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ABSTRACT

Organic waste from agricultural industries such as effluent from palm oil mills contains high organic
material and can be used as a source of organic material to improve soil quality. The incubation experiment
was carried out to evaluate the effect of organic waste from a mixture of palm oil mill effluent with zeolite
and chicken manure on pH, total organic C, labile organic C, humic acid C and nutrient in an acid soil.
The treatment consisted of a control and the addition of organic waste at 5, 10, 15 and 20 t/ha arranged
in a randomized block design with three replications. The incubation experiment was performed for 10
weeks. The addition of organic wastes significantly increased the soil pH, total organic C, labile organic
C, humic acid C and nutrients (N, P, and K) and cation exchange capacity (CEC). The addition of organic
waste also showed a significant decrease in the exchangeable Al, which is a toxic element found in acid
soils. Changes in soil organic C, nutrients and other soil chemical properties showed different trends
during incubation. Increased incubation time led to the decreasing trend in pH, total organic C, labile
organic C and available P. In contrast, total N, humic acid C, exchangeable K, Al and cation exchange
capacity tended to increase with increasing incubation time. The results of this study indicated that organic
C, nutrients and other acid soil chemical properties could be improved by the addition of organic waste.

Highlights
® The addition of organic waste could ameliorate soil organic carbon and nutrients of acid soil
@ The content of soil total organic C, labile organic C, pH, and available P showed the decreasing trend
while soil humic C, total N, exchangeable K, exchangeable Al, and CEC had the increasing trend
with the increasing incubation time.
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Soil organic carbon (C) is the main reservoir
of carbon from the biosphere and acts as a key
element of soil organic matter that plays a leading
role in the biochemical cycles and the source of
most of the major nutrients (Lal 2004; Stevenson et
al. 2016). Soil organic carbon is a major source of
energy for soil microorganisms (Lal 2016) and has
a large contribution to soil cation exchange capacity
(CEC) (Soares and Alleoni 2008; Murphy 2015),
soil stability and ecological and environmental
sustainability (Garcia- Gil et al. 2004). Because
of its crucial role in determining soil properties,

organic soil C is considered as a leading indicator
for assessing soil quality or soil fertility (Yilmaz and
Alagoz 2010; Ghosh et al. 2012).

Ultisol is the dominant soil in Indonesia covering
a vast area of approximately 45.80 million hectares
(Subagyo et al. 2004) and has a great potential for
agricultural development. However, this soil is faced
with low fertility problems due to the low content of
organic matter and nutrients. Ultisol is characterized
by low pH (4.20 - 4.70), organic C (0.80 - 1.18%),
CEC (5.53 - 9.36 cmol/kg) and nutrients (Yuan et
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al. 2011; Kasno and Sutriadi 2012; Soelaeman and
Haryati 2012). Aluminum (Al) toxicity and infertile
soil condition are the two important factors that
inhibit crop growth and reduce crop yield on acid
soils such as Ultisol (Yuan et al. 2011). An effort to
improve soil quality is to utilize organic waste as a
source of organic matter and nutrients. The addition
of organic materials is an important soil input
to improve the chemical, physical and biological
properties of the soil (Zhang et al. 2015). Dai et al.
(2009) reported that biosolid compost increased
the sequestration of C and improved soils physical
and chemical properties and turf grass growth in
which the total organic C, N, P and K in biosolid
compost treatment were greater than inorganic
fertilizer treatment.

Organic waste produced in large quantities from the
agricultural industry can be an important source of
organic material in improving soil quality. Serramia
et al. (2013) reported that the application of olive
oil processing waste raised humic acid C, which is
an important indicator for soil C stabilization and
soil sequestration. Coffee waste applied to the soil
increases soil pH, organic C, total N, available P
and CEC (Kasongo ef al. 2011). One of the potential
organic wastes from the agricultural industry is
effluent generated from palm oil mills. This fresh
effluent has high organic content with very high
biological oxygen demand (BOD) value (21500-
28500 mg/L) and low pH (pH 4.15-4.55) (Wong et al.
2009). With its high content of fresh organic material
and acidity (low pH), it cannot be used directly to
the soil. Low pH condition inhibits mineralization of
organic matter by microorganisms (Rousk et al. 2009;
Ye, et al. 2012). In addition, this effluent contains
phenol compounds (Said et al. 2013; Saifuddin et
al. 2014) that are toxic inhibiting the activity of
enzymes involved in the cycle and mobilization
of nutrients and decomposition of organic matter
in the soil (Okolo et al. 2007; Baldrian 2009). Soil
immobilization will occur with the addition of fresh
organic matter directly to the soil (Wang et al. 2011).

