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Abstract: Changes in soil quality of sugarcane plantation as a result of changes in land management can not be measured directly, 
but must be demonstrated by measuring the change in the properties of the ecosystem as an indicator. This research aimed to study 
the effect of the addition of various quality and quantity of organic matter on soil biology (earthworms) and physical quality 
(aggregate stability, macroporosity and infiltration rate). There were 15 treatment combinations tested. The first factor is the type of 
organic matter: (1) cattle manure (CM), (2) filter cake (FC), (3) sugarcane trash (ST), (4) a mixture of CM + FC and (5) a mixture of 
CM + ST. The second factor is the application dose of organic matter, which consists of three levels—5, 10 and 15 Mg/ha. The 
treatments were arranged in a factorial randomized block design with three replicates and one control treatment (without organic 
matter input). The result of this research showed that the highest population density of earthworms was found in the treatment of ST 
(78 individuals/m2) and a mixture of CM + ST (84 individuals/m2). The type of organic matter with C/N ratio ranged from 15.5 to 
34.7 and cellulose content in 33.3%-40.1% gave better growth of earthworm. The effect of increase in earthworm growth on soil 
physical improvement is more apparent in the treatment of mixture of low quality and high quality organic matter. The increase of 
earthworm density and biomass enhanced soil macroporosity (from r = 0.683 to r = 0.606) and infiltration rate (from r = 0.669 to r = 
0.756). The results of this study suggest a mixture of CM + ST or ST alone as organic matters, which is recommended to improve 
soil physical and biological quality of sugarcane land, with the dose application ranged from 10 Mg/ha to 15 Mg/ha. 
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1. Introduction 

Managing soil organic matter content is very 

important for maintaining nutrient cycling in 

agroecosystem, improving soil physical condition and 

maintaining a healthy environment [1]. Organic matter 

plays an important role in regulating of nutrient flux 

and microbial biomass [2] and improving soil physical 

properties [3, 4], chemical properties [5] and 

biological properties [6]. Increase of soil C-organic 

content can directly improve soil structure as shown 

by water-stable aggregates [3, 4]. However, 

improvement of soil structure can also be caused by 
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the indirect effect of organic matter through increasing 

population density of soil dweller type of earthworm 

and plant roots density resulting a better soil structure, 

soil porosity and water infiltration [7, 8]. Therefore, 

low input management in agroecosystems got a lot of 

attention from sugarcane farmers in Indonesia, 

especially in East Java. Hairiah et al. [9] reported their 

research result in an ultisol in North Lampung that the 

application of 16 Mg/ha bagasse (sugarcane 

processing waste) and 8 Mg/ha sugarcane trash 

(harvest residue) increased sugarcane production of 

18-21 Mg/ha with the average sugar content of   

7%-8% (relative to total dry weight), and the sugar 

production was about 1.5 Mg/ha. Some findings also 

had been reported that the applications of organic 
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matter, such as cattle manure, crop residues and 

compost, can improve the status of soil organic matter, 

soil structure and soil fertility [10, 11]. The soil 

quality of the agricultural land that received anorganic 

input is better than conventional farming systems [12]. 

However, the effects of organic matter on soil quality 

are differed depending on its quality. According to 

Palm and Sanchez [13], organic materials with low 

C/N ratio (< 25), low concentrations of lignin (< 15%) 

and polyphenolics (< 3%) are considered to be 

high-quality, meaning material decomposes and 

nutrients are released rapidly. Research about the 

effect of different quality organic material on soil 

quality improvement in sugarcane plantation, however, 

is rather limited.  

This research aimed to study the effect of different 

quality of organic material on the soil quality as 

measured by changes in the biological (earthworms) 

and physical soil quality (aggregate stability, soil 

macroporosity and soil infiltration rate). Hypotheses 

of this study are: (1) the application of a mixture of 

high and low quality organic matter will give better 

earthworm growth than a single quality of organic 

matter, (2) the increase of the application rate of 

organic matter will increase the growth of earthworms 

and (3) the increase of earthworms growth gives the 

improvement of soil physical properties. 

