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Abstract: The study aimed to determine the effect of sago pith waste granule compost and inorganic fertilizers
on soil physical characteristics and the results of corn in Inceptisol. The research design used in this study was
a randomized block design with three replications. Treatment consisted of: no fertilizer (KGES1), with granule
8 t ha compost (KGES?2), inorganic fertilizer (Urea, SP - 36, and KCI), recommended dosage (KGES3),
inorganic fertilizer + granule 8 t ha” compost ( KGES4 ), ¥ x dose of inorganic fertilizer + compost granule (8 t
ha') (KGES5) , 2 doses of inorganic fertilizer + granule 8 t ha™ compost (KGES6), % x dose of inorganic
fertilizer + 12 t ha™* granule compost (KGES7) and 2 times the dose of inorganic fertilizer + 4 t ha compost
(KGESS8). The results showed that sago pith waste granule compost and inorganic fertilizers significantly affect
the physical characteristics of the soil that is categorized into heavy volume of soil (0.80 g cm™), soil particle
density (2.30 g cm™), soil porosity (7.77 %), fast drainage pore (23:54 %), slow drainage pore (8.83 %),
available water pore (11.62 %), and unavailable water pore (11:31). On the other hand, the plant growth (plant
height) and dry shelled corn grain results amounted to 249.17 cm and 7.85 tones ha™>. The combination of sago
pith waste granule compost and inorganic fertilizer may improve the results of 30-47 % better compared to
inorganic fertilizer or granule compost alone. Excessive inorganic fertilizer did not show the significant
increase of dry shelled corn seeds productions. Based on these results, the reduction of a half dose of inorganic
fertilizer combined with 12 t ha™ granule compost yielded of dry shelled corn grain of the highest (7.85 t ha™)
or in percentage the increase of the results of 32 % of inorganic fertilizer application.
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l. INTRODUCTION

The increasing population lead to the limited number of fertile agricultural lands. These lands has been
converted to residential area to meet the housing needs of the recent vast growth of human population [1].
Recent agricultural development is facing serious problems on land availability. In Indonesia, the marginal lands
which are dominated by Inceptisol soil were abundant. This soil types is potential for future agricultural
development [2]. Inceptisol is the dominant soil types in the Maluku, reaching up to 47.71 % of the total land in
the Maluku and it has considerable potential for agriculture area [3]. The Inceptisol in Indonesia have some
basic characteristics, namely 1) nutrient status varies from low to high; 2) soil pH from acid - neutral; 3) levels
of organic material low to moderate; 4) N and P content was low to high; 5) K is very low — moderate, and 6)
CEC was low to high [4]. The provision of organic materials is one of solution efforts to improve soil physical
and chemical characteristics that the acid soils and marginal land become productive soils.

Organic material is needed for the growth of plants. The addition of organic materials from several
sources such as manure, green manure, crop residues compost, domestic compost, and industrial residues
compost may repair and improve the physical characteristics of the soil [5],[6],[7],[8],[9],[10]. Compost has the
ability to supply nutrients needed for plant vigor growth, merismatic and physiological processes of plants
development [11], improving soil health, organic Carbon status, and availability of N, P, K, and S in the soil
[12]. The addition of organic material, however, should be considered the organic material types, the amount as
well as size of the application [6], [13]. Scholars point out that that the cotton gin crushed compost (CCGC) may
improve the physical characteristics as well as the biological components of the soil and may improve the results
and quality of wheat production, while the sewage sludge (SS) turn down the biological status of soil as well as
the wheat growth [6].

Sago is a plant in the family of Palmae with fairly large planting areas in Indonesia. There are
estimating about 7,000,000 ha of sago planting area [14]. It is equal to approximately 51.3 % of the total area of
sago in the world [15]. Sago starch or flavor is the main result produced by the sago plant, while sago by
products or wastes are generally used for animal feed, mushroom compost in the planting medium, or as raw
material for plywood industry [14], [16]. Sago pith waste, in Maluku locally called “sago ela” can also play a
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role in improving the soil fertility. Sago pith waste is the potential source for organic material that has not been
widely used. These material is abundance in eastern Indonesia, particularly in Maluku[17].

