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Abstract

The research aimed to know growth of maize and soil moisture retention of the Luro-Entisol by
application of organic matter. Field research was carried out in the Odofuro / Luro Timor Leste,
analysis of soil samples was done in the Soil Physics Laboratory, Soil Science Department,
Faculty of Agriculture, University of Brawijaya, and Malang. Field experiment used the split plot
design, consisting of two factors and four replications, resulting in 24 units of experiments. The
first factor is organic matter (P) consisting of cow manure (P1) and sheep manure (P2), and the
second factor is dosage of manure, including without fertilizer (DO), manure 5 tons ha-1 (D1)
and manure of 10 tons ha-1. Results showed that dosage of manure has significantly effects on
plant height, stem diameter, fresh weight and dry weight of stalk, but not significant effected the
soil particle density, soil bulk density, total soil porosity and soil moisture.
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1. Introduction

Maize is an important carbohydrate plant in the Timor Leste, thus increasing of domestic maize
production to meet food needs in Timor Leste. The low degree of soil moisture becomes one of
the limiting factors to increase maize production in drylands. The research results show that the
improvement of physical, chemical and biological properties of soil can be done by application
of organic matter into the soil, such as cow manure and sheep manure. This manure application
can improve soil characteristics and improve the ability of soil to retain water, and improve
growth and yield of maize. (Tisdall and Oades, 1982; Oades, 1984; Dao, 1993; Hudson, 1994;
Franzluebbers, 2002; Mikha dan Rice, 2004; Bouajila dan Sanaa, 2011; Karami et al., 2012;
Esmaeilzadeh dan Ahangar, 2014; Zhang, et al., 2014).

Http://www.granthaalayah.com ©lnternational Journal of Research - GRANTHAALAYAH [187]


http://www.granthaalayah.com/
http://www.granthaalayah.com
http://www.granthaalayah.com/
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.29121/granthaalayah.v6.i1.2018.1608&domain=pdf&date_stamp=2018-01-31

[Gama et. al., Vol.6 (Iss.1): January, 2018] ISSN- 2350-0530(0), ISSN- 2394-3629(P)
(Received: Jan 10, 2018 - Accepted: Jan 26, 2018) DOI: 10.5281/zen0d0.1164102

The production of maize in Timor Leste averages 0.6 ton ha-1 (Da Costa et al., 2015), whereas
the productivity of maize in the Australian Lockyer valley can reach 7-10 tons of ha-1 cobs.
Rahmi and Jumiati (2007) reported that the productivity of maize in Samarinda City can reach
2.9 to 3.6 tons ha-1. This shows that the productivity of maize in Timor Leste, especially Lautem
/ Lospalos District has the potential to be improved. The low domestic maize production is due
to the lack of water supply that can be utilized by plant during its growth. One of efforts in
improving quality of drylands to cultivate maize crops is by soil tillage and adding organic
matter into the soil (Mucheru-Muna et al., 2007; Basamba et al., 2007; Agbogidi dan Okonmabh,
2012; Okoroafor et al., 2013).

The addition of organic matter into the soil can be expected to improve the quality of soil
physics, increase the availability of soil nutrients, increase soil's ability to retain water that
infiltrate into the soil to become available to plants, and improve plant growth. The addition of
organic matter into the soil in the form of manure, green manure or crop residues can increase
content of N and C in the soil (Shortall and Liebhardt, 1975; Food Crops Research Institute,
2015). The application of organic matter into the soil shoud be done with the appropriate dose
(amount) to increase the productivity of plant (Negassa et al., 2001). Thus organic matter is
referred as the dynamic agent, activator and soil regenerator in increasing productivity of soil
and plants (Simarmata dan Hindersah, 1999; Boateng, Zickermann dan Kornahr, 2006; Kihanda,
Warren, dan Micheni, 2006; Mahmood et al., 2017).

The applicable technology is by applying organic matter into the soil, with the aim of increasing
soil's ability to retain water into the soil, thus becoming available for plant growth (Rahman,
2002).

Entisol is a soil of undeveloped profile, these soils are classified as young soil, which is still in
the early stages of the genesis process, so it has not yet formed a pedogenic horizon. This soil has
a weak aggregate stability due to the dominance of the sand fraction. Soil texture, nutrient
content and organic matter content is determined by the soil parent material (Munir, 1996).

