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ABSTRACT 
 
There is increasing interest in soil organic carbon (SOC) in agricultural soils, as it contributes to soil fertility and also to the 

mitigation of climate change when organic carbon sequestration is enhanced.  The amount of carbon stored in each land is a 

type of soil and how it is managed. The objective of this research was to determine and studying the status of labile and stable 

carbon in monoculture and polyculture fields. This research was arranged in Completely Randomized Design (CRD) Factorial 

consisting of 2 factors, i.e. two different cropping systems (monoculture and polyculture) and two different layers of the soil (0-

15 cm and 15-30 cm). This research showed that there was no significant difference in C-mineralization between monoculture 

soil at the first and second layer (16.31-16.73 mg) and polyculture soil (15.64 – 15.96 mg). There was also no significant 

difference observed on POMC content showing value of 1.52 % (monoculture) and 1.40 % (polyculture). Meanwhile, the 

content of SMBC in monoculture soil (916.43 mg/kg) was higher than in polyculture soil (475.17 mg/kg). The content of water-

soluble C in monoculture soil (836.78 mg/kg) was not significantly different from that in polyculture soil (815.66 mg/kg). Humic 

acid content in polyculture soil (1.84 g/kg) was higher than in monoculture (1.49 g/kg), and conversely, fulvic acid content in 

monoculture soil (2.83 g/kg) was higher than in polyculture soil (2.33 g/kg). There was no significant difference in humin 

content between monoculture soil (0.971 g) and polyculture soil (0.970 g). Based on the result, polyculture fields system had 

higher stable carbon content, while monoculture fields had higher labile carbon content.  
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INTRODUCTION 

 In agricultural systems the pathway of atmospheric carbon to Soil Organic Carbon (SOC)  is controlled by 

land use and agronomic management. However, SOC comprises a large range of compounds, ranging from 

recently added organic matter, such as root litter and exudates, to highly condensed and transformed organic 

matter that may even be derived from the geogenic parent material. The increase in atmospheric CO2 that 

contributes to global warming is likely to be reduced through the process of carbon sequestration [10]. Soil 

organic carbon (SOC) plays an important role in the global carbon cycle since it is the largest pole of the earth's 

carbon surface. Soil can function as a source of CO2, CH4 and N2O or a sink for CO2 and CH4 and various 

greenhouse gases, depending on land use and management [9]. Soil is a representation of organic carbon pool 

http://creativecommons.org/licenses/by/4.0/
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(organic carbon reservoir) which is very important in the long-term period in terrestrial ecosystems. This is 

because it accumulates carbon (C) greater than the amount of C in plant biomass and atmosphere [23] [14]. 

A gradually increasing flux of CO2 from soil to the atmosphere may be accelerating global climate warming. 

Soil labile organic carbon is the most active fraction of soil organic carbon with rapid turnover rates, and it 

changes substantially after disturbance and management [25]. Zou et al (2005) define soil labile organic carbon 

as the fraction of soil organic carbon degradable during microbial growth, assuming that labile organic carbon 

oxidizes according to a simple negative exponential model. Soil labile organic carbon has been represented 

operationally by specific fractions derived using chemical and physical separation techniques [25]. 

 The amount of carbon stored in each land varies depending on the diversity and density of the existing 

plants, the type of soil and how it is managed. Plant diversity and density are of course related to cropping 

patterns that are applied to an agricultural system. Cropping pattern is the order of planting plants on a plot of 

land in one year [12]. Cropping patterns are generally divided into monoculture (monocropping) and polyculture 

(polyculture). Monoculture is a cropping pattern by cultivating one type of crop on a farm for a year. This 

research was conducted in Karangsambung area which is located ± 19 km to the north of Kebumen City. In 

Karangsambung area, there are many agricultural lands with monoculture and polyculture cropping patterns. 

The cropping pattern will definitely influence the distribution of labile and stable carbon in the soil.  

 The policy adaptation option on promotion of agricultural research is very essential towards achieving 

sustainability in agriculture development [18]. The sustainable adaptation option should promote crop and 

livestock diversification and agro biodiversity and avoiding monocultures.  in addition to the economic side, the 

system of monoculture and polyculture farming is very important to study its influence on the quality of the soil 

especially in carbon sequestration. These different compound classes are stabilised in different ways and 

therefore have different turnover times [22] . 

