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Improper soil management inland with steep slopes is one of the causes of decreased
agricultural productivity in hilly areas. The use of terraces on steep slopes is considered
effective in preventing erosion. However, this does not increase agricultural productivity
significantly. Therefore, this study aimed to analyze the performance of maize on
land with and without terraces as affected by the addition of goat manure and NPK.
A field experiment was arranged in a randomized complete block design, consisting
of 12 experimental plots that were made on a hill with a slope of 79 % with three
replications. Plant tissue samples were analyzed for assessing N, P, and K content.
However, soil samples were measured for N, P, K, SOC, pH H,0, EC, CEC, and soil texture.
Data were analyzed using analysis of variance and continued with a Post-Hoc test
(DMRT at a=5 %). The application of manure and NPK fertilizers significantly improved
EC, SOC, N, and P in soil, also N and P content in plant tissues. Goat manure played a
role in improving soil properties, while NPK fertilizers played a role in supplying nutrient
availability directly to plants. The best performance of maize was on land without
terraces and cover crops (sweet potato). Competition for nutrients between maize
and sweet potato occurred on land with terraces so that the performance of maize
tended to be lower. Soil management on land with terraces needs to consider nutrient
management and selection of cover crops so that both can increase maize productivity.
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INTRODUCTION

Soil management and improvement of agricultural
productivity have become a global concern in main-
taining food security and environmental quality.
Improper land management practices are believed
to be one of the causes of land degradation. In recent
decades, land degradation has increased in many
countries, most of which are caused by the agricultural
sector. In Halmahera, land degradation is also found
in several agricultural areas with inappropriate land use
accompanied by the absence of conservation measures
(Rofita et al., 2021). Agricultural intensification has
caused soil compaction, decreased organic carbon

in the soil, increased evapotranspiration rates, and
led to excessive erosion (Lal, 2004). The impact of
agricultural intensification is not significant. However,
in the long term, it will cause environmental damage
and a decrease in agricultural production. The socio-
economic aspects of the community are also affected
by the destruction of agricultural land, thereby leading
to poverty. According to Fronning et al. (2008), soil
conservation practices can be carried out by applying
manure, cover crops, and terraces to reduce the
impact of land degradation and improve soil quality.

Manure can be used as a soil conditioner to improve
the soil's physical, chemical, and biological properties.
According to Sistani et al. (2008), manure can be
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used as a source of nitrogen and phosphorus in the
soil to improve the growth of crops. Improved soil
aggregation due to the application of manure can
also increase root growth and plant productivity. In
manure, there are very abundant microorganisms
so that, if applied in the soil, it can play a role in
increasing the activity of microorganisms in the
rhizosphere zone, which should have an effect on the
supply of nutrients and plant growth. Some previous
researchers tended to report the superiority of
manure compared to chemical fertilizers because it
could increase crop productivity (McAndrews et al.,
2006). Manure will supply slow-release nutrients for
plants so that their use can be sustainable and more
environmentally friendly.

Land management practices in areas prone to
erosion are often carried out using terracing. Terracing
is a conservation technique that has been developed
for along time, considered capable of reducing erosion
(Arndez et al., 2015). The application of terracing alone
is not sufficient to produce agricultural products.
Thus, a combination of manure and chemical fertilizers
is needed to increase crop yields. Some researchers
recommend manure over chemical fertilizers, yet

their properties are site-specific, depending on the
interaction between soil edaphic conditions and plants.
The very dynamic nature of the soil as affected by
the addition of manure and chemical fertilizers needs
to be studied further to find a suitable formulation
to be used in terraced land.

MATERIALS AND METHODS

Study area and experimental design

The experimental research was conducted in
Limau Village, North Galela District, North Halmahera
Regency, North Maluku Province, Indonesia (127°
50'30.6",01°55' 15.1"). The research site is located
on a hillside, with a slope of 79 % (steep) and an
altitude of 18 m above sea level. Steep slopes have
a high risk for erosion, triggering land damage.
Accordingly, this research was designed to overcome
such problems. In general, the soil texture at the study
site is classified as clay soil with a sticky consistency,
while the soil pH is neutral, and some of the initial
soil chemical properties are low. The result of soil
analysis before treatment are presented in Table 1.

