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ABSTRACT 
 
Earthworms population in the soil are greatly impacted by agricultural management, yet little is 

known about how the quality and quantity of organic matter addition interact in sugarcane cropping 
system to earthworm population. This study describes the effect of various organic matter and 
application rates on earthworms in sugarcane cropping system. Earthworms were collected in April, 
July and December from 48 experimental plots under five kinds of organic matter application : (1) 
cattle manure, (2) filter cake of sugar mill, (3) sugarcane trash, (4) mixture of cattle manure+filter cake, 
and (5) mixture of cattle manure+sugarcane trash. There were three application rates of the organic 
matter (5, 10, and 15 ton ha-1).  The treatments were arranged in factorial block randomize design with 
three replications and one treatment as a control (no organic input). Earthworms were collected using 
monolith sampling methods and hand-sorted from each plot, and measured its density (D) (indiv.m -2), 
biomass (B) (g m-2) and B/D ratio (g/indiv.). All the plots receiving organic matter input had higher 
earthworm density, biomass, and B/D ratio than the control. The highest earthworm population 
density was found in the plot receiving application of sugarcane trash (78 indiv.m -2) and the mixture of 
cattle manure+sugarcane trash (84 indiv.m -2). The increase in application rates of organic matter could 
increase the earthworm density and biomass.  Earthworm population density also appeared to be 
strongly influenced by the quality of organic matter, such as the C-organic, N, C/N ratio, lignin, 
polyphenols, and cellulose content. Earthworm preferred low quality organic matter. It was caused by 
the higher energy of low quality organic matter than high quality organic matter. Our findings suggest 
that the input of low quality organic matter with application rate as 10 ton ha -1 is important for 
maintaining earthworm population and soil health in sugarcane land.  
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INTRODUCTION 

Earthworms are the major macrofauna in the 
soil community. The population of earthworms 
extremely vary in size ranging from only few 
individuals (sometimes totally absent) to more 
than 1000/m2.  That depends on the 
physicochemical characteristic of the soil and the 
climatic [1, 2].  The change in soil characteristic 
can influence earthworm’s abundance. Thus, 
they can serve as indicators of several changes 
/factors associated with soil.  In addition, 
earthworm plays an important role in soil pro- 
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cesses, including aggregation, residue 
decomposition, nutrient mineralization, aeration, 
and water infiltration [1].  Many studies clearly 
show that the earthworms are the best indicators 
of heavy metals, toxic pollutants, and direct and 
indirect anthropogenic changes in soil [3, 4, 5]. 

The presence of earthworms was maximum at 
integrated farming (100%) and followed by 
organically managed (70%) and conventional 
(18.9%) agro-ecosystems [6]. It means that the 
earthworm abundance is directly related to the 
management practices. Thus, understanding the 
influence of agricultural management on 
earthworms and their relationship with soil 
organic matter (SOM) dynamics is imperative for 
the development of sustainable agroecosystems.  
In agricultural systems, a number of controls on 
earthworm growth and survival have been put 
forth; these include  soil tillage, fertilization, soil 
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C  inputs, and soil texture [7, 8, 9]. Soil organic 
matter is fundamental to the long-term 
sustainability of agroecosystems and plays a 
critical role in global biogeochemical cycles [10, 
11].  SOM is a key driver of soil aggregation and 
is, in turn, influenced by its distribution among 
different aggregate size fractions [12, 13]. SOM 
stored within aggregates often contribute to soil 
structure. This data suggested that the 
consideration of both direct impacts and less 
straight forward mechanisms are required for 
improved understanding of management impacts 
on SOM dynamics. 

Fertilization, soil tillage, and the burning of 
harvest residues are common practices in the 
sugarcane cultivation in many parts of the world 
as well as in Indonesia. The long-term impacts of 
the conventional sugarcane cultivation system 
will be followed by a decline in soil health 
characterized by the rapid decline in soil organic 
matter content and soil biodiversity that can 
accelerate the decline in soil productivity [14-17]. 
Therefore, maintaining and increasing SOM 
content are vital for nutrient recycling, 
improving soil physical properties and 
maintaining healthy environment, especially for 
sugarcane which include a long duration, nutrient 
exhaustive crop.  

