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INTRODUCTION

Maize (Zea mays L.) is economically a unique
crop worldwide and economically importance (Vasal
2012). In Indonesia, maize is the second most
important cereal crop after rice (Swastika et al.
2004). Presently, maize is not only as a staple food,
but also as a major component of feeds for animal
industry (Pasuquin 2010; Reddy et al. 2013) and
biofuel (Kocar and Civas 2013). The targeted maize
production was 29.000.000 Mg in 2014. In order to
achieve maize self sufficiency, the area of production
has to be increased to about 4.999.000 ha and the
productivity to be 5.82 Mg ha-1 (Haryono 2012).
Maize production in Indonesia can be increased by
both intensifying cultivation practices and expansion
of cultivable area (Margaretha 2012).
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ABSTRACT

Peatland in Indonesia has a potential for maize cultivation, but it has constraints that low of soil pH and of nutrient
availability. Use of ameliorants from coastal sediment and salted fish waste was an alternative to improve peatlands
productivity and maize yields. Objective of the study was to examine effects of coastal sediment and salted fish
waste on growth and yield of maize at three kinds of soil of peatlands of Kubu Raya, West Kalimantan. This research
was conducted in field using Inter-area analysis design. The first factor was combination of each ameliorants which
consisted of 5 levels, namely: 1) treatment under farmer custom at the sites (control); 2) coastal sediment of 20 Mg
ha-1 + 0.75 Mg of salted fish waste ha-1; 3) coastal sediment of 40 Mg ha-1 + 1.5 Mg of salted fish waste ha-1, 4) coastal
sediment of 60 Mg ha-1 + 2.25 Mg of salted fish waste  ha-1. The second factor was soil types which consisted of
three levels, namely: Typic Haplohemists, Typic Sulfisaprists and Typic Haplosaprists. Each treatment was repeated
5 times. The results showed that combination of 40 Mg ha-1 of coastal sediment and 1.5 Mg ha-1 of salted fish waste
was the best combination for all soil type. It increased plant height (33% - 44%), shoot dry weight (74% - 75%),
number of seeds per cob (31% -110%), weight of 100 seeds (58% -71%) and dry grain weight per plant (136% -160%)
at each soil. The highest yield was found in soil of Typic Haplosaprists (219.54 g), followed by Typic Sulfisaprists
(210.72 g) and Typic Haplohemists (208.82 g).
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With lesser availability of mineral land for
agricultural expansion, role of peat land is
increasingly important, especially in provinces which
exist peatlands dominantly (Agus et al. 2010). Kubu
Raya Districts of West Kalimantan has 408,369 ha
(58%) peatlands of total land area of 698,520 ha
(Wahyunto et al. 2010). Land use changes by
conversion of tropical peatland for agriculture are
becoming more significant (Veloo et al. 2014). That
area still has 64% of the peatland areas covered by
peat swamp forest, few industrial plantations (4%)
and most of the managed areas are occupied by
small-holder farmers (11%) (Hansen et al. 2009;
Miettinen and Liew 2010). According to Anshari et
al. (2010) the distribution of peats in this province
greatly associates with rivers, lakes, and inundated
depression region. Peat soils mostly have low to very
low nutrient, acid and naturally accumulate under
anaerobic conditions (Sabiham et al. 2012). In
addition, peat soils have limitations with unavailability
of potassium (K), sulphur (S), zinc (Zn), and copper
(Cu) (Masud et al. 2011; Abat et al. 2012). A low
nutrient might limit decay because lack of available
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K maize plants. The Pioner 21 hybrid variety of
maize seed was used in this experiment.

Experimental Treatments and Design

This research was conducted in field using
Inter- area analysis design (Gomez and Gomez
2007). The first factor consisted of 5 levels, namely:
1) treatment under farmer custom at the sites; 2)
coastal sediment of 20 Mg ha-1 + 0.75 Mg of salted
fish waste ha-1; 3) coastal sediment of 40 Mg ha-1 +
1.5 Mg of salted fish waste ha-1, 4) coastal sediment
of 60 Mg ha-1 + 2.25 Mg of salted fish waste ha-1.
The second factor consisted of three kinds of soils,
i.e.: Typic Haplohemists (SMU 1), Typic Sulfisaprists
(SMU 3) and Typic Haplosaprists (SMU 4). Each
treatment was repeated 5 times.