Table 1. Soil analysis before treatment

Parameter Value Category
Sand (%) 7

Silt (%) 35 Clay texture
Clay (%) 58

pH H20 6.81 Neutral
SOC (%) 1.37 Low
N-total (%) 0.14 Low
P-available (ppm) 1 Low
P-total (%) 0.004 Low
K-total (%) 0.007 Low
CEC (cmol(+).kg?) 16.8 Low

The materials used for the experiment were maize
plants (cultivar Bisi 2), organic fertilizer from goat
manure, and chemical fertilizers with active ingredi-
ents of nitrogen (N), phosphorus (P), and potassium
(K). The experiment was arranged in a randomized
complete block design (RCBD) consisting of three
factors, namely (1) land with and without terraces,
(2) the use of goat manure at a dose of 0 ton.ha?,
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10 ton.ha’, 20 ton.ha?, and 30 ton.ha* and (3) the
use of NPK fertilizers at a dose of 0 kg.ha?, 150 kg.ha’,
and 300 kg.ha!, where each treatment combination
was made into three replications. The appearance of
the land with and without terraces can be seen in
Figure 1. The application of goat manure and chemical
fertilizers was carried out evenly. The treatment
combinations in more detail are presented in Table 2.
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Figure 1. Land with terraces and without terraces

Table 2. The doses of fertilizers

Code

The doses of fertilizers

TOPO
TOP1
TOP2
T1PO
T1P1
T1P2
T2PO
T2P1
T2P2

T3P0
T3P1

T3P2

0 ton.ha goat manure + 0 kg.ha* NPK fertilizer

0 ton.ha goat manure + 150 kg.ha™ NPK fertilizer
0 ton.ha goat manure + 300 kg.ha NPK fertilizer
10 ton.ha goat manure + 0 kg.ha™ NPK fertilizer
10 ton.ha goat manure + 150 kg.ha™ NPK fertilizer
10 ton.ha™ goat manure + 300 kg.ha™ NPK fertilizer
20 ton.ha?* goat manure + 0 kg.ha* NPK fertilizer
20 ton.ha* goat manure + 150 kg.ha* NPK fertilizer
20 ton.ha* goat manure + 300 kg.ha* NPK fertilizer

30 ton.ha* goat manure + 0 kg.ha* NPK fertilizer
30 ton.ha?! goat manure + 150 kg.ha* NPK fertilizer

30 ton.ha* goat manure + 300 kg.ha* NPK fertilizer
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Growth measurement and sampling

Plant growth was observed by measuring plant
height and counting the number of leaves. Growth
measurement was performed at 2, 4, 6, and 8 weeks
after planting. The same time, weeds and pests
were controlled once a week. At harvest, the maize
cobs were weighed, and plant samples were taken,
in which the stems and leaves were composited to
analyze the nutrient uptake (N, P, and K contained
in plant tissues). Soil samples were also taken from
each rhizosphere zone to determine the chemical
properties of the soil after treatment. The soil
chemical properties observed include pH, electrical
conductivity, organic C, total N, total P, total K, and
cation exchange capacity.

Statistical analysis

The results of soil and plant analysis are presented
in tables and bar charts. Meanwhile, the statistical
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analysis was carried out using the Statistical Analysis
System (SAS) software version 9.1. The effects of the
treatments on the variables were tested using a
one-way analysis of variance (ANOVA) and Duncan's
multiple range test (significant P < 0.05) to compare
the mean of each treatment. The correlation between
variables was analyzed at a= 5 % using Minitab 16.

