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ABSTRACT

The negative impact of prolong and excessive application of synthetic fertilizers is a reason to reuse organic materi-
al as a plant nutrition resources and to enhance degraded soil. Organic materials such as animal and industrial
wastes are commonly use as sources of organic amendment. The purpose of this study was to examine the changes
in chemical properties of soil and the growth of sweet corn as affected by the application of solid organic fertilizers
in Ultisol. This research was carried out in October 2016 until March 2017 at Greenhouse, University of Bengkulu,
arranging in a Completely Randomized Design with two factors and three replications. The first factor was Organic
amendment consisting of vermicompost, chicken manure, oil palm empty bunches compost (OPEBC). The second
factors were rates of the amendment, i.e., 0, 10, 20, and 30 Mg ha’.  Results indicate that total soil organic carbon
(TSOC) and total soil nitrogen (TSN) were not considerably different among types of organic amendments used in
this study; however, an increase in soil pH and a decline of exchangeable Al are highest in the application of
OPEBC as compared to others. Likewise, the growth of sweet corn was the best in soil amended with chicken ma-
nure. Soil chemical properties such as TSOC, TSN, soil pH significantly enhanced but exchangeable Al markedly
lowered up to 20 Mg ha’’, then level off afterward. Sweet corn growth as indicated by plant height, shoot dry weight

(SDW), and root dry weight (RDW) was also significant up to 20 Mg ha'. This study suggests that the addition
of organic amendment at a rate of 20 Mg ha’ is sufficient to provide plant nutrient and improvement of soil proper-
ties for sweet corn growth.
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INTRODUCTION

Low productivity of an Ultisol is mainly due
to high saturation of aluminum (Al) in soil solution,
causing Al toxicity of plant (Muktamar et al.,
1998; Fatmawaty & Firnia, 2010), low organic
matter (Bertham, 2002) and low pH (Prasetyo &
Suriadikarta, 2006), low available phosphorus
(P) (Muktamar et al., 2016) due to the interaction
of Al-P and/or Fe-P to form insoluble compound
(Adams, 1980) as well as low plant nutrient (Prasetyo
et al., 2005). The soil productivity has been com-
monly improved by application of synthetic ag-
rochemicals. High input and long term use of the
agrochemicals has led to significant reduction of
soil fertility indicated by the shortage of nutrient
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availability and soil organic matter (Mariana et al.,
2012), consequently, a drastic decrease in soil micro-
organism (Manuhutu et al., 2014).

The organic farming practice has been developed
in the decades to be a solution of soil degradation
since the practice improves soil properties from the
exclusive application of organic amendment (Purnomo
etal., 2014; Muktamar et al., 2017). Use of organic
fertilizer increase availability of macro and micro
plant nutrient as well as the formation of the humic
metal complex (Barus, 2011; Spark, 2003) leading
to alleviation of Al toxicity in the plant.

Nutrient content and properties of organic fer-
tilizer are very diverse depending on its sources. Animal
and industrial wastes are commonly used as sources of
organic fertilizer. Vermicompost from animal waste is a
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soil amendment from organic decomposition using
soil worms (Manshur, 2001). Verlnlcompost from
dalry cattle contalned 255.5 g kg organlc -C,215¢g
kg' N, 24 gkg!' P,and 5.5 gkg' K (Muktamar et
al. 2017) Another Vernnconlpost from coffee pulp
content 146 g kg organic —C 16.6 g kg' N, 4 lg
kg1 P,7.0gkg K, 5.2 gkg' Ca dan 3.1 gkg' Mg
(Raphael & Velmourougane, 201 1)

Compost from palm oil empty bunches is another
solid organic fertilizer commonly used in the plantation to
improve plant nutrient, consequently, reduces the use of
synthetic fertilizer (Wardani, 2012). Ermadani et al.
(2011) analyzed nutnent content of the arnendment, con-
taining 173.3 gkg organic-C, 12.1 gkg' N, 7.6 gkg” P
and 34.6 g kg”' K. Chicken manure has also potential
to 1mprove soil productwlty The fertilizer contalns
40 g kg' N, 20 0 g kg'P, and 15.0 0 g kg' K
(Hartatik & Widiowati, 2013) The purpose of this
study was to examine the changes in soil chemical properties
and the growth of sweet com as affected by the application
of solid organic fertilizers in Ultisol.

