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organic matter slowly release plant nutrients. Therefore, this study was conducted to
determine the availability of P during organic amendments in Ultisols. The incubation
experiment used a Completely Randomized Design (CRD) for 7 treatments which consisted
of vermicompost, chicken, and cattle manure at the rate of 15 and 30 Mg ha™. Soil and
organic amendments were incorporated into a 5 kg polybag and the mixture was incubated
for 7 weeks. The soil was sampled at the 2, 3, 4, 5, 6, and 7 weeks, and analyzed for P
availability and pH. Also, the Total Soil Organic Carbon (TSOC), Total Soil Nitrogen (TSN),
exchangeable Al, and Cation Exchange Capacity (CEC) were analyzed from the soil sampled
either at week 4 or 7. The result showed that P increased slowly in the first 3 weeks of
incubation, followed by a drastic continuous increase in week 4. The experiment also
confirmed that chicken manure released the highest and fastest amount of P to the soil as
compared to vermicompost, and cattle manure. On average, the increment of P was 2.28,
1.71, and 1.97 mg kg?! week? for chicken manure, vermicompost, and cattle manure
respectively. Furthermore, the improvement of soil chemical properties was achieved
using amendment as indicated by the increase in TSN, soil pH, and a decrease in
exchangeable Al. The result was significant for P organic fertilization to ensure its
availability for plant growth, leading toimproved productivity, especially in organic farming
systems.
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1. Introduction

The main challenges of Ultisols are low phosphorus
availability, soil organic matter, pH, and high aluminum
saturation (Anggita et al., 2018; Peng et al., 2011; Prasetyo &
Suriadikarta, 2006), which lead to plant toxicity. Ultisols from
Kandang Limun, Bengkulu contained 9.96 mg kg* P, 66.3 mg
kg exchangeable K, 113 mg kg Al, and soil pH of 4.50
(Muktamar et al., 2016). Another Ultisols has 0.18% of total
soil nitrogen (TSN), 7.77 mg kgt P, 367 mg kg-1 Al, and pH of
4.90 (Sianturi et al., 2019). Low P in acid soil is associated with
the formation of Al or Fe-phosphate complex which is
insoluble in soil solution (Dotaniya et al., 2014). Therefore,
organic amendment is commonly used to improve soil
fertility.

Organic fertilizer is the only source of plant nutrients in
organic farming practices (Fahrurrozi et al., 2016; Melero et

al., 2008). The amendment can be prepared from different
sources and used as a substitute for synthetic fertilizer. Some
of the sources are chicken, and cattle wastes. Chicken manure
contains 2.40%-3.60% N, 1.56%-2.80% P,0s, and 1.40%-
2.31% K,O (Amanullah et al.,, 2010). On average, cattle
manure has 1.55% N, 0.80% P,0s, 0.96% K;0 (Tennakoon &
Bandara, 2003). Another organic fertilizer frequently applied
as a source of plant nutrient is vermicompost, which contains
2.15% N, 0.54% P,0s, and 0.66% K,0 (Muktamar et al., 2017).

Organic matter is an important source of soil phosphorus,
and several studies reported that the application of organic
amendments improved the availability of soil phosphorus.
Also, the application of vermicompost linearly increased the
content in Ultisols (Sianturi et al., 2019). Previous studies
confirmed that there was a significant increase in extractable
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phosphorus when dairy manure was applied (Mohammadi et
al., 2009).

The major drawback of organic fertilizer is its slow release
of plant nutrients such as phosphate, which is not often
available when needed, especially at the growing stage. Rita
et al. (2013) stated that the mineralization of organic
phosphorus provided a significant increase in inorganic P
after 9 weeks incubation. Also, Dotaniya et al. (2014) stated
that the phosphorus content of Inceptisols continuously
increased after 6 and 12 months of organic incubation.
According to Seufert et al. (2012), crop yield from organic
farming ranged from 5%-35% which is lower than the
conventional practices. Nutrient adequacy and availability are
very important in ensuring crop growth. Also, nutrient
availability during organic decomposition has not been
extensively identified. Therefore, this study aimed to
determine P availability during the organic amendments in
Ultisols.

