
INTRODUCTION
The eruption of Mount Merapi in 2010 was 

the largest eruption during the last hundred years 
(Surono et al., 2012). The eruption released volca-
nic material composed of various rocks, sands, and 
silts (Newhall, 2000; Voight, 2000). The eruption 
was considered to be detrimental because it caused 
the surrounding vegetation to die and damaged 
the agricultural land. However, on the other hand, 
the volcanic material influenced the rejuvenation 
process and improved the surrounding soil fertility 
(Anda et al., 2012; Fiantis et al., 2009). Natural suc-
cession commonly occurs post-eruption; therefore, 
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ABSTRACT
Vegetation recovery is essential in land restoration after the eruption of Mount Merapi in 2010. Vegetation is a source of organic material that produces 
root exudate containing organic acids. These acids accelerate the dissolution process of volcanic material so that it affects the soil characteristics. This 
study was conducted to analyze the effect of four types of perennial plants on soil chemical and physical characteristics. The soil samples were taken 
on the area planted with cinnamon, albizia, bamboo, and acacia, at depths of 0 – 10 cm, 10 – 20 cm, 20 – 30 cm, 30 – 40 cm, and 40 – 50cm. The soil 
chemical analysis carried out included pH H2O, pH KCl, pH NaF, C-organic, Humic acid and Fulvic acid, cation exchange capacity, Ca, Mg, K, Na, available P, 
base saturation, and particle size distribution. The results show that pH H2O, pH KCl, C-organic, humic acid and fulvic acid, CEC, K, Na, Ca, Mg, available P, 
base saturation, and particle size distribution were significantly affected by vegetation type. Meanwhile, the pH of NaF was not significantly influenced 
by vegetation type. Cinnamon is a plant that gives the strongest influence in the improvement of soil chemical-physical properties compared to the other 
three types of vegetation. Therefore cinnamon is quite prospective plant to be developed for post-eruption land reclamation. 

Keywords: Soil physico-chemical properties, Volcanic soil, Perennial plants, Mt. Merapi

ABSTRAK
Rekaveri vegetasi berperan penting dalam proses pemulihan lahan pasca erupsi Gunung Merapi tahun 2010. Vegetasi merupakan sumber bahan organik 
dan menghasilkan eksudat akar yang mengandung asam-asam organik. Asam-asam tersebut mempercepat proses dissolusi material vulkanik sehingga 
berpengaruh terhadap karakteristik tanah. Penelitian ini dilakukan untuk mengungkap pengaruh empat macam tanaman tahunan terhadap karakreristik 
fisika dan kimia tanahnya. Sample tanah diambil di bawah tegakan tanaman kayu manis, sengon, bambu dan akasia, masing-masing pada kedalaman 
0-10 cm, 10-20cm, 20-30cm, 30-40cm dan 40-50cm.  Analisis kimia tanah yang dilakukan meliputi antara lain yaitu pH-H2O, pH-KCl, pH-NaF, C-organik, 
asam humat dan fulvat, kapasitas pertukaran kation, Ca, Mg, K, Na, P-tersedia, kejenuhan basa dan sebaran ukuran partikel. Hasil penelitian menunjukkan 
bahwa pH-H2O, pH-KCl, C-organik, asam humat dan asam fulvat, KPK, K, Na, Ca , Mg, P tersedia, kejenuhan basa dan sebaran ukuran partikel secara nyata 
dipengaruhi oleh tipe vegetasi. Sedangkan pH NaF secara tidak nyata dipengaruhi oleh tipe vegetasi. Kayu manis merupakan tanaman yang memberikan 
pengaruh paling kuat dalam perbaikan sifat kimia-fisik lahan dibandingkan ketiga tipe vegetasi lainnya. Oleh karena itu kayu manis cukup prospektif untuk 
dikembangkan sebagai tanaman untuk rekaveri lahan pasca erupsi.

Kata Kunci: Sifat fisiko-kimia tanah, Tanah volkanik, Tanaman tahunan, Gunung Merapi
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the surrounding area of Merapi is covered with 
various plants now. In the process of natural suc-
cession, vegetation plays a role in the dissolution of 
volcanic materials. Vegetation produces root exu-
dates of low molecular weight organic acids (e.g., 
oxalic acid, citric acid, malic acid). In addition, 
vegetation is a source of organic materials whose 
humification results in high molecular weight ac-
ids (e.g., humic acid and fulvic acid). The organic 
acids produced by the vegetation will accelerate 
the dissolution of volcanic material. The natural 
phenomenon of post-eruption of Merapi in 2010 
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is an exciting topic, but the studies related to this 
topic are still limited. 