2. Materials and Methods  

2.1 The Experimental Site, Climate and Soil 

Characteristics 

The field experiment was conducted on an 

inceptisol soil type for one year (during planting 

season) at Sempol village, Pagak sub-district, Malang 

regency (08°16.837′ S and 112°30.453′ E, 424 m 

above sea level). It was initiated in November 2010 to 

December 2011 in rainy season until dry season of 

2010-2011. The climate of the experimental site is 

tropical with rainy season (November-May) and dry 

season (June-October). The average annual rainfall 

was 1,199 mm, while the average annual temperature 

was 25.3 °C. The soil of the experimental site is loam 

and has the following properties: 26% of clay, 48% of 

silt and 26% of sand. It is well drained and flat, and 

has bulk density of 1.24 Mg/m3. The soil is very low 

in organic carbon (1.06%), with pH (H2O) = 5.2 and 

pH (KCl) = 4.5, low in total N (0.16%), low in 

available P (9.17 mg/kg), medium in exchangeable K 

(0.54 meq/100 g) and medium in cation exchange 

capacity (CEC, 23.23 meq/100 g). 

2.2 Treatments  

The treatments were arranged in factorial block 

randomized design. The first factor is organic matter 

source that consists of five different quality of organic 

matter, i.e., cattle manure (CM), filter cake of sugar 

mill (FC), sugarcane trash (ST), mixture of cattle 

manure + filter cake (CM + FC), and mixture of cattle 

manure + sugarcane trash (CM + ST). The second 

factor is three application rates of the organic matter 

which are 5, 10 and 15 Mg/ha. The combination of 

two factors made 15 combinations of treatments plus 

one treatment (no organic input) as a control. Each 

treatment was replicated three times.  

2.3 Preparation of Organic Matter and Analysis of the 

Organic Matter Quality  

The used organic matter was two weeks been 

composted. Sugarcane trash was collected after 

harvesting and then was ground (< 2 mm). All organic 

matter samples were analyzed in laboratory for total N 

(by Kjeldahl digestion), C-organic content (by 

Walkley Black), lignin, cellulose and ash content by 

Goering and Van Soest [14], polyphenols content (by 

Folin-Denis) and gross energy (by Bomb calorimeter 

method). The results of these analysis were presented 

in Table 1.  

2.4 Earthworms Inoculation  

Earthworm Pontoscolex corethrurus obtained from 

coffee plantation, was inoculated into the planting 

hole in one week after organic matter application.  
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Table 1  The chemical composition of organic matter on dry weight basis.  

Organic matter 
Total C-organic  Total N  

C/N 
Lignin Ash  Cellulose Polyphenol  

Gross energy (kcal/kg) 
(%) (%) 

CM 16.7 1.94 8.30 12.3 13.3 30.3 0.26 1,011 

FC 20.2 1.98 10.2 19.9 20.5 40.2 1.14 1,090 

ST 28.1 0.81 34.7 13.3 10.2 40.1 2.01 3,028 

CM + FC 19.2 1.68 11.4 16.5 11.5 37.5 1.42 1,120 

CM + ST 20.4 1.32 15.5 12.0 8.22 33.3 1.12 1,354 
 

Before the inoculation, a plastic barrier was installed 

among experimental plots to avoid any movement of 

inoculated earthworm. Each plot was inoculated by 

125 individuals of earthworm with average weight per 

individual ranged from 0.2 g to 0.4 g. After the 

inoculation of earthworm, the soil surface was covered 

by sugarcane trash to avoid direct sunlight.  

2.5 Crop Culture  

The plots size of 10 m  1 m was prepared by 

hoeing for all treatments uniformly. The sugarcane 

cultivar Bululawang-red with one bud and 10 cm 

length was planted in seedling beds for a month to 

obtain uniform seedlings. Subsequently, they were 

transplanted into the soil beds with planting distance 

of 40 cm inter-plants. During growing season, there 

were no chemicals (herbicide, pesticide or insecticide) 

applied. All the organic amendments were manually 

applied to field plots one month before planting. In 

addition to organic matters used for the treatments, the 

soil also received basic fertilizers NPK (15:15:15) of 

200 kg/ha and ammonium sulfate of 800 kg/ha. The 

fertilizers were applied one month after 

transplantation by band application on distance of 10 

cm from the plant.  

2.6 Earthworm Sampling and Measurement  

The population density of earthworms was 

determined by taking 48 soil monoliths (25  25  20 

cm size) samples, each point was chosen in between 

two sugarcane plant of each plot, at soil depths of 0-10, 

10-20 and 20-30 cm, according to a sampling 

procedure described by Huising et al. [15]. The 

earthworm samples were collected by hand sorting 

and calculated on population density (D, 

individuals/m2), and weighed for its fresh weight 

(biomass, g/m2). Weight per individual was estimated 

by the earthworm’s biomass and density ratio (B/D). 

The earthworm measurement was conducted in April, 

July and December (during rainy and dry season).  