2. Materials and Method
2.1. Experimental design

The incubation experiment was conducted from May-June
2019 in Soil Science Greenhouse, Faculty of Agriculture,
University of Bengkulu. A Completely Randomized Design
(CRD) was used for 7 treatments. The treatments consisted of
vermicompost, chicken manure, and cattle manure of 15, and
30 Mg ha’ respectively, and control. Each treatment was
replicated 3 times.

2.2. Soil sampling and organic amendments preparation

Ultisols was sampled from Beringin Raya Village, Bengkulu
at an altitude of 15 m above sea level, and a composite soil
was collected from the surface layer (0-20 cm). The sample
was air-dried for 2 days and sieved with a 5 mm screen. Also,
an undisturbed soil was collected to determine the bulk
density and for calculating amendment weight per polybag.
The soil contained 2.45 mg kg™ P (Bray | method), 30.8 g kg*
Total Soil Organic Carbon (TSOC) (Walkley and Black), 20.87
cmol kg Cation Exchange Capacity (CEC) (Ammonium
Acetate extraction), and 21.0 g kg™ Total Soil Nitrogen (TSN)
(Micro Kjeldahl method). Furthermore, the soil contained
2.26 cmol kg exchangeable Al (KCl extraction method) with
a pH (Electrometric method) of 4.23, 45.32% clay, 19.20% silt,
and 35.48% sand (textural classification of sandy clay)
(Hydrometric method).

The vermicompost was prepared by loading 500 kg dairy
cattle wastes in a 2x4 m? composting house, and 10 kg worms
were placed in each corner of the floor. The waste was kept
moist and incubated for 1 month. After incubation,
vermicompost was collected from the upper part of the pile
which had 0.35% P, 1.07% N, and 10.6% C with a C/N ratio of
9.9. Also, the chicken and cattle manure were bought from a
fertilizer store. The chicken manure contained 0.48% P, 1.19%
N, and 8.06% C with a C/N ratio of 6.8, while cattle manure
comprised of 0.20% P, 0.74% N, and 7.69% C with C/N ratio of
10.4.
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2.3. An incubation experiment

The organic amendments were weighed according to each
treatment and incorporated with a 5 kg air-dried soil sample.
Distilled water was then transferred into the polybag and
randomly placed on a 1 m high wooden stand in the
greenhouse. This was followed by incubating the sample for
7 weeks and continuously maintained at field capacity by the
daily addition of distilled water.

The soil mixture was sampled at weeks 2, 3, 4,5, 6, and 7
using a small probe, air-dried, sieved, and analyzed for P using
the Bray method. Furthermore, the soil acidity was analyzed
using a pH meter at a 1:1 ratio of soil and distilled water. The
soil samples collected at weeks 4 and 7 were also analyzed for
TSOC using the Walkley and Black method and TSN using the
Micro Kjeldahl method. A sample collected at week 7 was
analyzed for exchangeable Al using the titration method after
extraction by 1N KCI, and CEC using the extraction method
with 1N NH4OAc (Balai Penelitian Tanah, 2009).

2.4. Statistical analysis

Data were analyzed for ANOVA using SAS version 9.1.3.
portable at p<0.05. The treatments were separated using
orthogonal contrast analysis and P availability during the
incubation was analyzed using repeated measurement at the
probability level of 0.05.

3. Results
3.1. Soil phosphorous availability

In general, the availability of P in soil continuously
increased during 7 weeks of incubation as shown in Figure 1.
A slight increase was observed in the first 3 weeks but it was
more substantial at the end of the incubation period.
Repeated measurements showed there was no significant
increase during the first 2 weeks (p<0.05). Available P in the
control treatment was consistently lower than those with
organic amendments, which means there was phosphorous
release from organic materials. The highest soil P was
detected in the chicken manure treatment at 30 Mg ha*. At
the end of the incubation, contrast analysis showed the
organic amendments enhanced P availability by 90.8%.