However, through appropriate management, this
organic waste can be used as a source of organic
material for soil quality improvement. The reuse
of agro-industry organic waste as a source of
organic material for soil quality improvement is
an environmentally friendly waste management
effort. The objective of this study was to evaluate
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the effect of organic waste from a mixture of palm
oil mill effluent with zeolite and chicken manure
as a source of organic material on pH, total organic
C, labile organic C, humic acid C and nutrients in
an acid soil.

MATERIALS AND METHODS

Sampling Site and Soil Properties

The sampling site was dominated by grassland
(Imperata cylindrica) and located in Mendalo Darat
Village Muaro Jambi District, Jambi Province,
Indonesia (103° 32 “19.17” East; 01° 36" 17.76” South).
The soil samples used in this incubation experiment
were taken in March 2015 at a depth of 0-20 cm
and the soil was characterized as Ultisol. The soil
samples were air-dried for three days, ground
and screened with a 2 mm sieve. Soil analysis was
performed to determine soil properties and the
results are presented in Table 1.

Table 1: Properties of soil prior to treatment

Properties Value
pH 4.62
Organic C (%) 1.68

Total N (%) 0.124
Available P (ppm) 4.67
Exchangeable K (cmol/kg) 0.102
CEC (cmol/kg) 6.72
Exchangeable Al (cmol/kg) 2.59
Exchangeable H (cmol/kg) 0.78
Sand (%) 41.6

Silt (%) 30.28

Clay (%) 28.12

Texture class Loam

Properties of Organic Waste

The organic waste used was a mixture of the fresh
effluent of palm oil mill with zeolite and chicken
manure. The fresh effluent was obtained in March
2015 from a palm oil mill located in Ladang Panjang
Village, Muaro Jambi Province, Jambi Province.
Properties of the fresh effluent are presented in
Table 2. Properties of zeolite and chicken manure are
presented in Table 3 and Table 4 respectively. The
fresh effluent of palm oil mill (6 liters) plus zeolite
(0.6 kg) and chicken manure (2 kg) were put into a
plastic bucket (diameter 39 cm, height 41 cm). This
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mixture was stirred daily for one month. Properties
of organic waste are presented in Table 4.

Table 2: Properties of fresh effluent

Properties Value
pH 413
BOD (mg/L) 21720
COD (mg/L) 43490
Total N (mg/L) 560
Total P (mg/L) 96
Total K (mg/L) 819

Table 3: Properties of zeolite

Properties Value
SiO, (%) 68.8
ALQ, (%) 13.54
Fe,0, (%) 1.43
CaO (%) 2.50
MgO (%) 0.82
Na,O (%) 2.32
K,0 (%) 3.26
PO, (%) <0.001
MnO (%) 0.019
H,0 (%) 6.98
CEC (cmol/kg) 106.48

Table 4: Properties of chicken manure and organic

waste
Properties Chicken manure Organic waste
pH 7.20 6.91
Organic C (%) 2191 20.01
Total N (%) 1.86 221
Total P (%) 1.33 1.46
Total K (%) 2.40 2.51
C/N 11.78 9.05
CEC (cmol/kg) 61.66 90.20
Moisture (%) 30.14 80.26

Experimental design

The incubation experiment was conducted
from April to July 2015 and set in a completely
randomized design with three replicates and five
treatments consisting of an unamended control and
four doses of organic waste (5, 10, 15 and 20 t /ha).
The treatments were thoroughly mixed with 3 kg of
air-dried fine soil (2 mm) and put into plastic pots
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(15 cm in height and 18 cm in diameter). The pots
were incubated in a room at a temperature range
of 24-30° C for 10 weeks. During the incubation
time, the soil moisture was maintained at 80% field
capacity by weighing every two days. The soils were
rewetted by using distilled water.

Soil Analysis

Soils added with different rates of organic waste
were sampled after incubation periods of 2, 4, 6, 8
and 10 weeks respectively. Each sample was about
100 g. The soil samples were dried, ground and
screened to a 0.4 mm sieve. Soil analyses were
performed to determine pH H,O (1: 2), total organic
C (Walkley and Black), humic acid (Tan, 1996), labile
organic C (Weil et al. 2003), humic acid C (Walkley
and Black), total N (Kjeldhal), available P (Bray 1),
exchangeable Al (KCl 1M), exchangeable K and
cation CEC (NH40OAc 1M pH 7).