Entisol has a great potential to be developed into a productive agricultural land. Entisol has a
pretty good chance for people's lives, because Entisol have developed along the river (Munir,
1996). Entisol has a very diverse soil reaction ranging from pH 2.5 - 8.5, and the organic content
is usually low.

Soil management of this soil type should involve adding organic materials to improve soil
structure, and increasing N-soil and reducing nutrient leaching losses. According to Munir
(1996), to improve the soil structure to be granular need to be applied organic matter. Dryland is
one of the land that has great potential for agriculture, food crops, horticulture (vegetables and
fruits), perennial crops and livestock. The dominant problem in dryland management is the low
availability of soil moisture, so the soil is not able to support growth of productive crops
(Wigena et al., 2015).

Drylands in arid and semiarid climates are characterized by low rainfall of 1.000-1.500 mm year-
1 for 3-4 months, irregular rain distribution. Fluctuations in rainfall are very high, at one time
reaching 100 mm day-1 or no rain at all for 2-3 weeks (Nasiu, 2012).
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An effort to improve the quality of dryland for cultivation of maize is indispensable. One effort
that can be done is by adding organic matter into the soil. The high content of soil organic matter
can maintain the physical quality of texture and soil structure to assist development and
penetration of plant roots and smooth movement of soil moisture, through the formation of soil
pores and stable soil aggregate. Soil organic matter physically and biologically plays the
important roles, so as to determine the fertility status of a soil (Hanafiah, 2014). The quality of
organic fertilizer is determined by the composition of the raw material and its decomposition rate
(Zulkarnain et al., 2012).

Manure can affect the soil physical properties of soil porosity and increased moisture content,
reduce soil bulk density, and improve infiltration capacity and soil-water retention (Agbede et
al., 2008). The addition of organic matter into the soil is expected to improve quality of soil
physics, increase the availability of nutrients in soil, increase the ability of soil to hold available
water and able to improve plant growth (Tangkoonboribun et al., 2007).

According to Kohnke (1979, in Muyassir et al., 2010), the role of organic matter in soil physics
properties are to improve soil aggregation and soil structure. According to Judge (1986, in Intara
et al., 2011) the application of organic matter can increase nutrients reserve in soil, and improve
soil structure.

Unstable soil structure and low organic matter content in soil can affect bulk-density , and soil
porosity (Bodansari, 2012). The ability of soil to retain water is influenced by soil texture and
soil organic matter content (Intara, et al., 2011). Syukur and Indah (2005) found that the lower
rates of manure applied into the soil cause the holding water pores to be lower, thus affecting the
soil moisture content.

Water retention is ability of soil to retain water or hold water in soil pores, and / or release water
from soil pores. This depends on soil physical properties, namely soil texture, soil structure, soil
macropore and micropore, soil drainage, air temperature and rainfall. Thus to quantify water
requirements and optimize the use of water, it is necessary information about the retention of
water in soil. Soil moisture retention are highly dependent on soil texture and soil structure,
mesopores and micropores, soil drainage, air temperature and rainfall. Information on water
requirements and optimization of water use is essential in relation to agricultural planning
(Kurnia et al., 2006).

Soil moisture retention is ability of the soil to retain water in soil pores, while the pF value
reflects the water suction by the surface of soil particles. The smaller amount of available water
in soil pore, the more difficult plant roots to absorb soil water. The ability of soil to hold water is
in the range of pF 2.54-4.2.

2. Material and Methods

2.1. Location and Time of Research

The research was conducted at Entisol- Luro located in Kotamutu, Luro Sub-District, Lautem
(Lospalos) District, with altitude of 19 m asl and topography 5%. This field research took place
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during June-August, and November-October 2017. Field experiment using Split Plot Design,
consisting of 2 factors and 4 replicates. The first factor (main plot) is the type of manure (P1 =
cow manure) and (P2 = sheep manure), the second factor (sub plot) is manure dose (DO =
control, D1 =5 tons ha-1, and D2 = 10 tons ha-1.