After the eruption of Mount Merapi in 2010, 
several types of plants such as cinnamon (Cinnamo-
mum burmanni), albizia (Albizia chinensis), bamboo 
(Gigantochloa apus Kurz.), and acacia (acacia de-
currens) has been found in the surrounding area. 
The plants grow naturally and some are cultivated 
by farmers. These plants affect the chemical and 
physical characteristics of the soil (Aweto, 1981). 
Different plant morphology and root physiology 
will results in different nutrient supply (Wang et 
al., 2001; Jones et al., 2004). The accumulation 
of plant litter contributes to nutrient cycles in the 
soil (Bray and Gorham, 1964; Vitosek, 1984; Low-
man, 1988). Plant roots play a role in regulating the 
development of microbial communities (Parmelee, 
1995) and enhancing mineral weathering by exud-
ing organic acids and enzymes in the rhizosphere 
(Courshesne and Gobran, 1997; Hinsinger et al., 
1992; Richards, 1987). The production of organic 
acids influences chemical and geochemical process-
es such as nutrient release through metal chelating 
processes, retention, nutrient dissolution (Mench 
and Martin, 1991; Petersen and Bottger, 1991). The 
purpose of this study is to analyze the chemical-
physical characteristics of volcanic ash soils on the 
various perennial plant after the eruption in 2010.

MATERIALS AND METHODS 
Soil sample in this study was taken in the south-

ern slope of Mount Merapi, which was the area 
directly affected by 2010 eruption. The soil sample 
was taken from January to April 2016 at an altitude 
between 848-1155 MASL with a slope of 15 – 45%. 
Sampling began with the determination of four 
locations that represented the type of vegetation 
found in the area affected by Merapi eruption. 
The four selected sampling sites had cinnamon 
(Cinnamomum burmanni), albizia (Albizia chinensis), 

bamboo (Gigantochloa apus Kurz.), and acacia (Aca-
cia decurrens). For soil sampling, soil profile with 
the size of 1 x 0.5 x 0.5 m was made. Then the soil 
samples were taken from soil profile at a depth of 
0 – 10 cm, 10 – 20 cm, 20 – 30 cm, 30 – 40 cm, 
and 40 – 50 cm. The soil samples were dried and 
sieved using 2 mm sieve and 0.5 mm sieve.

The soil chemical analysis were pH H
2
O (1: 2.5) 

(Eviati & Sulaeman, 2012); pH KCl (1: 2.5) (ISRIC, 
2002); and NaF pH (1:50) (ISRIC, 2002). C-organic 
was analyzed using Walkey and Black method 
(ISRIC, 2002). Analysis of humic and fulvic acid 
using acid-base fractionation method (Kononova, 
1966). Analysis of base cations and cation exchange 
capacity (CEC) was done by 1 M NH

4
Cl extract-

ing solution (Ross & Ketterings, 2011). Available 
potassium and sodium were measured by Flame 
photometer (Eviati & Sulaeman, 2012) while 
available calcium and magnesium were measured 
by Atomic Absorption Spectrophotometer (Eviati 
& Sulaeman, 2012). Available phosphorus analysis 
using Bray method 1 (ISRIC, 2002). Soil texture 
was analyzed by the piping method (Olmstead et 
al, 1930). 

RESULTS AND DISCUSSION
Variability of Chemical and Physical Properties in Soil 
Depth 
a). pH-H

2
O, pH-KCl, and pH-NaF

Based on the results of the soil pH H
2
O analysis 

(Figure 1), it can be seen that the soil in the research 
site has a slightly acid-to-neutral pH value. In areas 
with cinnamon, the pH value ranges from 6.43 – 
6.75 (slightly acid-neutral), albizia from 5.96 – 6.25 
(slightly acid), bamboo from 6.19 – 6.35 (slightly 
acid), and acacia from 5.93 – 6.55 (slightly acid). 
The probable cause of soil pH acidity in the study 
area was the parent material. 