Statistical Analysis

Statistical analysis of soil analysis data at each
incubation interval was done by using analysis of
variance (ANOVA) at a = 0.05. The mean differences
between treatments were assessed by Duncan’s
multiple-range test at o = 0.05.

RESULTS AND DISCUSSION

Effect of organic waste on the dynamics of soil
pH and exchangeable Al during incubation

The addition of organic waste significantly increased
soil pH and lowered exchangeable Al when
compared to control after 2 and 10 weeks of
incubation (Table 5). The soil pH increased by 0.51-
0.60 after 2 weeks of incubation and 0.12-0.44 after
10 weeks of incubation. Increased soil pH due to
the addition of organic materials such as organic
waste was similar to the results of several other
studies. Tang et al. (2007) reported an increase in
soil pH from the addition of organic fertilizers
(cow manure and compost). Likewise, Yilmaz and
Alagoz (2010) obtained an increase in soil pH with
the addition of cow manure. The increase in soil
pH could occur due to the consumption of H *ions
by organic anions from organic matter (Hue 2011).
Soil organic matter contains negatively charged
sites to bind H" ions in acid soils (McCauley et al.
2017). However, soil pH tended to decrease with
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Table 5: Soil organic C, nutrients and other soil chemical properties after 2 and 10 weeks of incubation with
organic waste

Organic waste treatment (t/ha)

Properties 0 5 10 15 20
Week 2
pH 4.74 c 525b 533 a 531a 534 a
Exchangeable Al 2.64a 1.68 b 1.55 bc 148 ¢ 1.35d
Total organic C 16.10 ¢ 19.60 b 21.63 a 22.23a 22.07 a
Labile organic C 0.30 ¢ 0.40 b 0.42b 0.49 a 0.51a
Humic acid C 2.16 e 2.75d 297 ¢ 3.15b 337 a
Total N 0.130 ¢ 0.141b 0.140b 0.144b 0.152 a
Available P 438d 5.18 ¢ 5.74b 6.88 a 6.83 a
Exchangeable K 0.12 c 0.15b 021 a 0.21a 022a
CEC 6.85 ¢ 7.34b 8.11 ab 8.00 b 8.48 ¢
Week 10

pH 459D 471b 496 a 5.03 a 5.01a
Exchangeable Al 2.78 a 1.97b 1.82 bc 1.67 cd 1.61d
Total organic C 15.00 ¢ 17.23b 20.30 a 20.13 a 21.07 a
Labile organic C 0.24d 037 c 037 c 042b 0.46 a
Humic acid C 228 ¢ 3.17b 3.16 b 3.69 a 3.72a
Total N 0.136 ¢ 0.155b 0.154 b 0.160 ab 0.162 a
Available P 3.87d 4.88 bc 4.84 c 531b 6.35a
Exchangeable K 0.12¢ 0.15b 0.24a 0.25a 0.25a
CEC 7.09 ¢ 7.32¢ 9.24b 10.31a 10.22 a

Means in the same columns followed by different letters are significantly different at a = 0.05 by the Duncan’s multiple range test

increasing incubation time (Fig. 1). Some studies
also showed a decreasing trend in pH of soil
amended with organic manure with an increasing
incubation time (Yuan et al. 2011; Roy and Kashem
2014). The decrease in soil pH could be caused by
the nitrification of NH,*-N to NO,, which releases
protons (H *) during incubation (Wang et al. 2011;
McCauley et al. 2017).

The addition of organic materials to acid soils
decrease the soils Al content (Tang et al. 2007;
Kasongo et al. 2011). With the addition of organic
waste exchangeable Al decreased by 0.96-1.29 cmol/
kg after 2 weeks of incubation and 0.81-1.17 cmol/kg
after 10 weeks of incubation when compared with
control (Table 5). The decrease in Al concentration
by the addition of organic matter can occur because
humic and low molecular weight aliphatic organic
acid molecules of the organic matters form complex
compounds with Al (Haynes and Mokolobate 2001;
Yamaguchi et al. 2004; Hue, 2011). The carboxyl
(-COOH) and phenolic hydroxyl (-OH) groups
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have a major role in the interaction of humic acid
with metals (Shoba and Chudnenk, 2014). Shen and
Shen (2001) reported that the concentration of Al-
organic complexes increased with increasing doses
of organic matter input such as pig manure and rice
straw. The increased pH raises the ability of organic
matter to form complex compounds with Al (Shen
and Shen 2001).