The study used 20 experimental plots (each plot
sized of 6 m × 3.8 m) for every soil. Maize was
planted with a spacing of 75 cm × 20 cm, so there
were 152 plants per plot. Each plot was taken 6
plants and randomly sampled to measure plant hight
and dry weight at outside of swath, while 44 plants
(swath size of 3 m × 2.2 m) were used for
observation of number of seeds, weight 100 seeds,
dry grain weight per plant and yield.   Measurements
of plant height, plant dry weight were carried out at
maximum vegetative phase i.e. 54 days after
planting. Soil samples for selected soil chemical and
physical properties were taken at depths of 0-5 cm,
5-10 cm and 10-20 cm prior to maize planting time
at every soil. Initial results of soil and ameliorant
analysis are shown at Table 1.

Data Analysis

Statistical analysis of the data was run using
Statistical Analysis System package (SAS Institute
2003). The Average separations among treatments
were obtained by honest significant difference (HSD
0.05).

RESULTS AND DISCUSSION

Soil and Ameliorant Properties

Based on criteria for determining soil chemical
properties (Hazelton and Murphy 2007), these three
peat soil had a very acidic soil pH (3.26-3.76), high
total N content, organic-C and C/N ratio. Since N
is a structural constituent of peat organic matter so
that it is not available for plant growth. Cation
exchange capacity (CEC) value was very high but
bases saturity (BS) was very low. It was likely to
inhibit equilibrium of nutrients, especially K, Ca and
Mg. Content of K, Ca and Mg nutrients were low,

cations that were so strongly bound to negative
exchange sites within peat (Gogo and Pearce 2009).

Addition of ameliorants would increase peat
soil fertility and productivity (Sabiham 2010;
Nurzakiah et al. 2013) and reduced rate of peat
decomposition (Husen and Agus 2011). The
alternatives amelioration applied to maize farms in
Kubu Raya peatlands was coastal sediment and
salted fish waste which was easily obtained,
relatively available and relatively cheap price (Heny
and Suswati 2010). Sabiham (1996) explained that
addition of coastal sediment to peat soil might raise
soil pH, due to neutralized- reaction of ion H+ from
peat by ions OH- of base cations contained at coastal
sediments. An increase in soil pH would increase
activity of soil microorganisms which were actively
at soil pH 6 - 7 in peat soil (Blonska 2010; Sullivan
et al. 2013).

Fishing produced large quantities of waste daily
in fish markets and fish processing industries (Laos
et al. 1998). These large quantities of fish waste
have not been utilized efficiently, and disposal of
fish waste might produce large negative impacts on
local environments (Kim 2011). Fish waste has also
been traditionally used as fertilizer, given their wealth
of nutritive nutrient (principally N and P) and their
rapid decomposition (Mosquera et al. 2011).
Composting initiatived using fish offal derived mainly
from aquiculture have been carried out in various
parts of the world as alternative and viable
techniques for transforming fish waste into useful
agricultural products (Kinnunen et al. 2005).

The purpose of this study was to determine
effect of application of coastal sediment and salted
fish waste as ameliorant on growth and yield of
maize (Zea mays L.) in peatlands of Kubu Raya
Districts of West Kalimantan.

MATERIALS AND METHODS

Study Site and Materials

The research was conducted in the field of
Rasau Jaya III area, Kubu Raya Regency, for 4
months starting from March - June 2012. Based on
characteristics of the land, there were three kinds
of soil map unit (SMU) i.e.: SMU 1 (Typic
Haplohemists), SMU 3 (Typic Sulfisaprists) and
SMU 4 (Typic Haplosaprists) (Suswati et al. 2011).

Coastal sediments used in this experiment were
obtained from Kijing beach and salted fish waste
from local market. Fertilizer requirement of N, P, K
for maize were applied based on calculation of soil
analysis results and recommendations of N, P, and
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Effect Application of Coastal Sediment and
Salted Fish Waste on Maize Growth

Effect use of coastal sediment and salted fish
waste on plant height of maize grown at each soil is
presented at Table 2.  It shows that the use of
ameliorants significantly increased plant height while
soil factor did not have significant effect on the
variable as well as there was no interaction between
the factors.