The application of organic matter with 
nutrient resources, e.g., animal manures, crop 
residues, and green manures, to replenish organic 
matter and improve soil structure and fertility is 
increasingly favored [18- 20]. A growing number 
of experiments show that organic farming leads 
to higher soil quality and more biological activity 
in soil than the conventional one [21, 22]. 
However, the effects of various organic sources 
with different quality and their application rates 
on earthworm population density need detailed 
investigation. This study hypothesizes that the 
incorporation of various organic source with 
different quality provides different earthworm 
population density which, in turn, will improve 
soil fertility, growth and yield of the sugarcane 
crop. The objective of this field study is, thus, to 
describe the effect of various organic matter with 
different quality and application rates on 
earthworms in sugarcane cropping system. 

 

MATERIALS AND METHODS 

The Experimental Site and Climate  

The field experiment was conducted at 
Sempol village, Pagak Sub-district, Malang 

regency          (08o16,837’ S and 112o30,453’ E, 

and  424 m above sea level) during one year of 
sugarcane planting season. It was initiated in 
November 2010 to December 2011 in rainy 
season until dry season of 2010-2011 on an 
Inceptisol soil. The climate of the experimental 
site is tropical, with rainy season (November-
May) and dry season (June-October). The 
average annual rainfall is 1199 mm, while the 
average annual temperature is 25.3o C. The soil 
of the experimental site is loam and has the 
following properties: 26% clay, 48 % silt, and 26 
% sand. It has well drained, flat, and bulk density 
of 1.24 Mg m−3. 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 %), and low in 
available P (9.17 mg kg-1), medium in 
exchangeable K (0.54 me/100g), and medium in 
CEC 23.23 me/100g. 

 
Treatments 

The treatments were arranged in factorial 
block randomized design. The first factor is 
organic matter source that consists of five kinds 
of organic matter with different quality, that is, 
cattle manure (B1), filter cake of sugar mill (B2), 
trash of sugarcane (B3), mixture of cattle 
manure+filter cake (B4), and mixture of cattle 
manure+sugarcane trash (B5). The second factor 
is the three application rates of the organic 
matter (5 (D1), 10 (D2), and 15 (D3) ton ha -1).  
The two factors were obtained from fifteen 
treatments plus one control treatment (no 
organic input).  Each treatment was replicated 
three times. 

 
Preparation of Organic Matter and 

Analysis of the Organic Matter Quality  

The used organic matter was composted 
during two weeks. Cattle manure was brought 
from the farmer’s cattle bed, while the filter cake 
was collected from the Kebon Agung  sugar mill, 
Malang, East Java. Sugarcane trash was brought 
from the sugarcane land after harvesting and the 
dry trash was selected. The materials were 
ground (<2mm) and analyzed in laboratory for 
the five kinds of organic matter source for total 
N by Kjeldahl  digestion, C-organic content by 
Walkley Black, lignin, cellulose, and ash content 
by Goering and Van Soest (1970), polyphenols 
content by Folin-Denis, and gross energy by 
Bomb Calorimeter method.  The results of 
analysis were presented in Table 1. 

 
Earthworms Inoculation 

Earthworm Pontoscolex corethrurus which was 
obtained from coffee plantation was inoculated 
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into the planting hole in one week after organic 
matter application. Before the inoculation, 
among experimental plots was set plastic 
partition to avoid the movement of the 
earthworm.  Each plot was inoculated by 125 
individuals of earthworm with average weight 
per individual ranged from 0.2-0.4 g. After the 
inoculation of the earthworm Pontoscolex 
corethrurus, the soil surface was covered by 
sugarcane trash to avoid sunlight directly.  

 
Crop Culture 

The plots with 10 m×1 m size were prepared 
by hoeing for all treatments uniformly. The 
sugarcane cv.BL-red with one bud and 10 cm 
length was sown in seedling beds within one 
month to obtain the uniform small plant cane.  
Six tones were required for planting.  After one 
month of seedling, the small plant canes were 
transplanted into the prepared plots on distance 
40 cm inter-plants. During the sugarcane growth, 
there was no plant protection control applied. 
All the organic amendments were manually 
applied to field plots one month before planting. 
In addition to organic matters used for the 
treatments, this study also used the basic 
fertilizers, namely, N-P-K (15-15-15) fertilizer 
with a dose of 200 kg ha-1 and Ammonium 
sulfate with a dose of 800 kg ha-1. The fertilizers 
were applied one month after transplantation by 
band application on distance 10 cm from the 
plant. 