Figure 1 also showed chicken manure was superior to the
other two organic amendments. After a week incubation, the
average available P in the soil treated with chicken manure
was 28.7% and 11.4% higher than vermicompost and cattle
manure respectively. However, at the end of the incubation,
the percentage decreased to 10.9% and 4.2%, respectively.
Meanwhile, during decomposition, treatments of
vermicompost and cattle manure released a comparable
amount of P to the soil. In general, a higher rate of organic
amendments provided greater phosphorus. Therefore,
organic amendments at 30 Mg ha? provided 11.1% higher
phosphorus.



Muktamar et al.

SAINS TANAH — Journal of Soil Science and Agroclimatology, 17(1), 2020

35 -
«<+A--+ Control
30 -+ —= - Vermicompost 15 mg ha'?
—®- Vermicompost 30 mg ha
w0 25 - —m— Chicken manure 15 mg ha™
4
%n —@— Chicken manure 30 mg ha!
- - . -1
S 20 - B - Cattle manure 15 mg ha
o — @ - Cattle manure 30 mg ha'!
E
S 15 -+ e A
<
...c"‘..
10 A
5 L] L] L] L] L] L] 1
0 1 2 3 4 5 6 7
Weeks of incubation
Figure 1. Periodical availability of P during the incubation
4.90 - --k-- Control
—& - Vermicompost 15 mg ha™*
4.80 1 —® - Vermicompost 30 mg ha™*
4.70 —— Chicken manure 15 mg ha*
' —@— Chicken manure 30 mg ha
4.60 o — W - Cattle manure 15 mg ha!
— ® - Cattlemanure 30 mg ha*
T 4.50 A
3 4.40 A
4.30 I
4.20 - I U
U
4.10 H
4-00 L) L) L) L) L) L) L]
0 1 2 3 4 5 6 7
Week of incubation
Figure 2. Soil pH during the incubation as affected by organic amendments
3.2. Soil pH 3.3. Total soil organic carbon

The availability of phosphorus was accompanied by a
sluggish rise in pH during the first 3 weeks and significantly
increased afterward (Figure 2). In general, the application of
the organic amendments exhibited a consistently higher soil
pH throughout the incubation. The pH difference between
the treated soil and control increased, especially after week
3. Contrast analysis showed that at the end of incubation, the
pH was 7.3% higher in treated soil than control. In addition, it
was observed that the pH was not significantly different in the
soil treated with organic amendments.
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Total soil organic carbon was much lower at the end of the
incubation when compared to week 4 (Figure 3). The greatest
decrease was seen in chicken manure, followed by
vermicompost and cattle manure. This showed chicken
manure was decomposed at a faster rate than the others.
Also, contrast analysis showed the application of organic
amendments significantly increased TSOC at both weeks.
However, TSOC was not significantly different from others.
Therefore, each amendment contributed an equal amount of
organic matter to the soil.
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Figure 4. Total soil nitrogen at week 4 and 7 as affected by
organic amendment

3.4. Total soil nitrogen

In contrast to TSOC, TSN was significantly higher at week
7 than 4, as shown in Figure 4. The application of cattle
manure reached the highest TSN, even though at the end of
the incubation, chicken manure still had the highest TSN. Each
form of organic amendments markedly increased TSN for
both weeks. At week 4, TSN was increased by 93.5%, 105.2%,
and 64.0% for vermicompost, chicken, and cattle manure
respectively. At the end of the incubation, the percentage
was 96.2%, 107.5%, and 94.0% respectively. Nevertheless,
TSN was not different among the treatments. A higher rate of
organic amendments showed more TSN, but not significant at
the 4™ incubation week.
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Figure 5. Carbon and nitrogen ratio at 4 and 7 weeks of
incubation

3.5. Carbon and nitrogen ratio

A significant reduction in C/N ratio was observed at week
7 as compared to 4 (Figure 5). The decrease in its ratio was an
indication of the decomposition process during incubation.
On average, the ratio was lower at the end of incubation
compared to week 4. Furthermore, the soil treated with the
organic amendments had a significantly lower C/N ratio than
that of control. Contrast analysis confirmed that organic
application considerably lowered soil C/N ratio by 34.1%.
However, the ratio was not different among other
amendments.

