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ABSTRACT: Beach ridges interspersed with swales (BRIS) soil (> 90% of sand) is unsuitable to produce rice due to its
poor physical and chemical properties. In this study, we investigated the effects of compost on BRIS soil health in relation
to rice production. We measured rice yield, yield parameters, chlorophyll content, relative water content (RWC), and soil
pH. The tiller and panicle numbers, filled grains per panicle, rice yield, and straw yields were significantly lower in BRIS
soil than in a mixture of compost and BRIS soil. On the other hand, plant heights, 1000 seeds weight, and unfilled grains
per panicle were not significantly different. Adding compost to BRIS soil significantly increased chlorophyll content but
not the RWC of leaves. The pH of BRIS soil was significantly increased by the application of compost which indicates an
increase of BRIS soil health. These results suggest that addition of compost to BRIS soil might improve BRIS soil health
and increase rice yield.
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INTRODUCTION

In 2025, world’s farmers will be producing roughly
3 billion tons of cereals to feed an estimated human
population of around 8 billion, which will require 25%
more rice to meet the growing need1, 2. Rice is the
most important staple food in Asia, providing more
than 40% of total calorie intake3. Approximately 640
million tons of rice are produced in Asia per year,
which covers 90% of the world’s rice production4. In
Malaysia, rice is imported from neighbouring coun-
tries, especially from Vietnam and Thailand, with
the amount valued at about RM (Malaysian ringgit)
501 million per year to fulfil the country’s demand5.
Therefore rice yield as well as land coverage for rice
production in Malaysia is under pressure.

BRIS soil is commonly known as problematic soil
in Malaysia. BRIS soils can be found in between
0.2–8.0 km from the sea beach which covers about
155 400 hectares in peninsular Malaysia and about
40 000 hectares in the state of Sabah6. BRIS soil is
unsuitable to produce rice as it retains a high sandy
texture (> 90%), low fertility, low cation exchange
capacity, and low water holding capacity. However,
there is a potential to produce rice under low water in-
put. Previous studies concluded that a standing depth

of water throughout the season is not needed for high
rice yields7, 8 and alternate irrigation does not have a
negative impact on rice growth and development9.

Incorporation of compost into the soil increases
organic matter10 and microbial populations11, im-
proving the quality and increasing the fertility12.
Soil structure refers to how inorganic particles (sand,
silt, clay) combine with decayed organic particles
(compost, humus). The application of compost im-
proves soil aggregation13, increases water-holding
capacity14–16, decreases bulk density, and increases
pore volume14. Soil amended with compost appears
as made up of many round and irregular aggregates
giving it a crumbly appearance17, 18. The compost
helps the soil to recover from extreme conditions.
Sandy soils have a rapid drainage and compost can
help by adding more volume with humus and organic
matter16. The addition of compost to BRIS soil to
improve BRIS soil health is a new issue to increase
rice production in Malaysia. Accordingly, this study
was conducted to justify the effects of compost on
BRIS soil health in relation to rice production. Our
study confirmed that rice can be cultivated on BRIS
soil but short- and long-term strategies should be taken
to improve BRIS soil health and develop resistant rice
cultivars.
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MATERIALS AND METHODS

Agronomic practices

Pot experiments were carried out at the KUSZA
campus, Universiti Sultan Zainal Abidin, Malaysia.
Rice plants were grown in a pot measuring
25 cm× 25 cm× 35 cm. The soil was filled up to
30 cm height leaving a 5 cm space from the top of
the pot for agronomic practices. Treatments were laid
out in a completely randomized design consisting of
five different soil treatments namely, T1: BRIS soil,
T2: BRIS soil + compost (1:1), T3: BRIS soil +
compost (2:1), T4: topsoil, with 5 replications for
each treatment. The compost contains 27.5% carbon,
1.7% nitrogen, 1.5% phosphorus, 1.0% potassium,
2.3% calcium, and 1.3% magnesium at pH 6.5. On
the other hand, the BRIS soil contains 3.82% carbon,
0.14% nitrogen, 0.1% phosphorus, 0.03% potassium,
0.34% calcium, and 1.01% magnesium at pH 4.5. The
BRIS soil and the compost were not in fresh condition
therefore biological characters were not measured.
The top soil was collected from rice growing field at
Ketara, Terengganu Malaysia at the depth of 0–10 cm.