Corn (Zea mays L.) is one of the important agricultural commodities which is consumed as a source
of food for humans as well as animal feeds [9],[18],[19],[20]. Recently, corn demand was increase significantly
to meet numerous foods industrial materials. In Indonesia, the productivity of corn in 2004 was about
11,162,813 tons, increasing by 2.93% or 276,371 tons compared to the productivity of 2003 (10,886,442 tons).
In 2009, the national corn production was 17.63 million tons [21]. On the other data obtained by Maluku
Provincial Agriculture Office for the harvested area, the average corn production from 2001 until 2005 overall
have increased respectively 4,754 ha to 6,089 ha and 15.54 kw ha™ to 23,42 kw ha™, but for the City of Ambon
was only 54 ha with an average production of 23.33 kw ha™ In 2009, the total corn production in North Maluku
was reached up to 13,990 tons [22]. From the statistical results above, it can be seen that the production center
of the city of Ambon was the lowest as it was compared to other areas in Maluku region. Corn can be grown on
both clay and argillaceous clay, has good drainage, pH between 5.0 - 8.0, but corn is prone to salinity [23]. The
production of corn needs to be improved. Fertilizers might play a role in balancing the soil conditions resulting
in increased porosity, soil aerase, ground water and power supply to optimize the soil moisture at or below the
permanent wilting point. This research aims to examine the effect of sago ela granule compost and inorganic
fertilizer to repair some soil physical characteristics as well as the growth of corn plant growth in Inceptisol.

1. METHODS

The experiments were conducted in May 2012 at the Kepuharjo experimental farm, Brawijaya
University and followed by laboratory analysis in Faculty of Agriculture Brawijaya University and BALITAN
Bogor. This study used some tools and materials, namely granulator for making organic fertilizer granules,
Inceptisol soil type, sago pith waste, manure, sugar, leaf of Leucaena leucocephala (Lam.) de Wit, culture
solution of EM-4, Srikandi Kuning variety yellow corn, urea (46% N), KCI (60% K20), and SP-36 (45% P,0s),
pesticides (Furadan 3G).

The research design employed in this study was a randomized block design with three replications.
Treatments consist of: no fertilizer (KGES1), with granule 8 t ha™ compost (KGES2), inorganic fertilizer (Urea,
SP - 36, and KCI), recommended dosage (KGES3), inorganic fertilizer + granule 8 t ha” compost ( KGES4 ), %2
x dose of inorganic fertilizer + compost granule (8 t ha™') (KGES5) , 2 doses of inorganic fertilizer + granule 8 t
ha™ compost (KGESB), % x dose of inorganic fertilizer + 12 t ha™ granule compost (KGES7) and 2 times the
dose of inorganic fertilizer + 4 t ha compost (KGES8). Application of enriched sago pith waste granule compost
performed twice: 50% at planting and 50% at 30 days after (HST). Fertilizer N, P and K were given three times,
namely 50% at 10 days after planting, 30% at 30 days after planting and 20% at 40 days after planting.

Parameters being observed in this study were soil physical characteristics, growth and corn products.
The physical characteristics of Inceptisol being observed include soil bulk density using the cylinder method,
soil particle density using the pycnometer method, porosity using method (1 - (Bl / BJ) x 100 %), fast pore
drainage (macro-pore) using the gravimetric method, slow pore drainage (meso-pore), available pore water
(micro-pore). The growth and products of the plants being observed included plant height and dry shelled corn
weight produced. The data were analyzed its diversity by using program GENSTAT 12" for Windows.
Analysis of variance (ANOVA) was according to the design and test patterns used are RGD, and significantly
different if followed by a test of Duncan Multiple Range Test (DMRT) at 5% level. Correlation and regression
analysis were used to determine the closeness and the relationship between treatment and observed variables.