3.6. Exchangeable Aluminum

At the end of incubation, Ultisols treatment substantially
reduced exchangeable Al as seen in Figure 6. Contrast analysis
showed soil treated with chicken manure, vermicompost, and
cattle manure lowered the exchangeable Al by 33.4%, 20.9%,
and 43.0% respectively. This result showed cattle manure was
the most effective in lowering exchangeable Al, followed by
chicken manure and vermicompost. Meanwhile, a higher rate
of organic amendments markedly reduced exchangeable Al
by 16.4%.

3.7. Cation Exchange Capacity

After the 7™ week, the organic amendments generally
increased the CEC of Ultisols (Figure 7). However, only chicken
manure showed a significant increase in CEC. Also, soil
treated with chicken manure showed 14.2% higher CEC than
control but was not different from those treated with
vermicompost or cattle manure. This showed chicken manure
was more effective in improving soil CEC than the other two
organic amendments. Meanwhile, the application rate of 30
Mg ha? resulted in a higher CEC than 15 Mg ha, therefore,
achieving an increase of 12.4%.
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Figure 6. Exchangeable Al after 7 weeks of incubation as
affected by organic amendments.

4, Discussion

The application of the organic amendments eventually
released plant nutrients to the soil. This study showed that
the amendments increased P availability in Ultisols until the
end of incubation. The result is attributed to the
decomposition of organic matter as indicated by a reduction
in TSOC and soil C/N ratio during incubation. Organic matter
is presumably decomposed in the presence of a phosphatase
enzyme, which has a significant role in destroying organic-P
(Bhat et al., 2017; Salam, 2014). The result of a study by
Melero et al. (2008) showed that phosphatase activities were
much higher in organically fertilized soil than control. Also,
the phosphorus released from organic-P through biochemical
mineralization is highly dependent on the released element
(McGill & Cole, 1981). Meanwhile, an increase in P availability
is also associated with phosphate release which is common in
acid soil such as Ultisols. Figure 6 showed a significant
reduction in exchangeable Al after 7 weeks of soil and
amendment incubation. A humic substance with a high
carboxyl and the phenolic group is responsible for the
formation of the organometallic complex of Al and Fe, which
released phosphate to the soil solution. Sparks (2003) stated
that Fe and Al compete for the binding sites of ligand,
particularly carboxyl. Earlier studies showed an increase in P
after treating the soil with humic acid (Ifansyah, 2013). The
result was similar to that reported by Hamed et al. (2014) in
which the application of selected organic material
significantly increased P in calcareous soil during 60 days of
incubation and decreased after 120 days. Another study by
Amanullah (2007) confirmed that the P content of poultry
manure increased steadily from 15 to 75 days of the
incubation.

This study also showed that the increase of P in the first 3
weeks is lesser when compared with subsequent weeks. This
phenomenon can be associated with the lower micro-
organisms development at the early stage of decomposition
and possibly immobilization of P by micro-organisms.
Sekiguchi et al. (2007) found that the number of bacteria and
fungi did not increase in the first 3 months, followed by a
significant increase. This showed low micro-organism
development at the early stage of decomposition. Another
study also concluded that during decomposition, a portion of
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Figure 7. Cation exchange capacity after the incubation as

influenced by organic amendments

available P such as orthophosphate was immobilized into
microbial P (Qualls & Richardson, 2000; Richardson &
Simpson, 2011; L. Zhang et al., 2018). In the next stage, the
significant increment of P may have been related to an
increase in the number of decomposed organic matter or
dead micro-organisms. According to Richardson & Simpson
(2011), P immobilized by micro-organisms will be available
over time. Also, the availability of P during incubation is
substantial for plant nutrition. Therefore, considerable
attention should be given for the first 3 weeks of incubation.
The time of fertilizer application should consider P availability,
otherwise P should be applied during the first 3 weeks of
growth.

