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Agroforestry is an alternative land use that not only provides benefits in economic aspects, but also in ecological 
aspects including improving soil quality. This research aims to evaluate the physical quality of soil in various types of 
land use, including agroforestry systems and evaluate the efficiency of the VESS method in determining soil physical 
quality. This study uses the VESS method to analyze soil quality in six land uses in Pangalengan, West Java (i.e. 
agroforestry, forest, tea plantations, coffee plantations, agriculture cultivation, and abandoned land). It used The 
VESS method because it has been widely applied in many countries, but has never been applied in Indonesia. Soil 
property parameters (BD, soil porosity, soil permeability, and SOC) were measured to correlate with the VESS score. 
VESS score ranged from 1 (good soil quality) to 5 (poor soil quality). The VESS score for each land type ranged from 
Sq 1.3–4.33. The soil quality in agroforestry (Sq 1.89–2.04) is not much different from natural forest (Sq 1.3). The 
VESS score has strong correlation (r) with soil property parameters (BD = 0.97, soil porosity = -0.97, soil 
permeability = -0.83, SOC = -0.94). A Strong correlation value indicates that the VESS method can be used to 
analyze soil quality.
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Agroforestry is a form of land optimization management 
with a combination of tree crops (forestry) and seasonal crops 
(agriculture) which can also be combined with livestock. The 
application of agroforestry is not only beneficial in the 
economic aspect, but also in ecological aspects, including 
improving soil quality, closer to the quality of the soil in 
natural forest stands (Silva et al., 2011). Soil structure is one 
of the physical properties of soil which describes the shape, 
size and stability of soil. The concept of soil structure is often 
used to describe soil aggregates (Ghezzehei, 2012). Soil 
structure is relevant for describing the quality of soil, 
particularly the relationship between soil and water functions 

Introduction 
Indonesia is a country that has a large tropical forest area. 

Tropical forests in Indonesia are increasingly threatened in 
the last few years. Based on data by WRI (World Research 
Institute), in 2019 Indonesia was the third-largest country to 
lose tropical forest cover in the last 10 years with 324,000 ha. 
The forest conversion into agricultural land is one of the 
factors causing deforestation in Indonesia. It can cause 
environmental degradation, including a decrease in the 
physical quality of the soil, increasing bulk density and soil 
vulnerability to penetration, reducing soil aeration, affecting 
soil infiltration, and increasing the risk of erosion (Cherubin 
et al., 2016a).

(Prasetya et al., 2012; Rahmayuni & Rosneti, 2017; Rabot et 
al., 2018). One of the factors influencing soil aggregate is 
organic matter. According to Setyowati (2007), high organic 
matter content is usually found in forests. Based on 
(Schumacher & Riedell, 2008), organic matter comes from 
plant debris. It is utilized by soil organisms as food. That 
activity imparting mechanical and chemical processes that 
can cause soil particles to move, forming pores with various 
shapes and sizes.  Organic matter content affects the physical 
properties of soil. The content of organic matter also affects 
the quality of soil aggregates, both in terms of stability and 
quality (Undang & Nurida, 2009). In Pangalengan, 
Bandung, West Java, there are agroforestry systems that are 
quite good and have been managed for a long time. Further, 
we also found other land use here, such as potato fields, tea 
and coffee plantations. The difference in types of land use in 
Pangalengan is one of the reasons for conducting this 
research, particularly comparing soil quality in agroforestry 
with the other types of land use. 

Visual evaluation of soil structure (VESS) is one of the 
methods used to measure the quality of soil through soil 
structure assessment. This method was developed by Ball et 
al. (2007). This method is considered simple enough to 
describe soil quality through its structural components. The 
VESS method has been widely used to analyze soil quality at 
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We selected six types of land uses (Figure 1) in 
Pangalengan, as follows:  (1) agroforestry with two patterns, 
namely complex agroforestry which consist of eucalyptus 
stands (Eucalyptus sp.), biwa (Eriobotrya japonica), 

Time and location This research conducted on July 
2020–August 2020, at Pangalengan, Bandung Regency, West 
Java (1,446 m above sea level). This area has an annual 
precipitation of 1,996 mm with the amount of rain for 5 
months. The average daily temperature is 15–20 °C. The soil 
type in this area is andosol. Analysis of soil physical 
properties was carried out at Forest Influence Laboratorium, 
Faculty of Forestry, Bogor Agricultural University and 
Environmental Biotechnology Laboratory (EBL), Bogor.