2.2. Field Experiment

These researches was conducted in the field and in the laboratory to study growth of maize,
namely plant height, stem diameter, leaf area and dry weight of stover; while the observation of
soil physical properties included soil bulk density, particle density, soil porosity and water
content of pF 2.5 and 4.2. Analysis of soil chemical properties includes N-total and C-organic.
Measurement of soil physical and chemical properties is done in the Soil Physics and Chemistry
Laboratory, Faculty of Agriculture, University of Brawijaya; while plant growth analysis was
conducted in the field and in the laboratory of the University of Timor-Lorosa'e, Timor Leste.

2.3. Data Analysis
Data of the research were analyzed statistically using Analysis of variance (Anova) to know
effects of treatment or significance of difference between treatments. The analysis was continued
with a LSD (5%) test if treatments suggest the significant effect.

3. Results and Discussion

Table 1: Soil sample analysis before application of manure

Soil N-Total | C-organic | BIT BJT Porosity | KL | KLP
Depth (%) (%) gecm® | gem?® %

Topsoil | 0.10%% 1.62°% 1.33" 2.35™ | 43.27° 0.34° | 0.14
Subsoil 0.07>% 1.26°" 1.37" 2.36' 42.59° 0.34° ] 0.16

Source: Soil Physics Laboratpry, Soil Science Dept., Fac. of Agriculture (2007), Ministry of
Agriculture (1983) in Suhariyono et al. (2005)

Note: BIT= Soil Bulk Density, BJT = Soil Particle Density, KL= Field Moisture Capacity, KLP=
Permanent Wilting Point, SR= Very Low, S= Moderate, R= Low, TM= Mineral Soil, T=High.

Table 1 shows that the soil in the experimental site suggests N-total and C-roganic content, soil
bulk-density, soil particle density, soil porosity and field moisture capacity, categorized into the
very- low to moderate, so the quality of soil needs to be improved by applying organic matter
into the soil.
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3.1. Effect of Organic Matter of Maize Growth
3.1.1. Plant Height (cm)

Table 2: Plant height of maize (cm) at 2, 4, and 6 weeks after planting (MST) under application
of manure

Treatment Height of plant (cm)
2MST | 4 MST | 6 MST
Mainplot
Pl 29.03 | 74.48 | 148.97
P2 30.98 81.7 | 150.86
LSD 5% ns ns ns
Subplot
DO 30.28 | 66.69 b | 138.54a
D1 27.37 | 79.25 a | 145.58b
D2 32.36 | 88.33a | 165.62b
LSD 5% ns

Note: Number in a coulomb followed by same letters are not significsnt different under LSD
(5%) test. P1= Cow manure, P2= Sheep manure, DO=Control, D1= Dosage of manure 5 ton ha-
1, D2 = Dosage of manure 10 ton ha-1. ns= not significant different. MST= weeks after planting.

Table 2 shows that the manure treatment did not significantly affect the height of maize plants at
ages 2, 4 and 6 WAT. The average height of maize tended to be higher at P2 treatments. The
average height of maize tends to be lower at P1 treatments. Treatment of manure dose had
significant effect on the height of maize aged 4 and 6 WAT. Treatment of manure dose of 5 ton
ha-1 and 10 ton ha-1 were not significantly different, but both were significantly different from
control treatment. The highest plant was achieved in the D2 treatment and the lowest on
treatment DO. This growth of plant-height is thought to be caused by the nutrients available in
the soil. Rachman, et al (2015) found that the activity of soil organisms increases if the soil is
given organic matter. Nariratih et al. (2013); Subaedah, Aladin and Nirwana (2016) found that
increase of N-available in the soil due to application of fertilizers and organic materials can
improve growth of maize.