Although SOC is now considered as having a continuum of turnover times, it is mostly described and modelled 

as consisting of different pools that vary in their turnover time (e.g. labile pool, intermediate pool and stabilised 

pool). The effects of land use and management are not the same for all soil organic matter compounds; they 

differ between SOC pools. Therefore, the different SOC pools need to be assessed separately from the bulk SOC 

when discussing the influence of land use and management on stabilisation and storage of SOC [23]   

 This research aimed to determine the differences in the distribution of labile and stable carbon levels in the 

soil of monoculture and polyculture fields. The final results of this study were presented in the form of 

comparison graphs of labile and stable carbon levels in monoculture and polyculture cropping patterns.  

 

MATERIALS AND METHOD 

Time and Place of the Research 

 The research was carried out in two phases: field observation and laboratory analysis. Field observations 

included soil sampling conducted in Karangsambung area, Kebumen Regency, Central Java Province, 

Indonesia. Laboratory analysis was performed at the Soil Science Laboratory, Department of Soil Science, 

Faculty of Agriculture, Universitas Gadjah University. This research was conducted from April 2017 to 

September 2017 [13]. 

  

Materials and Tools of the Research 
 The tool used in this study consisted of field equipment and laboratory equipment. The tools used in the 

field included GPS, roll bars, pH meters, knives / daggers, plastic bags, rubber, borlist, stationery and labels. 

The tools used in the laboratory consisted of measuring devices namely digital scales, pH meters, ovens, 

erlenmayers, burettes, measuring pipettes, volume pipettes, desiccators, watch glasses, test tubes, measuring 

cups and measuring flasks. 

 The materials used in this study were soil samples taken from a depth of 0-15 cm and 15-30 cm. In 

monoculture cropping patterns, soil samples were taken at 6 different locations. There were two replications 

taken at each location. 

 

Procedures 

1.  Initial Survey 

 The initial survey was conducted to observe the field conditions that would be used as research locations. 

This was done to determine the sampling points and working plans. 

  

2. Sampling 

 In this research, soil samples were taken in Karangsambung area which has an area of ± 22,157 hectares. 

Soil samplings were carried out at 6 different locations for monoculture cropping patterns and 6 different 

locations for polyculture cropping patterns. At each research location, two soil samples were taken. Each soil 
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sample was taken at a depth of 0-15 cm and 15-30 cm. Sampling performed at 6 different locations was based 

on the results of field surveys. 

3. Soil Analysis 

 Analysis of pH H2O and pH KCl on pH meter using glass electrode method (electrometry) and colorimetric 

method,  organic C using Walkley and Black method, total nitrogen (total N) using Kjeldahl method, C/N ratio 

calculated from the ratio between organic C content and total nitrogen in the soil, CEC of the soil using method 

of an extraction with neutral ammonium acetate (NH4OAc pH 7) [22].  Analysis of humic, fulvic acid and  using 

Stevenson extraction method (1994) [17], analysis of mineralized carbon (mineralized C) using incubation-

titration method, Analysis of Particulate Organic Matter Carbon (POMC) using enrichment dispersion methods 

[23], analysis of soil microbial biomass carbon (SMBC) using fumigation techniques [11], and also for analysis 

of water soluble carbon (water-soluble C).  

 

Data Analysis  

 The experimental design applied in this study was Completely Randomized Design (CRD) Factorial with 2 

factors, i.e. cropping patterns and soil layers. The data obtained were then analyzed using Analysis of Variance 

(ANOVA). Data showing significant effects between treatments then were tested using DMRT (Duncan's 

Multiple Range Test) at 5% level of significance to determine the difference between treatments. After that a 

correlation test between parameters was carried out.  

 

RESULTS AND DISCUSSION 

1. Chemical Properties of the Soil 

1.1 Soil Reaction 

 The analysis results of pH H20 in monoculture and polyculture fields are presented in Table 1. 

