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ABSTRACT

A field study was carried out to determine the impact of mulching and planting distance on the growth
of Orthosiphon stamineus, soil properties and also to observe the changes in pH and EC of soil in response
to mulching and planting distance. The experiment was carried out at Ladang 16, Faculty of Agriculture
UPM. Factorial Randomized Complete Block Design (RCBD) was incorporated with four replicates for
each of the four treatments. The four treatments consisted of mulching, non-mulching, planting distance
of 30 cm x 30 cm and planting distance of 45 cm x 45 cm. After eight weeks of planting, the plants were
harvested while soil pH and EC were measured on a weekly basis throughout the planting period. Results
showed that application of biochar and usage of mulching materials and suitable planting distance does
helps to maintain the soil pH and electrical conductivity (EC) at the suitable range for crop growth. The
level of the acidity of the soil is in the range of 5.3 to 6.61 which is considered appropriate for O.
stamineus. As for influence of planting distance, it is best to give longer time for O. stamineus grows. It is
recommended that more planting distance and types of mulching materials to be used to grow O.

stamineus.

1. Introduction

Orthosiphon stamineus (Family: Lamiaceae) can grow up to 1.5m,
exhibiting opposite pairs of leaf arrangement, simple, glabrous, lanceolate
leaf blade with serrate margin and green in colour [1]. The white flower
species produced rhomboid shapes in leaves without coloured spots,
acuminate apex, abtuse base, and green venation. Zaharah and Salbiah [2]
found that Orthosiphon stamineus is suitable to be cultivated in any type of
soil including sandy soils like BRIS and tin tailings. The plant needs an
average monthly rainfall of 180-200 cm to grow well and irrigation should
be provided during dry season. Orthosiphon stamineus leaves were used as
remedy for kidney stones, diabetes, capillary and circulatory disorders.

Mulching is a loose covering or sheet of organic material that is spread
on top of the soil as a protective layer. It can be either derived from organic
waste like paddy straw or inorganic materials like plastic mulching.
Mulching has proven to be an effective method in reducing water and soil
loss rates. A good layer of mulch will help to preserve moisture and
suppress weed germination. Mulch also enhances root and increases
maize grain crop yield by increasing plant N-uptake efficiency, decreasing
the losses of nitrogen discharge and improving nutrient preservation over
non-mulched plots [3]. Mulching involves maintaining a permanent or
semi-permanent protective cover on the soil surface that can be composed
of different materials such as vegetative residues, biological geo-textiles,
gravel and crushed stones

1.1 Plastic Mulching

Plastic mulching has been used widely in the production of vegetables
since 1950s [4]. Plastic mulches are used to protect seedlings and shoots
through insulation and preventive excessive evaporation. In semiarid
areas of the Loess Plateau in northwest China, plastic mulching is an
important material to improve crop productivity [5, 6]. The different
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colour of plastic mulch determines its energy-radiating behaviour and its
influence on the microclimate around the vegetable plant.

1.2 Straw Mulching

Straw mulch is also used in many developed countries including
America and Australia where it helps to improve soil properties such as
soil moisture retention ability, prevent wind erosion, weed control and
nutrient retention. Sonsteby et al. [7] reported that application of straw
mulch and grass mulch significantly increased the available phosphorus
and potassium in the soil. Nutrients which are being released from
biodegradation of these materials add as soil supplement thus improve
fertility for plant growth.

1.3 Planting Distance

Good planting distance gives the right plant density, which allows for
optimum yield production. Adequate plant distance in combination with
plant per unit area also will give a good yield. Planting distance also plays
important roles in the performance, production and consequently the
yield of medicinal and aromatic plants which in turn affect the farm income
and food security [8]. Acosta and Lergh [9] found that a planting distance
of 40 cm and cutting height of 20-25 cm gave the best yields of Orthosiphon
stamineus.

1.4 Biochar

Biochar is the product of thermal degradation of organic materials in
the absence of air known as pyrolysis and used as a soil amendment. Soil
amendment with biochar is globally seen as an excellent source to improve
soil fertility by enhance soil aggregation, water holding capacity, soil
aggregate stability [10]. Biochar can also mitigate climate change because
it contains highly condensed aromatic structures that resist
decomposition in soil and thus can effectively sequester a portion of the
applied carbon [11, 12].
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1.5 Chicken Manure

Animal manures such as chicken dung contribute nutrients to the soil
such as nitrogen, phosphorus and potassium. The usage of chicken dung
as a soil amendment can help to increase organic matter content and
improve soil structure. Composted chicken manure can also increase soil
biota and improve soil water holding capacity. Zaharah and Salbiah [2]
recommended that the optimum fertilizer of Orthosiphon stamineus is 5
t/ha usage of organic fertilizer such as chicken manure in alluvium soil and
10 t/ha in BRIS soil for six months.