1. RESULTS AND DISCUSSIONS

Chemical Characteristics of Enriched Granule Fertilizer

Based on the results of basic analysis of nutrient quality of sago pith waste granule compost shows that
the compost tends to slightly alkaline pH (pH H20 7.8 and pH KCI 7.8). This suggests that the application of
compost made of sago pith waste may serve to increase the soil pH while on the other hand reduce adverse
effects (decrease in soil pH) due to inorganic fertilizer. The content of organic materials in the sago pith waste
compost is relatively high up to 26.85 %. In terms of nutrition, the concentrations of nutrients of N, P, and K in
compost made of sago pith waste are in a row of 1.56%, 1.03 % and 0.69 %, with the water content of 12-15 %.
Compared to the nutrient content of manure from cattle cows and chickens, the compost made of from sago pith
waste has the higher content of N and P, but the element K is lower than chicken manure and higher than cow
one. The compost produced has C/N ratio of 10 which means that the fertilizer is categorized into high quality
and quickly decomposed much faster in terms of the supply of nutrients. Nutrient enrichment was conducted
through the addition of NPK that might improve the content of N, P, and K, respectively to N = 2.43 %, P =
1.02 %, and K = 0.87 %.
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Preliminary Analysis

The results of the preliminary analysis of the physical characteristics and chemical both Inceptisol soil
before the experiment are presented in Table 1. Based on the results, it is shown that the Inceptisol in study site
was the high soil acidity (pH 5.5). The soil was dominated by clay fraction followed by dust and sand fractions.
These can be classified into clay texture. The presence of clay texture which causes moderate porosity values
were dominated by rapid drainage pore followed by successive pore water was not available, the available pore
and pore water drainage were slow. This is because the soil is dominated by micro pores and as a result most of
the water is difficult to penetrate soil.

Table 1 There are some physical and chemical characteristics of Inceptisol soil before the experiments

No. Physical characteristics of the soil (depth of 0-20 cm) The result of analysis
1 Texture :
- Sand (%) 16
- Dust (%) 40
- Clay (%) 44
2 Volume weight of soil (g cm™) 1.20
3 Typical weight of soil (g cm™) 2.10
4 Soil porosity (% volume) 4.43
5 Pore spread:
- Fast pore drainage (% volume) 33,12
- Slow pore drainage (% volume) 5.49
- Available water pore (% volume) 8.35
- Unavailable pore water (% volume 8.2
6 pF 2 concentration of water (cm®.cm™®) 0.46
7 DMR (cm) 2.0
8 Soil Ph 5.5

The soil conditions may inhibit the growth of crops grown planted on this soil. This happens due to
impaired development of the roots of plants. Plant roots become shorter; it was bigger than usual, stiff like wire,
easily broken, and the ends of the roots to swell. Thus the plant roots cannot absorb water and nutrients that will
lead to plant water stress, even to nutrient deficiency [2]. According Radjagukguk (1983) the problems with
Inceptisol were the high power of P fixation that causes elements immunity and Al toxicity [24]. In acidic
mineral soils that have pH less than 5, soils containing oxides and hydroxides of Al and Fe (Seskuioksida) that
have the ability to adsorb P highly. Thus the plant will experience a deficiency of P.

One of several alternatives that can be proposed to resolve such issues of soils is the use of organic
materials such as compost [25]. Scholar that in order to overcome the problem of Ultisol containing high Al is
through effective control of Al toxicity in plants through chelation of soil aluminum by utilizing compost and
crop residues as a source of ligand. While in addition, the provision of organic materials such as granule
compost may improve the physical characteristics of the soil [26]. One of the benefits is the increase of oxygen,
carbon dioxide, nitrogen as well as water vapor through the soil microbes along with increasing soil moisture or
porosity. The provision of organic material allows the formation of soil aggregates, which in turn will improve
the circulation of air permeability and soil; plant roots may easily penetrate deeper and wider so that the plants
grow sturdily and better due to its ability to absorb plant nutrients [27]. By providing compost that contains a lot
of organic materials allows to provide an optimal environment for the life and activity of soil microorganisms as
well as improve the soil physical characteristic such as soil aggregation, soil bulk density, soil particle density,
soil porosity and other aspects. The addition of compost to the soil may result in the decrease in soil bulk
density, where it is a positive impact on the increase in porosity of the soil as well as the soil aggregation [28],
[29].

