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The technique developed to assess or measure soil health in Indonesia proposed by the author is to use soil health

index by using a minimum data set consisting of 13 (thirteen) main parameters of soil equipped with the function

or role of each parameter along with its weighting coef􀅫icient and how to assess each parameter and calculate the

total health score of the soil studied. Furthermore, the total health score of the soil then classi􀅫ied into 5 levels of

soil health, varying from very well to very poor levels. To select indicators used for assessment or measurement

of soil health in Indonesia, the author uses some criteria proposed by some authors formerly. The author selects

a technique proposed to develop SHI. The technique is "score-based" and operates in two synergistic steps. The

􀅫indings show that soil health basically re􀅫lects the character and dynamics of the soil in ful􀅫illing its functions.

However, a variation on the function of soil causes dif􀅫iculties in compiling a soil health assessment that can mea-

sure to which extent the soil can ful􀅫ill all of its dedicated functions. Ironically, in Indonesia, there are no tools that

have been developed and used extensively, and standardized to assess soil health. Thus the development of tools

to assess soil health is an urgent need in Indonesia.

© 2018 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

Soil health is an essential factor for maintaining productiv-

ity and quality of agriculture products namely food, 􀅫iber,

and wood as well as supporting human health and environ-

mental quality. Towards the era of disruption, agriculture

4.0, industry4.0 and sustainable development, accurate and

practical data on natural resources, including soil health, is

important. Soil health data is needed for various purposes

such as for having an optimal utilization plan and rehabili-

tation of degraded lands and soils; assessing the accordance

of the applied land and soil management with the necessi-

ties and requirements; and assessing the health of the soil

as an impact of the land or soil management systems used.

The use of soil health data is not only related to agriculture-

related activities, e.g., food production and clothing and

shelter, but also to other 􀅫ields that use soil for maintain-

ing water and air quality, support human health and pre-

serving the environment [1]. As an example, food prod-

ucts released from soil contaminated with heavy metals

from mining and industry or residues from pesticides, her-

bicides, fungicides (mainly from Cd, Cu, Ni, Pb, Zn, Hg, Cr)

and other toxic components are harmful to human health.

In a broader perspective, soil health is critical in supporting

food security, water security, climate changemitigation and

biodiversity protection programs [2, 3]. Thus, maintaining

and sustaining soil health should receive greater attention

in order to increase agricultural productivity as well as to

improve environmental quality for gaining better support

for human life.

The termsoil health is similar or often exchanges each other

with soil quality. Even though in the context of ecosystems,

soil health is not the same as soil quality. In the aspect of

the time scale, in some cases, soil health can better describe

the potential and dynamic conditions of the soil in a short

time, while soil quality better describes the condition of in-

ner and static soils on a longer time scale [4]. While the

term soil quality will generally be associatedwith land suit-

ability for certain uses [5], soil health is used in a broader
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sense to show the capacity of the soil to function as a vital

living system [6, 7]. Soil health focuses more on the biotic

components of the soil, re􀅫lecting the maintenance of soil

organisms and their proper functions to regulate nutrient

cycles and soil fertility [8]. Food and Agriculture Organiza-

tion (FAO) describes soil health as the capacity of the soil

to function as a living system with ecosystem boundaries

and land use to maintain or improve water and air qual-

ity and the health of plants and animals [9]. Healthy soils

maintain a community of diverse soil organisms that help

control diseases of plants, insects and pests weeds, form-

ing bene􀅫icial symbiotic associations with plant roots; recy-

cling essential plant nutrients; improve soil structure with

positive impacts on groundwater and nutrient retaining ca-

pacity, and ultimately increase crop production [9, 10]. In

simple terms, soil health is crucial in providing a decent liv-

ing ecosystem as a habitat for animals, plants and humans.

Despite the essential roles, data on soil health is still rarely

been utilized in Indonesia. Moreover, speci􀅫ic techniques

or tools to assess or measure soil health still has not been

developed the best of our knowledge. For soils that have

not been assessed for soil health, a soil health assessment

is needed as baseline data that describes the level of the

health of the soil at the time. Furthermore, a soil health as-

sessment is then carried out in a soil health monitoring and

evaluation program to assess whether there has been a de-

cline or improvement in the health of the soil. In this case, a

soil health assessment is also needed for planning rehabil-

itation or remediation of soils that have experienced pollu-

tion or other forms of soil damage or degradation. For this

reason, a stan-dard technique or method is needed that can

beused extensively to assess the health of the soil in Indone-

sia periodically.