 

Table 1. pH H20 in monoculture and polyculture fields 

Soil depth Cropping patterns 
Mean 

(cm) Monoculture Polyculture 

0-15 6.62 6.08 6.35 

15-30 6.68 6.12 6.4 

Mean 6.65a 6.1b 
 

Notes: Values followed by the same low case letters are not significantly different according to 

 DMRT at 5%. 

 

 There was significant difference in pH H2O between monoculture and polyculture fields (Table 1). In 

monoculture fields, the value of pH-H20 reached 6.65. It was higher when compared with the value of pH-H20 

in polyculture cropping pattern which reached 6.1. The criteria for pH H2O of the soil in monoculture cropping 

patterns is neutral, while in polyculture cropping pattern is relatively acidic [14]. The results of pH KCl analysis 

in monoculture and polyculture fields are presented in Table 2. 

 

Table 2. pH KCl in monoculture and polyculture fields 

Soil depth Cropping patterns 
Mean 

(cm) Monoculture Polyculture 

0-15 5.29 4.21 4.75a 

15-30 5.23 4.56 4.90a 

Mean 5.26a 4.56b 
 

Notes: Values followed by the same low case letters are not significantly different according to 

 DMRT at 5%. 

 

 There was significant difference in pH KCL between monoculture and polyculture fields (Table 2). The 

value of pH KCl in monoculture fields showed a number of 5.26, while in polyculture fields it was 4.56. The 

criteria for pH KCl in monoculture at the first and second layer are both classified acidic, while in polyculture it 

is classified as extremely acidic (first layer) and acidic (second layer) [15]. This is due to factors of vegetation 

type in each cropping pattern. In polyculture fields, there were several types of vegetation including bananas, 

teak, coconut, so that the content of organic matter in the soil tends to be higher. Higher content of organic 

matter causes the soil pH to be lower when compared to soil pH in monoculture fields in which the vegetation 

consisted of banana or teak only. 
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1.2 Organic C in the Soil 

 Soil organic carbon is a measureable component of soil organic matter. Organic matter makes up just 2–

10% of most soil's mass and has an important role in the physical, chemical and biological function of 

agricultural soils and ontributes to nutrient retention and turnover, soil structure, moisture retention and 

availability, degradation of pollutants, carbon sequestration and soil resilience. Figure 1 showed soil organic C 

of the studied area. 

 

 
Figure 1. Organic C (%) in monoculture and polyculture fields 

 

 Based on the analysis result, there was no significant difference in organic C content (Figure 1), but the 

average content of organic C in polyculture fields was slightly higher than in monoculture fields. Between the 

first and second soil layer, there was also no significant difference observed in organic C content, but the 

organic C content in the first layer was slightly higher. Organic C content in monoculture and polyculture fields 

is in the low category, ranging from 1-2% [15]. The low content of organic C in the soil is caused by the lack of 

tillage which means there is no additional fertilizer given. 

 

1.3 Total Nitrogen in the Soil 

 The total amount of N present either any form released after acid digestion. Total Nitrogen is equivalent to 

total N while available N is the mineral form which is available by mineralization of organically bounded 

material or OM. About 98 % N is present in the soil or plant in organic form and only 2 % N is released as from 

mineral form in the ions e.g. Nitrate and Ammonium N. Figure 2 showed the total N of the soil in monoculture 

and polyculture fields. 

 

 
Figure 2. Total N (%) of the soil in monoculture and polyculture fields 

 

 Total N content in the soil in monoculture and polyculture fields in both layers ranged from 0.1% -0.2% 

(Figure 2) and it is classified to low level by Indonesian Soil Research Institute [15]. This is in accordance with 

Hanafiah's statement [5]  stating that one of the factors influencing the total N content is organic matter. If the 
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content of organic matter is high, the N-total value is also high, and vice versa. The analysis results of soil 

organic matter in monoculture and polyculture fields showed low values resulting in low content of total N. The 

low content of total N is thought to be caused by the loss of N in the soil. Loss of N from the soil is because it is 

used by plants or microorganisms. N in the form of NH4
+
 can be bound by illitic clay minerals so that it cannot 

be used by plants, while N in the form of NO3
-
 is easily leached by water rain, so that the higher the rainfall the 

lower the total N [6].  