The results of sago pith waste granule compost analysis showed that sago pith waste granule ela
compost has organic-C and high total N, respectively (30.16%) and (2.43%). Based on analysis of the expected
use of compost as sago pith waste granules compost treatments was it may improve the soil aggregation that
might affect on the soil physical characteristics of Inceptisols. The results of the analysis of variance of the
parameters Inceptisol soil on physical characteristics of the soil and the product of corn can be seen in Table 2.
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Table 2 The effects of treatment dose sago pith waste granule compost and phosphate fertilizer on physical
characteristics Inceptisol, and production of corn

Treatments Bulk Particle Porosity Macropore Mesopore Micropore (%) Dry weight yield
Density density (%) (%) (%) (ton ha™)
(g cm®) (g cm®)
KGES1 1.20a 210 443g 33.12a 5.49 g 8.35d 3.61h
KGES2 1.10b 211 ef 457f 31.47b 5.98 f 8.40 d 4159
KGES3 098¢ 212¢e 476e 30.33¢ 7.08¢ 9.33¢ 423f
KGES4 0.98¢c 2.19d 5.47d 29.46d 7.33d 9.42¢ 4.46¢e
KGES5 0.97d 2.21d 6.27¢ 28.54 ¢ 8.1lc 9.78 ¢ 5.01d
KGES6 0.93d 2.23¢ 6.43b 27.04f 8.17b 11.02 b 6.52¢
KGES7 0.80¢e 230a 777a 2354 h 8.83a 11.62a 7.85a
KGES8 0.90 d 2.25b 6.46 b 26.55 g 8.20b 11.25ab 6.95b

Description: The numbers followed by the same letter notation in the same column are not significantly different
at 5% level of DMRT.

Soil bulk density (g.cm™)

Results of analysis of variance of the soil bulk density parameters indicated that the addition of sago
pith waste granule compost treatment and inorganic fertilizers had significant effect in decreasing soil bulk
density (Table 2). The lowest density of soil bulk was found in the combination treatment Inceptisol with
increasing doses of inorganic fertilizer and compost 2x and sago pith waste granule compost amounted 4 tons
ha® (KGES8) was equal to 0.80 g cm™ and significantly different from other treatments, whereas highest density
of the soil bulk in the control treatment (KGES1) was equal to 1:20 g cm™ and significantly different from other
treatments. The results are consistent with some previous researches that concluded that the addition of compost
was able to reduce soil bulk density [14],[23],[30],[31],[32],[33],[34]. The decrease of soil bulk density due to
the organic materials contained in the sago pith waste granule compost plays a role in binding soil particles,
particles that form a particular pattern. This data similar with De Fretes et al. (1996) findings [35]. This is in line
with the opinion by Hillel (1996) which states that the organic material has a bulk density or low density so that
the higher the organic materials to the soil giving the soil bulk density will decrease [36]. The addition of
compost to the soil increase soil water-holding capacity [37], stimulates biological activity in the soil to break
down the soil matric [38], increase soil aggregate stability [32], so that soil bulk density is reduced. The
decrease in bulk density is due to the addition of organic materials associated with low particle density in the
organic materials; in which when it is combined with the mineral fraction of the soil, it will increase aggregation
and the porosity of the soil [29]. Mandal et al. (2013) point out that the decrease rate in bulk density as the result
of the addition of organic materials depends on the level of application of compost, the types of the soil, and soil
compaction [29].

Soil particle density (g cm™®)

The results of analysis of variance of the soil particle density parameters indicated that the addition of
compost treatment sago pith waste granule compost and inorganic fertilizers significantly improves the soil
particle density (Table 2). Soil particle density are the lowest in the control treatment (KGES1) was equal to
2.10 g cm®, but not significantly different from KGES2 treatment, while the soil particle density was the highest
in the combination treatment % x dose addition of inorganic fertilizer and 12 tons ha * sago pith waste granule
compost (KGES7) was equal to 2:30 g cm™ and significantly different from the other treatments. These results
are contrast with the results of previous studies which have concluded that the soil bulk density and soil particle
density decreased with the addition of 30 and 60 tons ha™ of manure [32]. Soil particle density is determined by
the soil solid particles which tend to be stick to each type of soil, the severity of the solid soil particles is
determined by the degree of weathering that require longer periods of time. The addition of organic materials in
the form of humus is to improve the soil particle density.