Table 2 shows that treatment of 20 Mg ha-1 of
coastal sediment + 0.75 Mg ha-1 ofsalted fish waste
increased plant height at maximum vegetative phase
compared to untreated ameliorants. Treatment of
40 Mg ha-1 of coastal sediment + 1.5 Mg ha-1 of
salted fish waste still significantly increased plant
height, but was not different with application of 60
Mg ha-1 of coastal sediment + 2.25 Mg ha-1 of salted
fish waste.

Analysis of variance results on shoot dry weight
at maximum vegetative phase showed that
application of ameliorant and soils significantly
affected shoot dry weight, but there was no
interaction between the factors.   Table 3 shows that
application of coastal sediment and salted fish waste
at each soils increased shoot dry weight at vegetative
phase maximum. In all soils, application 60 of Mg
ha-1 coastal sediment + 2.25 Mg ha-1 salted fish
waste increased shoot dry weight of maize. Aligned
with the research of Hudson (2008), maize plants

so that plant was deficiency of macro nutrient.
According to Simbolon (2009) peat soil fertility was
low, characterized by highly acidic soil pH, and low
availability of N, P, K, Ca and Mg.

The results coastal sediment analysis (Table 1)
indicated that the ameliorant had high base saturation
but low CEC (15.33 cmol(+)kg-1). The addition of
coastal sediment on peat soil might raise soil pH
due to neutralization reaction of H+ ions from peat
soil by OH- ions from coastal sediment. Increasing
soil pH will increase activity of soil microorganisms,
which are actived at soil pH range 6-7 or around
neutral. Due to increased activity of microorganisms
in the soil, it would lower ratio of C/N in peat soil,
so that N would be available to plants. Coastal
sediment also contained high alkaline cations, which
decreased CEC, increased BS and availability of
cations Ca2+, Mg2+, Na+, K+. According to Salampak
(1999), addition of cations through mineral soil
material might decline carboxylic and phenolic acids
content and CEC in peat soil. Moreover
augmentation with these high valence cations might
form a ligand complex with organic acids, and
therefore improved soil fertility (Husen et al. 2013).

Table 1 shows that salted fish waste had a
neutral pH, high organic-C and contained nutrients
N, P, K+, Ca2+, Mg2+ and Na+. In addition, application
of salted fish waste on peat soil might diminish soil
acidity and CEC, as well as enhance BS and
availability of cations Ca2+, Mg2+, Na+, K+

(Suswati 2006).

Table 1. Initial soil analysis, coastal sediment and salted fish waste properties.

Soil properties
Soil

Coastal
sediment

Salted fish
waste

Typic
Haplohemists

Typic
Sulfisaprists

Typic
Haplosaprists

Teksture
Sand (%) - - - 10.20 -
Silt (%) - - - 51.85 -
Clay (%) - - - 37.95 -

pH 3.26 3.76 3.62 8.13 6.08
Organic matter
C-organik (%) 43.85 38.51 29.74 1.96 41.95
N-total (%) 0.71 0.67 0.64 7.26 7.66

C/N 61.76 57.48 46.47 0.27 5.48
Available P  (mg P2O5 kg-1) 7.70 19.98 3.74 3.45 1.26 (%)
Potential K (mg K2O kg-1) 1.07 1.23 0.84 1.71 0.59 (%)
Cation
Exch. Ca  (cmol(+)kg-1) 2.01 2.68 1.61 14.62 0.82(%)
Exch. Mg  (cmol(+)kg-1) 1.49 1.79 1.30 1.73 0.30(%)
Exch. Na  (cmol(+)kg-1) 2.66 3.12 2.17 2.65 0.29(%)

CEC  (cmol(+)kg-1) 88.57 78.29 57.37 15.33 -
Base Saturated  (%) 8.17 11.26 10.32 135.17 -
Exch. Al (cmol(+)kg-1) 16.42 0.66 18.67 - -
Ash content (%) 7.91 11.09 16.13 - -

1
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grown in the soil amended with fish compost were
germinated earlier, grew fastest and more healthier
than plants without compost treatments.