 

1.4 C/N Ratio 

 A carbon-to-nitrogen ratio (C/N ratio or C:N ratio) is a ratio of the mass of carbon to the mass of nitrogen in 

a substance. For more practical applications, desired C/N ratios can be achieved by blending common used 

substrates of known C/N content, which are readily available and easy to use. 

 

Table 3. C/N ratio in monoculture and polyculture fields 

Soil depth Cropping patterns 
Mean 

(cm) Monoculture Polyculture 

0-15 8.27 7.92 8.10a 

15-30 6.96 7.03 6.99a 

Mean 7.62a 7.47a 
 

Notes: Values followed by the same lowcase letters are not significantly different according to 

 DMRT at 5%. 

 

 Based on the analysis results, there was no significant difference in C/N ratio of the soil in monoculture and 

polyculture fields (Table 3). The value of C/N ratio in monoculture fields was 7.62, while in polyculture fields 

was 7.47. At soil depth of 0-15cm, the value of C/N was higher, reaching 8.10, compared to C/N ratio at soil 

depth of 15-30cm which only reached 6.99. Criteria for C/N ratio of the soil in monoculture and polyculture 

fields are low (5-10) [15]. 

 

1.5 Cation Exchange Capacity (CEC) 

 The relative ability of soils to store one particular group of nutrients, the cations, is referred to as cation 

exchange capacity or CEC. Both the clay and organic matter particles have a net negative charge. Thus, these 

negatively-charged soil particles will attract and hold positively-charged particles, much like the opposite poles 

of a magnet attract each other. Figure 3. Showed the CEC of the soil of monoculture and polyculture fields of 

the studied area. 

 

 
Figure 3. CEC (cmol(+).kg

-1
) of the soil in monoculture and polyculture fields 

 

 Based on the analysis results, the value of CEC in polyculture fields was much higher compared to that in 

monoculture fields (Figure 3). The value of CEC in polyculture fields was 29.71 cmol(+)kg
-1

, while in 

monoculture fields was 26.07 cmol(+)kg
-1

. There was no significant difference in CEC between the first and 

second layer. The value of CEC in the first and second layer was 27.94 cmol(+)kg
-1

 and 27.83 cmol(+)kg
-1

, 

respectively. Criteria for the value of CEC in monoculture and polyculture fields are classified as high ranging 

from 25-40 cmol(+)kg
-1

   [15]. 

 The lack of soil tillage will cause high value of CEC soil. This is in accordance with [24] stating that 

intensive tillage such as on cassava plantation, will cause land clearing and a decrease in soil organic matter 
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content. The decrease in soil organic matter content will have an impact on the reduction of soil humus content 

which in turn will also have an impact on the decrease in CEC value. Humus colloid has higher CEC value 

compared to clay colloid. Humus colloids, in addition to functioning as adsorption site for cations, also acts as a 

source of nutrient release which then can be utilized by plants for their growth and development [19].  

  

1.6 Soil Texture  

 Soil texture is one of the parameters that influence soil organic matter content. Finer soil textures such as 

clay tend to have higher organic matter content compared to coarse-textured soils such as sand [1]. The analysis 

results of qualitative soil texture in monoculture and polyculture fields are presented in Table 4. 

 

Table 4.Qualitative soil texture in monoculture and polyculture fields 

Cropping Patterns Soil Texture 

Monoculture 1 Sandy loam 

Monoculture 2 Sandy Clay 

Monoculture 3 Sandy Clay 

Monoculture 4 Sandy Loam 

Monoculture 5 Silt Loam 

Monoculture 6 Clay Loam 

Polyculture 1 Sandy Clay 

Polyculture 2 Sandy Clay 

Polyculture 3 Sandy Clay 

Polyculture 4 Sandy Clay 

Polyculture 5 Sandy Clay 

Polyculture 6 Sandy Clay 

  

 Based on the soil texture analysis that was carried out qualitatively, it was found that the soil texture in 

monoculture fields of location 1 and 4 was sandy loam, while the soil texture in monoculture fields of location 2 

and 3 was sandy clay. Meanwhile, monoculture fields of location 5 and 6 had soil texture of silt loam and clay 

loam, respectively. Unlike in monoculture fields, all locations (1-6) of polyculture fields had the same soil 

texture that was sandy clay.  