RESULTS AND DISCUSSION

The application of a combination of NPK fertilizer
and goat cage did not significantly affect the pH value
of the soil (Figure 2A). The application of organic
fertilizers can increase soil pH due to their complete
decomposition process, making them able to release
nutrients (K, Ca, and Mg) into the soil and increase
humus colloids (Brar et al., 2015; Neina, 2019).
According to Hariadi et al., (2016), goat dung material
has a pH of around 7.73-8.38, which is higher
compared to cow dung material, which has a pH
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Table 3. Effects of terraces on the soil chemical properties after

fertilizer applications

Variables Unit With terraces ~ Without terraces
Soil pH - 7.21 a 7.05 a
EC pS.cm? 184.75 a 164.19 a
Soil organic C % 215 b 2.52 a
Total N % 0.25 b 0.50 a
Total P % 0.015a 0.007 b
Total K % 0.024 a 0.022 a
CEC Cmol (+).kg? 30.70 a 30.65 a

Remarks: Means followed by the same letters in the same row are not
significantly different according to DMRT a=5 %.

ranging from 7.59-8.10 so that the ability of goat
dung to increase soil pH is better than that of cow
dung. After the application of NPK fertilization and
goat pens, the condition of the soil characteristics
was better on the part of the land with the terrace
because there was a flat part of the terrace bench
(Table 3). Meanwhile, in the land without terraces,
N, P, and K nutrients were possibly dissolved along
with soil erosion and surface water runoff.

The combination of 30 ton.ha™ goat manure and
300 kg.ha* NPK fertilizer could significantly increase
the electrical conductivity (EC) in the soil (Figure
2B). In general, land with terraces has a higher value
of electrical conductivity compared to that without
terraces. The effect of terracing on the electrical
conductivity is possibly due to the difference in the
degree of water saturation. Land with terraces has a
higher degree of water saturation on the sloping
terrace bench, while land without terraces has a
relatively lower degree of water saturation (Bai et
al., 2019). The degree of water saturation plays an
important role in the dissolution of ions in the soil, and
the dissolved ions affect the electrical conductivity
of the soil (Ismayilov et al., 2021). The application
of manure and NPK fertilizers causes the electrical
conductivity to vary more in each treatment. However,
the pattern showed that the higher the dose given,
the higher the electrical conductivity. Although
there was an increase in the electrical conductivity of
the soil after treatment, the value in each treatment
was still relatively low (< 1000 S.cm™). Maize plants
have a tolerance to the soil electrical conductivity
in the range of 1700 S.cm™ so that treatment in
both types of land could still improve the growth of
maize. Hanifa et al. (2019) added that increasing the
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dose of fertilizer in the soil could positively increase
dissolved ions and electrical conductivity in the soil.

Soil organic C is an important indicator of soil
fertility and quality. The highest soil organic Cin the
land with terraces was found in the treatment of 30
ton.ha? goat manure and 150 kg.ha* NPK fertilizer,
which was 2.97 %. Meanwhile, in the land without
terraces, the highest values was found in the
treatment of 20 ton.ha? goat manure and 300 kg.ha™
NPK fertilizer, 30 ton.ha* goat manure and 0 kg.ha™
NPK fertilizer, and 30 ton.ha goat manure and 300
kg.ha* NPK fertilizer, which were 2.95 %, 2.78 %,
and 2.69 % (medium), respectively (Figure 2C). The
application of goat manure has a significant effect
on increasing soil organic C because it contains many
fractions of organic compounds easily decomposed
and soluble in water (Koninger et al., 2021). In addition,
goat manure also increases organic Cin a land without
terracing (Table 3). The soil organic C content also
varied greatly in each treatment, which tended to
be higher in the land without terraces. This result is
supported by Li and Lindstrom (2001), reporting that
the soil organic C content in the land without terraces
is higher compared to that in the land with terraces.
The high soil organic C content in the land without
terraces is probably because of the movement of
organic humus material from the plants above it,
dissolved by water (Mai et al., 2013). Although it is
believed that organic matter can improve soil physico-
chemical properties by increasing cation exchange
capacity and improving soil structure, organic matter
may be transported by surface water flows. The
steep slopes cause surface water to flow at a higher
speed and allow the transport of soil and organic
matter. Deng et al. (2021) added that the soil quality
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tended to decrease after land modification into
terraces because there was a reversal of soil material
into terrace benches. The process of reversing soil
material can erode the topsoil or surface soil layers,
which tend to be fertile, thereby exposing the sub-
surface soil material (Liang et al., 2018). The land
modification into terraces will reduce soil nutrient
content and soil organic C in the early years (Zhou
et al., 2015).

