, except pH (KCI) and exchangeable Mg. [Bhis result was contrast with
reported by Buschbacher et al. [17]. According to Toledo et al. [9], non-significant or even weak
[Eeative correlation 1s found between growth rates and individual and composite soil variables.
Similarly, no significant correlations between soil nutrient availability and tree growth variation were
found in Borneo [10] [18], Costa Rica [11] and Brazil [12].

3.2. Principal component analysis (PCA)

Factor loading of the surface soil properties by Principal Component Analysis (BFA) was shown in
table 2. The three components of PC1, PC2, and PC3 explained 74.66% of the total variability and
each component represents a series of variables which simplifies the analysis and interpretation. The
first principal component score (PC1) was defined as catifflj retention capacity and soil texture, such as
CEC, excharfffable K, clay, silt, and porosity exhibited high positive factor loading, while sand and
bulk density to a lesser{flegree. The second principal component (PC2) showed a high positive factor
loading for f}N and a high negative factor loading for pH (I,0), reflecting the soil acidity.
Meanwhile, the third principal component (PC3) was relffd to soil compactness as soil hardness
showed a high positive factor loading (table 2). The result indicated that the factor analysis provides
statistical evidence of the ability of the three principal component scores to integrate soil
physicochemical properties within the components.

Figure 2 shows the correlation between PC1 and PC2 scores from PCA in the study sites. The
figure showed that the selected soil physicochemical properties grouped at each site following fallow
ages. The positive factor loading of PC1 were CEC. exchangeable K, clay. silt, and porosity. The
negative factor loading showed for sand and bulk density in PC1. The clear differences were observed
for several soil properties which categorized into cation retention capacity, such as CEC, exchangeable
K, and clay content related to PC1 based on fallow period. Hence, clay content of the soil was one of
the determining factors that influenced the nutrient retention capacity such as the soil CEC level and
the amount of exchangeable K. These three soil properties were affected by the succession process
during fallow periods. In addition, no clear tendencies were showed for several soil physical
properties, such as silt and sand contents, porosity, and bulk density related to PC1. However, the soil
CEC and exchangeable K correlated significantly to floristic structure parameters and diversity
indices. Meanwhile, soil texture (contents of clay, silt, and sand), porosity, and bulk density had
significant correlations with several floristic structure parameters, but no correlation showed between
these soil properties and floristic diversity indices of the study sites (table 1).

Figures 3 and 4 show the correlation among PC1 scores from PCA, floristic structure parameters,
and floristic diversity indices of the study sites. The results indicated that soil properties may influence
to both floristic structure and diversity. The analysis showed that the floristic structure parameters and
floristic diversity indices were grouped according to the soil properties and fallow period of the study
sites. The floristic structure parameters, such as DBH, H, BA, and V increased with increasing fallow
period in three study sites, This trend was also showed by several soil properties that were included in
PC1, such as soil CEC, exchangeable K. and clay content, particularly for surface soils at 0-10 cm
depth. In addition, many soil physicochemical properties were significantly correlated with floristic
structure parameters, except pH (KCI), electrical conductivity, and exchangeable Mg as shown in table
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1. Although the correlation among floristic diversity indices and soil properties which were included
in PC1 resulted the similar pattern among the study sites (figure 4), most of the soil properties such as
pH (KCI), exchangeable Ca, sum of exchangeable bases, soil texture, bulk density, porosity, and
hardness showed no correlation with floristic diversity indices as presented in table 1.

The result of PC1 showed that the study sites which consisted of soils with high CEC level, amount
of exchangeable K. higher clay and silt contents, and higher soil porosity possessed consist high
values of floristic structure parameters such as DBH, H, BA, and V. Meanwhile, the study sites with
the low sand content and bulk density in soil may affect the values of floristic diversity indices, such
as H', Ds, and R. The lower bulk density showed the higher porosity of soil and it was an
advantage for plant growth because it will provide higher water infiltration rates which reduce
runoff, then improve the water availability and retention in subsoil.

Table 2. Factor loading of surface soil physicochemical properties by Principal Component Analysis.

pH (H;0). T-C, T-N, CEC, Exch. Ca, Exch. Mg, Exch. K, Clay. Silt. Sand, BD. Porosity. and

Lo Soil hardness
Value PCl pPC2 PC3
Variables with a high
positive factor loading + CEC. Exch. K, Clay. Silt, and Porosity T-N Hardness
 0.70)
Variables with a high
negative factor loading - Sand and BD pH (H;0) ND
(=0.70)
SautnoRamE ol 43.28% 19.13% 12.26%
PC axis
Cation retention capability & soil texture Soil acidity Soil compactness
te: (+)=factor loading with a positive value; (-)=factor loading Wit]n negative value; ND=not determined:

T-C=total cn:uon; T-N=total nitrogen; CEC=cation exchange capacity; Exch. Ca, Mg, and K=exchangeable Ca,
Mg, and K: Clay, Silt, and Sand=percentage of clay, silt, and sand; BD=bulk density.

O35 yrold secondary forest

® 10 yrold secondary forest

A 20yrold secondary forest

Figure 2. Correlation between PC1 and PC2 scores from Principal Component Analysis (PCA) in the
study sites.

The factor loadings of the PC2 showed high positive factor for T-N and negative factor for pH
(H,0). In term of the fallow periods of the study sites, there was no clear difference for T-N and pH
(H;O) related to PC2. In addition, the analysis showed that both T-N and pH (H;O) were correlated
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well to several floristic structure and diversity parameters as shown in table 1. This was mainly related
to variation of soil texture and the content of exchangeable bases under similar parent materials. The
high values of floristic structure and diversity probably tended to increasing T-N.

For factor loading of PC3, the correlation analysis showed that soil hardness was significant
correlated to floristic structure parameters, but no correlation showed between soil hardness and
tloristic diversity indices as presented in table 1. The floristic structure parameters increased with
decreasing soil hardness, particularly at surface soils (0-10 cm depth) following fallow period in the
@dy sites. The soil hardness related to soil aggregates and compaction. Fisher and Binkley [3] stated
that soil physical properties profoundly influence the growth and distribution of trees through their
effects on soil moisture regimes. aeration, temperature profiles, soil chemistry, and even the
accumulation of organic matter,
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Figure 3. Correlation between PC1 scores from PCA and floristic structure parameters in the study
sites.




Ist International Conference on Tropical Studies and Its Application (ICTROPS) IOP Publishing
IOP Conf. Series: Earth and Environmental Science 144 (2018) 012060  doi:10.1088/1755-1315/144/1/012060

40 O35 vrold secondary [orest 028
® [0 yrold sccondary lorest
* .3.5 & 20 yrold secondary lorest
. ® 30 A
. . A
o_ o e
] @ 20 L A
= ®e =

Shannon-Wiener diversity
index (H'")
Simpson dominance index (Ds)
(=]

i
<2.00 =1.50 =1.00 A1 5 0.00 0.50 1.00 1.50 200

PC1 PC1

s
in
n
n
n
s
[

Pielou evenness index (J')
Margalef richness index {(R)

)
in
in
n
-
w
s
=
n
=
.
=
.
.
b

Figure 4. Correlation between PC1 scores from PCA and floristic diversity indices in the study sites.

4. Conclusion

We conclude that soil physicochemical properties were significantly correlated to floristic
structure parameters and floristic diversity indices. Three principal component scores integrating
and grouping soil physicochemical properties and floristic structure parameters as well as floristic
diversity indices in terms fallow age within the same components. The development of floristic
structure during early succession process may probably effect to improve soil physicochemical
properties.
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