However, the concentration of exchangeable
Al showed an increasing trend with increasing
incubation time (Fig. 1). This was likely because
weakly organically bounded Al was released back
to the soil solution that occupied the exchange
complex. The concentration of weakly organically
bounded Al is closely related to the total organic
C content (Zototajkin et al. 2011). The increased
concentration of exchangeable Al may also be due to
the decomposition of Al organic matter complexes
(Xiao et al. 2014). Tang et al. (2007) reported that
there was no significant difference in the treatment
of cow manure and compost on exchangeable Al
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Fig. 1: Dynamics of soil pH and exchangeable Al during incubation with organic waste

after 30, 65 and 120 days of incubation. These results
suggested that the effect of amelioration of organic
amendment on the decrease of exchangeable Al soil
was limited by a certain time.

Effect of organic waste on dynamics of soil
total organic C, labile organic C and humic
acid C during incubation

Total organic C, labile organic C and humic acid
C in organic waste treatments were significantly
higher than in the control (Table 5). The addition
of organic waste increased total organic C, labile
organic C and humic acid C by 15-40%, 54-92% and
39-63% respectively after 10 weeks of incubation.
Total organic C showed a tendency to decrease with
increasing incubation time (Fig. 2). After 2 weeks
of incubation, the total organic C content ranged
from 16.10 to 22.07 g/kg and decreased to 15.00
and 21.07 g/kg after 10 weeks of incubation (Table
5). Similar results were reported by several other
researchers. Gulser et al. (2010) reported that the
increase in organic soil C content occurred with the
addition of tobacco waste and the organic C content
decreased and was almost constant after 80 days of
incubation. Serramia et al. (2013) also reported that
organic matter application increased total organic C
after 90 days of incubation and tended to decrease
after 150 days of incubation. The decrease in the
amount of soil organic C with increasing incubation
time indicates the presence of an unstable organic C
fraction that decomposes to CO, (Follett et al. 2007).

Increased doses of organic waste addition showed
a tendency to increase organic labile C content
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(Table 5). The labile organic C content showed an
increasing trend after 2 weeks of incubation and
decreased after 4 weeks of incubation and tended
to remain constant after 8 weeks of incubation (Fig.
2). The labile organic C fraction is related to the
biological activity of microorganisms and includes
biological metabolization compounds (Oyonarte et
al. 2007).

The results of Masunga ef al. (2016) found that
the microbial biomass C on soils with organic
matter input (crop residues, manure, and compost)
decreased after 68 days of incubation. This fraction
is an easily decomposed fraction and shows a rapid
response to soil management (Lucas and Weil 2012).
The decrease in labile organic C after 4 weeks of
incubation was possibly due to reduced dissolved
substrates such as dissolved C and N as a source
of energy for microorganisms. The fraction of labile
organic C or active organic C comprises of simple
carbohydrates, amino acids, amine/amide sugars
and C compounds containing hydroxyl, ketone,
carboxyl and aliphatic compounds (Weil et al. 2003).

The content of humic acid C increased with
increasing doses of organic waste addition and
showed an increasing trend with increasing
incubation time (Table 5; Fig. 2). Usman et al. (2004)
also found that humic acid C significantly increased
by the addition of sewage sludge and compost
wherein the content of humic acid C tended to
increase with increasing incubation time. Humic
acid content increases due to the humification
process (Huang et al. 2006). Increased fraction of
humic acid C is associated with soil C stabilization
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Fig. 2: Dynamics of soil total organic C, labile organic C and humic acid C during incubation with organic waste

and an indicator of C sequestration process in the
soil (Serramia et al. 2013).