The total N content can come from goat manure
and NPK chemical fertilizers. Nitrogen is very mobile,
and its content in the soil is dynamic. N can be lost,
either being dissolved by water or being evaporated
into the atmosphere (Purwanto and Alam, 2020).
The total N content of the soil was higher in the land
without terraces than in the land with terraces
(Table 3). Giving various combinations of treatments
can also significantly affect the increase in total N in
the soil so that the average is in the medium to high
class (Figure 2D). The content of N in the soil plays
an important role in the process of plant growth,
leading to competition for its presence in the soil
between several plants (Utami et al., 2020). The
lower content of total N in the land with terraces is
due to the competition for nutrient uptake between
maize and ground cover crops (sweet potato) (Figure
5). Cover crops on land with terraces can function
as a control for soil erosion and surface water runoff.
However, a cover crop is also a weakness due to the
competition for nutrients, making the selection of
cover crops necessary for conservation efforts (Haruna
and Nkongolo, 2020). Legume cover crops are more
suitable for reducing soil erosion, fertilizing the soil,
and increasing soil organic matter content (Noviyanto
et al., 2017). Figure 5 presents the land with terraces
and without terraces, in which land with terraces
has maize plants accompanied by sweet potato plants
as ground cover crops.

The combination of 30 ton.ha goat manure + 300
kg.ha NPK showed a significant effect on increasing
the total P in the land with and without terraces,
categorized in the low to moderate criteria (Figure 2E).
Although there was an increase in both areas, the land
with terraces showed a more significant difference
than the land without ones (Table 3). The flat part of
the terrace allows the availability of P in the soil to be
facilitated from goat manure and NPK fertilizers.
The application of goat manure can increase the
availability of P in the soil directly by the minerali-
zation process or indirectly by the release of fixed P
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(Banamtuan et al., 2020). The mineralization process
of organic matter will be able to release inorganic P
(PO4*) and organic P (phytin and nucleic acid), where
both types of P will be utilized by plants (Alori et al.,
2017). However, the sweet potato plants in the land
with terraces as cover crops did not affect the total
P content in the sail.

The total K content in the soil after being treated
with goat manure and NPK fertilizer tended to vary
(Figure 2F), but there was no significant difference
between land with terraces and without terraces
(Table 3). The increase in total K in the soil occurred
in the 30 ton.ha? goat manure + 300 kg.ha? NPK
fertilizer with the highest doses of goat manure and
NPK fertilizers. Although different doses of fertil-
ization were given, the total K content in the soil was
still low to moderate. The application of goat manure
and NPK fertilizers can increase the availability of K
in the soil. According to Hendra et al. (2018), the K
content of goat manure is higher than that of cow
manure by 0.17 % so that it can serve as a source of
nutrition for maize plants. The high K content in goat
manure significantly increased total K in the soil
although it was still in the low to moderate grade
range.

There was no significant difference in the cation
exchange capacity (CEC) of the soil after treatment
in the land with and without terraces (Table 3).
Although it did not provide a significant difference,
the combination of treatments could increase the
CEC to be in the medium and high criteria (Figure
2G). The addition of manure in the soil will increase
the negative charge through colloidal humus, thereby
increasing the soil CEC. Humus in the soil is resulted
from the decomposition process of organic material
from goat manure, which has more dynamic properties
and is easily destroyed (Alam et al., 2014). The value
of CEC is determined by the content of clay and
organic matter so that the application of terraces
did not have a significant effect. However, the land
with terraces had a higher CEC than the land without
ones, with a difference of 0.05 cmol(+).kg? (Table
3). The land without terraces tends to experience
more intensive soil erosion, eroding the surface soil
material. Erosion of soil material causes the under-
ground horizon to be exposed, thereby affecting the
clay content in the soil, which serves as a source of
soil CEC (Noviyanto et al., 2020). CEC can describe
the soil's ability to absorb cations and exchange
them to be available to plants (Strawn, 2021).
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Nutrient uptake and plant growth