Soil porosity (%0)

The results of analysis of variance on soil porosity parameters indicated that the addition of compost
treatment sago pith waste granular compost and inorganic fertilizers had significant effect in the increase of the
soil porosity (Table 2). The lowest porosity of the soil was in the control treatment (KGES1) that was equal to
4:43 % and significantly different from other treatments, while the highest soil porosity was found in the
addition of a combination treatment % x dose of inorganic fertilizer and 12 tons ha ' sago pith waste granule
compost (KGES7) was equal 7.77 % and significantly different from the other treatments. The results are
consistent with some previous research results where the addition of manure to the soil may turn out to have real
impact on soil porosity [29],[37],[39],[40]. The increase of soil porosity occurs because the organic materials
may stimulate the formation of soil aggregates as it is indicated by a decrease in soil bulk density. The increase
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of soil aggregation due to the addition of manure lead to the increase of soil porosity [32], [37], 40]. Mandal et
al. (2013) states that the organic material may act as a cementing agent between soil particles that may improve
both soil aggregation and porosity [29].

Soil macropore (& 30-296 um)

Results of analysis of variance of the soil macropore parameters indicated that the addition of treatment
sago pith waste granule compost and inorganic fertilizers had significant effects in the decrease of macropore
soil (Table 2). The lowest soil macropore was located on treatments % x dose combination of the addition of
inorganic fertilizer and 12 tons ha™ * sago pith waste granule compost (KGES7) that is equal to 23:54 % and
significantly different from the other treatments, whereas soil macropore was in the highest for the control
treatment (KGES1) was equal tp 33.12 % and significantly different from other treatments. Previous researches
have also concluded the same thing where the addition of organic materials in the form of pig manure and the
sewage sludge may turn down the soil macropore [41]. However, a previous study concluded that the addition of
compost and fertilizer N in the soil may not significantly affect soil macropore volume [42]. Decaying plant into
compost may improve the soil aggregation, porosity, and the amount of soil macropore, all of which may
increase the infiltration rate of the soil [43]. The decrease in soil macropore soil aggregation result is indicated
by the availability of oxygen, nitrogen, and water vapor needed for root respiration. This is consistent with the
notion that the increase in oxygen, carbon dioxide, nitrogen and water vapor along with the increase of soil
moisture or porosity. The provision of organic material allows the formation of soil aggregates, which in turn
will improve the circulation of air permeability and soil, plant roots may easily penetrate deeper and wider so
that the plants become sturdy and are able to absorb plant nutrients better [27]. Silahooy (1999) suggested that ,
sago pith waste dose administration of 40 tones / ha with different mode of administration can improve soil
macropore , micropore and total soil porosity and lower mesopore soil and soil bulk density [44]. The addition
of compost to the soil can increase the conductivity of the water. This can be guarantee the availability of a food
source for soil organisms that have contributed to the formation of soil macropore [28].

Soil mesopore (& 8.6 um to 30 pm)

The results of analysis of variance of the soil parameters mesopore showed that treatment through the
provision of sago pith waste granule compost and organic fertilizers had significant increase in mesopore soil
(Table 2). The lowest soil mesopore was contained in the control treatment (KGES1) that was equal to 5:49 %
and significantly different from the other treatments, while the the highest soil mesopore was in the addition of
combination treatment % x dose of inorganic fertilizer and 12 tons ha™ sago pith waste granule compost
(KGES7) was equal to 8.83 % and significantly different from other treatments. Previous studies concluded that
the addition of organic materials such as manure of pig and sewage sludge may turn down macropore but
increase the mesopore [41]. According Widianto et al., (2004), the physical characteristics of top soil layer is
very important in soil porosity to support plant growth [45]. The addition of organic materials in the soil may
lower the bulk density, improve soil macropore and micropore as well as improve the soil hydraulic
conductivity [46]. The increase of soil macropore and mesopore soil due to the addition of compost to the soil
may improve soil aggregation and stability which is initiated by some organisms in the soil [47].