 
Earthworm Sampling and Measurement  

The population density of earthworms was 
determined by soil monoliths (25cm x 25cm x 
20cm size), at 48 point measurements between 
two sugarcane plant in each plot, at soil depths 
of 0-10 cm, 10-20 cm, and 20-30 cm, 
respectively, according to a sampling procedure 
described by [23]. The earthworm samples were 
collected by hand sorting and calculated 
population density (D, indiv.m-2), and weighed 
for fresh weight (biomass, g m-2) measurement. 
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. 

 
Statistical Analysis 

The collected data was statistically analyzed 
by using analysis of variance (ANOVA) (F-Test) 
at level (P ≤ 0.05) and differences in each 
treatment were adjudged by Duncant test (P ≤ 
0.05) and Dunnet test to compare with the 
control treatment using program Minitab Vers. 

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

 

RESULT AND DISCUSSION 

The interaction between the kind and the 
application rates of organic matter significantly 
(P<0.05) affected the population density, 
biomass and average weight per individual (B/D 
ratio) of earthworm, except for the April 
sampling. However, separately difference in 
application rate and quality of organic matter 
significantly (P<0.05) influenced the earthworm 
parameter. The higher the application rate is, the 
higher earthworm population density and 
biomass will be. Dunnet test showed that all 
treatments with the addition of organic matter 
on the rainy season sampling (April and 
December) were significantly different compared 
with the controls (P <0.05). The treatments with 
organic input had higher earthworm density and 
biomass than the control, except for the B1D1, 
B2D1 and B4D2 treatments. Some treatments 
receiving cattle manure (CM), filter cake (FC), 
sugarcane trash (ST), mixture of CM+FC, and 
mixture of CM+ST input had the highest 
population density, biomass and B/D ratio of 
earthworm (Table 2). The population density and 
biomass of earthworm in April and December 
samplings showed a trend that increase in the 
application dose of organic matter can increase 
the population density of earthworm (Table 2; 
Figure 1). In April sampling, B/D ratio of some 
treatments were not significantly different 
compared to the control. However, the 
treatments with mixture CM+FC and CM+ST 
showed increase in the B/D ratio significantly (P 
<0.05) by 8% when compared with controls 
(without any addition of organic). In July and 
December sampling, increase in the B/D ratio 
for the treatments compared to the control were 
200% and 78%, respectively (Table 2). The 
earthworm abundance in the soil was greatly 
impacted by the availability of food source in the 
soil and physicochemical characteristic of soil, 
such as soil moisture, soil temperature, nutrient, 
and soil pH  [1, 2, 6]. 

The difference in the quality of organic 
matter significantly affected earthworm 
population density (P <0.05). The treatment 
using filter cake and a mixture of cattle 
manure+sugarcane trash showed a higher 
population density than the other two kinds of 
organic matter.  Overall increase in the 
population density of the earthworms in the 
treatment with the addition of various organic 
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matter compared to the control (without organic 
input) for the three samplings (April, July and 
December) were 106% (CM), 125% (FC), 139% 
(ST), 82%  (mixture of CT+FC), and 168% 
(mixture of CM+ST). Then increase in the 
earthworm biomass are, respectively, 202% 
(CM), 307% (FC), 340% (ST), 262% (a mixture 
of CM+FC), 445% (a mixture of CM+ST) 
(Figure 1.). The difference in soil management 
with residue input affected the population 
density and biomass of the earthworms. At 
tomatoes land, the treatments with residue 

management as cover crop and mulch compared 
to fallow land, the population density could vary 
from 18.5- 451.2 individual m-2, while the 
biomass varied between 1.3 - 142.3 g m-2 [24]. 
The residue left on the soil surface could 
increase the earthworm biomass and weight per 
individual of the earthworm by 2.9 times and 2.3 
times from the fallow land. The results were also 
consistent with those reported by previous 
researchers that the organic matter input into the 
soil could affect the earthworm population 
density [7, 8, 25]. 