The differences of land condition affect the N and
P uptake, but not the same in the K uptake. N uptake
was highest in land without terraces, while P uptake
was highest in land with terraces (Table 4). Plants can
absorb nutrients by diffusion, mass flow, and direct
contact through plant roots (Hillel, 2007; Badruzza-
man et al., 2012). The combination treatment of NPK
fertilizer and goat manure can only increase the
total N and P content of the soil, and is not always in
sync with the uptake of N and P in plant tissues
which tend to have lower criteria (Figures 3A and 3B).
The highest N uptake was found in the treatment of
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30 ton.ha* goat manure and 300 kg.ha! + NPK
fertilizer at land without terraces, while the highest
P uptake of plants were obtained in the same doses
in the land with terraces. Organic fertilizer from
goat manure allows slow-release of N and P, while
NPK fertilizer releases N and P directly to be used
by plants (Han et al., 2016). The combination of
treatments on land with and without terraces had
no significant effect on K uptake in plants (Figure
3C), because the availability of K in the soil was
still relatively low even though a combination of
goat manure and NPK was given or even though
there was an insignificant increase in the total K
content of the soil.

Table 4. Effects of terracing on the nutrient uptake in plants

Variables Unit With terraces Without terraces
N uptake % 1.40b 1.56a
P uptake % 0.40a 0.32b
K uptake % 144 a 149a

Remarks: Means followed by the same letters in the same row
are not significantly different according to DMRT a=5 %.
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The goat manure and NPK fertilizer showed no
significant effect in the end of observation which is
8 weeks after planting in both terraces and without
terraces (Table 5). Plant height and the number of
leaves were positively correlated with the increase
in the maize cob weight (Table 6). The average plant
height was about 250 cm, with an average number
of 14 leaves. Although some agronomic factors are
not correlated with nutrient uptake and soil chem-
ical properties, some researchers agree that there

are complex biochemical processes in plant tissues,
which can be influenced by soil chemical properties
(Castillo et al., 2021; Yadav et al., 2021).

The N uptake was correlated with soil organic C
and total soil N (Table 6). The use of chemical fertil-
izers combined with organic fertilizers has been
widely reported. Organic fertilizers can improve soil
physicochemical properties, increase soil nutrient
availability and promote plant growth (Mi et al.,
2018; Choudhary et al., 2018; Shi et al., 2019). In this

Table 5. Plant height and the number of leaves in the land with and without terraces

" With terraces Without terraces

Code 2 WAP 4 WAP 6 WAP 8 WAP 2 WAP 4 WAP 6 WAP 8 WAP
Plant height

TOPO 24 +3.6 abc 38+ 15ab 114 +10.5ab 260+20.0a 27+6.4ab 50 +10.5 ab 101+31.0ab 250+78.1a
TOP1 18+5.8 be 42+119ab 122 +32.8ab 259+60.0a 21+9.1abc 47 +189 ab 103 +50.4 ab 232+56.2a
TOP2 21+5.6abc 35+ 6.8b 119+41.0ab 243+80.0a 27 +6.7 abc 51+ 7.8ab 95+13.8ab 240+26.5a
T1PO 27+7.0ab 48+ 25ab 151+ 8.7a 280+17.3a 23 +5.8abc 60+10.0a 117 +37.9ab 237+47.3a
T1P1 17+29¢ 38+ 7.2ab 118 +36.6 ab 257+51.3a 20+ 5.3 abc 53+13.6ab 121+38.0ab 237+49.3a
T1P2 20 £5.3 abc 37+ 8.1ab 124 +21.4 ab 267+35.1a 20+9.5 abc 54 £21.8 ab 146 +18.0 ab 283+11.5a
T2P0 24 2.3 abc 37+ 29ab 90£25.1b 227+25.2a 25+2.9abc 50 £18.0 ab 145 +16.7 ab 275+26.0a
T2P1 21+6.1abc 43+ 8.1lab 128 +28.0 ab 258+17.6a 25+ 7.5 abc 56+13.3 ab 100 +36.7 ab 227 +£28.9a
T2P2 19+4.2 bc 51+ 6.2ab 148+15.5a 285+35.0a 25+ 7.0 abc 49 +18.8 ab 131+27.3ab 283+ 5.8a
T3P0 25+ 5.0 abc 46+ 9.5ab 132+22.6ab 210+£79.4a 25+ 7.2 abc 49+13.3 ab 99+ 12.3ab 220+34.6a
T3P1 19+5.1bc 39+14.6 ab 118+ 26.1ab 273+23.1a 26+9.5 abc 59+ 7.9ab 126 +23.5ab 263+37.9a
T3P2 19+4.7 bc 36+ 7.6ab 111+30.3ab 263+47.3a 30+5.5a 48+15.7 ab 99+42.4 ab 267+115a
The number of leaves