Methods

various land covers. Cui et al. (2014) suggested that the VESS 
method was suitable to analyze the quality of soil structure for 
grassland productivity in Ireland. VESS is also used in the 
USA to evaluate soil structural quality on croplands 
(Tormena et al., 2016). VESS continues to be used and 
developed. Cherubin et al. (2017) concluded that the VESS 
scores provide an efficient method to analyzed the impacts of 
sugarcane expansion on soil structural quality and 
recommended that VESS assessment be incorporated into 
monitoring protocols for evaluating soil quality in Brazil. 
Cherubin et al. (2019) used the VESS in a larger scope in the 
Colombian Amazon region. VESS method is used to evaluate 
soil quality in natural forest, pasture, and diversified 
agroforestry systems. In Indonesia, the VESS method has not 
been widely studied, especially in the agroforestry area. 
Therefore, it is necessary to conduct research on soil quality 
evaluation in the agroforestry area using the VESS method. 
This study aims to evaluate the physical quality of soil in 
various types of land use, including agroforestry area, and 
evaluate the efficiency of the VESS method in determining 
the soil's physical quality.

jackfruit (Artocarpus heterophyllus), suren (Toona sureni), 
coffee plants (Coffea arabica), and simple agroforestry 
which consist eucalyptus stands (Eucalyptus sp.) and coffee 
plants (Coffea arabica), (2) natural forest cover, which 
consists natural stands of Castanopsis sp., Rubiaceae natural 
stands and palms, (3) potato fields, (4) coffee plantations 
(Coffea arabica), (5) tea plantations, and (6) abandoned land. 

Soil samples were taken three repetitions for each 
research site. A simple overview of the steps of the VESS 
method is as follows:

VESS method VESS method is a development of the 
Peerlkamp spade test. The sizes and shapes, visible porous, 
and roots distribution of soil aggregates and fragments are 
the key factors in determining soil structural quality. 
Assessment of soil quality was carried out at each layer (if 
there is more than one layer in the soil sample). 
Characteristics of each layer were then compared to the 
VESS scoring chart to give a soil quality score. The VESS 
score was classified from Sq 1 (good soil quality) to Sq 5 (the 
worst soil quality). Detailed instructions of soil quality 
assessment on the VESS method have been completely 
described by Ball et al. (2007), improved by Guimaraes et al. 
(2011) and Ball et al. (2016).

1. The soil was excavated with a size of about 30×30×30 
cm, and then obtained by an undisturbed soil sample 
(block of soil) measured 20×10×15 cm by cutting it using 
a machete. If the soil is too hard, then the excavation is 
made wider in order to obtain undisturbed soil block 
samples.

2. The number of layers contained in the soil block sample 
was observed. If there are two or more layers in the soil 
block sample, the soil structure scoring is carried out at 
each soil block.

3. The soil aggregate was observed in the sample by 
crushing the soil blocks using both hands.
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Figure 1 The research sites: (a) natural forest; (b) complex agroforestry; (c) simple agroforestry; (d) tea plantations; (e) coffee 
plantations; (f) potato fields; and (g) abandoned land 

(e) (f)

(d)(c)(b)(a)

(g)
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5. Then, visual observation of the soil structure was carried 
out, which includes the size of the soil sample aggregate, 
visible porous of the soil and roots, and the fragmented 
soil aggregate.

 Equation [1]

4. The largest soil aggregate fragmentation was carried out 
to 1.5–2 cm. It is intended to see the shape, pores, roots, 
and easily break up the largest aggregate.

6. After that, the scoring was carried out and classified into 
the soil quality score classification (Table 1). The soil 
quality formula (Ball et al., 2007) is as shown in 

7. Soil sampling cannot be taken when it is too dry or too 
wet. If there is heavy rain during or before the observation 
process, soil sampling can be taken 24 48 hours after the –
rain occurs.