 
 
Table 1. The chemical composition of organic matter  on dry weight basis  

Organic matter 
C-organic  
(%) 

Total N 
(%) 

C/N 
 

Lignin 
(%) 

Ash 
(%) 

Cellulose 
(%) 

Polyphenol 
(%) 

Gross Energy 
(Kcal/kg) 

Cattle manure, CM (B1) 16.17 1.94 8.3 12.32 13.26 30.34 0.26 1010.63 

Filter Cake, FC (B2)  20.15 1.98 10.2 19.88 20.46 40.22 1.14 1089.54 

Sugarcane trash ,ST (B3) 28.14 0.81 34.7 13.3 10.22 40.09 2.01 3027.78 

CM+FC (B4) 19.15 1.68 11.4 16.46 11.46 37.45 1.42 1120.14 

CM+ST (B5) 20.43 1.32 15.5 12.03 8.22 33.25 1.12 1353.54 

 
Table 2.  Earthworm  density, biomass, and weight per individual (B/D)  in April, July and December sampling due to 

various organic matter input and application rates 

Treatments Earthworm density (indiv.m-2) Earthworm biomass (g.m-2) Average weight per individual (g)  
April July December April July December April July December 

Control 37.3 48.0 21.3 4.05 1.49 2.1 0.11 0.03 0.10 
B1D1 58.7 * 48.0 ns a 53.3 * 6.03 * 2.40 ns a 6.2 * ab 0.10 ns 0.05 ns a 0.12 ns ab 
B1D2 74.7 * 80.0 * cde 58.7 * 7.36 * 4.80 *  ab 9.7 * abc 0.10 ns 0.06 ns ab 0.17 *  abc 
B1D3 80.0 * 90.7 *def 64.0 * 9.87 * 9.65 *  de 5.8 * ab 0.12 ns 0.11 *  b 0.09 ns a 
B2D1 64.0 * 69.3 * bc 48.0 * 6.56 * 7.31 *  bcd 4.3 ns a 0.10 ns 0.12 *  c 0.09 ns a 
B2D2 74.7 * 85.3 *cdef 69.3 * 7.79 * 7.47 *  bcd 10.0 * bcd 0.10 ns 0.09 *  abc 0.15 *  abc 
B2D3 69.3 * 96.0 *ef 85.3 * 8.05 * 8.69 * cd 18.5 * ef 0.12 ns 0.09 *  abc 0.23*   cd 
B3D1 64.0 * 74.7 * bcd 58.7 * 5.71 * 4.37  *ab 15.9 * de 0.10 ns 0.06 ns ab 0.27 *  d 
B3D2 69.3 * 90.7 * def 85.3 * 6.99 * 6.29 *  bcd 14.2 * cde 0.10 ns 0.07 *  abc 0.17 *   abc 
B3D3 80.0 * 101.3 * f 74.7 * 10.08 * 12.11 *e 9.9 * abc 0.13 ns 0.12 *  c 0.14 ns abc  
B4D1 58.7 * 58.7 * ab 53.3 * 7.52 * 7.09  * bcd 12.3 *cd 0.13 ns 0.12 *  c 0.23 *  cd 
B4D2 53.3 * 48.0 nsa 48.0 * 6.29 * 6.45 * bcd 10.6* bcd 0.12 ns 0.13 *  c 0.22 *  cd 
B4D3 69.3 * 74.7 *bcd 64.0 * 9.12 * 4.21 *ab 9.1 * abc 0.14 * 0.06 ns ab 0.14 *  abc 
B5D1 74.7 * 85.3 * def 80.0 * 7.04 * 5.39 * bc 21.2 *f 0.10 ns 0.06 ns ab 0.27 *  d 
B5D2 74.7 * 96.0 * ef 90.7 * 8.64 * 8.75 * cd 18.6 * ef 0.12 ns 0.09 *   abc 0.20 *  bcd 
B5D3 74.7 * 74.7 * bcd 101.3 * 10.13 * 8.59 * cd 19.0 * ef 0.14 * 0.12 *  c 0.19 *  bcd 

Notes : *) Significantly different with control  on  Dunnet test (P<0.05); ns) not significantly different with control on 
Dunnet test (P<0.05); The numbers followed by a different letter on the same column are significantly different 
on Duncant test (P<0.05) 