Table 3: Diameter of maize stem (mm) at 2, 4, and 6 weeks after planting (MST) under
application of manure

Treatment | Diameter of Stem (mm)
2MST | 4 MST | 6 MST
MAinplot
P1 3.30 14.00 | 22.70
P2 3.32 13.31 | 23.85
LSD 5% ns ns ns
Subplot
DO 3.2 11.23a|19.92a
D1 3.11 13.49b | 19.54 b
D2 3.62 16.26 b | 25.56 b
LSD 5% ns
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Note: Number in a coulomb followed by same letters are not significsnt different under LSD
(5%) test. P1= Cow manure, P2= Sheep manure, DO=Control, D1= Dosage of manure 5 ton ha-
1, D2 = Dosage of manure 10 ton ha-1. ns= not significant different. MST= weeks after planting.
The application of organic matter has no effect on the diameter of maize stalks at ages 2, 4 and 6
WAT. Manure dose did not have significant effect on diameter of maize plant of 2 WAT, while
at age 4 and 6 WAT had significant effects. The manure dose of 5 ton ha-1 and 10 ton ha-1 were
not significantly different, but both were significantly different from the control treatment. The
highest stem diameter of maize plants (25.56. mm) was obtained in the D2 treatment. The lowest
diameter of stem was obtained in the control treatment (19.92 mm). Wang et al. (2017) found
that the application of organic fertilizer can improve soil fertility and improve growth of maize
crops. The research results of Nuro et al. (2016) showed that addition of organic matter into the
soil can improve soil fertility. While the research results of Singh et al. (2014) showed that
decrease of root growth was related to soil quality, nutrients uptake and plant growth.

ISSN- 2350-0530(0), ISSN- 2394-3629(P)
DOI: 10.5281/zen0do.1164102

Table 4: Leaf area of maize (cm2) at 2, 4, and 6 weeks after planting (MST) under application of
manure

Treatment | Leaf area (cm?) | BKB (g)
Mainplot

P1 509.90 68.43 a
P2 532.26 77.18 b
LSD 5% ns

Subplot

DO 393.26 b 57.50 a
D1 534.79 a 71.25b
D2 622.79 a 89.66 c
LSD 5% ns

Note: Number in a coulomb followed by same letters are not significant different under LSD
(5%) test. P1= Cow manure, P2= Sheep manure, DO=Control, D1= Dosage of manure 5 ton ha-
1, D2 = Dosage of manure 10 ton ha-1. ns= not significant different. BKB= shoot dry weight.

Table 4 showed that the manure treatment had no significant effect on the leaf-area of maize, but
P2 treatment tended to produce larger leaf area (532.26 cm2) and the smallest leaf area on
treatment P1 (509.90 cm2). The treatment of manure dose had significant effect on leaf area of
maize. The dose of manure 5 tons ha-1 and 10 tons ha-1 were not significantly different, but both
were significantly different with control treatment. The highest leaf area was achieved at dose of
manure 10 tons ha-1 (D2) of 622,795 cm2, the smallest leaf-area in the control treatment (DO) is
393.26 cm2. Manure contains complete nutrients and has the ability to improve soil structure and
soil aggregation, so as to store more available water for plant roots. This soil quality
improvement causes the plant to absorb more water for better growth and leaf formation. Intara
et al. (2011) found that the amount of water available in soil depends on the soil ability to hold
infiltrated water from the soil surface. The results of Kresnatita et al. (2017) showed that the
manure application of 10 ton ha-1 could produce leaf-area of maize 3812.26 cm2 at age 44 days
after planting (DAT).

Table 4 shows the treatment of manure significantly different to dry weight of stover. The
highest dry weight of plants (77.18 g) was obtained at treatment P2, and the lowest dry weight of
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plant (68.43 g) was obtained at treatment P1. Manure dose treatment had significant effect on dry
weight of maize plant. The largest dry weight (89.66 g) was achieved at a dose of manure of 10
tons ha-1; and the lowest (57.50 g) was obtained in the control treatment. Manure can increase
soil water storage, so that water availability for plants can be fulfilled and soil microorganism
better. Thus, plants can absorb nutrients and water sufficiently for growth and expansion of
leaves. This increase in leaf area affects the process of photosynthesis of plants, so that the
results of photosynthesis can be utilized for the growth of plant stems, and increased dry weight
of plants. Putra et al. (2016) found that an increase in soil organic matter content can improve the
soil ability to hold available water. Furthermore the application of organic matter can increase
the soil organic matter content and improve the physical properties of soil (Zulkarnain et al.,
2012). Rizqullah et al. (2017) found that with a manure application of 20 tons ha-1 can produce
dry weight of plants of 74.83 g plant-1 (age 42 DAT). The rapid growth of leaves and stems
requires sufficient water, the plants undergoing water stress, smaller individual leaves size and
lower total leaf area (Muchow 1989, in Huang et al., 2006).