 

2 Labile Carbon Level in the Soil of Monoculture and Polycultre Fields 

2.1 Mineralized C 

 The role of organic matter in the availability of nutrients in the soil is inseparable from the process of 

mineralization which is the final stage of the organic matter decomposition. In the process of mineralization, 

complete plant nutrients will be released (N, P, K, Ca, Mg and S as well as micro nutrients) in uncertain 

quantities and are relatively small. Nutrients of N, P and S are nutrients which are relatively more to be released 

and able to be used by plants. Decomposition of organic matter or mineralized C is influenced by temperature, 

soil type, availability of N and soil moisture [3]. The analysis results of mineralized C in monoculture and 

polyculture fields are presented in Figure 4. 

Based on Figure 4, mineralized C in both monoculture and polyculture fields increased with the length of 

incubation time, i.e. 2 days, 4 days, 7 days and 10 days. The average values of mineralized C in monoculture 

fields were 14.43 mg (2 days incubation), 15.95 mg (4 incubation days), 16.48 mg (7 incubation days), and 

19.23 mg (10 incubation days). Meanwhile, the average value as of mineralized C in polyculture fields were 

lower, i.e. 13.93 mg, 14.30 mg, 16.20 mg and 18.78 mg in 2, 4, 6, and 10 days of incubation, respectively. 

 



28 
Sri Nuryani Hidayah Utami et al., 2018. Labile and Dan Stable Carbon in the Soil of Monoculture and 

Polyculture Fields in Karangsambung, Kebumen, Indonesia/ American-Eurasian Journal of Sustainable 

Agriculture. 13(1): 22-33. DOI: 10.22587/aejsa.2019.13.1.4 

 

 
Figure 4. Mineralized C (mg) in the soil of monoculture and polyculture fields 

 

 The increase in mineralized C on the 2
nd

, 4
th
 and 7

th
 days was not too significant (Figure 4). It is possibly 

that there was no activity of the microbes and the optimal number of microbes had not been reached at the 

incubation temperature of 25
0
C. While after 10 days of incubation, the amount of mineralized C increased 

significantly. This is presumably due to the increased number of microbes so that the micro temperature in the 

incubation tube could increase and accelerate the decomposition process. Microorganisms will experience 

optimal activity at a temperature of 30
0
C so that the presence of temperature and humidity greatly affects the 

amount of mineralized C. Neutral soil pH (6.5) will increase the activity of microorganisms thus increasing the 

decomposition of organic matter [4]. 

 

2.2 Particulate Organic Matter Carbon (POMC) 

 

 
Figure 5. POMC content (%) of the soil in monoculture and polyculture fields 

 

 There was no significant difference in POMC between monoculture and polyculture fields (Figure 5). The 

content of POMC in monoculture fields was 1.52%. This value was higher compared to the POMC content in 

polyculture fields which reached 1.40%. The content of POMC in the first layer (1.54%) was higher than in the 

second layer (1.39%). This is in accordance with the research conducted by Wander et al. [23].  He suggested 

that no tillage cultivation techniques in soil depth of 0-5 cm would increase the value of POM C. The increase of 

POMC in the topsoil may be caused by the accumulation of organic matter.  Zotarelli et al stated that changes in 

POM levels would have an impact on soil aggregation so that it would affect the physical properties of the soil 

[25]. 

  

2.3 Soil Microbial Biomass Carbon (SMBC) 

 Microbial biomass carbon (SMBC) consists of soil microorganisms and fauna. Turnover of biomass carbon 

in the soil is mainly carried out by decomposer microorganisms and also soil fauna. Microbial biomass is 

strongly influenced by the availability of soil organic matter which is a source of nutrition for microbes in 

carrying out the metabolic process. All organic materials are going through microbial pools before being 



29 
Sri Nuryani Hidayah Utami et al., 2018. Labile and Dan Stable Carbon in the Soil of Monoculture and 

Polyculture Fields in Karangsambung, Kebumen, Indonesia/ American-Eurasian Journal of Sustainable 

Agriculture. 13(1): 22-33. DOI: 10.22587/aejsa.2019.13.1.4 

 
distributed to other pools [4). According to [7], SMBC consists of fungi and bacteria which are living fractions 

in soil organic matter. Generally, the availability of SMBC is around 1.5%) or 0.4-6%. Despite its relatively 

small availability, the role of SMBC is quite important because it is an agent in the process of transforming 

nutrients in the soil. The analysis results of SMBC are presented in Figure 6. 