Treatment of 20 Mg ha-1 of coastal sediment +
0.75 Mg ha-1 of salted fish waste increased shoot
dry weight of maize at each soils. Treatment of 40
Mg ha-1 of coastal sediment + 1.5 Mg ha-1 of salted
fish waste still significantly increased shoot dry
weight of maize. Application of 60 Mg ha-1 of coastal
sediment + 2.25 Mg ha-1 of salted fish waste also
still significantly increased shoot dry weight of maize
at Typic Sulfisaprists and Typic Haplosaprists,
except at Typic Haplohemists.

Effect of Application of Coastal Sediment and
Salted Fish Waste on Plant Yield

Analysis of plant components was perform
after harvest (100 days after transplanting, DAT),
which included number of seeds per cob, weight of
100 seeds and dry weight per plant, as shown in
Table 4. The result of Analysis of variance indicated
that application of ameliorant and soils as well as

their interaction were significantly affected number
of seeds per cob. Table 4 shows that coastal
sediment and salted fish waste at each soil increased
number of seeds per cob. In all soils, 60 Mg ha-1 of
coastal sediment + 2.25 Mg ha-1 ofsalted fish waste
affected number of seeds per cob.

Treatment of 20 Mg ha-1 of coastal sediment +
0.75 Mg ha-1 of salted fish waste enhanced number
of grains per cob at every soil. Application of 40
Mg ha-1 of coastal sediment + 1.5 Mg ha-1 of salted
fish waste significantly increased number of seeds
per cob at Typic Haplosaprists, but was not
significantly different at Typic Haplohemists and
Typic Sulfisaprists. Effect of 60 Mg ha-1 of coastal
sediment + 2.25 Mg ha-1 of salted fish waste on seed
number per cob was likely to decrease, although
there was no significant different with application
of 40 Mg ha-1 of coastal sediment + 1.5 Mg ha-1 of
salted fish waste at each soil. The results of Analysis
of variance showed that application of ameliorants
significantly affected weight of 100 seeds, but soil
factor did not.

Table 2. Effect of coastal sediment and salted fish waste on plant height of
maize grown in peat soils at maximum vegetative phase (54 DAP).

Table 3.  Effect of coastal sediment and salted fish waste on shoot dry weight
of maize grown in peat soils at maximum vegetative phase.

Description: (-) no interaction, values   followed by same letter in column and same treatment
groups did not differ by Duncan’s test 5%.

Description: (-) no interaction, values   followed by same letter in column and same treatment

groups did not differ by Duncan’s test 5%.

Combination of
Ameliorants

(Mg ha-1)

Soil

Average
Typic

Haplohemists
Typic

Sulfisaprists
Typic

Haplosaprists
Plant height (cm)

0 (control) 155.42 142.23 162.21 153.29 c
20 + 0.75 242.59 228.2 232.33 234.37 b
40 + 1.50 248.87 252.7 241.18 247.58 a
60 + 2.25 243.57 242.13 234.58 240.09 ab

Average 222.61 216.31 217.57 (-)

1

Combination of
Ameliorants

(Mg ha-1)

Soil

Average
Typic

Haplohemists
Typic

Sulfisaprists
Typic

Haplosaprists
Shoot dry weight (cm)

0 (control) 41.21 e 43.25 e 55.11 e 46.52
20 + 0.75 128.36 d 111.18 d 121.86 d 120.47
40 + 1.50 157.96 bc 169.49 b 216.71 a 181.39
60 + 2.25 134.35 cd 123.88 d 118.01 d 125.41

Average 115.47 111.95 127.92 (+)