Chicken manure is superior (p<0.05) to vermicompost and
cattle manure in contributing P to the soil. This result is
related to the P content of chicken manure which is highest
among the amendments as previously shown. Besides,
chicken manure is decomposed at a faster rate as indicated
from Figure 1 where P increment during incubation was
higher than other amendments. On average, available P
increased by 2.28, 1.71, and 1.97 mg week? for chicken
manure, vermicompost, and cattle manure respectively. The
previous experiment concluded that in a long term fertilized
field, poultry manure contributed higher phosphate to the
soil than cattle manure (Li et al., 2011). The superiority of
poultry manure in releasing P to the soil was also observed by
Agbede & Adekiya (2016) where the P content of poultry
manure fertilized soil was 35.5% higher than that of cocoa
pod ash. Furthermore, the increase in P of fertilized soil and a
higher rate of organic amendments are dependent on the
amount of substrate application. Similar results were
confirmed by a number of studies (Adeleye et al., 2010;
Amanullah et al., 2010; Ewulo et al., 2008; Kobierski et al.,
2017; Muktamar et al., 2018; Sianturi et al., 2019).

An increase in P during decomposition is also confirmed
from regression analysis between TSOC and available P. This
analysis showed that P significantly correlated with TSOC
(p<0.05, r =0.80) and the linear relationship of y=0.62X — 0.05.
The result also showed decomposition from organic matter
considerably released P to the soil. The correlation also
implied that a higher amount of organic matter indicated by
TSOC will linearly increase P in the soil.
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Furthermore, this study showed that soil pH was
significantly increased with the treatment of organic
amendments. However, there was no difference between the
types of organic amendments. The decomposition produced
stable humic substances rich in functional groups mainly
carboxyl and phenolic. The functional groups formed organo
complex with metals such as Al (Sposito, 2008; Wong & Swift,
2001) as indicated by a decrease in exchangeable Al at the
end of incubation. This led to lower proton production in soil
(higher pH). Earlier studies observed similar results where the
application of organic fertilizer enhanced soil pH and lowered
the exchangeable Al of acidic soil (Anggita et al., 2018;
Sianturi et al., 2019).

Proton dissociation from functional groups contributed to
the negative charge of the soil (Sparks, 2003; X. N. Zhang &
Zhao, 1997). This was indicated by an increase in soil CEC,
especially chicken manure treatment. On the other hand, all
organic amendments substantially lowered exchangeable Al.
This result showed the formation of the Al organic complex
had occurred before increasing the CEC of the soil. Wong &
Swift (2001) also emphasized that the drastic reduction of Al
solubility was observed at a pH of 3-4 for both Oxisols and
Ultisols. Meanwhile, there were no significant effects of
vermicompost and cattle manure on CEC. This may be
associated with a slight increase in pH, in which the highest
was obtained from chicken manure of 30 Mg ha, which was
approximately 4.82 after 7 weeks. This pH value is close to the
PZC of humic substances. According to Sparks (2003), soil
organic matter had PZC of about 3. Also, some research
confirmed a significant contribution of soil organic matter on
CEC (Bohn et al., 2001; Sposito, 2008; Tan, 2011).

5. Conclusion

The treatment of organic amendments on Ultisols had
significant (p<0.05) improvement on P. The availability of
phosphorus was sluggish during the first 3 weeks and was
later substantial. The result was significant to P fertilization
using organic fertilizer. The time of application is mainly to
ensure nutrient provision at an early stage. Meanwhile,
chicken manure was superior to vermicompost and cattle
manure in contributing P. Also, the organic amendments
enhanced the chemical properties of Ultisols as indicated by
anincrease in TSN, soil pH, and the reduction of exchangeable
Al. In general, chicken manure provided better soil
improvement when compared to vermicompost and cattle
manure. Therefore, this result is beneficial for P management
in Ultisols.
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