Effect of organic waste on dynamics of soil
total N, available P, exchangeable K and CEC
during incubation

The addition of organic waste caused a significant
increase in total N content, available P and
exchangeable K when compared to control (Table
5). Some researchers also reported an increase in
total N of soil by the addition of organic fertilizer
(Whalen et al. 2008; Wang et al. 2016; Kasongo et al.
2011). The main source of N is soil organic matter
and with increasing soil organic matter the contents
of organic C and N in the soil increases (Ryals
et al. 2014). The total N content of soil shows an
increasing trend with increasing incubation time
(Fig. 3). This increase was due to increased soil
mineral N (NH, * and NO,) during incubation
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(Wang et al. 2011). Khoi et al. (2006) reported that
the amount of mineral N (NH, * + NO,) that was
released and accumulated in the soil from the
decomposition of organic matter increased with
increasing incubation time and this was due to
greater immobilization of microbe N with increasing
incubation period. The results of Vel Murugan and
Swarnam (2013) also showed an increase in the
soil mineral N content with increasing incubation
time on soils amended with vermicompost and
chicken manure. Masunga et al. (2016) reported an
increase in NO, and a decrease in NH," during 97-
day incubation on soils added with organic matter.
Flavel and Murphy (2006) found that the increase in
total N of soil was in conjunction with the increase
of NO; on soil incubated 150 days with compost.

Available P was significantly higher in organic
waste treatment compared to control (Table 5).
Available P in the control was 4.38 ppm (week
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Fig. 3: Dynamics of soil total N, available P, exchangeable K and CEC during incubation with organic waste

2) and 3.87 ppm (week 10), while available P in
organic waste treatment was 5.18 to 6.83 ppm
(week 20) and 4.88 to 6.35 (week 10). Athokpam et
al. (2016) also found the increase of available P of
soil with the addition of organic amendment. This
is associated with a decrease in the adsorption
capacity of P of the soil due to increased pH and/
or impediment of adsorption sites on soil colloids
by organic molecules and /or inorganic P released
during decomposition of organic matter (Kasongo
et al. 2011). The available P content showed a
decreasing trend with increasing incubation time
(Fig. 3). This indicated that the released P was
greater than the P adsorption at the beginning of
the incubation. Conversely, at the end of incubation,
the P adsorption was greater than that was released.
Abbasi et al. (2015) also found a decrease in soil
available P from 18.8 mg/kg at incubation time of
15 days, which decreased to 9.6 mg/kg in 60 days
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of incubation with chicken manure treatment. This
tendency of decline may be due to the conversion
of available P to an insoluble P complex where
the phosphate anions (H,PO4, HPO,* ) are highly
reactive and form metal compounds with Fe 3" and
Al* in acid soils (Mehta et al. 2014).

The addition of organic waste increased exchangeable
K and CEC by 25-83%, and 7-24% at week 2
respectively, while at week 10, the increase was
25-108% and 3-45% respectively (Table 5). The K
and CEC increases by the incorporation of organic
amendment to the soil were also reported by Parewa
et al. (2004). The exchangeable K and CEC tended to
increase with the increasing incubation time (Fig. 3).
Organic fertilizers are a source of exchanged cations
such as K, Ca and Mg (Soremi et al. 2017). The soil
exchangeable K derives from soil indigenous K and
K from organic amendments (Najafi-Ghiri et al.,
2017). In addition, organic matter added to the soil
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also play a role in the process of releasing K from
the soil. From the results of research on the K release
from the soil treated with organic manure, Najafi-
Ghiri et al. (2017) found that the highest content of
K release from Cambisols were ameliorated with
sheep manure and poultry manure. Yilmaz and
Alagoz (2010) found that soil CEC increased with
increasing dose of organic fertilizer application
from 32.17 cmol/kg (control) to 32.38, 34.76 and
38.78 cmol/kg respectively for seven months of
incubation with 10, 20 and 40 t/ha organic fertilizer.
The increased soil pH and total organic C as a result
of organic fertilizer application are the main factors
causing the increase of CEC (Kasongo et al. 2011).
Increasing the content of humic acid also increases
CEC. The negative charge of humic acid increases
with increasing pH, thus raises CEC (Coles and
Yong 2006).

CONCLUSION

Organic waste increased total organic C, labile
organic C and humic acid C. The total organic C
content and labile organic C exhibited a decreased
trend with increasing incubation time. Conversely,
humic acid C showed an increasing trend with
increasing incubation time. The application of
organic waste increased soil pH, total N, available P,
exchangeable K and CEC, and reduced exchangeable
Al Increased incubation time caused a decreasing
trend in soil pH and available P but caused an
increasing trend in soil total N, exchangeable K,
exchangeable Al and CEC. The improvement of
organic C content and nutrients by adding organic
waste from the palm oil mill demonstrates the
benefit of effluent as an amendment for an acid soil.
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