Land formed and developed in the area of 
Mount Merapi has a parent material derived from 
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Figure 1. pH-H2O vertical distribution pattern under four 
perennial plants

volcanic materials from the eruption of Merapi. 
The volcanic material comes from an intermediate 
andesitic magma with a content of 56% SiO

2
 (Anda 

& Muhrizal, 2012; Fiantis, 2009). Therefore, the 
volcanic material of eruption will naturally experi-
ence the weathering process so that the land in the 
area of Mount Merapi will have an intermediate 
property. Based on the pattern of pH-H

2
O distri-

bution shown in Figure. 1, the overall pattern is 
similar. As the soil depth increased, the pH also 
increased. The soil pH distribution patterns are 
influenced by reactions occurring in the soil as the 
condition of organic matter decreases along with 
the deeper soil depth. Buckman & Brady (1982) 
explain that the high content of organic matter 
at the soil surface can decrease soil pH. At each 
sample taken from the different depth, cinnamon 
had the highest pH value compared to the other 
plant species. This probably caused by the maturity 
level of organic cinnamon material is higher than 
the other organic vegetation. The addition of or-
ganic material to soil pH can increase or decrease 
the pH depending on the maturity level of organic 
matter. Immature organic material or organic mat-
ter that still undergoes decomposition process will 
decrease the soil pH. During the decomposition 
process, organic matter will release organic acids 
that cause the decrease in soil pH. The pH-H

2
O 

distribution pattern in this study was not related 

to the vertical distribution of basic cations, such 
as Ca2+, Mg2+, K+, and Na+. This was caused by the 
decreasing amount of base cation as the increasing 
soil depth. On the contrary, the pH value is higher 
with increasing soil depth. As the number of base 
cations increases, the pH supposed to increase. 
However, there was no such phenomenon in this 
study. 

Meanwhile, the pH-KCl value in the four types 
of land (Figure 2) shows a slightly acidic value. 
The soil pH value in cinnamon ranged from 5.99 
to 6.25, albizia from 5.48 – 5.50, bamboo from 
5.33 – 5.63, and acacia from 5.39 – 5.52. Figure 
2 displays a pattern of pH-KCl distribution with 
decreasing value as the soil depth increased. The 
pattern of pH KCl distribution was suspected to be 
influenced by the increasing number of Al3+ and 
H+ ions as the soil depth increases.

Figure 2. pH-KCl vertical distribution pattern under four 
perennial plants

As can be seen in Figure 3, the pH-NaF value 
of the area planted with cinnamon ranged from 
10.33 – 10.65, albizia from 10.79 – 11.01, bamboo 
from 10.12 – 10.50, and acacia from 10.43 – 10.95. 
The overall pH value of NaF showed an irregular 
distribution pattern. This irregular pattern may 
be due to the uneven distribution of amorphous 
minerals in each depth of soil. The vertical pH pat-
tern of pH NaF is not affected by vegetation type 
but it is influenced by the presence of amorphous 
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minerals. According to Soil Survey Staff (2014), the 
pH of NaF > 9.4 indicates that the soil contains 
amorphous minerals. This is supported by research 
of Yuliani, et al., (2017), which show that the min-
eral contents of allophane and imogolite clay of 
Mount Merapi were 27.3% and 6.8%, respectively.

Figure 3. pH Na-F vertical distribution pattern under four 
perennial plants

Figure 4. C-organic vertical distribution pattern under four 
perennial plants

b). C-organic, humic and fulvic acid
The C-organic content of area planted with 

four plant species is presented in Figure 4. The 
C-organic content of area planted with cinnamon 
ranged from 13.19 – 39.20 g.kg-1, albizia from 
20.53 – 35.11 g.kg-1, bamboo 16.39 – 24.61 g.kg-

1, and acacia 16.37 – 51.50 g.kg-1. The pattern of 
C-organic distribution in the four types of vegeta-
tion has the same pattern. The C-organic content 
decreases gradually as the soil depth increases. The 

pattern of C-organic distribution is influenced by 
the vegetation as the source of soil organic matter. 
The top layer (0 – 20 cm) has the highest C-organic 
value due to the accumulation of organic matter 
from the decomposition of vegetation litter at each 
location. The top layer (0-20 cm) has the highest 
C-organic value due to the accumulation of organic 
matter resulting from litter decomposition and 
the production of vegetation biomass in a higher 
amount than the lower layer (Adugna and Abegaz, 
2015; Turner, J. and N. L. James, 1975).

Albrecht et al., (1997) in his research state that 
the amount of organic matter is inversely propor-
tional to soil depth. The higher the soil depth, 
the lower the C- organic value. The same results 
were also obtained from the research of Wang et 
al. (2017), which reported that the organic matter 
content decreased as the soil depth increased. 