Measurement of crown density and litter weight 
Measurement of canopy density and litter weight is intended 
as supporting data which is carried out at each research site. 
Canopy density and litter weight will help describe the 
condition of vegetation components for each type of land use. 
The litter weight will also be related to organic matter. 
Canopy density measurements were carried out on each plot 
of land use using a densiometer. Data were collected from the 
points of light reflected by the densiometer that are covering 
the four points of each frame. The procedure was repeated for 
each of the four cardinal points (north, south, east, and west). 
The results of the canopy density measurement will obtain a 
density value of 1–100% (Arief, 2005). Sum up the 
illuminated points and multiply the mean of points by 1.04. 
The coverage canopy is the reverse of that result 
(1/Openness) (Freitas et al., 2017). Measurement of litter 
weight was carried out by taking litter from the observation 

plot location with 1 m × 1 m subplot, with three repetitions. 
Then, the litter was put into a plastic bag or envelope. After 

Remarks: Sq  = ; Sq = VESS score score i Overall VESS score
of each identified soil layer; T = i Thickness of each 
identified soil layer The total thickness of soil ; TT = 
sample block

        [1]

Soil sampling Soil sampling was taken by purposive 
sampling (undisturbed and disturbed soil). Disturbed soil 
was taken at a depth of 0 20 cm at three points of the –
collection representing each type of land use, then the soil 
from the three points of the collection was composited, so 
that one land cover type was obtained one soil sample. 
Disturbed soil samples were used to calculate soil organic C 
content, while undisturbed soil samples were used to 
calculate soil bulk density, porosity, and permeability.

The VESS score for each site ranged from 1.3–4.33 

Litter weight (g m ) = WW – DW-2                                     [2]

VESS soil sampling was carried out at six types of land 
uses. The type of soil at those locations is andosol. The VESS 
soil sample was taken at one point for about 15–20 minutes. 
Soil conditions at the time of sampling were not too dry and 
also not too wet. It supports the process of taking VESS soil 
samples. Ball et al. (2016) states that one of the 
recommendations for conducting soil sampling with the 
VESS method is to avoid extreme wet or dry soil conditions. 
If the soil conditions are too wet (extreme), it will be difficult 
to identify the differences and aggregate characteristics of the 
soil samples, whereas if the soil is too dry, it will be difficult to 
collect soil samples or need a longer time to collect soil 
samples (Giarola et al., 2013).

Data analysis Data analysis was carried out to determine the 
effect of land use on the VESS score. The data were  analyzed 
using analysis of variance (ANOVA). If the result shows a 
real effect, it will be followed by the Duncan Test to find out 
the best results based on the ordering. Then, correlation 
analysis ( earson's correlation) was performed between the P
VESS scores and soil property parameters to get the 
relationship between VESS scores and soil property 
parameters. Data analysis was performed using Microsoft 
Excel and SPSS 23 software.

that, the envelope was weighed to calculate the wet weight 
(WW), and then to get the dry weight (DW), it was dried in an 
oven at 60 °C for 24 hours. Litter weight was obtained from 
the difference between WW-DW as shown in Equation .[2]

Results and Discussion 

(Figure 2). It describes the different soil quality for each type 
of land use, ranging from very good to poor soil quality. A 
smaller VESS score indicates better soil quality (Ball et al., 
2016). Good soil quality was found in natural forests (Sq 1.3) 
and complex agroforestry (Sq 1.89). Soil block samples taken 
in these areas were very easily destroyed at the time of 
observation, even the aggregates readily crumble with 
fingers. Based on the VESS method, another factor 
influencing the soil quality in this area is that the crushed soil 
samples are dominated by crumbs. In addition, there were a 
lot of roots in the crushed soil samples and the fragment (~ 1.5 
cm) (Figure 3). Based on Cherubin et al. (2019), soil slices 
were easily extracted in the forest and there were many roots 
in crushed soil. The vigorous root system may benefit soil 
aggregation by the entanglement of particles, root 
penetration, changes in soil water status and exudation of 
organic molecules (Six et al., 2004). That is also thought to be 
due to the many spaces and pores in the soil that support the 
roots to penetrate. According to (Bodner et al., 2014; Gao et 
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Table 1 Soil quality score classification (Ball et al., 2007)

 