MATERIAL AND METHOD

Experimental Design and Treatment

A greenhouse experiment was undertaken em-
ploying a completely randomized design (CRD)
with two factors. The first factor was types of or-
ganic amendments, i.e., vermicompost, chicken ma-
nure, and oil palm empty bunch compost while the
second factor was rates of solid organic amendment,
i.e., control, 10, 20, and 30 Mg ha'. Each treatment
was replicated three times, totaling 36 experimental
units.

Media Preparation and Characterization

Soil sample at a depth of 0-20 cm was compositely
collected from Faculty of Agriculture Experimental
Station, the University of Bengkulu located in Kandang
Limun Village, Bengkulu at 15 m above sea level.
The soil order was an Ultisol with clay textural clas-
sification. The soil sample was air-dried, ground, and
screened with 5 mm siever. The soil had 23 8 kg
Total Soil Organic Carbon (TSOC) 1.82 g kg' Total
Soil N1trogen (TSN), 7.77 mg kg available P, 4.08
cmol kg™ exchangeable Al, and soil pH of 4.9.

Vermicompost was collected from Closed Agncul—
tural Production System Research Station located in
Air Duku Village. The amendment contained 5.6%
organic carbon, 2.12% N, 0.41% P and pH of 5.8.
Chicken manure was purchased from a local chicken
farm. The manure had 8.69% organic carbon, 1.54%
N, 0.74% P and pH of 6.0. Oil palm empty bunch
compost was from Oil Palm Plantation of PT Bio

Nusantara located in Central Bengkulu District. The
nutrient content of the compost was 6.82% organic carbon,
1.22% N, 0.54% P, and a pH of 6.5.

Ten kg of soil sample was incorporated with solid
organic amendment according to each treatment and
placed in 10 kg polybag. The soil was incubated for a
week before sweet corn planting. Polybags was randomly
placed in a wooden stand in the Green House. During
the incubation, the soil was retained moist by watering
when necessary.

Sweet Corn Cultivation

After a week of cropping media incubation, two
sweet corn seeds were placed in holes in the center
of polybag. Thinning was completed a week after
planting by leaving the healthy one. The plant did
not receive additional synthetic fertilizer during the
period of the growth stages. The plant was watered
frequently to prevent water shortage for its growth.

The experiment was ended at the maximum growth
stages indicated by tassel emergence. The plant was
cut at the bottom, washed with water, oven dried at
70 °C and weighed for shoot dry weight. Sweet corn
roots were carefully separated from the soil, washed
with water, dried on the oven at a temperature of 70 °C,
weight for root dry weight. One kg of soil was sam-
pled, air-dried, ground, sieved with a 0.5 mm siever
and examined for soil chemical properties. Total soil
organic carbon was analyzed using Walky and Black
Method, TSN with Kjeldahl Method, available P using
Bray I Method, exchangeable Al with Titrimetric Method
after extraction using 1 N KCl, and soil pH using Electrometric
Method at the ratio 1:1 of soil and distilled water.

Statistical Analysis

Data were evaluated for ANOVA using CoStat
6.4. at a confidence level of 95%. Treatment means
for types of the solid organic amendment were separated
using Duncan Multiple Range Test (DMRT) at a probability
level of 5% while the rate of the amendment using
polynomial orthogonal.

RESULT AND DISCUSSION

Collected data were subjected to Analysis of
variance at a probability level of 5%. Results of the
experiment show that type of organic amendment has
a significant effect on soil pH, exchangeable Al,
available P, plant height, SDW, and RDW even
though it does not affect TSOC and TSN. Likewise, the
rates of organic amendment provide a significant in-
fluence on all variables observed in this experiment.
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For all soil and plant variables, no interaction between
type and rate of organic amendments was observed
but available P.

Soil Chemical Properties

Organic carbon content is a good indicator of soil
quality since it is a functional fragment of the soil
organic matter. Productive soil is typically indicated
by the high content of soil organic matter. Soil organic
carbon content ranges from 4.56 to 9.12% is reflected
in the good quality and productive soil (Lal, 1994)
so that it is able to supply nutrients for plant and mi-
croorganism in the soil. Organic matter addition is
necessary to preserve and increase organic carbon
content in soil (Syukur, 2005; Syukur & Harsono,
2008). Characteristically, Ultisol has low organic
matter due to prolong and intensive soil development.
In this study, addition of organic amendment does
not provide an increase in TSOC (Table 1), possibly
due to that soil organic matter content at a specific
moment is dependent on equilibration among number
of factors such as addition and loss of soil organic
matter such as decomposition and leaching (Wander
etal., 1994).