A Malaysian rice variety MR 219-4 was culti-
vated. Nitrogen (110 kg/ha) as urea in three splits (1/3
as basal + 1/3 at active tillering + 1/3 at late vegetative
stage19), P2O5 (60 kg/ha) as triple super phosphate
in one split (full as basal), and K2O (65 kg/ha) as
muriate of potash in two splits (1/2 as basal + 1/2
at reproductive stage) were applied. A compound
fertilizer (N: P: K = 12:12:17) was applied twice at
50 and 70 days after sowing at the rate of 250 kg/ha8.
Irrigation was applied to the pots through a plastic
tube attached to the water tank and regulator. The
pots were kept without standing water throughout the
growing period. Proper agronomic and measurement
practices were applied8.

Measurement of chlorophyll content in leaves

The SPAD-502 chlorophyll meter was used to acquire
a rapid estimation of leaf chlorophyll content20, 21.
The measurement was taken on the upper-most col-
lared leaf and five measurements were taken per leaf
in each pot. The SPAD-502 readings were measured
from 11 AM to 12 PM to avoid moisture on leaves.

Measurement of relative water content

A fresh healthy and unblemished leaf, excluding the
apex and collar regions, was collected from each pot.
After taking the fresh weight (FW), the samples were
placed in Petri dishes containing double distilled water
and kept in a moist chamber for 24 h to obtain full
turgidity. After 24 h, the samples were removed from

the water, blotted dry, and the turgid weight (TW)
was recorded. Then the turgid leaf samples were kept
in a hot air oven at 60 °C overnight then weight of
oven dry (DW) was determined. The relative water
content (RWC) was calculated using the following
formula22, 23: RWC = (FW − DW)/(TW − DW).

Measurement of soil pH

The pH of the soil was measured using a portable
IQ pH meter as described8. The pH electrode was
calibrated with appropriate pH buffer solutions before
using each time.

Statistical analysis

Data were analysed by ANOVA procedure and dif-
ferences of mean among treatments were determined
by least significant differences test and t-test using
STATISTICAL ANALYSIS SYSTEM software version
6.12 (SAS Inc.) and MS OFFICE EXCEL 2007 (Mi-
crosoft). The differences at P < 0.05 were considered
significant.

RESULTS AND DISCUSSION

Yield and yield components

To test whether compost sustains rice production on
BRIS soil, we measured yield and yield parameters of
rice plant grown on BRIS soil and amended of BRIS
soil with compost (Table 1). The plant height was not
significantly different in all treatments falling in the
range of 73–93 cm. The tiller and panicle numbers
were significantly increased in the mixture of compost
and BRIS soil relative to those of BRIS soil condition.
This result indicates that the addition of compost to
BRIS soil increases BRIS soil health which increases
the number of tillers and panicles per pot. Weight of
1000 seeds was not significantly different regardless
of soil condition indicating that the compost did not
affect weight of 1000 seeds. This result was consistent
with the previous results that different water condition
of soil did not affect weight of 1000 seeds8. The
BRIS soil condition significantly affects total grains
and filled grains per panicle. In addition, yield and
straw weight (wet basis) was significantly lower in
BRIS soil than that of mixture of compost and BRIS
soil. This result also indicates that the addition of
compost to BRIS soil increases BRIS soil health. The
top soil shows similar results as amended of BRIS
soil. A large amount of sand (> 90%) and very
low physical and chemical characteristics of BRIS
soil affect rice yield and yield parameters. Therefore,
the yield was significantly decreased under BRIS soil
condition (Table 1). Deficiency of nutrients affects
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Table 1 Yield and yield parameters of rice plant grown on BRIS and amended of BRIS soil.

Treatment Plant Tillers Panicles 1000 seeds Total grains Filled grains Unfilled grains Grain Straw
height (cm) /pot /pot weight (g) /panicle /panicle /panicle yield (g) weight (g)

T1 73a 23.5b 17.3b 28.5a 121b 91b 30a 128c 192b

T2 78a 43.5a 32.3a 28.3a 135ab 107ab 28a 271ab 235b

T3 93a 47.3a 41.0a 28.2a 148a 124a 24a 333a 381a

T4 88a 36.8a 33.5a 28.1a 143a 113a 29a 288a 329a

Means with the same letter are not significantly different in column.

rice yield, e.g., potassium deficiency decreased grains
production24. An application of compost as a soil
amendment reduces nitrogen leaching from soil, re-
duces the amount of commercial nitrogen fertilizer
to be applied, and decreases the possibility of nitrate
groundwater contamination25. It is suggested that the
compost might increase BRIS soil health therefore the
rice yields were increased.