Despite the essential roles, data on soil health is still rarely

been utilized in Indonesia. Moreover, speci􀅫ic techniques

or tools to assess or measure soil health still has not been

developed the best of our knowledge. For soils that have

not been assessed for soil health, a soil health assessment is

neededasbaselinedata that describes the level of thehealth

of soil at the time. Furthermore, a soil health assessment

is then carried out in a soil health monitoring and evalua-

tion program to assess whether there has been a decline or

improvement in the health of soil. In this case, soil health

assessment is also needed for planning rehabilitation or re-

mediation of soils that have experienced pollution or other

forms of soil damage or degradation. For this reason, a stan-

dard technique ormethod is needed that can be used exten-

sively to periodically assess the health of soil in Indonesia.

II. LITERATURE REVIEW

A. Fundamental of Soil Health Assessment

Soils are the interface between aquatic, atmospheric, and

terrestrial ecosystems. A better understanding of the link-

ages between these systems and the role that soil plays

those linkages has led to a new approach in assessing soil.

Soil is a dynamic, living, natural body that plays many key

roles in terrestrial ecosystems. Hence, the Chinese are say-

ing that “The Soils themother of all things [11, 12]. The var-

ious functions of soil, as for land, described by Sombroek

and Sims [10] are: 1) production function, 2) biotic envi-

ronmental function, 3) climate-regulative function, 4) hy-

drologic function, 5) storage function, 6) waste and pollu-

tion control function, 7) living space function, 8) archive or

heritage function, and 9) connective space function.

Soil health describes soil activities and soil dynamics based

on soil functions. Given the variety and complexity of soil

functions, it is not easy to determine standard soil health

assessments ormeasurements that can be used extensively.

Initially, around the 1930s, research on the assessment of

soil conditions or quality still focused on the function of soil

and the suitability of land for crop production, designing

soil management and fertilization to achieve greater pro-

ductivity and pro􀅫its. The soil is the keystone of food se-

curity, water security, climate change mitigation, and biodi-

versity protection. Simply put, the soil is a living ecosystem

deserving of equivalent analyses as animal or plant habits

[2, 13]. However, over time and the complexity of life, the

focus on assessing land conditions has become wider. In

addition to being associated with agricultural production,

currently assessing soil conditions also leads to ecosystem

assessment, environmental quality, and human health. This

in􀅫luences or determines in key parameters used in the as-

sessment ormeasurement of soil conditions. However, it re-

mains that the assessment of soil conditions, soil quality or

soil health is carried out in various suitable ways through

the measurement of the physical, chemical and biological

characteristics of the soil.

Healthy soil does not contain elements of pollutants or con-

taminants that can disturb the health of humans, animals

and plants and do not contribute to environmental pollu-

tion. It is characterized by being a habitat and ecosystem

that is conducive to the proliferation of soil organisms (mi-

cro, meso and macro organisms). Healthy soil supports the

lives of healthy and prosperous humans. In agriculture sec-

tor, healthy soils are associated with soils that have good

soil quality. Healthy soils generally produce high agricul-

ture productivity, both in terms of the quantity and quality
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of agriculture products. Healthy soils also have a high re-

silience and resistance to various disorders.

The tendency of consumers to maintain their health by

more favoring agricultural food products that have better

quality and nutritional content, tastes, and is not polluted

by heavymetals andwaste agrochemicals [1, 14, 15, 16, 17]

also should change the key parameters that are used for as-

sessment to some extent. or measurement of soil health.

There is a consideration that soil health also has the poten-

tial to help plants build their resistance and resilience for

stress abiotic and biotic resulting in the selection of key pa-

rameters to assess the health of the soil to bemore complex.

B. Guidance for Selection of Key Parameters for Soil

Health Assessment

Depending on the purpose of the study or assessment, an

assessment of soil health can use a different "set of indica-

tors". TheMinimumData Set (MDS), which is a collection of

selected key parameters for the assessment of agricultural

production systems, can differ from agricultural systems

that pay attention to the quality of their products [5, 18].

Likewise, MDS for agricultural systems is certainly different

from if wewant to assess the health of the soil in residential

areas or industries that are more focused on the health ef-

fects of land on environmental health. This is what causes

the dif􀅫iculty of establishing MDS which can be used exten-

sively.