 

Difference in the quality of the organic matter 
(P <0.05) significantly affected the average 
weight per individual of the earthworm in 
December sampling. The mixture of cattle 
manure + filter cake and the mixture of cattle 
manure + sugarcane trash had higher average 
weight per individual of the earthworms 
compared to the other two kinds of organic 
matter. The average weight per individual of the 
earthworm in December sampling was higher 
than in April and July sampling (Table 2). The 
overall increase in the average weight per 
individual of the earthworm on the treatments 

with organic matter were  55% (CM), 95% (FC), 
92% (ST), 121% (a mixture of CM +FC), and 
108% (a mixture of CM+ST), respectively.  

Figure 2 and 3 presents the relationship 
between the quality of organic matter and the 
earthworm parameters. The highest earthworm 
density and biomass were found in the 
treatments of a mixture of CM+ST and ST 
alone, while the lowest was found in plots 
treated by mixture of CM+FC and CM alone. 
The organic matter provided the highest 
earthworm density and biomass were contained 
C content by 20-28%, N content by 0.81-1.32 %, 
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C/N ratio by 15-35%, lignin content by 12.03-
13.3 %, polyphenol content 1.12-2.0 %,  
cellulose content by 33-40%, gross energy by 
1353.54-3027.78 Kcal/kg,  while the lowest 
population density and biomass of earthworms 
in the treatment with organic matter quality were 
organic C by N content by 1.94, C/N ratio by 
8.3, lignin by 12.03 %, polyphenols by 0.26, and 
cellulose content by 30.34 %, and  gross energy 
by 1010.63 kcal/kg. 

 

 

 

Figure 1. Earthworm density and biomass in April, July, 
and December sampling due to the various 
organic matter input compared with control. 
The different letter on the same soil sampling is 
different significantly (P<0.05). CM= cattle 
manure ; FC= Filter cake of sugar mill; ST= 
Sugarcane trash 

 
Differences in the quality of organic matter 

added to the soil affected the population density, 
biomass and average weight per individual of the 
earthworm. In this study, organic matter addition 
with C/N ratio between 11.4 - 34.7 (mixture of 
CM+FC, CM+ST  and sugarcane trash alone) 
were the kinds of organic matter that were 
preferred by the earthworms Pontoscolex 
corethrurus. The quality of organic matter as 
measured by the C/N ratio greatly determined 
the palatability of organic matter to be consumed 
by the earthworms. In the range of C/N ratio of 
12-39, the consumption rate of the earthworms 
to residues was positively correlated with C/N 
ratio. The residue with a C/N ratio of 12.31 was 
preferred more than the cover crop residue with 
C/N ratio of ~ 8 [26]. The residue of herbaceous 

species with the same level of palatability on the 
C/N ratio of 11.4 - 15 was more widely 
consumed by the earthworms [27, 28]. In 
addition to the difference in the quality of 
organic matter, the rate application of organic 
matter also had significant impact on the 
population density, biomass and weight per 
individual of the earthworm in which the greater 
the application rate of organic materials was, the 
higher the population density, biomass and 
weight per individual of earthworm would be. 
Thus, the growth and biomass of the 
earthworms, including Pontoscolex corethrurus, were 
influenced by the quality and quantity of 
available food in the soil [29, 30]. 
 

 
 

 
Figure 2. The composition of various organic matter in 

relation to earthworm density and biomass. 

 

 

Figure 3. The gross energy  of various organic matter  in 
relation to earthworm parameter. 
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CONCLUSION 

The different quality and application rate of 
organic matter applied into the soil of sugarcane 
cropping cause changes of earthworm density, 
biomass and average weight per individual.  The 
application of low quality organic matter, such as 
sugarcane trash and mixture of cattle manure+ 
sugarcane trash with application rate by 10 ton 
ha-1, shows positive impact on the soil quality 
because of the increase in the earthworm 
community in the soil of sugarcane plantation. 
Our findings suggest that the input of low quality 
organic matter with high C/N ratio, cellulose 
and gross energy, but with low lignin and 
polyphenol content are important for 
maintaining the earthworm population and soil 
health  in sugarcane land. 
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