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Enhancement of Sandy Soil Quality Using Plant
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Abstract— Soil is the outermost layer of the earth's crust used
as a medium for plant growth and biological activity. Soil
components are composed of mineral, organic matter, soil air, and
liquid materials. In the mineral materials, inorganic materials are
composed of a mixture of gravel, sand, silt, and clay. For this study,
the effect of the introduction of certain amounts of sawdust and rice
straw as Mg and Ca supply to the soil was evaluated. Sandy soil was
chosen because of its lowest soil electrical conductivity (EC).
Parameters of soil EC and pH are selected to determine the soil
quality improvement. From a result, the soil pH and soil EC with the
best formulation of 0.5% saw dust + 0.5% rice straw (w/w), with the
highest deposition of Mg and Ca into the soil can increased the sandy
soil EC up to 1.7 times in five weeks time duration. Therefore, it can
be concluded that the addition of plant waste has the potential to
enhance the overall quality of soil which is significant taking into
consideration reduction in the land area available for agriculture
activities.
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I. INTRODUCTION

ROP production in sandy soils is mainly limited by
nutrient conditions. The main nutrient attributes, such as
soil organic matter, cation exchange capacity (CEC), and
N content, are significantly lower and plant nutrient
availability is the most limiting factor for sandy soils than

other soils [1]. As reported by [2], effect of carbon (C) source
with a conclusion that carbon accretion may be limited by the
low C
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saturation level of these sandy-structured soils may reduce
priming on derived C also contribute to the sandy soil quality.

Rice is the main crop for many lowland farmers in Southeast
Asia. In most areas rice has been grown as the monoculture for
a long time. Malaysia is enriched with biomass resources. The
main sources of biomass in Malaysia are from plantation and
agricultural residues. One of the most potential and available
agricultural residues is rice straw. The total paddy residue
production in Malaysia is 7 million tonne per year [3].

Rice straw (RS) is the residue and the excess of production
of rice that is not utilized. The waste discharged can cause
environmental problems and a loss of natural resources. If the
wastes can be utilized, they are no longer wastes but have
become new resources. The most traditional uses of rice by-
products include straw and hull for energy (production of
biogas through anaerobic digestion), animal feed, building
materials and paper production [4]. An attractive alternative to
recycling of such waste is the compost production through
microbial activity which is then mixed with the rock phosphate
and ammonium sulphate to be used as an organic fertilizer [5].

As reported by [6], application of RS can improve the
chemical properties and nutritional status of the soil through (i)
lowering pH and its effects on nutrient availability (ii)
increasing organic matter content, organic nitrogen percentage
in the soil, (iii) increasing available N, P and K in treated soil,
as well as the activity of both dehydrogenase and phosphatase.
Biological activity of the soil is expressed as a total count of
bacteria i.e. Azotobacter sp., phosphate dissolving bacteria
(PDB), fungi and actinomycetes/g soil and the activity of both
dehydrogenase and phosphatase.

The effect of wood ash, sawdust, ground cocoa husk, spent
grain and rice bran upon root development, ash content, pod
yield and nutrient status and soil fertility for okra
(Abelmoschus esculentum L NHAe 47 variety) is also reported
by [7].

The aim of the study reported here is to examine the effect
of the use of RS compared to rice bran (RB) as a mineral or
nutrient source mixed with sawdust as a carbon source to the
soil pH and soil EC. The results will help the user or farmer as
guideline in term of producing their own organic fertilizer to
maintain the soil health.
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Il. MATERIALS AND METHODS
A. Characteristics of raw materials

Table 1 shows the characteristics of sandy soil used in this
experimental work. By adding the agricultural waste into the
soil in different formulation, then the parameters such as soil
pH and soil EC as dependent variables are monitored.

In this study, magnesium (Mg?” and calcium (Ca®*) are the
main minerals or cation content which affects the sandy soil
quality after the application of the different sources of raw
materials [8][9]. Table 2 shows the results of analysis for saw
dust, rice bran and rice straw with the different % of Mg?* and
Ca?" content.

straw (RS) gave the highest Mg®* and Ca®" content. After the
combination of agricultural wastes with the ratio of sand:
sawdust: RB/RS which is 1:1:1, the combination of sand +
sawdust + RB still gave the highest soil EC compared to the
the combination of sand: sawdust: RS which gave the highest
Mg?* and Ca®* content. With these screening test results, as an
indicator certain formulation is good for soil EC and another
formulation is good in term of nutrients transfer to the sandy
soil [11].