1.6 Organic Fertilizer

Organic fertilizers are farm waste comprising mainly of crop residues,
animal manure, compost, green manure and residues from the processing
of plant, animal and sewage sludge products. Many researchers have
reported on the benefits of organic fertilizer such as enhancement in soil
biological activity which improves nutrient mobilization from organic and
chemical sources, promote root growth due to better soil structure,
improves soil water retention and improves soil organic matter content.

Bokashi is a plant-based fertilizer used in this study as a source of
nutrient for plant growth. Bokashi is made up using a Japanese technique
where organic matter is fermented with the addition of efficient
microorganisms [13, 14]. Besides that, the addition of bokashi improves
nutrient concentration in the soils of the experimental site and improved
survival and growth rates of pine seedlings from local and commercial
nurseries. The objective of this study was to determine the effect of
different mulching types and planting distance on selected soil properties
of Orthosiphon stamineus.

2. Experimental Methods

2.1 Experimental Layout and Treatment

This experiment was conducted at Farm 16, Faculty of Agriculture
Universiti Putra Malaysia. Soil in the plot was Bungor series, which is
classified as kaolinitic and isohyperthermic. About 5.0 tonne/ha of biochar
and 2.5 tonne/ha chicken dung were used as soil amendments and were
applied one week before planting. Bokashi fertilizer at 300 kg N/ha was
also used as a nutrient source for plant growth. The Orthosiphon stamineus
variety that was used for planting is MOS 1. O. stamineus which was
cultivated via stem cutting. Silver shine plastic mulching was used to cover
the beds for treatment with mulching and without plastic mulching (non-
mulching). The planting distance used was 45 cm x 45 cm and 30 cm x 30
cm. The experiment was laid out in RCBD and arranged in a factorial
experiment with 2 types of mulching x 2 types of planting distances with
4 replications each (Table 1).

Table 1 Experimental layout for Orthosiphon stamineus experiment

Treatment details Label
Mulching & planting distance 30 cm x 30 cm M30
Non-mulching & planting distance 30 cm x 30 cm NM30
Mulching & planting distance 45 cm x 45 cm M45
Non-mulching & planting distance 45 cm x 45 cm NM45

2.2 Soil Analyses and Plant Growth Measurement

The soil samples were collected before planting and every week for 8
weeks. The fresh soil samples were air-dried and sieved through 2.0 mm
sieve prior to analysis. Soil texture (clay, silt and clay fraction) was
determined using universal pipette method. Bulk density and particle
density were determined according to the procedure described by Gupta
[15] for disturbed soil samples. Soil moisture content was determined
using gravimetric method. Soil pH in water was extracted using 1:2.5 ratio
of soil to distilled water and was read by calibrated pH meter [16; 17]. Soil
Electrical conductivity was determined using EC meter with ratio 1:2.5 soil
to water. Kjeldahl method was used for determination of total nitrogen
(N). Total carbon (C) was determined using carbon analyzer.

The exchangeable bases of potassium (K*), calcium (Ca?*) and
magnesium (Mg2+) were extracted using 1M ammonium acetate (NH40Ac)
solution at pH 7 and the concentration were read using automatic
absorption spectrophotometer (AAS) [18]. Available phosphorus (P) was
extracted using Bray 2 solution consisting of ammonium fluoride (NH4F)
and 0.1 M hydrochloric acid (HCI) [19]. The height growth (basal to the
shoot tip) of the Orthosiphon stamineus plants were measured fortnightly
throughout the study period using measuring tape for eight weeks. Fresh
and dry weight of plants were recorded after harvesting using weighing
balance.
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2.3 Statistical Analyses

A one-way analysis of variance (ANOVA) followed by post-hoc Tukey
test (p<0.05) was used to analyse and compare the results obtained
between treatments. The SPSS version 16.00 was used for the data
analyses.