TOPO 7 £0.0 abed 10+ 0.6 ab 15 £ 0.6 abc 14+2.1ab 8+1.0a 9t14ab 14 +2.6 abc 13+2.5ab
TOP1 5tl2e 10+ 2.6ab 14 £2.1 abc 14+15ab 7 £ 1.0 abed 11+0.7ab 14+ 1.5 abc 15+ 0.6 ab
TOP2 5+06e 9%3.5ab 13 £1.5 abc 15+2.5ab 7 £0.6 abc 9+2.1ab 12+1.2 b 14+1.5ab
T1PO 6+ 1.0 cde 11+1.2a 16+2.1ab 14+1.2ab 8+0.6ab 9+0.7 ab 11+15¢ 14+1.2ab
T1P1 5+06e 9+23ab 14 +2.1 abc 14 +1.7 ab 7 +1.0 abed 9+2.8ab 13 +3.6 abc 14 +3.0ab
T1iP2 7 +0.6 abcde 9+1.7ab 16+ 1.2 abc 15+0.6ab 7 +0.6 abcde 11+14ab 14 +£0.6 abe 15+ 0.6 ab
T2P0 7+1.2abc 8+2.1b 14 £ 3.6 abc 13+2.3ab 8+0.6ab 11+0.0ab 14 +1.0 abc 1l6+2.1a
T2P1 5+06e 9+2.6ab 15+ 1.2 abc 14+2.1ab 7 £ 1.5 abcde 10+ 1.4ab 12 +£2.5 abc 13+ 0.6ab
T2P2 6+1.0cde 11+0.6ab 16+1.2a 16+06a 7 +0.0 abed 11+0.0ab 14 +0.6 abc 14+1.0ab
T3P0 7 +0.6 abcde 10+2.1ab 14 +2.1 abc 12+35b 8+1.5ab 9+14ab 12+1.2bc 12+2.1b
T3P1 6+0.6de 9+1.5ab 14 £3.5 abc 15+1.7ab 8+0.6ab 11+2.1ab 14+1.2 abe 15+1.0ab
T3P2 6+0.6 bede 9+25ab 14 £ 2.9 abc 14+15ab 8+0.0a 8+4.2ab 13 +2.0 abc 14 £ 0.6 ab

Remarks: Means followed by the same letters in the same column are not significantly different according to DMRT a=5 %, T0= 0
ton.ha™ goat manure, T1= 10 ton.ha goat manure, T2= 20 ton.ha? goat manure, T3= 30 ton.ha® goat manure, PO= 0
kg.ha* NPK fertilizer, P1= 150 kg.ha* NPK fertilizer, P2= 300 kg.ha' NPK fertilizer.

Table 6. Correlation between variables

N P K Plant

Variable pH EC SOC Ntotal Ptotal Ktotal CEC uptake uptake uptake height Leaf
EC 0.179

Nele 0.157 0.570°

N total 0.346° 0.240" 0.538"

P total -0.276° 0.243° -0.029 -0.151

K total 0.118 0.636° 0.412° 0.220 0.275

CEC -0.158 -0.022 0.044 -0.158 -0.114 0.111

N uptake 0.060 -0.026 0.355° 0.467° -0.313° -0.101 -0.206

P uptake 0.007 0.253" -0.016 -0.128 0.167 0.170 -0.269" -0.145

K uptake -0.031 -0.076 0.002 0.052 0.052 -0.167 -0.221 0.147 0.166

Plant height 0.109  0.195 0.082 -0.084 -0.085 0.203 0.153 -0.059 -0.021 -0.155

Leaf 0.027 0.168 0.022 -0.082 0.009 0.130 0.115 -0.196 0.083 0.092 0.634*
Maizecob ~ -0.056 0.143 0.150 0.078 -0.154 -0.063 0.066 0.102 0.021 0.029 0.199 0.255*