Soil micropore (@ 0.2 - 8.6 um)

The results of analysis of variance of the micropore soil parameters showed that the addition of sago
pith waste granule compost treatment and inorganic fertilizers significantly affected the increase in micropore
soil (Table 2). The lowest soil micropore was in the control treatment (KGES1) (equal to 8.35%), but not
significantly different from KGES2 treatment. The highest micropore soil was found in the addition of a
combination treatment % x dose of inorganic fertilizer and 12 tons ha™ sago pith waste granule compost
(KGEST) (11.62 %), but not significantly different from KGES8 treatment. The addition of organic materials to
the soil may increase the amount of macropore and micropore [43]. The addition of compost may reduce soil
bulk density but increase the amount of soil micropore as it is indicated by an increase of soil moisture capacity
[48]. The addition of compost to the soil may increase the field capacity [28],[32] and available water holding
capacity (AWC at 1.8-4.2 pF). The increase in pore water availability due to the high organic-C sago pith waste
granules compost fills the space between macro aggregate, the domain of the crystalline clay, dust and sand
fraction to form micro pores, in addition to the role of organic materials in the soil aggregation process.

Height of plants (cm)

The results of analysis of variance of the parameters of plant height showed that the addition of compost
treatment sago pith waste granule compost and inorganic fertilizers significantly affected the increase of plant
height (Table 3). The shortest high of the plants were in the control treatment (KGES1) that was equal to 164.59
cm and not significantly different from the other treatments. The highest height of the plants was in the

www.iosrjournals.org 36 | Page



The effect of sago pith waste granule compost and inorganic fertilizer on soil physical characteristics

combination treatment % x dose addition of inorganic fertilizer and 12 tons ha™ sago pith waste granule compost
(KGES7) amounted at 249.17 and significantly different from the other treatments. This result is consistent with
previous studies which concluded that the height of corn crops have a high positive correlation with the addition
of cow manure, along with the addition of inorganic fertilizers [10], [49].

Results of analysis of variance of the plant height parameter has not shown any significant influence on
the early growth of the corn. The obvious effect of the plant height parameter was shown since 30 days after
planting period (Table 3). Previous studies concluded that the use of organic compost in the form of manure
may increase corn vegetative growth parameters i.e. plant height, stem diameter, number and leaf area since 4
weeks after application [11].

Table 3 Effect of application of inorganic fertilizers and enriched sago pith waste granule compost on the plant
height of corn crops

Treatment Average plant height (cm)
15 HST 30 HST 45 HST 60 HST 75 HST

KGES 1 16.42 2732 e 55.34 g 135.219 164.59 d
KGES 2 15.83 283 d 56.72 f 137.67 f 202.03 ¢
KGES 3 16.74 30.08 ¢ 59.48 e 140.64 e 222.62 b
KGES 4 16.21 30.26 ¢ 60.75 ¢ 14334 d 209.13 cb
KGES 5 15.92 3048 ¢ 62.08 c 1447 ¢ 222.56 b
KGES 6 17.25 3149 b 63.43 b 14532 ¢ 22348 b
KGES 7 17.28 3264 a 64.64 a 148.21 a 249.17 a
KGES 8 17.95 32.07 ab 63.69 b 146.54 b 22391 b
IND 5% tn

Description: The numbers followed by the same letter notation in the same column are not significantly different
at 5% level of DMRT. tn = not real

In the early stages of plant growth and development, the release and availability of nutrients in
inorganic fertilizers is higher. The study showed corn plants with compost treatment (KGES?2) at the beginning
of the growth seemed slow, but at the later stages, plant height of plants fertilized with inorganic alone or a
combination of compost and inorganic had the same height. Arisha et al., (2003) assert the inorganic fertilizers
are capable to accelerate the early growth of corn, while organic fertilizers stimulate growth at a later stage.
Organic fertilizers enable many species of soil microorganisms that release phytohormones to stimulate plant
growth and improve nutrition[50]. The soil organisms also require nitrogen for growth and breeding [51]. But at
the end of the visible observation compost alone treatment is not able to keep pace with the growth of plant
height compared to inorganic fertilizer alone and a combination of both. Nutrient supply treatment depends on
nutrient content of soil and compost was decreased with increases in the need for growth and development of
plants.