Levels of humic acid on the area planted with 
cinnamon ranged from 0.401 - 0.567 g.kg-1, albizia 
from 0.251 – 0.612 g.kg-1, bamboo from 0.328 – 
0.518 g.kg-1, and acacia from 0.250 – 0.408 g.kg-1 
(Figure 5). Meanwhile, the level of fulvic acid on 
the area planted with cinnamon ranged from 0.357 
– 0.532 g.kg-1, albizia from 0.546 – 0.921 g.kg-1, 
bamboo from 0.327 – 0.574 g.kg-1, and acacia from 
0.333 – 0.864 g.kg-1) (Figure 6). The levels of humic 
acid and fulvic acid varied at each depth and show 
an irregular distribution pattern. This condition 
could be caused by the level of humidification 

Figure 5. Humic acids vertical distribution pattern under four 
perennial plants
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Figure 6. Fulvic acids vertical distribution pattern under four 
perennial plants

of different organic materials on each layer. In 
overall, the highest humic acid value at each depth 
was obtained from albizia plants while acacia and 
albizia plants had the highest fulvic acid value at 
each depth.

c). Cation Exchange Capacity (CEC) and Base Cation 
Availability 

The results show that the CEC at area planted 
with cinnamon ranged from 6.62 – 8.63 cmol.kg-1 
(low), albizia from 3.53 – 4.77 cmol.kg-1 (very low), 
bamboo 0.41 – 3.28 cmol.kg-1 (very low), and acacia 
from 2.25 – 5.03 cmol.kg-1) (very low) (Figure 7). 
The distribution pattern of CEC in all four loca-
tions formed a declining pattern with increasing 
soil depth. The soil CEC value is influenced by 
organic matter content and the type of clay mineral 
(Helling et.al, 1964; Ulusoy et al, 2016). The soil 
CEC value has interconnected relation to other 
soil properties such as texture and organic matter.

Figure 7. CEC vertical distribution pattern under four perennial 
plants

The percentage of the sand fraction influences 
the soil CEC value. Figure 14 shows that the par-
ticle distribution was dominated by the sand frac-
tion at each depth of the soil. The more the sand 
fraction, the lower the CEC value. In contrast, as 
the number of clay fractions increases, the CEC 
value also increases (Ersahin, et.al, 2006; Leo et 
al., 2011). Organic materials can also affect the soil 
CEC value because organic materials give negative 
charges to the soil CEC. The more the organic 
material, the higher the CEC value. This is shown 
by the same pattern between CEC distribution 
and the C-organic distribution, where they were 
inversely proportional to the soil depth. 

The number of available K+ cations at area 
planted with cinnamon ranged from 0.77 – 1.22 
cmol.kg-1 (high-very high), albizia from 0.62 – 0.94 
cmol.kg-1 (high), bamboo from 0.35 – 0.57 cmol.
kg-1 (medium), and acacia 0.56 – 0.99 cmol.kg-1 
(high) (Figure 8). Similarly, the amount of Na+ 
cations in the research sites was very high. The 
number of available Na+ cations at area planted 
with cinnamon ranged from 1.22 – 2.04 cmol.kg-1 
(very high), albizia from 1.00 – 1.70 cmol.kg-1 (very 
high), bamboo from 0.52 – 0.87 cmol.kg-1 (high), 
and acacia 0.98 – 1.71 cmol.kg-1 (very high) (Figure 
9). Meanwhile, the amount of available Ca2+ cation 
at the area planted with cinnamon ranged from 
0.25 – 4.74 cmol.kg-1 (very low – low), albizia from 
0.13 – 2.90 cmol.kg-1 (very low – low), bamboo 
from 1.87 – 2.23 cmol.kg-1) (very low – low), and 
acacia from 1.98 – 2.59 cmol.kg-1 (very low – low) 
(Figure 10). The number of available Mg2+ cations 
at area planted with cinnamon ranged from 0.14 – 
0.24 cmol.kg-1 (very low), albizia 0.09 – 0.11 cmol.
kg-1 (very low), bamboo 0.08 – 0.09 cmol.kg-1 (very 
low), and acacia 0.09 – 0.20 cmol.kg-1 (very low) 
(Figure 11). In general, the highest number of K+, 
Na+, Ca2+, and Mg2+ were in the top layer, and the 
number decreased in the lower layer. Therefore, the 
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Figure 8. K+ vertical distribution pattern under four perennial 
plants

Figure 9. Na+ vertical distribution pattern under four perennial 
plants

Figure 10. Ca2+ vertical distribution pattern under four 
perennial plants

Figure 11. Mg2+ vertical distribution pattern under four 

perennial plants

basic cation distribution provides a vertical distribu-
tion pattern whose value decreases with increasing 
depth of soil. The vertical distribution pattern of 
base cation availability has a similar shape to the 
vertical distribution pattern of the CEC.                     