However, there are several key parameters that are often

andwidely used by various experts, researchers and practi-

tioners in the 􀅫ield of soil science. For the physical soil prop-

erties including the effective soil depth, soil bulk density,

soil drainage, soil permeability, soil in􀅫iltration, soil struc-

ture, soil texture, soil water holding capacity, soil erosion,

soil resistance to erosion [19]. Some key parameters of soil

chemicals include soil pH, cation exchange capacity, nutri-

ent availability, electrical conductivity, etc. As for soil biol-

ogy, the key parameters that are often used are soil organic

carbon, soil respiration, microbial biomass, metabolic quo-

tient, and enzyme activities [20, 21]. In Europe, measurable

quantities of trace metals have been added to the environ-

ment for over 2000 years. Lately, waste and sewage sludge

have become major potential sources of metal pollution of

soils. At present, there are one set of critical levels of heavy

metals in soil (Cd, Cu, Ni, Pb, Zn, Hg and Cr) which all coun-

tries of the European Union (EU) [22].

III. PROPOSED TECHNIQUE TO DEVELOP SCORING OF

SOIL HEALTH INDEX (SHI) TO ASSESS SOIL

HEALTH IN INDONESIA

There is no tool that can be used to measure soil health di-

rectly. Soil health can be inferred using soil health indica-

tors [23]. Soil health can be assessed or measured through

several physical, chemical and biological properties of the

soil selected as key parameters or modeling from a set of

physical, chemical and biological data [24].

To select indicators used for assessment ormeasurement of

soil health in Indonesia, the author uses some criteria pro-

posedby someauthors formerly. The criteria are the follow-

ing i) correlate with ecosystem processes; ii) integration of

physical, chemical and biological properties of soil; iii) has

a fairly good sensitivity to soil changes due to human inter-

vention [11]; iv) simple and easy to implement and easy to

interpret [25]; and v) easy to use extensively [26].

The author selects a technique proposed to develop SHI

that was developed by [27]. The technique is "score-based"

and operates in two synergistic steps, namely: a) indica-

tor selection and interpretation which entails the transfor-

mation of measured data into unit-less scores by involving

the weighting coef􀅫icient of each selected indicator, and b)

aggregation which combines individual scores into a single

value. Combining soil properties into an overall single in-

dex such as SHImaymake the assessmentmoremeaningful

and practical.

IV. PROPOSED SOIL KEY PARAMETERS AND

WEIGHTING COEFFICIENT TO ASSESS SOIL

HEALTH

Selecting appropriate indicators is the foundation of soil

health assessment. Considering that determining soil

health index can require abundant data of land and soil

properties, selection of soil parameters for assessing the

SHI should consider the goal of the determination of soil

health, data availability, the function of each soil parameter,

and cost considerations.

The determination of SHI should involve soil parameters

consisting of soil, chemical and biological properties that

play the most important role in affecting soil health. Since

each soil parameter can have a different level of role and

function, so each soil parameter should have a different

weighting coef􀅫icient (proportion) for the scoring of SHI.

The selected parameters which are proposed in the scoring

of the Soil Health Index for assessing soil health together

with its function and weighting coef􀅫icient (proportion) are

presented in Table 1.
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TABLE 1

SOIL PROPERTIES PROPOSED IN DEVELOPING FOR SOIL HEALTH INDEX AND ITS PROPORTION

No Soil Properties Function Proportiona Remarks

1 Effective soil depth Representing and volume of soil that can

provide total nutrients, water and gases

needed by plants and maximum capacity

or volume of water that can enter soil and

absorbed by soil matrix.

0.07 FO

2 Soil Bulk Density Ability/easiness of plant root to enter and

penetrate the soil, representing soil aera-

tion and soil permeability

0.07 FO and/or LA

3 Drainage Condition-related with inundating (􀅫lood)

that can impede human being activities

and soil aeration.

0.06 FO

4 Soil erosion Loss of best, fertile and friable soil of the

top soil

0.06 FO and/or EP

5 In􀅫iltration rate Amount and velocity (rate) of water that

can enter the soil

0.06 FO

6 Soil pH The indicator of soil reaction (acid or

base) and the availability of soil nutrients

0.07 FO and/or LA

7 Electrical Conductivity Amount of salts in the soil (salinity of soil) 0.07 FO and/or LA

8 The content of hazardous elements Toxicity threat/hazard for a plant, animal,

and human being such as heavy metals or

other toxic elements (Cd, Cu, Ni, Pb, Zn, Hg

and Cr)