Remarks: (*) significant at a= 5 %, EC= Electrical Conductivity, SOC= Soil Organic Carbon, CEC= Cation Exchange Capacity.
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Treatments

EWith terraces @ 'Without terraces
Figure 4. Maize cob weight in the land with and without terraces, T0=0
ton.ha! goat manure, T1= 10 ton.ha® goat manure, T2= 20
ton.ha™ goat manure, T3= 30 ton.ha™ goat manure, PO= 0 kg.ha
NPK fertilizer, P1= 150 kg.ha NPK fertilizer, P2= 300 kg.ha* NPK

fertilizer.

study, the application of organic fertilizer signifi-
cantly increased soil organic Cto 2.97 % (Figure 2C),
thereby improving the availability of total N in the
soil and N uptake in plant tissues. The use of goat
manure as a source of soil organic matter has gone
through complex biochemical reactions when applied
to the soil and during the planting period (Hua et al.,
2020). Organic matter contains organic functional
groups such as carboxylic and phenolic groups,
where dissociation of these organic acid functional
groups can increase soil CEC and retention to acidity
(Schellekens et al., 2017). P uptake in maize was also
correlated with soil CEC (Table 6), making it possible
that organic fertilizers could positively supply P avail-
ability in the soil (Figure 2E) and promote P uptake in
plant tissues (Figure 3B). Cai et al. (2019) reported
that the application of manure into the soil positively
increased pH, carbon sequestration, total N, and
available N and P.

The effect of fertilization with a dose of 30
ton.ha? goat manure + 150 kg.ha NPK fertilizer on
land with terraces gave the highest corncob weight
yield (Figure 4). Desta et al. (2021) added that land
with terraces had better potential than land without
terraces. However, the ground cover plants allowed
competition for soil nutrient absorption to occur.
The period of terracing is also possible to influence
soil characteristics and fertility (Liu and Zhou, 2017).
Terracing was carried out just before the research
started so that in the short term, it has not been able
to produce high maize productivity. Continuous ap-
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plication of organic matter can improve soil prop-
erties, thereby increasing maize productivity in the
long term (Chen et al., 2020). Specific soil edaphic
conditions can affect the growth of maize plants.

Utilization of land with sloping to steep topography
for the agricultural sector can only be done with
terracing techniques. Land without terraces is better
used for protection forest or as a reservoir area.
Terracing is the oldest technique for conserving soil
and water in hilly or mountainous areas that have
experienced increasing population pressure (Deng
etal., 2021). Terraces are constructed along contour
lines to increase the arable surface area and conserve
soil and water on hillsides. Slope management using
terraces is one of the most effective land engineering
actions to be carried out, which in the process requires
good design, proper development, and proper
maintenance (Cao et al., 2013).

Constructing terraces on sloping land can reduce
the steepness of the slopes by dividing the slope
into smaller, sloping sections. Modified slopes can
change hydrological pathways, reduce surface
runoff, and increase land catchment areas (Uchida
et al., 2013). The use of terraces can increase the
moisture content of the soil by improving the soil's
infiltration ability and capacity to hold groundwater
(Wei et al., 2016). The terraced part of the land can
store more water, thereby providing sufficient water
for plant cultivation. Crops will be able to grow well
on land with terraces. Besides, this technique is
more environmentally friendly since it reduces soil
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erosion, maintains slope stability, and reduces the
risk of flooding.

CONCLUSIONS

The combination of goat manure with NPK fertilizer
can significantly increase EC, soil organic C, total N,
and total P in both land types (with and without
terracing). The increase in the dose of combined
fertilizer is in line with the increase in agronomic
indicators such as nutrient uptake, increased plant
growth, and maize cob production. Provision of goat
manure and NPK fertilizer can be useful to improve the
performance of maize plants, even on land without
terraces. The utilization of livestock manure is an
alternative to providing local organic matter that
can be combined with inorganic fertilizers that are
useful in agricultural cultivation in various topographic
conditions with or without terracing modifications.
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