Sq score

 

Soil structural quality

 

Management needs

 

1-2

 

Good

 

No changes need

 

2-3
 

Fair

 
Long-term improvements

 

3-5  Poor  Short-term improvements  
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al., 2016), roots can optimally adapt to good soil conditions, 
so that they can also contribute to the formation of 
macroaggregates or microaggregates in the soil. Good soil 
structure is also thought to be influenced by vegetation 
components in those area. The vegetation component in the 
natural forest and complex agroforestry are dominated by 
trees. They produce a lot of litter as organic matter (Table 2). 
The availability of organic matter can also stimulate soil 
fauna activity. One of the characters of good soil structure is 
also influenced by the presence and activity of soil fauna 
(Tolaka et al., 2013; Bottinelli et al., 2015; Llado et al., 2018; 
Sun et al., 2020). The organic matter content has an important 
role in forming more soil pores (Putinella, 2014; Sandrawati 
et al., 2016), although soil texture is also important in 

influencing the function of soil structure. Batey (2000), 
remarked that in subsoils dominated by sand, root 
penetration may be poor without obvious signs of 
compaction or hardness.

The fair VESS score (Sq 2.04–2.7) was found on simple 
agroforestry, tea plantations, coffee plantations and potato 
fields. It is because medium–large shards of soil aggregates 
dominate in coffee plantations and potato fields. 
Medium–large shredded soil aggregates are found in small 
amounts in simple agroforestry and tea plantations. In 
addition, aggregates slitting to 1.5–2 cm is very important to 
score the soil quality in those areas because it is very helpful 
in differentiating between two soil quality scores (Cherubin 
et al., 2019). In some land uses, the fragment (~ 1.5 cm) has 

Figure 3 Cross section and aggregate form (~1.5 cm): (a) natural forest; (b) complex agroforestry; (c) simple agroforestry; (d) tea 
plantations; (e) coffee plantations; (f) potato fields; and (g) abandoned land.

 
Figure 2 VESS average score chart for each research site.

Note: The treatment had a significant effect on the 95% confidence interval with a significant value 
(p-value) <0.05 (α). The numbers followed by the same letter indicate that the treatments 
were not significantly different at the 95% confidence interval.
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The role of agroforestry on soil properties One of the 
positive effects of agroforestry systems in this study is their 
effect on soil quality. The agroforestry system has a relatively 
good VESS score, complex agroforestry with Sq 1.89 and 
simple agroforestry with Sq 2.04. The score is lower when 

fewer pores and roots, as in coffee plantations and potato 
fields. Simple agroforestry and tea plantations are slightly 
better because the fragments (~1.5 cm) have many roots. This 
is thought to be influenced by the vegetation component and 
land management. Agricultural land under intensive 
management has positive effects in the short term, however, 
it will have a negative impact in the long term, such as 
degradation of soil structure (Cherubin et al., 2016b). 
According to Ball et al. (2007), fair soil quality only requires 
long-term soil improvement.

Abandoned land has poor soil structure quality with the 
VESS score Sq 4.33. The process of observing the soil 
structure in this area was very difficult because the 
characteristics of the soil are too dense, so the sampling of 
soil on this area took a longer time. The process of crushing 
soil samples was also very difficult. The form of aggregate (~ 
1.5 cm) in the abandoned land sample was characterized by 
cracks and sharp angles at several corners of the soil 
aggregate (Figure 2). According to Moncada et al. (2014), 
soil aggregates that have angular angles at the ends are soil 
with poor structural quality. Abandoned land has no 
vegetation component on it so that it allows soil compaction. 
Soil degradation can be caused by soil compaction and loss of 
biological – chemical processes (Guimaraes et al., 2016; 
Guimaraes et al., 2017). Compaction alters many soil 
properties and adverse effects are mostly linked to a 
reduction in permeability to air, water, and roots (Batey, 
2009).

compared to other types of land use such as tea plantations, 
coffee plantations, potato fields, and abandoned land, 
although the scores on agroforestry areas are still higher than 
the VESS score of natural forests. It is sufficient to illustrate 
that the soil structure quality of agroforestry is quite good 
compared to other types of land use, although it is not as good 
as the soil structure in natural forests.