1
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Table 4 shows that use of 20 Mg ha-1 of coastal
sediment + 0.75 Mg ha-1 of salted fish waste
increased the weight of 100 seed. Treatment of 40
Mg ha-1 of coastal sediment + 1.5 Mg ha-1 of salted
fish waste significantly increased weight of 100
seeds. Furthermore, application of 60 Mg ha-1 of
coastal sediment + 2.25 Mg ha-1 of salted fish waste
significantly reduced weight of 100 seeds and was
not different by treatment of 20 Mg ha-1 of coastal
sediment + 0.75 Mg ha-1 of salted fish waste. The
results of analysis of variance showed that
application of ameliorants significantly influenced dry
grain weight per plant, but there was no significant
effect between soil as well as no significant
interaction between the factors. Application of
ameliorants had significant effect on dry grain
weight caused by two kinds of ameliorant used to
have a high nutrient content to supply nutrients for
the growth and yield of maize. Table 1 shows that
coastal sediment contained high nutrient (N 7.26%,
P 3.45 mg kg-1 and K 1.71 mg kg-1), while salted
fish waste contained N, P and K respectively 7.66%,
1.26% and 0.59%. Effect of soil factors and their
interaction did not significantly different because the
three peat soils were very acidic with soil pH ranged
of 3.26-3.76. According to Diana et al. (2007) these
characteristics reduce the availability of nutrients

especially K, Ca, and Mg that are bound in such
way that it is difficult for them to be utilized by plants.
Painter (1991) suggested that cations are so strongly
bound to negative exchange sites within peat.
Eventually the plant will lack the nutrients during
the growth and the yield is not optimal.

     Table 4 shows that treatment of 20 Mg ha-1

of coastal sediment + 0.75 Mg ha-1 of salted fish
waste increased weight of dry grain per plant.
Application of 40 Mg ha-1 of coastal sediment + 1.5
Mg ha-1 of salted fish waste significantly increased
dry grain weight per plant. However application of
60 Mg ha-1 of coastal sediment + 2.25 Mg ha-1 of
salted fish waste significantly decreased dry grain
weight per plant but the effect was no different with
the application of 20 Mg ha-1 of coastal sediment +
0.75 Mg ha-1 of salted fish waste.

Application of ameliorant (coastal sediment +
salted fish waste) increased soil pH because these
ameliorants might contain high alkali cations
(Suswati 2009). Furthermore, increasing soil pH
enhanced availability of macro nutrients (N, P, K,
Ca, Mg, and S). High nutrients in peat soil played a
role in increasing plant height, dry weight, number
of seeds per cob, weight of 100 seeds and dry grain
weight per plant.

Table 4. Effect of ameliorants on yield components of maize in peat soils.

Description: (-) no interaction, values   followed by same letter in column and same treatment groups did
not differ by Duncan’s test 5%.

Combination of
Ameliorants

(Mg ha-1)

Soil

Average
Typic

Haplohemists
Typic

Sulfisaprists
Typic

Haplosaprists
Seeds per cob

0 (Control) 337.17 e 434.87 d 272.53 f 348.19
20 + 0.75 506.20 c 532.20 bc 509.07 c 515.82
40 + 1.50 540.90 abc 570.10 ab 584.97 a 565.32
60 + 2.25 524.53 bc 530.60 bc 543.53 abc 532.89

Average 477.2 516.94 477.52 (+)

Weight of 100 seeds (g)

0 (Control) 19.61 18.67 20.12 19.47 c
20 + 0.75 26.07 24.15 25.42 25.21 b
40 + 1.50 32.88 31.97 31.86 32.24 a
60 + 2.25 25.4 25.65 24.37 25.14 b

Average 25.99 25.11 25.44 (-)

Dry grain weight (g)

0 (Control) 82.59 89.21 84.54 85.45 c
20 + 0.75 152.67 149.58 161.87 154.70 b
40 + 1.50 208.82 210.72 219.54 213.02 a
60 + 2.25 166.79 160.94 160.81 162.85 b

Average 152.72 152.61 156.69 (-)

1
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CONCLUSIONS

In conclusion, application of 40 Mg ha-1 of
coastal sediment and 1.5 Mg ha-1 of salted fish waste
was the best combination in increasing plant height,
shoot dry weight, number of seeds per cob, weight
of 100 seeds and dry grain weight per plant at each
soil. The highest yield was found at Typic
Haplosaprists, followed by Typic Sulfisaprists and
Typic Haplohemists.
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