TABLE Il
CHARACTERISTICS OF DIFFERENT FORMULATION OF AGRICULTURAL
WASTE EFFECT ON THE SANDY SOIL CONDUCTIVITY

Analysis Content

Material Soil EC (uS)

TABLE 1
CHARACTERISTICS OF SANDY SOIL
Parameters Amount
pH 6.20
C/N ratio 9.42
Cation exchange capacity (C.E.C), me,/100g 11.20
Electrical conductivity (EC), uS 40.70
Coarse sand, % 95.00
Fine sand, % 5.00

TABLE lI
CHARACTERISTICS OF MINERALS CONTENT IN AGRICULTURAL WASTE

Analysis Content

% Mg?* % Ca?"
sand 485 0.00005 0.00143
Sawdust 99.6 0.00049 0.00100
Rice Bran 972.6 0.00257 0.00330
Rice Straw 4385 0.00365 0.00470
Sand + Sawdust 33.9 0.00005 0.00143
Sand + Sawdust + 1273 0.00006 0.00143
Rice Bran
Sand + Sawdust + 82.5 0.00007 0.00144

Rice Straw

Material Cations
mg/L %

2+
Sawdust Mg 4.9 0.00049
ca* 10.0 0.00100

2+
Rice Bran Mg 25.7 0.00257
ca? 33.0 0.00330

2+
Rice Straw Mg 36.5 0.00365
ca® 47.0 0.00470

B. Methods

The experiment work is divided into two different tests.
Firstly, the screening test on the mixtures of raw materials after
application onto the sand by a quick measure of the soil EC
and content of Mg?* and Ca?*. The preliminary combination of
sand:sawdust:rice bran (RB) and sand:sawdust: rice straw (RS)
with ratio 1:1:1 are prepared.

Secondly, the combination of the mixtures was carried out
by one factor at a time experiment (OFAT), where the
moisture (30-40% humidity), the amount of sand (250 g, 500-
700 pm) used and the varied percentage of the saw dust (500
pm), rice bran (500 pm) and rice straw (500 pm) applied as
independent variables are fixed. Then the parameter of soil pH
and soil EC as dependent variables are measured with the ratio
of sandy soil: water (1:5) in a five day duration by sampling
the soil every day [10]. All the experiments are in anaerobic
condition (closed system).

Table 3 shows the results of screening test of each raw
material related to the soil EC, Mg*" and Ca”* content. From
the analysis , rice bran (RB) gave the highest soil EC and rice
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From Fig.1, RB 5% + SD 0.5% and RB 2.5% + SD 0.25%
show the highest effect to lower the soil pH to be more acidic
and consistent after 5 days of application with a pH reading of
4.6. Another formulation, RB 1% + SD 0.1% the pH readings
tend to be less acidic with a soil pH of 4.60 in day 5. From
Fig. 2, the highest and consistent of soil EC is achieved with
the formulation of RB 5% + SD 0.5% after application in day
5. This shows that the nutrients from RB are more soluble and
exchanged in the sandy soil compared to other formulations.

6.40 =t RB 1% + SD 0.1%

=8 =RB 2.5% + 5D 0.25%

++@++-RB5% + 5D 0.5%

th

2 3 4
Time (Day)

Fig 1. Effect of soil pH with different combination of RB and SD
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Fig 2. Effect of soil EC with different combination of RB and SD
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Fig 3. Effect of soil pH with different combination of RS and SD
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Fig 4. Effect of soil EC with different combination of RS and SD
From these application results, with RB 5% + SD 0.5%

after application in sandy soil, showed the best effect on the

sandy soil which turned to be more acidic and consistent to
generate the highest soil EC.

From Fig. 3, the combination of RS 5% + SD 0.5% gave the
results of mixtures to be more acidic and consistent in day 5
from pH 6.6 to 6.0. From Fig. 4, all the formulation is not
consistent to soil EC and became less related as time
increased. It can be concluded that the application of RS in the
sandy soil will cause the soil to be slightly acidic but the level
of acidification is not enough to balance the nutrients exchange
in the sandy soil [12]. By comparing the application of RB and
RS in different formulations, it can be shown that the
application of RB gave more advantages compared to RS.
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IV. CONCLUSION

In conclusion, the best RB application with formulation of
RB 5% + SD 0.5% is in the slightly alkaline soil, where it can
help to reduce the alkaline soil reading to close to pH 6.5,
which is the best for all the nutrients in the soil for plant
uptake. In the same time, this formulation can help to increase
the soil EC to support the cation holding capacity in the soil.
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