The amount of K+ and Na+ cations were high, 
which was influenced by the type of minerals in the 
soil. Study conducted by Aini et al. (2016) shows 
that the pyroclastic material of 2010 Merapi erup-
tion is composed of plagioclase, which is a primary 
mineral that is easy to decompose and rich in Na 
nutrients. Meanwhile, the K+ cations are derived 
from the weathering of the volcanic glass. 

d). Base Saturation
The base saturation at the four research sites had 

varying values (Figure 12). Base saturation 
obtained from area planted with cinnamon 

ranged from 36.96 – 93.99%, albizia from 60.44 
– 126.56%, bamboo from 108.55 – 139.40%, and 
acacia from 107.05 – 166.31%. The base saturation 
in the research sites had a high value because the 
soil contains a mineral that is easily decomposed. 
The vertical distribution pattern of saturation 
shows a wide range, which is influenced by the 
number of base cations availability and the vari-
ous CECs. Bear et al., (1945) suggest that one of 
the indications of fertile soil is having an alkaline 
saturation of > 65%. This is supported by Leticia 
et al. (2014), which state that the soils with high 
saturation will have a high fertility rate as well.

Figure 12. Base saturation vertical distribution pattern under 
four perennial plants
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Figure 13. Available P vertical distribution pattern under four 
perennial plants

e). Available P 
The results show that the available P on the 

four research sites had a very low value (Figure 
13). P level obtained from the area planted with 
cinnamon ranged from 5.27 – 6 .69 mg.kg-1) (low), 
albizia from 9.69 – 20.51 mg.kg-1 (medium – high), 
bamboo (12.53 – 16.65 mg.kg-1) (medium – high), 
and acacia from 13.55 - 25.36 mg.kg-1) (high – very 
high). The vertical distribution pattern of P avail-
able at the study site showed an irregular pattern, 
which is influenced by the irregular distribution 
of P source minerals on the soil.

f). Distribution of Soil Particle Size
The distribution pattern of the sand fraction 

dominates at the study sites as shown in Figure 14. 
At location planted with cinnamon, the sand con-
tent ranged from 45.68 – 58.48%. Meanwhile, the 
sand content at the location planted with albizia, 
bamboo, and acacia were 72.72 – 84.80%, 74.77 
– 85.92%, and 65.57 – 87.39%, respectively. The 
location of planted with albizia, bamboo, and acacia 
had a higher distribution of sand than cinnamon. 
This is because the three research sites were directly 
affected by 2010 Merapi eruption. The lowest sand 
fraction content was obtained at layer 0 – 10 and 
increased with increasing of soil depth. This verti-
cal distribution is influenced by volcanic material 
sedimentation in the region.

The distribution pattern of silt fraction in the 
four research sites is presented in Figure 15. At the 

location planted with cinnamon, the silt content 
ranged from 32.45 to 50.27%. Meanwhile, the 
silt fraction on the location planted with albizia, 
bamboo, and acacia were 13.52 – 25.15%, 12.21 
– 24.16%, and 9.97 – 30.45%, respectively. The 
highest sand fraction content was obtained at 
layer 0 – 10 and decreased with increasing of soil 
depth. The pattern of clay fraction distribution in 
the four study sites is presented in Figure 16. Clay 
fraction content has the least amount compared 

Figure 14. Vertical distribution pattern of sand fraction under 
four perennial plants

Figure 15. Vertical distribution pattern of silt fraction under 
four perennial plants

Figure 16. Vertical distribution pattern of clay fraction under 
four perennial plants
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Table 1. Soil physical and chemical properties under four perennial plants