Vegetation components in agroforestry areas consisting 
of trees and coffee affect the nutrient cycle, which is almost 
like the nutrient cycle in natural forests. Based on Raj et al. 
(2017), the combination of trees and field crops in 
agroforestry can increase the nutrient uptake and their 
management practices that lead to improved organic matter 

Agroforestry (complex and simple) has better soil 
properties compared to other types of land use. Soil 
properties include soil bulk density, soil porosity, soil 
permeability, and soil organic carbon (Table 2). Agroforestry 

-3 -3areas have soil bulk density of 1.08 g cm  and 1.1 g cm , soil 
porosity of 59.17% and 58.31%, soil permeability of 1.16 cm 

-1 -1hour  and 1.1 cm hour , and soil organic carbon of 14.07% 
and 14.14%. This shows that the practice of agroforestry 
systems can have a positive effect on soil quality. Based on 
the research conducted by Stocker et al. (2019), agroforestry 
practices can improve several aspects of soil physical 
properties such as bulk density, total porosity, and C-organic 
total in a short period of time. It is in line with (Istomo et al., 
2011), that agroforestry practices that have a relatively bulk 
density will allow a lot of water to be absorbed into the soil. 
Agroforestry practices can also increase soil fertility through 
enrichment of organic matter, tree vegetation, and soil 
microbial activity (Dollinger & Jose, 2018). In this study, 
factors affecting soil quality in agroforestry areas include the 
amount of vegetation, canopy density, and availability of 
litter which can trigger microorganism activity.

Table 2 Number of vegetation types, litter weight, canopy density, soil bulk density, soil porosity, soil permeability, and soil 
organic carbon in each research site

 

Type of land use

 

Vegetation 
types 

(number)

 

Litter 
weight 

 

(g

 

m-2)

 

Canopy 
density 

 

(%)

 

BD

 

(g

 

cc-1)

 

Po

 
 

(%)

 

Pe 

 

(cm

 

hour-1)

 

SOC 
(%)

 

Natural forest 
(20´20) m

 

Castanopsis 
sp.

 

(4), 
Rubiaceae (6), 
palms (6)

 157.23

 

81

 

1.05

 

60.36

 

1.13

 

20.61

 

Complex 
agroforestry (20´20) 
m

 Eucalyptus 
(7), jackfruit 
(3), Biwa (2), 
Suren (3), 
coffee (71)

 

244.07

 

71

 

1.08

 

59.17

 

1.16

 

14.07

 

Simple agroforestry 
(20´20) m

 
Eucalyptus 
(9), coffee 
(65)

 
212.87

 

65

 

1.10

 

58.31

 

1.10

 

14.14

 

Tea plantations

 

(20´20) m

 Tea (40)

 

29.37

 

0

 

1.23

 

53.72

 

1.07

 

6.94

 

Coffee plantations 
(5´15) m

 Coffee (51)
 

44.23
 

0
 
1.19

 
55.21

 
1.05

 
14.76

 

Potato fields  

(0.3 ha)  
Potato  

 (+/-  2000)  
-  0  1.36  48.84  1.06  6.16  

Abandoned  land  -  -  0  1.60  39.66  1.01  0.81  
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status of the soil will lead inevitably to improved nutrient 
cycling and better soil productivity. Agroforestry is 
sustainable land-use systems that help in improving soil 
fertility as a long-term benefit. It helps in increasing 
productivity, improving nutrient cycling and also improving 
socio-economic status of farmers (Misra, 2011). The amount 
of vegetation in the agroforestry area is directly proportional 
to the amount of litter produced (Table 2). Planting tree 
species in an agroforestry system has an effect on good 
physical soil conditions through the distribution of various 
root patterns. Cherubin et al. (2019) argued that agroforestry 
practices can improve the physical quality of the soil as the 
land ages and the diversity of vegetation on the land 
increases. The trees have deep roots and spread intensively in 
the soil layer thereby reducing nutrient leaching (Suryani & 
Dariah, 2012). Canopy density on complex agroforestry area 
was 71% and on simple agroforestry areawas 65%. 
According to Suarsana et al. (2016), a high canopy density 
can repel raindrops that fall to the ground so as to reduce the 
rate of erosion.