3. Results and discussion

3.1 Physico-Chemical Properties of Soil at Organic Plot

Table 2 shows the physico-chemical properties analysed before
planting. The result showed that the soil pH of the organic plot at Farm 16
was acidic (4.62). The moisture content was low (1.83%). The total carbon,
cation exchange capacity (CEC), total nitrogen, calcium, magnesium,
potassium and available phosphorus was also low. The soil had high
porosity (67.84%). Bulk density reading was quite low and the soil texture
contained high clay.

Table 2 Physico-chemical properties of the soil at organic plot

Parameter Results
Soil texture (%)

Clay 62.99

Sand 30.51

Silt 6.51
Bulk density (g cm-3) 0.85
Porosity (%) 67.84
Moisture content (%) 1.80
Soil pH 4.62
Soil EC (dSm1) 0.12
Total N (%) 0.17
Total C (%) 2.05
Available P (ppm) 31.36
CEC (cmolckg1) 8
Ca (cmolc kg1) 0.04
Mg (cmolc kg1) 0.02
K (cmolc kg1) 0.14
3.1.1 Soil pH

Figs. 1-4 show the results of soil pH for six weeks for the different
treatments. The acidity level for every treatment for period of six weeks is
at the range of 5.35 to 6.61. The range is considered acceptable and
suitable for the growth of 0. stamineus. Application or organic materials
like chicken manure or cow dung might increase the acidity of the soil as
those materials will decompose. However, the application of biochar in the
treatments able kept the pH range at suitable limits.
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Fig. 1 pH of soil samples for six weeks. Note: M30: Mulching with planting distance
30 cm x 30 cm, NM30: Non-mulching with planting distance 30 cm x 30 cm
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Fig. 2 pH of soil samples for six weeks. Note: M45: Mulching with planting distance
45 cm x 45 cm, NM45: Non-Mulching with planting distance 45 cm x 45 cm
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Fig. 3 pH of soil samples for six weeks. Note: M30: Mulching with planting distance
30 cm x 30 cm, M45: Mulching with planting distance 45 cm x 45 cm
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Fig. 4 pH of soil samples for six weeks. Note: NM30: Non-mulching with planting
distance 30 cm x 30 cm, NM45: Non-Mulching with planting distance 45 cm x 45 cm

3.1.2 Soil Electrical Conductivity

Figs. 5-8 show the soil EC reading for six weeks under different
treatments. The results showed that there were no significant differences
among the treatments and range of soil EC was between 0.25 - 0.55 dSm-
1, It was found treatment M45 had decreases in soil EC, from the first week
to the sixth week. Chaudhry et al. [20] stated that using mulching can
decrease soil electrical conductivity compared to non-mulching treatment.
The result showed the range of soil EC was in non-saline class.
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Fig. 7 Electrical conductivity reading of soil samples for six weeks. Note: M30:
Mulching with planting distance 30 cm x 30 cm, M45: Mulching with planting
distance 45 cm x 45 cm
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Fig. 8 Electrical Conductivity reading of soil samples for six weeks at P < 0.05. Note:
NM30: Non-mulching with planting distance 30 cm x 30 cm, NM45: Non-Mulching
with planting distance 45 cm x 45 cm

3.1.3 Cation Exchange Capacity and Exchangeable Bases

Table 3 shows that there are no significant results of CEC, exchangeable
bases (K, Ca and Mg) for all treatments after six weeks. The highest level
of CEC recorded was in treatment NM30 (9.3 cmolc kg1). The Bungor series
and the CEC of the series is usually less than 16 cmol. kg1. Treatment M30
showed the highest exchangeable K (0.85cmol. kg1). The calcium content
in the soil is quite low and the highest reading was 0.60 cmol. kg (NM45).
The treatment M45 showed the highest reading of exchangeable Mg (1.68
cmolckg?) as compared to the other four treatments. Longer duration on
the application of plastic mulching might help increment or retention of

11 CEC as the plastic mulching protect the soil from leaching process.
0.9
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Fig. 5 Electrical Conductivity reading of soil samples for six weeks at P < 0.05. Note:
M30: Mulching with planting distance 30 cm x 30 cm, NM30: Non-mulching with
planting distance 30 cm x 30 cm
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Fig. 6 Electrical conductivity reading of soil samples for six weeks at P < 0.05. Note:
M45: Mulching with planting distance 45 cm x 45 cm, NM45: Non-Mulching with
planting distance 45 cm x 45 cm
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Difference at P < 0.05. *is significant at P < 0.05, ns is not significant. M: mulching, NM:
non-mulching, planting distance: 30 cm x 30 cm and 45 cm x 45 cm

There was no significant difference at P < 0.05 found for all soil total
carbon, nitrogen and available P among the treatments (Tables 4).
Increase in soil nitrogen under mulching might be due to addition of
organic material.