0.10 LA

9 Essential Macro Nutrients The available of Nitrogen, Phosphorus,

Potassium, Calcium (N, P, K, Ca) in the soil

0.10 LA

10 Organic Carbon (Organic-C) The capacity to support living organism in

the soil

0.10 LA

11 Microbial biomass C and N Estimate of a contribution of a soil-living

organism for soil health

0.08 LA

12 Soil respiration Estimate of abundant oil living organism 0.08 LA

13 Ratio of Biomass C and Total organic C Estimate of ecosystem stabilityb 0.08 LA

b representing as weighting coef􀅫icient
b [28]

FO = Field Observation LA = Laboratory Analysis EP = Erosion Prediction (USLE, etc)

A. Proposed Scoring of SHI and Classi􀅲ication of SHI

Scoring of SHI

The author proposes that the 􀅫inal score of SHI is calculated

from the sum of a total score of each selected soil parame-

ter. The total score of each soil parameter is founded from

themultiplication of proportion (weighting coef􀅫icient) and

score of each (soil) parameter (scale of 1 to 5). Thus, the to-

tal score of SHI, theoretically, varies from 0 to 5, let say 3.06,

4.89, 2.45, etc.

TSoPi = Pi x SoPi

TSoSHI =

n∑
i

Pi x SoPi

Where: TSoPi = total score of soil parameter i

Pi = Proportion (weighting coef􀅫icient) of soil parameter i

SoPi = Score of soil parameter i

n = Number of soil parameter

TSoSHI = Sum of total score of SHI = score of SHI

B. Classi􀅲ication of SHI Score

The proposed categorization of the total score of SHI is pre-

sented in Table 2 as follows:

TABLE 2

CATEGORIZATION OF SHI

Number of SHI

Very low SHI ≤ 1.00

Low 1.00 < SHI ≤ 2.00

Moderate 2.00 < SHI ≤ 3.00

High 3.00 < SHI ≤ 4.00

Very High 4.0 SHI ≤ 5.00

V. DISCUSSION

A challenge on applying soil health assessment in Indone-

sia lies in the minimum presence of data set regarding the

soil properties. Thus, the assessment has only been limit-

edly performed and mostly only for agriculture purposes.

Meanwhile, data on soil health is not available. Therefore,
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the steps anddecisions takenby the authorwere to combine

soil parameters to assess agricultural product quality and

productivitywith soil key parameters related to soil ecosys-

tems and environmental health. By doing so, the author 􀅫i-

nally proposes 13 soil key parameters to assess or measure

soil health.

Biological properties are receiving increasing attention as

indicators of soil health as these properties are more sensi-

tive to alterations in the soil environment than physical and

chemical soil properties [29, 30]. In some cases, indicators

of soil health have been developed that only include the bi-

ological component based on the assumption that changes

in chemical and physical properties will be related to the

changes in the microbial community [31, 32].

Soil health basically re􀅫lects the character and dynamics of

the soil in ful􀅫illing its functions. However, a variation on the

function of soil causes dif􀅫iculties in compiling a soil health

assessment that can measure to which extent the soil can

ful􀅫ill all of its dedicated functions. For example, if an as-

sessment of soil health is focused more on the conditions

of soil pollution and the environment, it would be less sat-

isfying to assess the health of the soil associated with the

level of agricultural or food production; and vice versa. If

the assessment or measurement of soil health is designed

to satisfy both, much soil parameters are needed to be re-

lated to soil pollution and agricultural and food production.

Meanwhile, in order to be able to be used extensively, the

standard of soil health assessment must be quite easy and

practical, affordable in terms of 􀅫inancing or not expen-

sive and selected soil parameters can be analyzed by many

land and water laboratories throughout Indonesia. There-

fore, organic or nonorganic components or materials de-

rived from the degradation of pesticides, herbicides, fungi-

cide, and other agrochemicals are not selected as parame-

ters that determine soil health because there are not many

soil and water laboratories that can analyze them and will

certainly require costs expensive. However, assessment of

soil health that is more focused on environmental pollution

can still be done by compiling an assessment or measure-

ment of soil health for soil pollution and the environment.

VI. CONCLUSION

This work proposes a technique of assessment or measure-

ment of soil health in Indonesia. The proposed technique

for the soil health assessment standard consists of 13 soil

parameter components to calculate the soil health index.

The resulting soil health index value is then categorized into

5 (􀅫ive) classes. Soil health assessment by calculating the

value of the soil health index is expected to be more practi-

cal, easy to implement and interpret, making it easier to use

as a tool tomonitor and evaluate soil health and its changes.
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