Table 1 also shows that the application of dif-
ferent types of the organic amendment does not pro-
vide different content of soil organic carbon. Nariratih
et al. (2013) also designate a similar result where an
application of chicken manure, paddy straw compost,
and cacao peel compost did not provide a significant
increase on soil organic carbon, meaning that the
three types of solid organic fertilizers had the same
contribution.

Table 1. Selected soil chemical characteristics under
types of organic amendment

TSOC TSN Exch Al
Organic
= Soil pH
Amendment (gke™ (gkg™) (cmolkg™) P
Vermicompost 24262 243a 37la 511a
Chicken Manure 2504a 246a 362a 512a
OPEBC 2285a 238a 243 b 536b

Treatment means at the same column followed by the same
letter are not significantly different. TSOC = Total soil organic
carbon; TSN = Total soil nitrogen; OPEBC = Oil palm empty
bunch compost.

A similar trend to TSOC is shown in total soil
nitrogen where the addition of different organic
amendment does not exhibit significant differences
in TSN as presented in Table 1. A similar study con-
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ducted by Bahri et al. (2016) showed that fertiliza-
tion with chicken manure exhibited significant high-
er yield than biochar but soil nitrogen. A different
result was concluded by Nariratih et al. (2013)
where the application of chicken manure showed
higher TSN than the other composts. All types of
organic fertilizers tended to contribute the same
amount of nitrogen to the soil. A slight increase in
TSN is observed when it is compared to that its ini-
tial content. On average, TSN increases by more
than 33% in comparison to that of initial content.

Even though TSOC is similar among types of
organic amendment, exchangeable Al is significant-
ly different as shown in Table 1. Exchangeable Al
from soil treated with oil palm empty bunch com-
post is lowest as compared to that of other organic
amendments. This result may have been associated
with the different kinds of functional groups in hu-
mic and fulvic acids from the organic fertilizers.
Decomposition of organic matter also liberates hu-
mic and fulvic acids with diverse amount of func-
tional groups (Spark, 2003) binding to Al forming
stable Al organo-complex (Muktamar et al., 1998;
Ifansyah, 2013).

The opposite trend from exchangeable Al is
observed in soil pH where oil palm empty bunch
compost has the highest soil pH in comparison to
the other organic amendments (Table 1). Formation
of Al organo-complex lowers hydrogen production
from Al hydrolysis; consequently, soil pH rises sig-
nificantly. The similar result was noted by Anggi et
al. (2018) where an application of a different animal
source of liquid organic fertilizer had considerable
differences of soil pH, showing that lowest pH at
low concentration was soil treated with LOF from rabbit
wastes, but the opposite is true at high concentration.

Independently, rates of solid organic amend-
ments exhibit a considerable effect on soil chemical
propetties observed in this study. A substantial increase
in TSOC is observed between control and the rate
of 20 Mg ha™', afterward, leveling off until the rate
of 30 Mg ha! (Figure 1) as indicated by no signifi-
cant difference of TSOC between a rate of 20 and
30 Mg ha™. Soil organic content at the rate of 20
Mg ha™' is 96.75% higher than that of control. A
comparable study by FElfayetti (2017) concluded
that application of vermicompost at the rate of 20
Mg ha” had 87.4% soil organic matter greater than
without addition. Syukur & Indah (2006) also con-
firmed that cattle manure at the rates of 10, 20, and
40 Mg ha™ increased TSOC by 12.5%, 20.5%, and
25.51%, respectively, as compared to control. Escalation
of TSOC will contribute to the improvement of nutrient
availability during the decomposition of soil organic
matter.
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Figure 1. Total soil organic carbon under different rates of solid organic fertilizer

Similar fashion to TSOC, it is observed that TSN
enhances profoundly to the rate of 20 Mg ha™, but the
increment reduces afterward (Figure 2). Nitrogen
availability in soil is prominently dependent on soil organic
matter content, and its mineralization consequently
increases TSN (Cookson et al., 2005). The rate of
organic N conversion to inorganic N to which enzyme
has involved hydrolyzing protein complex is a fac-
tor in the availability N in soil (Benbi & Richter,
2002). Soil amended w1th a solid organic fertilizer
at a rate of 20 Mg ha had 2.3 fold higher TSN than
control. A comparable result was suggested by Sihite
et al. (2016) Where the apphca‘uon of chicken manure
120 g polybag was able to increase TSN by 0.2%
in comparison to control.
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Figure 2. Total soil nitrogen as affected by the organic amendment