-2 -2244.07 g m  in complex agroforestry and 212.87 g m  in 
simple agroforestry (Table 2). Litter contribution certainly 
affects soil properties. Litter availability will have a positive 
correlation with the number of soil microfauna types 
(Susanti & Halwany, 2017; Llado et al., 2018; Sun et al., 
2020). Soil with sufficient organic matter content will 
usually have crumbly and stable aggregates, then soil organic 
matter can also create a balanced pore space between micro 
and macro pores for water transmission and retention 
(Yulnafatmawita et al., 2008). Organic matters can spur the 
formation of soil aggregates, because they form mycela, 

Both agroforestry areas have litter weights of 

mucus, and sludges compounds due to the activity of 
microorganisms (Gregorich et al., 2006). The sludge 
functions as an adhesive for soil grains into soil aggregates, 
then into pores that can store water and drain air. Organic 
matter can also increase soil plasticity (Abdi et al., 2018). The 
availability of litter can also increase the availability of 
nutrients in the soil (Aprianis, 2011).

Relationship between VESS score and soil properties This 
study showed that the VESS score and the results of soil 
physical properties have a good correlation (Figure 4). It 
means that the VESS score is quite efficient to use to evaluate 
the physical quality of the soil. The best correlation is found 
in the relationship between VESS scores and soil bulk 
density, with a value of r = 0.97, while the VESS score with 
soil porosity has a negative correlation, with a value of r = -
0.97. The good correlation between VESS score and soil bulk 
density is in line with the previous studies (Guimaraes et al., 
2013; Tuchtenhagen et al., 2017; Cherubin et al., 2019). 
According to Johannes et al. (2016), the correlation between 
soil porosity and VESS score will affect the nature of the 
porosity structure of the soil. Another relationship shows that 
the VESS score also correlates well with the C-organic value 
and soil permeability. The VESS and C-organic correlation 
has r = -0.94. This correlation value is the same as studies 
conducted by Moncada et al. (2014), Tuchtenhagen et al. 
(2017), Cherubin et al. (2019). The correlation between 
VESS and soil permeability has a value of -0.828. It is the 
lowest correlation value when compared to other soil 
properties, but it is still classified into a fairly good 
correlation.

Figure 4 Correlation between VESS scores and soil properties: (a) soil bulk density, (b) soil porosity, (c) soil permeability, and (d) 
soil organic carbon.
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The VESS method can be used in evaluating the physical 
degradation of soil due to land use, even it can be used for 
monitoring the physical quality of soil during mine 
reclamation. According to Franco et al. (2019), the VESS 
method has begun to be widely used in the world, not only in 
temperate countries, but also in sub-tropical and tropical 
countries. Paiva et al. (2020) state that the VESS method is 
the most widely known method and used to evaluate soil 
quality among communities and even universities. Based on 
the results of this study and several studies on other VESS 
methods, it is expected that this method can be used by 
various groups such as researchers, students, farmers, and 
land managers to determine or evaluate soil quality.

Abdi, E., Babapour, S., Majnounian, B., Amiri, G. Z., & 
Deljouei, A. (2018). How does organic matter affect the 
physical and mechanical properties of forest soil. Journal 
of Forestry Research, 29(3), 657–662. https://doi.org/ 

Recommendation 
Research for VESS method must be reproduced in order 

to support reference and improvement of the method itself, 
especially in relation to the application of the VESS method 
to different soil types. Then, more research needs to be done 
in terms of the VESS method with the proportion of soil 
texture fraction. Another thing that needs to be done is to 
trace the link between the results of the VESS method with 
soil chemical and biological properties, such as the 
relationship between the VESS value and the presence and 
activity of soil fauna.

The VESS score which has a good correlation with soil 
indicators is a key in determining soil quality (Ball et al., 
2018). If the soil has good physical quality, it will lead to 
improvements in soil biological and chemical properties, 
although more detail research is needed on the relationship 
between soil physical quality and soil fertility (Ball et al., 
2016). VESS method is also easy to apply in this research. 
Cherubin et al. (2019) stated that the VESS method has the 
advantage of easy understanding, little equipment, and can 
be applied in places that are difficult for humans to reach.
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