Laboratory analysis showed a compost made of sago pith waste containing N, P, and K is higher than
chicken manure, enriched diversification compost in the form of granules increases levels of NPK in a row to
3.9 %, 1.6 % and 1.9 % compared to compost made of regular garbage, the C/N ratio of 10 [52]. Compost that
has a C/N ratio of 10 means it has a good quality and quickly and decomposes much faster in the provision of
plant nutrients. The availability of P is very important and necessary throughout the life of plants, especially for
grain filling in maize. The increase in growth parameters and production of corn on corn crops due KGES7
absorb phosphorus during the growing period. Phosphorus absorption in the vegetative phase encourages
vegetative organs perfect, so this is very helpful in the absorption of other elements that are needed in the
reproductive phase as N elements, phosphorus is needed in addition to the reproductive phase of the plants.
Besides playing a role in the formation of phosphorus in addition to vegetative organs of plants, phosphorus also
plays a role also in increasing the protein content of the fruit or seeds and assist in the production of seeds [54].

Maize dry weight yield (ton ha™)

The results of field experiments showed that sago pith waste granule compost and inorganic fertilizers
significantly affects the results of the dry weight of shelled corn (Table 2). The highest results of the dry weight
of shelled corn was achieved in the treatment % x dose of inorganic fertilizer + granule compost 12 t ha™
(KGES7) amounted to 7.82 tons ha™. Sago pith waste granule compost may contribute P to the soil from the
decomposition, thus increase of plant height and grains yield. The increase of plant height of corn was followed
by an increase in grains yield of dry shelled corn. The existence of a positive correlation between the addition of
manure with corn grains yield has also been inferred by some previous studies [10],[37],[49]. The application of
compost of cow manure may increase corn grain yield with maximum application limit as much as 18 tons ha™
[11]. The provision of sago pith waste granule compost into the soil will undergo decomposition process that
produces organic acids that may reduce the activity of Al, Fe, and Mn in acid soils such as Inceptisols. P is
absorbed by the three ions irrespective become available. The process will also affect changes in soil conditions
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(soil pH increased) so that the roots of the plant will be able to absorb elements of phosphate. Besides the
increase of the available-P, it may also be caused by the presence of mineralization of P in the compost process
by microorganisms in the soil [54]. Organic materials are derived from sago pith waste granules compost can
also lead to the increase of soil water holding power and reduced soil density. The reduced soil density effects
on the ease of plant roots to penetrate the soil so that the roots of wider scope thus increasing the ability of plant
roots to absorb nutrients, including P nutrient. Chemical and biological processes in the rhizosphere does not
only determine the mobilization and acquisition of soil nutrients and microbial dynamics, but also controls the
efficient use of plant nutrients, thus greatly affects crop productivity [54],[56]. In addition, the increase of power of the
soil to hold water affects the water content of the soil, thus the increase of the diffusion of phosphate ions from the soil
surface to plant roots. Similarly, mainly inorganic P fertilizer together compost sago pith waste granule compost may
improve plant P uptake due to an increase in available P in the soil. With the increase in available-P in the soil and
the roots of the prolonged contact between plant roots and the diffusion of P present in the soil become larger so
that more P is taken or absorbed by plants. Thus the seed yield of dry shelled corn will increase as well. Seeds
formed can be improved by the addition of phosphate after planting. In addition to the increase in plant height
and grain yield of corn dried may also be stimulated by the addition of organic fertilizer, as this plant is a plant
that responds well to organic fertilizers [2],[52],[54]. Giving compost that contains a lot of organic material is
able to provide an optimal environment for the life and activity of soil microorganisms and improve soil
physical characteristics such as soil volume weight, grain density, soil porosity, fast pore drainage, slow pore
drainage, available pore water and others. While NPK enrichment in compost improves the availability of
nutrients faster so easy to form more corn crop dry shelled corn grain yield per plant.