Compost increases chlorophyll content in rice
leaves

To see whether BRIS soil condition affects chloro-
phyll content, we measured chlorophyll content in
rice leaves. The BRIS soil condition significantly
decreased chlorophyll content in rice leaves compared
to that of rice leaves grown on amended BRIS soil
(Fig. 1). In addition, chlorophyll content in leaves
of rice plant gradually increased with increasing of
plant age regardless of soil condition (data not shown).
This result was consistent with the previous result
that chlorophyll meter readings generally increase
during the growing season up to a maximum level at
vegetative stage and then gradually decreased at ripen-
ing stage regardless of the atmospheric conditions
or plant photosynthesis rate26. Our results showed
that the BRIS soil condition significantly decreased
chlorophyll content in rice leaves which may be due
to a nitrogen deficiency27. In addition, decreasing
chlorophyll content in rice leaf reveals a photosyn-
thetic inactivation28 which could affect rice yield.
In this study we showed that the compost increased
chlorophyll content in leaves, suggesting an increase
of photosynthesis rate and rice yield.

Effect of compost on relative water content in rice
leaves

To test whether compost affects RWC in leaves of
rice plant, we measured RWC in leaves in weeks 3
and 6. Weekly data of RWC in rice leaves were not
significantly different among treatments but the RWC
in week 6 was significantly higher than that of week 3.
This result indicated that the RWC in rice leaves

C

AB AB

A

0

5

10

15

20

25

30

BRIS Soil BRIS + 
Compost 

(1:1)

BRIS + 
Compost 

(2:1)

Top Soil

C
h
lo

ro
p

h
y
ll 

c
o
n

te
n

t 
(S

P
A

D
 r

e
a

d
in

g
)

Fig. 1 
 
 

Fig. 1 Chlorophyll contents in leaves of rice plants grown
on different soil conditions.

increased with increasing plant age during vegetative
growth (Fig. 2). Consistent with previous results29,
soil conditions did not affect RWC in rice leaves under
similar moisture condition in soil. The RWC may
depend on the rice variety. A stress condition, high
salt condition, increased the RWC in salt tolerant but
not in salt susceptible rice plant22, 23.

Effect of compost on soil pH in BRIS soil

The soil pH indicates soil nutrients condition, with
most agronomic crops growing well at pH 6.0–7.0.
Soil pH was measured in soil from week 1–6 to justify
whether addition of compost to BRIS soil affects the
pH. Fig. 3 shows that the pH of amended of BRIS soil
was significantly increased than that of the BRIS soil,
which was consistent with previous results18. BRIS
soil is highly acidic but the application of compost
increases the pH to near neutral condition. This
result indicates that the compost increases nutrients
availability in BRIS soil. With the availability of
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Fig. 2 Relative water contents in leaves of rice plants grown
on different soil conditions.

nutrients, the activity of micro-organisms responsible
for breaking down organic matter and most chemical
transformations increases in the soil due to adding
compost30. Therefore, the pH increment by compost
indicates that the availability of essential plant nu-
trients in BRIS soil was increased. The addition of
compost to acid soils reduces or eliminates aluminium
or manganese toxicity31. Incorporation of compost
at rates of 10–20 tons/acre usually increases pH by
0.5–1.0 pH units in acid soils31 and increases CEC by
about 10%14. Therefore, the compost might improve
the cation exchange capacity in BRIS soils, enabling
them to retain nutrients longer so that rice plants can
effectively use them. The increment of the cation
exchange capacity of BRIS soils by the addition of
compost can greatly improve the retention of plant
nutrients in the root zone and increase soil pH. This
result suggests that the compost improves chemical
properties of BRIS soil and sustains rice yield.

In conclusion, rice can be cultivated on BRIS soil
after improving the BRIS soil health by the application
of compost, but short and long term strategies should
be taken.
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