2.7 Soil Sampling and Soil Physical Analysis 

Soil samplings were taken in each treatment of each 

plot at one, three, six and nine months after planting. 

The measurements of stable aggregate were done 

using aggregate soil sample with diameter of > 5 mm, 

while for soil macroporosity measurement, an 

undisturbed soil sample was taken using a ring sample 

(4.5 cm diameter, 5 cm height). Aggregate stability 

was determined by wet sieving method and calculated 

it mean weight diameter of the aggregate (mm). The 

macroporosity was obtained by calculating soil water 

content in pF = 0 minus pF = 2.5 [16]. Infiltration 

rates were measured using a falling head single ring 

infiltration with diameter of 20 cm that was inserted to 

a depth of approximately 10 cm. The infiltration tests 

were conducted for at least 3 h until the infiltration 

rates were found to become constant. Cumulative 

infiltration was plotted against time and the data were 

fitted the Philip’s infiltration equation [17].  

2.8 Statistical Analysis  

The collected data were statistically analyzed by 

using analysis of variance (ANOVA) (F-test) at level 

P ≤ 0.05 and differences in each treatment were 

adjudged by least significant difference (LSD) test (P 

≤ 0.05) using program Minitab version 14.12. For 

statistical analysis of data (charts), Microsoft Excel 
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was employed. 

3. Results and Discussion 

3.1 Effect of Quality of Organic Matter on Earthworm 

The result of this study showed that the addition of 

different quality of organic matter has significantly (P 

< 0.05) affected the earthworm population densities 

(Table 2). The average increase of earthworm 

population density compared to control (no organic 

input) were 90% for CM, 106% for FC, 118% for ST, 

65% for CM + FC and 135% for CM + ST. Mean 

weight per individual of earthworm (g/individual) 

calculated from the ratio earthworm biomass to 

population density tends to increase with increasing 

the applicated doses of organic matter. The application 

of the mixture of CM + ST and ST alone at a dose of 

5-15 Mg/ha gave the highest population density   

(Fig. 1). 

The increase of earthworm biomass on the plots 

which received the addition of organic matter to 

control were 165% for CM, 235% for FC, 273% for 

ST, 212% for CM + FC, 358% for CM + ST (Table 2). 

The increase of organic matter application rates 

increases earthworm biomass, except in the plot which 

received the mixture of CM + FC (Fig. 1). This result 

indicates that the organic matter input was needed to 

increase earthworm biomass, and differences of 

organic matter quality will affect the increase of 

earthworm biomass, when environmental conditions 

are less suitable for the growth of earthworms. It 

caused the different increase patterns of earthworm 

biomass with increase of the application rates. The 

addition of organic residues into the soil is a source of 

food and energy for soil biota [18, 19]. The result of 

this research is in line with which reported by 

previous researchers confirmed that the residue 

management either the mulch or the cover crop increased  
 

Table 2  Effect of addition of various organic matter on earthworm population density (D), earthworm biomass (B), mean 
weight diameter of aggregate (MWD), macroporosity and infiltration rate.  

Treatments 
D 
(individuals/m2) 

B 
(g/m2) 

B/D 
(g/individual) 

MWD  
(mm) 

Macroporosity 
(%) 

Infiltration rate  
(cm/h) 

Control 35.6a 2.60a 0.073a 0.65a 8.65a 31.2a 

CM 67.6bc 6.90b 0.102ab 0.99b 9.87b 35.4b 

FC 73.5cd 8.70bc 0.118bc 1.20c 9.84b 39.6c 

ST 77.6cd 9.50c 0.122bc 1.31d 10.50c 43.7e 

CM + FC 58.7b 8.10bc 0.138c 1.28cd 10.20bc 42.2d 

CM + ST 83.6d 11.90d 0.142c 0.99b 10.30c 43.6e 

LSD (P = 0.05) 10.7 1.90 0.030 0.08 0.44 1.01 

LSD = least significant difference; a-emeans followed by the same letters at each column are not significantly different (P = 0.05).  
 

  
Fig. 1  Effect of application dose of various organic matter (OM) on the average earthworm density (a, LSD = 18.40) and 
biomass (b, LSD = 3.42).  
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population density earthworms ranging  from 18.5 

individuals/m2 to 451.2 individuals/m2, and 

earthworm biomass ranged from 1.3 g/m2 to 142.3 

g/m2. The residue left on the soil surface can increase 

the biomass of earthworms 2.9 fold in fallow soil 

[20-22]. 