3.2. Effects of Manure Application on Soil Characteristics
3.2.1. Soil Bulk Density (g cm-3)

Results of analysis in Table 5 showed that treatment of manure application did not significantly
affect the soil bulk density.

Table 5: Soil bulk density (g cm-3) under two kinds of manure and three dosage of manure

application

Soil Bulk Density (g cm™)
Treatment | Before | AFter

...... soil depth (cm)............

0-20 | 20-40 | 0-20 | 20-40
Mainplot
P1 134 | 136 |1.31| 131
P2 132 ] 137 | 1.3 | 133
LSD 5% ns ns ns ns
Subplot
DO 133 | 1.36 | 132 | 1.32
D1 133 ] 136 | 1.31 | 1.33
D2 134 ] 138 | 128 | 131

LSD 5% ns ns ns ns

Note: P1= Cow manure, P2= Sheep manure, DO=Control, D1= Dosage of manure 5 ton ha-1, D2
= Dosage of manure 10 ton ha-1. ns= not significant different.

Table 5 shows the manure type and dose did not significantly affect the bulk density of the soil.
This is because the applied organic material has not been able to improve the physical
characteristics of the soil, because it has not been decomposed during the relatively short
research period of 42 days. This is in line with research results Istiqgomah et al. (2015) which
suggests that the decomposition of organic matter in the soil takes a long time.
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The average bulk density of soil after manure application tends to be higher at P1 treatment (1.31
g cm-3) and soil bulk density tends to be lower at D2 treatment (1.28 g cm-3) at 0-20 cm of soil
depth; whereas at 20-40 cm of soil depth the soil bulk density tends to be higher at P2 treatment
(1.33 g cm-3) and D1 (1.33 g cm-3). This is due to the treatment of P2 with a soil depth of 0-20
cm containing more organic material resulting in lower bulk density of the soil. Organic matter
as a soil adhesive can bind soil particles into a larger aggregate, so as to produce pores between
soil aggregates, and affects the bulk density of soil. Rachman et al. (2015) found that soil
aggregation greatly affects several soil physics properties, in particular the bulk density of soil
and soil pores. Organic matter as an adhesive agent of soil particles, organic materials can
enhance soil organisms, producing organic compounds that can bind soil particles to form the
larger aggregates (Shalsabila et al., 2017). Results of Baskoro and Taringan (2017) showed that
organic matter improved the soil physics properties, i.e. increasing porosity of the soil, soil
aeration and stabilizing the soil aggregates.

3.2.2. Soil Particle Density (g cm-3)
Results of analysis presented in Table 6 show that the manure application has no significant
effects on the particle density of soil. The soil particle densities under treatments of manure

application are presented in Tablel 6.

Table 6: Soil Particle Density (g cm-3) under application of manure.

Soil Particle Density (g cm™)
Treatment | Before | _ After
Soil depth (cm)

0-20 |20-40| 0-20 20-40
Mainplot
P1 2.36 2.35 2.31 2.34
P2 2.34 2.41 2.30 2.35
LSD 5% ns ns ns ns
Subplot
DO 2.39 2.38 2.32 2.34
D1 2.32 2.36 2.31 2.33
D2 2.35 2.39 2.3 2.37
LSD 5% ns ns ns SS

Note: P1= Cow manure, P2= Sheep manure, DO=Control, D1= Dosage of manure 5 ton ha-1, D2
= Dosage of manure 10 ton ha-1. ns= not significant different.

Table 6 shows no significant effects of treatments on the soil particle density. This is because the
applied manure has not been able to improve soil structure destroyed by soil tillage, because the
research time is very short. Abdulrahman et al. (1986, in Baskoro et al., 2017) found that effects
of organic matter application on the soil physical properties was significant after two years.