Under the acid condition, organic matter has a
significant effect on total acidity mainly aluminum
saturation in the soil solution. The higher rate of soil
organic amendment markedly lowers exchangeable
Al up to a rate of 20 Mg ha™, then, leveling off afterward,
indicated by no 51gn1ﬁcantly different from that of
30 Mg ha™ (Figure 3). Soil organic matter decom-
position also releases organic acids, such as humic and
fulvic acids, containing a large number of functional
groups mainly carboxyl and phenolic. These functional
groups bind metal such as Al, forming an organo-

4

metal complex (Muktamar et al., 1998; Spark,
2003; Firda et al., 2017), leading to lowering ex-
changeable Al in the soil. Exchangeable Al reduces
by 83% by aPplication of solid organic amendment
at 20 Mg ha™ as compared to control. This result is
an agreement with that carried out by Ifansyah (2013)
who concluded that the addition of humic acid lowered
exchangeable Al and Fe in the soil. Another study
by Muktamar et al. (2016) showed that solid organ-
ic fertlhzer from water hyacinth at a rate of 25 Mg
ha'is able to reduce exchangeable Al more than
270% as compared to control.

Reduction of exchangeable Al is followed by
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Figure 3. Exchangeable Al as influenced by solid organic amendment

an increase in soil pH as indicated in Figure 4. Formation
of Al-organo complex considerably lessens Al hydrolysis
in the soil, consequently lowers hydrogen produc-
tion (Mukhlis et al.,2011), resulting in a rise in soil
pH. As in other cases, the amendment has significant
increase up to 20 Mg ha™', then leveling off (Figure
4) indicated by no s1gn1ﬁcant dlfference of soil pH
in the application of 20 and 30 Mg ha. Soil pH nses
by nearly 15% in soil fertilized with 20 Mg ha™
comparison to that of control. Using water hyacmth
compost, Muktamar et al. (2016) confirmed that the
compost addition 1ncreased soil pH from 4.35 at
control to 5.6 at 25 Mg ha'. Another study by Anggita et
al. (2018) concluded that application of liquid organic
fertilizer from rabbit, goat, and cattle wastes considerably
increased soil pH of an Ultisol.
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Figure 4. Soil pH under different rates of organic amendment
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Application of solid organic amendment has
marked effect on available P in soil. Chicken ma-
nure provides the greatest soil available P, followed
by oil palm empty bunches compost and vermicompost
(Figure 5). Likewise, chicken manure provides the
fastest available P to the soil, indicated by the slope
of the regression line. Increase in soil available P
may have been associated with the released P from
soil amendment as well as to the release of P from
aluminum and iron phosphates. Functional groups
resulting from organic matter decomposition com-
pete with the phosphates, leading to the release of P
to the soil solution. A study by Muktamar et a/. (2018)
indicated similar result where the application of ver-
micompost up to 30 Mg ha™, considerably enhanced
the availability of P in soil and the effect lasted up to
the second planting.
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Figure 5. Soil available P at different types of organic amendments

Sweet Corn Growth

Improvement of soil chemical properties has a
significant effect on the growth of sweet corn. This
study reveals that different types of organic amendments
provide a different effect on plant height of sweet
corn (Table 2). The tallest sweet corn is achieved by
application of oil palm empty bunches compost
(OPEBC), followed by those of chicken manure and
vermicompost even though N content at the end of
the study is not different among types of organic
amendments. This result may have been associated
with the speed of the organic matter decomposition
from the sources. Widowati et al. (2004) noted that
chicken manure decomposed faster and contained
higher available nutrients than rice husk and cacao
bark composts.
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Table 2. Sweet corn growth under different types of
amendments

Organic PH SDW RDW
Amendment
endment ' (cm)  (glant?) (g lant)

Vermicompost 952a 122a 14 a
Chick

cxen 11645 227b 23 b
Manure
OPEBC 113.1 b 170a 1.9 ab

Treatment means at the same column followed by the same
letter are not significantly different PH=Plant height;
SDW=Shoot dry weight; RDW=Root dry weight;
OPEBC=0il palm empty bunch compost.