 

 
Figure 6. SMBT (mg/kg) in the soil of monoculture and polyculture fields 

   

 Based on the results of SMBC analysis, the content of SMBC in monoculture and polyculture fields were 

significantly different (Figure 6). The value of SMBC content in monoculture fields (916.43 mg / kg) was higher 

compared to the value of SMBC content in polyculture fields (475.17 mg / kg). In the first layer, the SMBC 

content was 672.63 mg / kg. This value was lower compared to SMBC content in the second layer (718.97 mg / 

kg). The SMBC content in polyculture fields was low because the majority of soil samples in polyculture fields 

had sandy texture that inhibits microbial growth. This result was supported by the research conducted by 

Beachamp and Hume [3]    stating that conditions for microbial development are affected by moisture content, 

soil density, texture and structure. 

 

2.4 Water soluble carbon (Water-soluble C) 

 Water-soluble C comes from the dissolving process of the litter, root exudate, metabolic results of plants 

and microbes and the results of stable organic matter hydrolysis. Soluble organic carbon is mostly produced by 

plant roots in the form of root exudates, by other organisms that produce exudates, and by enzymatic 

decomposition of insoluble carbon and biomass carbon. In the soil, soluble carbons are intermediary substrates 

for various soil microbes [4] . The analysis results of water-soluble C value are presented in Table 5. 

 

Table 5. Water-soluble C (mg/kg) in the soil of monoculture and polyculture fields 

Soil depth Cropping Patterns 
Mean 

(cm) Monoculture Polyculture 

0-15 990.48 773.31 881.90a 

15-30 683.08 858.00 770.54a 

Mean 836.78a 815.66a 
 

Notes: Values followed by the same low case letters are not significantly different according to 

 DMRT at 5%. 

 

 There was no significant difference in water-soluble C content between monoculture and polyculture fields 

(Table 5). This might happen because water-soluble C is a labile fraction consisting of materials which are 

easily decomposed, with ages ranging from a few days to several years. Thus, the number and distribution of 

water-spluble C in monoculture and polyculture fields are almost the same. However, in monoculture fields, the 

content of water-soluble C was slightly higher at 836.78 mg / kg compared to that in polyculture cropping 

pattern which reached 815.66 mg / kg. Meanwhile, the content of water-soluble C in the first layer (881.9 mg / 

kg) was higher than in the second layer (770.54 mg / kg).   

 

3 Stable Carbon Level in the Soil of Monoculture and Polyculture Fields 

3.1 Humic Acid 



30 
Sri Nuryani Hidayah Utami et al., 2018. Labile and Dan Stable Carbon in the Soil of Monoculture and 

Polyculture Fields in Karangsambung, Kebumen, Indonesia/ American-Eurasian Journal of Sustainable 

Agriculture. 13(1): 22-33. DOI: 10.22587/aejsa.2019.13.1.4 

 
 Humic acid is an organic compound that is relatively resistant, colloidal, and derived from the 

decomposition of organic matter. It dissolves in alkaline and sediments in acid. In nature, these compounds can 

be found in soil organic matter, compost, and young coal with different number and characteristics. In soil, 

humic acid results from decomposition and modification of residual organisms of both animal and plant [16]  . 

Brady (1990) suggested that humic compounds are a fractionated fraction of humus. Humic acid is amorphous, 

dark in color and resistant to microbial degradation [17].   The results of humic acid analysis are presented in 

Figure 7. 