In observation of dry shelled corn grain yield per hectare, the treatment dose differences showed
significant differences (Table 2). Application of granule compost alone (KGES2) provides dry shelled corn
grain yield (t ha™) which was equal to the inorganic fertilizer treatment (KGES3). This shows the nutrient content of the
enriched compost that may provide crop nutrient needs. Inorganic fertilizer combined with ela sago granule compost may
improve the results of 30-47 % compared with either inorganic fertilizer or compost granules alone. Scholars point out that
that the combination of compost and inorganic fertilizer gave yields of onion that is more favorable compared with compost
alone, although less significantly different from the treatment of inorganic fertilizers alone and is supported by the results of
research previously on onion [57]. The combination of inorganic and organic compost may support each other
so that during the growth period and lead plants are not experiencing nutrient deficiencies. Inorganic fertilizers
will quickly release and provide needed nutrients at the right time, while compost containing high organic
materials is capable of repairing the physical, chemical and biological soil that improvement in soil aeration, soil
porosity, soil bulk density and the increase of ability to retain water. In terms of aspect of soil chemistry, soil
organic materials increases the negative charge that increases the Cation exchange capacity (CEC), while
biological organic materials may increase the growth and activity of soil microorganisms. Compost was applied
in this study is a diversified compost enriched NPK nutrients, so in addition to functioning as a supplier of soil
organic matter also provides nutrients available to plants. Therefore, its application in corn gave higher yields
than the inorganic fertilizer alone.

Based on these results, excessive inorganic fertilizer provision that is two times the recommended
dosage (KGES2 and KGESS8) does not show the result of the increase in dry weight of shelled corn significant
(Table 2). The excessive application of inorganic fertilizers does not provide benefits in terms of the effect on
growth and yield of corn. Conversely, reduction of half the optimum dose of inorganic fertilizer combined with
award of compost granules 8 t.ha™ (KGES5) and 12.7 t. ha (KGES7) showed similar results with the same
treatment granule compost treatment combined with inorganic optimum dose and twice the optimum dose. The
reduction of half the optimum dose of inorganic fertilizer combined with compost granules 8 t. ha™ (KGES5)
and 12.7 t. ha™! (KGES7) each may improve soil physical characteristics such as the heavy volume of soil, soil
density, soil porosity, fast pore drainage, slow pore drainage, available water pores, unavailable pore water and
the increase maize productions of 6 % and 32 % compared to inorganic fertilizer alone (KGES3).

The provision compost that contains a lot of organic material is able to provide an optimal environment
for the life and activity of soil microorganisms and improve soil physical characteristics such as soil
aggregation, soil bulk density, soil particle density, soil porosity and others. The addition of compost to the soil
resulted in a decrease of soil bulk density, where it is a positive impact on the increase in porosity of the soil and
soil aggregation [28],[29]. Soil porosity has an important role in the formation of soil structure, soil moisture,
nutrient enrichment in the soil, and keep the soil microbial diversity, while soil aggregate stability has a positive
influence on the process of seed germination, root development and plant shoots [58]. The increased porosity of
the soil will increase soil moisture [28] so that the crop water requirement will be fulfilled. This is consistent
with previous statements that organic material may increase the water-holding capacity of the soil so that the
soil moisture status becomes available for the process of respiration, evaporation and photosynthesis [37]. The
decrease in bulk density and increased soil moisture status may increase root growth, making the plant nutrients
and the final result [32],[38].
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V. CONCLUSION

Sago pith waste granule compost and inorganic fertilizers significantly affect the physical
characteristics of soil including soil bulk density (0.80 g cm™), soil particle density (2.30 g cm™), soil porosity
(7.77 %), soil macropore (23.54 %), mesopore (8.83 %), and micropore (11.62 %). While plant growth (height of the
plants) and dry grains of corn production amounted to 249.17 cm and 7.85 tones ha™*. The combination of granule compost
and inorganic fertilizer may improve the results of 30-47 % compared with inorganic fertilizer or granule compost alone.
The excessive inorganic fertilizer did not show significant results of the increase of dry shelled corn seeds are. Based on the
results of the study, the treatment that gave the highest production of the dry weight of plant height and production of corn
was KGES7 i.e. % x dose combination of inorganic fertilizer and 12 tons ha™* sago pith waste granule compost grains. This
combination is expected to reduce the use of inorganic fertilizers in order to increase the effectiveness of fertilizer use in
the improvement of soil physical characteristics and corn cultivation as well as reduction in Inceptisol.
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