The palatability of earthworm food determines the 

growth and development of earthworms. Schönholzer 

et al. [23] reported that the organic matter quality that 

measured by C/N ratio greatly determined palatability 

of organic matter consumed by earthworms. The 

residue consumption level of earthworm was 

positively correlated with the C/N ratio on the range 

of 12-39. Residues with C/N ratio of 12.3 are 

preferred than C/N ratio of 8. Neilson and Boag [24] 

and Valckx et al. [25] reported that the grasses residue 

with the same palatability on the C/N ratio of 11.4 to 

15 is more consumed by earthworms. Increase in the 

application rates of organic matter increases the 

population density and biomass of earthworms. García 

and Fragoso [18] reported that the growth and 

biomass of earthworms, including P. corethrurus, was 

influenced by the quality and quantity of food 

available in the soil. The higher the quantity of applied 

organic matter is, the larger the amount of energy and 

food resources is available to earthworms, thereby 

increasing earthworm populations and activity. 

3.2 Effect of the Organic Matter Quality on Soil 

Physical Properties 

The quality of organic matter influenced 

significantly (P < 0.05) MWD of soil aggregate. The 

average increase of soil aggregate MWD of each the 

organic matter quality in comparsion with the control 

were 52% for CM, 85% for FC, 101% for ST, 97% for 

CM + FC and 52% for CM + ST. Increase of organic 

matter application rates can increase average MWD of 

soil aggregate, except on application of mixture of 

CM + FC (Fig. 2). This result suggests that the 

organic matter input even though low quality can 

enhance the formation of stable aggregates. It 

probably caused by that organic input enhanced soil 

biota activity in the organic matter decomposition 

process as well as earthworms. The result of organic 

matter decomposition process and biota activity can 

play an important role as a granulator in stable 

aggregate formation. Earthworms prefer the low 

quality of organic matter and high C/N ratio   and 

cellulose content [22]. The results of decomposition 
 

 
 

 
 

 
Fig. 2  Effect of application rates of various organic matter 
(OM) on MWD of aggregate (a, LSD = 0.14), macroporosity 
(b, LSD = 0.76) and infiltration rate (c, LSD = 1.76).  
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and cast formation can increase soil aggregate stability. 

The results of this research also showed that the 

addition of various organic matter with different rates 

gave higher macroporosity than the control. The increase 

of organic matter application rates increases 

macroporosity with similar increasing pattern for each 

treatment (Fig. 2). The average macroporosity 

increase of the addition of various organic matter were 

14% for CM, 14% for FC, 27% for ST, 18% for CM + 

FC and 19% for CM + ST, respectively (Table 2). 

These results suggest that the application of low 

quality of organic matter can increase the activity of 

soil biota to produce greater amounts macropore. It is 

caused by the low quality of organic matter, which has 

a high gross energy (Table 1). Availability of more 

food and energy resources can increase earthworm 

activity in burrowing and formation of holes and 

channels in the soil. 

The difference of organic matter quality influenced 

significantly (P < 0.05) the soil infiltration rate. The 

increase of infiltration rate of each treatment 

compared to the control were 14% for CM, 27% for 

FC, 40% for ST, 35% for CM + FC and 40% for CM 

ST, respectively (Table 2). This result indicates that 

the application of low quality of organic matter with 

larger particle size due to more porous soil and higher 

soil infiltration rate. The higher organic matter 

application rate is, the higher soil porosity is, 

especially in the upper layers of soil. It caused 

increase of soil infiltration rate (Fig. 2). These results 

also suggest that input of low quality of organic matter 

can increase the infiltration rate due to increasing 

earthworms activity in formation of soil macropore. 

Organic matter is the main agent of aggregate 

stabilization in some form, such as (1) the 

decomposition products of plant, animal and microbial 

residues, (2) itself microorganism and (3) the products 

of microbial synthesis, such as polysaccharide and 

gums that are formed during the decomposition of 

organic residues [26, 27]. The quality and quantity of 

residue affect the aggregate formation and 

stabilization [28]. 

The results of this study showed that the application 

of sugarcane trash (low quality of organic matter) at a 

rate of 15 Mg/ha gave a high MWD of soil aggregate. 