Soil Properties
Tipe Vegetasi

Cinnamon Albizia Bamboo Acacia

Sand (%) 53.34 c 79.43 b 82.14 a 79.65 b

Silt (%) 33.79 a 18.29 b 15.64 d 16.72 c

Clay (%) 12.86 a 2.28 c 2.21 c 3.62 b

pH H2O 6.61 a 6.12 b 6.29 b 6.33 b

pH KCl 6.08 a 5.47 b 5.48 b 5.49 b

pH NaF 10.53 a 10.94 a 10.44 a 10.53 a

C-org (g.kg-1) 23.09 c 26.82 b 20.70 d 28.52 a

Humic acid (g.kg-1) 0.44 b 0.50 a 0.43 c 0.31 d

Fulvic acid (g.kg-1) 0.43 c 0.70 a 0.39 d 0.56 b

AH/AF 1.06 b 0.76 c 1.15 a 0.60 d

CEC (cmol.kg-1) 7.94 a 4.04 b 2.67 d 3.17 c

K (cmol.kg-1) 1.02 a 0.71 b 0.46 d 0.67 c

Na (cmol.kg-1) 1.68 a 1.21 b 0.71 d 1.14 c

Ca (cmol.kg-1) 1.16 c 2.11 a 2.00 b 2.15 a

Mg (cmol.kg-1) 0.16 a 0.09 c 0.08 c 0.13 b

Available P (mg.kg-1) 5.77 d 17.56 b 18.04 a 12.98 c

Base saturation (%) 49.59 c 105.40 b 123.65 a 135.25 a

to sand and silt. At the location planted with 
cinnamon, the clay content ranged from 4.05 – 
13.39%. Meanwhile, the respective clay content 
at the location planted with albizia, bamboo, and 
acacia were 1.09 – 4.03%, 1.07 – 2.03%, and 2.48 
– 3.97%. The particle size distribution composition 
at the four research sites was dominated by sand, 
while the clay was the lowest fraction of soil. This 
is similar with the study conducted by Wardoyo 
and Santosa (2016), which shows that sand has the 
highest fraction (82.35%) followed by silt (8.78%) 
and clay (1.62%).

The Effect of Vegetation on the Soil Chemical and 
Physical Properties 

The statistical analysis of the effect of vegetation 
type on soil physical and chemical properties is 
presented in Table 1. The soil particle size distribu-
tion is significantly influenced by the vegetation 
type, with the distribution value of sand fraction 
on location planted with bamboo plant > acacia> 
albizia > cinnamon. Meanwhile, the silt fraction on 

location planted with cinnamon > albizia > acacia > 
bamboo and the clay fraction on location planted 
with cinnamon > acacia > albizia > bamboo. The 
pH-H

2
O and pH-KCl values   were significantly 

influenced by the vegetation type. The pH-H
2
O 

values on location planted with cinnamon > acacia 
> bamboo > albizia while the pH-KCl on location 
planted with cinnamon > acacia > bamboo > albizia. 

The levels of C-organic, C-humic acid, C-fulvic 
acid and AH/AF were significantly influenced by 
the vegetation type. The respective C-organic, C-
humic, C-fulvic, and AH/AF values on location 
planted with acacia > albizia > cinnamon > bamboo; 
albizia > cinnamon > bamboo > acacia; albizia > 
acacia > cinnamon> bamboo, and bamboo > cin-
namon > albizia > acacia. Moreover, CEC and base 
cations availability were significantly influenced 
by vegetation type. The CEC values on location 
planted with cinnamon > albizia > acacia > bamboo. 
Meanwhile, the K levels on location planted with 
cinnamon > albizia > acacia > bamboo, while the 
Na content on location planted with cinnamon 
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> albizia > acacia > bamboo, the Ca content on 
location planted with acacia > albizia > bamboo 
> cinnamon, the Mg content on location planted 
with cinnamon plant > acacia > albizia > bamboo, 
the available P content on location planted with 
bamboo > albizia > acacia> cinnamon, the base 
saturation on location planted with acacia > bam-
boo > albizia > cinnamon. However, the pH of NaF 
was not significantly influenced by vegetation type. 
Cinnamon is a plant that gives the strongest influ-
ence in the improvement of soil chemical-physical 
properties compared to the other three types of 
vegetation.

CONCLUSION
Cinnamon is a plant that gives the strongest 

influence in the improvement of soil chemical-
physical properties compared to the other three 
types of vegetation. The results of soil chemical-
physical analysis show that pH H

2
O, pH KCl, C-

organic, humic acid and fulvic acid, CEC, K, Na, 
Ca, Mg, available P, base saturation, and particle 
size distribution were significantly affected by veg-
etation type. Meanwhile, the pH of NaF was not 
significantly influenced by vegetation type. The 
pH H

2
O and the distribution of sand fractions 

had positive distribution patterns, where the value 
increased as the depth of soil increased. However, 
pH KCl, C-organic, CEC, base cation availability, 
and the distribution of silt fraction had negative 
distribution patterns, where the value decreased 
with increasing soil depth.
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