 

 
Figure 7. Humic acid (g.kg

-1
) in the soil of monoculture and polyculture fields  

 

 There was significant difference observed in humic acid content between monoculture and polyculture 

fields (Figure 7). Polyculture fields had a higher content of humic acid which was 1.74 g.kg
-1

 (the first layer) 

and 1.94 g.kg
-1

 (the second layer). While in monoculture fields, the humic acid content in the first layer was 

1.53 g.kg
-1

 and in the second layer was 1.44 g.kg
-1

. Humic acid has a high cation exchange capacity and better 

acidity than fulvic acid. Therefore, humic acid can improve soil properties and quality. According to Schnitzer 

and Khan (1978) [17] , one of the most specific characteristics of humic compound is its ability to interact with 

metal, oxide, hydroxides, mineral and organic ions, as well as other pollutants. A number of organic elements in 

the soil are able to bond excess metal ions thus will decrease their number in the soil solution as required by 

plants. Humic compound fractions (humic acid, fulvic acid and humin) have almost the same composition but 

differ in terms of molecular weight and functional group content. Fulvic acid has a low molecular weight, but its 

functional groups containing O namely COOH (carboxyl), -OH (phenolic) and C = O (carbonyl) is higher in 

weight union than humic acid and humin [8]. 

 

3.2 Fulvic Acid 

 Fulvic acid can be defined as humus substance which can be dissolved in all conditions of pH (acid or base) 

in water. Fulvic acid has a higher total acidity than humic acid, but its chemical reactivity and plating ability are 

even higher than that of humic acid so that fulvic acid is a good bioactive substance. The results of fulvic acid 

analysis are presented in Figure 8. 
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Figure 8. Fulvic acid (g.kg

-1
) in the soil of monoculture and polyculture fields 

 

 There was significant difference in fulvic acic content between monoculture and polyculture field (Figure 

7). Higher fulvic acid content was observed in monoculture fields reaching 2.75 g.kg
-1

at soil’s depth of 0-15 cm 

and 2.91 g .kg
-1

 at soil’s depth of 15-30cm. Meanwhile, the value of fulvic acid content in the first layer of 

polyculture fields was 2.22 g .kg 
-1

 and in the second layer was   2.44 g .kg
-1

.  

  

3.3 Humin Complexes 

 Humin is part of humic compounds that cannot dissolve either in strong base-acid solutions or in weak 

base-acids, or insoluble in water at any pH. Humin complexes are considered to be the largest molecules of 

humus compounds due to their molecular weight range which reaches 100,000 to 10,000,000. Meanwhile, the 

chemical and physical properties of humin are yet unknown. The characteristics of humin are dark brown, 

insoluble in acids and bases, and are very resistant to microbial attack. They also cannot be extracted by acids or 

bases [17]. The results of the analysis of humin complexes are presented in Figure 9. 

 

 
Figure 9. Humin (g) content in the soil of monoculture and polyculture fields 

 

 There was no significant difference in humin content between the two cropping patterns (Figure 9). In 

monoculture fields, the value of humin complex content was 0.97, whereas in polyculture fields the value was 

0.97. The first layer showed humin complex value of 0.974, while the second layer had humin complex value of 

0.96. The indifference in humin complex between monoculture and polyculture fields is possibly due to the 

presence of metal and impurity mixtures in the humin complex leading to the similar amount of humin complex 

between the two cropping patterns.  
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Humin complex is a compound with high molecular weight compared to carbohydrate complexes. Humin in the 

soil decomposes longer compared to other humic fractions. Some functions of humin in the soil include 

increasing the absorption of ground water, maintaining soil stability, acting as a cation exchange system and 

increasing soil fertility. Based on the above function, humin can be said to be a key component in soil fertility 

[16]. 

 

CONCLUSION 

1. Soil of polyculture fields had a higher stable carbon than soil of monoculture fields with humic acid values 

of 1.84 g / kg (polyculture) and 1.49 g / kg (monoculture). 

2. Soil of monoculture fields had higher labile carbon than that of polyculture fields with mineralized C value 

of 16.52 mg (monoculture) and 15.80 mg (polyculture), POMC of 1.52% (monoculture) and 1.40% 

(polyculture), SMBC of 916.43 mg / kg and 475.17 mg / kg (polyculture), and water-soluble C value of 

836.78% (monoculture) and 815.66% (polyculture). 
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