The manure application had no significant effect on soil particle density, but the particle density
of manured soil decreased slightly compared with the unmanured soil (Table 6). The average
particle density of topsoil (0-20 cm) tends to be lower at P2 treatment (2.30 g cm-3). While at
20-40 cm of soil depth, the average particle density tends to be lower under manure application
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(2.39 g cm-3). Organic matter can increase the activity of soil microorganisms, producing
organic compounds that can bind soil particles into larger soil aggregates, thereby reducing soil
density, increasing sol pore and increasing water infiltration, thus resulting in the decrease of soil
bulk density. Dermiyati (2015) found that organic materials can improve soil physics properties,
such as improving soil structure and reducing soil plasticity. While Syukur and Indah (2005)
found that application of organic materials can reduce soil plasticity, and improve soil aeration.
Organic matter increases soil aggregation, soil porosity and soil aeration (Rachman et al., 2015).
The low content of soil organic matter affects the bulk density of the soil (Bondansari, 2012).

3.2.3. Soil Porosity (%)
Results of data analysis in Table 7 showed that the type and dose of manure applied into the soil
had no significant effect on soil porosity. The porosity of soil at manure treatments are presented
in Table 7.

Table 7: Soil Porosity (%) under application of manure

Soil Porosity (%)
Treatment Before |  After

Soil depth (cm)

0-20 | 20-40 | 0-20 | 20-40

Mainplot
P1 43.10 | 42.17 | 43.56 | 43.35
P2 43.43 | 43.02 | 45.78 | 44.63
LSD 5% ns ns ns ns
Subplot
DO 44,19 | 42,99 | 43.52 | 42.98
D1 4250 | 42.51 | 44.34 | 44.27
D2 43.11 | 42.28 | 46.66 | 44.73
LSD 5% ns ns ns ns

Note: P1= Cow manure, P2= Sheep manure, DO=Control, D1= Dosage of manure 5 ton ha-1, D2
= Dosage of manure 10 ton ha-1. ns= not significant different.

Effects of manure on the soil porosity presented in Table 7 shows that manure treatment has no
significant effect on increasing the soil porosity. However, there is a tendency that soil porosity
increases after manure application. The average porosity of soil tends to be higher achieved at
treatment D2 (46.66%) and tends to be lower in treatment of without manure.

Sol organic matter are functioned as adhesive agents for the primary particles of soil into a larger
soil aggregate, thereby reducing soil bulk density, and increasing the number of soil pores.
Sukmawati (2015) found that soil physics characteristics can be improved by applying the
organic farming technologies. Ariska et al. (2016) found that a high C-organic content can
decrease the soil bulk density and increase the stable soil aggregates, so that the soil pore
formation will change and soil porosity increases. Surya et al. (2017) found that manure
applications can improve the life of soil microorganisms, increase soil fertility, improve soil
structure and soil porosity. Satriya et al. (2016) reported that soil aggregate stability is affected
by soil organic matter content. According to research results Sumarni et al. (2010), soil porosity
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is strongly influenced by soil organic matter content. Unstable soil structure and low soil organic
matter can affect soil bulk density and particle density of soil, and soil porosity (Bodansari,
2012). Applications of organic fertilizers (from different sources) can increase soil porosity, soil
moisture content and water holding capacity, while reducing soil compaction and improving soil
bulk density (Papini et al., 2011, in Mahmood et al., 2017).

3.2.4. Moisture Content Pf2,5 And 4, 2
The result of the analysis showed that manure type and dose treatments had no significant effects
on field moisture capacity and permanent wilting point. The mean field moisture capacity and

permanent wilting point under manure treatments are presented in Table 8.

Table 8: Soil moisture content (cm3 cm-3) at pF 2.5 and pF 4.2 under manure application

plf gllgmo‘lstu re (Cg]s’ :.r2n-3) Available moisture capacity (cm® cm™)

Treat-ment| ... soil depth (cm).............

0-20 20-40 | 0-20 20-40 0-20 20-40
Mainplot
P1 0.37 0.35 |0.20 0.21 0.17 0.14
P2 0.38 0.37 ]0.18 0.19 0.20 0.18
LSD 5% ns ns ns ns
Subplot
DO 0.36 0.36 |0.20 0.20 0.16 0.16
D1 0.38 0.36 |0.18 0.20 0.20 0.16
D2 0.39 0.35 |0.18 0.20 0.21 0.15
LSD 5% ns ns ns ns

Note: P1= Cow manure, P2= Sheep manure, DO=Control, D1= Dosage of manure 5 ton ha-1, D2
= Dosage of manure 10 ton ha-1. ns= not significant different.