As in the case of plant height, the study indicates
that types of amendments provide significant differences
in shoot dry weight of sweet corn (Table 2). Sweet
corn fertilized with chicken manure has greatest shoot
dry weight followed by those of OPEBC and vermicompost.
Application of chicken manure has 33.5% and 86.1%
higher SDW as compared to OPEBC and vermicom-
post, respectively. A similar trend to SDW, root dry
weight (RDW) is highest in the application of chick-
en manure, followed by OPEBC and vermicompost
(Table 2). Chicken manure fertilization exhibits
63.3% and 23.4% higher RDW in comparison to those
of OPEBC and vermicompost, respectively. The dry weight
of biomass is highly dependent on the availability of
nutrients and the rate of photosynthesis and respiration
processes in the plant; consequently, dry biomass
acquires higher, designating vegetative growth well
proceeded.

Application of organic amendment up to 20 Mg ha
escalates sweet corn growth, afterward; the increase
lessens (Figure 6). Increasing fertilization rate to 20
Mg ha™, plant height increases by more than double
as compared to the control. No fertilization brought
about a severe deficiency of nutrients, leading to poor
sweet corn growth. A similar result was found by
Simanjuntak et al. (2016) where organic fertilizer at
the rate of 22.5 Mg ha™ linearly enhanced plant height
of maize. The release of N during organic matter
decomposition is available to the plant, producing
protein for tallying the height (Syarif, 1985).
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Figure 6. Sweet corn height as a function of the rates of organic amendment

Application of organic amendment provides a
marked increase in SDW as indicated in Figure 7.
Shoot dry weight escalates by more than 53 folds 20
Mg ha™ in comparison to that control, afterward, an
increase lessens. Availability of plant nutrients from
organic matter decomposition such N (Figure 2) and
P (Figure 5) as well improvement of soil as indicat-
ed by higher soil pH (Figure 4) and reduction of Al
(Figure 3) contributes to the enhancement of sweet
corn growth; consequently, there is a significant
increase in SDW. This result is in accordance to that
concluded by several researchers where the applica-
tion of soil organic fertilizer profoundly increased
plant shoot dry weight (Muktamar et al., 2016; Su-
dartiningsih et al. (2002); Hasibuan et al., 2014;
Muktamar et al., 2017).
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Figure 7. The effect of the organic amendment on shoot dry weight of sweet com

Similar fashion to SDW, significant increase in
root dry weight (RDW) is also observed up to 20
Mg ha™ as seen in Figure 8, then leveling off afterward.
Root dry weight increases by almost 16 folds when
sweet corn was amended with 20 Mg ha! as compared to
without amendment. This result might have been
associated with the increase in available nutrients releasing
form organic decomposition and improvement of soil
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properties. A study by Simanjuntak et al. (2016)
reported a similar result where the application of chicken
manure at a rate of 22.5 Mg ha™ is able to improve
root growth as indicated by its root dry weight.
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Figure 8. Root dry weight of sweet comn as a function of organic amendment

CONCLUSION

Application of 3 types of organic amendments
on Ultisol does not provide differences in total soil
organic carbon and total soil nitrogen. However, the
use of oil palm empty bunches compost (OPEBC)
has the highest soil pH as well as lowest exchangeable
Al as compared to chicken manure and vermicompost.
Likewise, available P linearly increases with rates of
the organic amendment, but the increment is highest on
chicken manure in comparison to OPEBC and vermicompost.
Sweet corn growth is the greatest on the application
of chicken manure as designated by plant height, shoot
dry weight and root dry weight.

Total soil organic carbon, total soil nitrogen, and
soil pH considerably increases and exchangeable Al
markedly lowers as the rate of organic amendment rises
to 20 Mg ha™', then leveling off afterward, indicated
by no significant difference with those at the rate of
30 Mg ha™. The better soil chemical properties brings
about the enhancement of sweet corn growth as shown
in plant height, shoot dry weight and root dry weight.
As in the case of soil properties, the improvement of
sweet com growth is significant up 20 Mg ha™. The study
suggests that the addition of organic amendment at
a rate of 20 Mg ha™" is sufficient to provide an improvement
of nutrient availability, consequently sweet corn growth.
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