The increase in aggregate stabilization can occur 

because of stimulation of micro- and macro-fauna 

activity and soil microflora [27]. This study is in line 

with the one reported by Coq et al. [29] that the effect 

of earthworm activity on the formation of stable 

aggregates is larger in the treatment with the addition 

of low quality of organic matter than high quality of 

organic matter, such as legume crops residue. The 

increase in growth and population density of 

earthworm can stimulate the activity of other soil 

microorganisms [30], so it assists in the stabilization 

of aggregates. Earthworms’ activity through their 

burrowing and casting activities also affected the soil 

porosity. Also known as “ecosystem engineers” [31], 

earthworms produce structural features at three 

different scales of soil porosity. They live and are 

active in the soil, and consume litter available in the 

soil or on the soil surface [8, 32, 33]. Earthworm 

activity can alter pore spaces between mineral and 

organic particles to influence the soil macroporosity 

and soil structure stability [34]. 

Lamande et al. [7] reported that the difference of 

land management will produce a different earthworm 

community. It will further influence the structure of 

the soil pore morphology to influence the water 

movement in the soil, as measured from hydraulic 

conductivity and soil infiltration rate. A good soil 

structure will help the movement and retention of 

water in the soil and improve crop rooting 

environment. Thus, maintaining organic matter inputs 

is needed to increase earthworm activity and improve 

the development of plant roots due to maintenance of 

soil porosity [8].  

3.3 The Relationship between the Variables of Soil 

Biological and Physical Properties 

The results of correlation analysis showed that the  
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Table 3  Correlation coefficient between earthworm variables and soil physical properties.  

Variables 
Earthworm population density (individuals/m2)  Earthworm biomass (g/m2) 

r P-value  r P-value 

MWD aggregate (mm) 0.416 0.110  0.416 0.110 

Macroporosity (%) 0.683 0.004*  0.606 0.010* 

Infiltration rate (cm/h) 0.669 0.005*  0.756 0.001* 

*Means statistically significant difference at P < 0.05.  
 

earthworms variables were positively correlated with 

the variables of soil physical properties (Table 3). This 

suggests that the greater the population density and 

biomass of earthworms are, the higher the average 

aggregates MWD, macroporosity and soil infiltration 

rate are. These results indicate that the addition of 

organic matter into the soil provides a direct influence 

on the population and activity of earthworms. Increased 

population and earthworm activity improved soil 

physical properties. The significant influence of the 

increase in population and activity of earthworm was 

shown in soil macroporosity and infiltration rate. This 

suggests the role of P. corethrurus endogeic 

earthworms group through their burrowing and 

casting activity in the subsurface layer is clearly 

visible. 

The earthworms can improve soil aggregation 

through amendmenting biological and 

physico-chemical soil [34], as well as the direct effect 

and indirect effect on soil structure and content of soil 

organic matter [34, 35]. However, impact of 

earthworms on the aggregation varied depending on 

the quality of the organic matter residue added to the 

soil [36], because the population and diversity of 

earthworms were affected by the quality and quantity 

of organic residues [37]. The P. corethrurus 

earthworm (geophagus earthworm) can digest soil. It 

can destroy soil aggregates to make them become 

unstable. However, the biochemical process of soil 

digesting activity can stabilize soil aggregates [38]. 

Rearrangement of soil particles affected the water 

movement into soil (infiltration) [35]. Thus, 

earthworm activity increases soil aggregate stability, 

soil macroporosity and soil infiltration rate [36]. 

4. Conclusions 

The addition of various quality of organic matter 

increased earthworm population density, respectively, 

90% for CM, 106% for FC, 118% for ST, 65% for 

CM + FC and 135% for CM + ST, and earthworm 

biomass, respectively, 165% for CM, 235% for FC, 

273% for ST, 212% for CM + FC and 358% for CM + 

ST compared with the control. It also increased soil 

macroporosity, respectively, 14% for CM, 14% for FC, 

27% for ST, 18% for CM + FC and 19% for CM + ST, 

and the rate of infiltration by 14% for CM, 27% for 

FC, 40% for ST, 35% CM + FC and 40% for CM + 

ST than in the control. The addition of sugarcane trash 

with a ratio of C/N = 15.5, alone or mixed with high 

quality organic matter (CM + ST) with a ratio of C/N 

= 34.7 is likely to provide the improvement of 

biological and physical soil quality higher than the 

other treatments. The recommended application rate 

based on the results of this study was 10-15 Mg/ha. 

Increasing population density and biomass of 

earthworms improves soil macroporosity and 

infiltration rate. Thus, the addition of organic matter 

derived from sugarcane harvest residue alone or 

mixed, is recommended in the sugarcane land 

management for maintaining the existence and activity 

of earthworms in the sugarcane land. It is an important 

factor in the improvement of soil physical properties 

of sugarcane land. 
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