Table 8 shows that soil moisture content at field capacity and permanent wilting point, soil
moisture measurement results with "presume plate apparatus™ method at pF 2.5 and pF 4.2, are
not influenced by manure application, but there is little increase in field moisture capacity
compared to before application of manure. This is an indicator of the improvement of soil
characteristics caused by manure application. Gatenby (1986, in Samudro, 2014) found that low
soil organic matter content decreased soil microorganism activity and decreased soil porosity.
Research of Wahyunie et al. (2012) showed that the soil organic matter content had an effect on
the soil pore distribution. Hanafiah (2014) also found that soil macropore led to improve soil
aeration and soil drainage. Size distributions of soilpores play an important role in the
mechanism of soil moisture movement (Baskoro et al., 2017). The application of organic matter
can decrease the soil bulk density and increase soil porosity (Sukawati, 2015).
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4. Relation between Soil Characteristics and Shoot Dry Weight of Maize (BKB)
4.1. Soil Bulk Density vs. Shoot Dry Weight of Maize
The result of regression analysis (Figure 1) shows that there is a tendency of a negative

relationship between the dry weight of plant and the bulk density of soil, if the soil bulk density
increase, the weight of plant decrease.

166
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Figure 1: The relation between soil bulk density (BIT) and shoot dry weight of maize (BKB)

Results of the correlation and regression test between soil bulk density and dry weight of plants
show the coefficient of determination (soil depth 0-20 cm) of R2 = 0.960 (Figure 1). Results of
this analysis indicate a negative relationship, i.e. the higher the value of soil-bulk density, the
value of plant dry weight decreased. Mosaddeghi et al. (2000) found that the addition of manure
or organic matter into the soil may reduce soil bulk-density.

4.2. Soil Porosity vs. Shoot Dry-Weight of Maize (BKB)

The results of correlation and regression analysis (Figure 2) showed a linear relationship between
soil porosity and dry weight of the plant.

100
a0
28 60 -
2 e oses
20 . + BKE (g)
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Figure 2: The relation between soil porosity and shoot dry weight of maize (BKB).
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The coefficient of determination on topsoil is R2 = 0.863, and on subsoil is R2 = 0.795. Results
of this analysis indicate a linear relationship between soil porosity and dry weight of plants; the
higher porosity of the soil value of dry weight of plants greater. Increasing the soil porosity can
facilitate the penetration of plant roots to absorb water and nutrients in the soil, improving soil
aeration for root repiration. According to Jones (1992, in Rahman, 2004), that the photosynthesis
of plants that produce dry matter, is strongly influenced by leaf area.

5. Relation between Soil Moisture Content at Field Capacity and Shoot Dry Weight of
Maize (BKB)

Regression analysis result (Figure 3) shows that there is a linear relationship between field
moisture capacity (pF 2.5) of soil and the dry weight of maize stover.

100
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Figure 3: The relation between soil moisture content at field capacity (pF2.5) and shoot dry
weight of maize (BKB)

Based on the result of correlation and regression test between field moisture capacity and dry
weight of plant under manure treatments with different soil depth, the coefficient of
determination on topsoil R2 = 0.924, and on subsoil R2 = 0.042. The linear regression equation
shows that the dry weight of plant is strongly influenced by the field moisture capacity. Rahman
et al. (2004) found that in conditions of drought (very low soil water available) can affect plant
growth and leaf area. This can reduce dry weight of plant. Camacho and Caraba (1994) found
that maize plants with drought stress during their vegetative growth stages produced the smaller
leaf growth. While Boutra et al. (2010) found that maize crops experiencing soil moisture deficit
produced the lower leaf area.

6. Conclusion

Applications of sheep manure 10 tons ha-* into soil have the effects on:
1) Increased growth of maize: plant height (cm), stem diameter (mm), leaf area (cm), fresh
weight and dry weight of stover (shoot) (g).
2) Improvement of topsoil characteristics (0-20 cm): soil bulk density, soil particle density,
soil porosity and field moisture capacity
3) Improvement of subsoil characteristics (20-40 cm): soil bulk density and particle density
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4) Decrease in soil porosity and available moisture content at 20-40 cm of soil depth.
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