Table 4 Soil total carbon, nitrogen and available phosphorus

Treatment (TRT) Distance (DIS) C (%) N (%) P (ppm)

M 30x% 30 2.71+0.26a 0.21+198a 130.55+*4.30a
NM 30x% 30 2.54+0.21a 0.20+1.10a 114.80+3.37a
M 45 x 45 2.21+0.06a 0.19+0.85a 85.10* 1.66a
NM 45 x 45 2.38+0.04a 0.18+0.61a 118.65+1.70a
TRT ns ns ns

DIS * ns ns

TRT*DIS ns ns ns

3.1.4 Bulk Density, Moisture Content and Porosity

Table 5 shows the result of the treatments on bulk density, porosity and
moisture content. It was found that the treatment did not show any
significant difference on the soil physical properties. Bulk density was
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significantly higher, showed by treatment NM30 (0.92 gcm-3). Bulk density
is a soil parameter that is used to quantify soil compactness. Mbah et al.
[21] reported that high bulk density results in reduced water infiltration
into the soil, reduced aeration and poor root penetration, resulting in
reduction of crop yield. The results showed that the moisture content was
very low and not significant among the treatments. Since, the plot was at
the field, the moisture content might have variation according to the
amount of water that was received by plant. Narrow planting distance had
higher moisture content compared with wider planting distance.
Treatment M30, M45 and NM45 showed the similarly higher mean of soil
porosity compared to NM30. Soils with high porosity are good for crop
because it provides more pore space for roots to establish. Suitable
porosity level helps the plant growth where the roots can grow well in the
soil and can uptake the nutrients.

Table 5 Soil bulk density, moisture content and porosity

Treatment Distance Bulk density =~ Moisture Porosity (%)
(TRT) (DIS) (gem3) content (%)

M 30 x 30 0.85+0.01a 1.91 £ 0.08a 67.83 + 0.48a
NM 30 x 30 0.92£0.01a 1.84 £ 0.09a 65.36+0.71a
M 45 x 45 0.88+0.01a 1.65 + 0.06a 66.80 + 0.55a
NM 45 x 45 0.91 £0.01a 1.68 £ 0.03a 65.90 + 0.19a
TRT * ns *

DIS ns * ns

TRT*DIS ns ns ns

3.2 Effect of Mulching and Planting Distance on Orthosiphon stamineus
Growth
3.2.1 Plant Height

Table 6 shows the plant height of O. stamineus for all treatments
significantly different at P < 0.05 with different planting distance. In this
experiment, narrow distance exhibited the highest plant height and
increased plant density compared with wider distance. Ibeawuchi et al. [8]
reported that the okra spaced 30 cm within the row was significantly taller
than other okra plants spaced otherwise. This may be attributed to the
close spacing of 30 cm along the row which made the crops to be crowded,
possibly because of intra competition for light and other growth resources.

Table 6 Height increment of 0. stamineus by 8 weeks

Treatment (TRT) Distance (DIS) Height (cm)
M 30 x 30 73.23 +0.58a
NM 30 x 30 73.03 +1.01a
Mean DIS (30 cm) 73.63 a

M 45 x 45 65.38+ 1.91a
NM 45 x 45 65.45 + 3.02a
Mean DIS (45 cm) 65.41b

TRT ns

DIS *

TRT*DIS ns

Table 7 Average yield fresh weight, dry weight, roots fresh weight and dry weight

Treatment Distance YFW YDW RFW RDW
(TRT) (DIS) (Kg) (Kg) (Kg) (Kg)
M 30x 30 18.60 £ 2.99 = 0.40 + 0.10 +
1.23a 0.20a 0.06a 0.01a
NM 30% 30 20.55 329+ 042+ 0.09 +
2.08a 0.33a 0.05a 0.01a
M 45 x 45 10.55 + 1.69 = 0.53 + 0.12 +
1.88a 0.30a 0.04a 0.01a
NM 45 x 45 8.38 1.34 + 0.59 0.14 +
2.03a 0.33a 0.04a 0.01a
Mean DIS (30 cm) 19.58 a 3.14a 0.41b 0.09b
Mean DIS (45 cm) 9.46 b 1.52b 0.56a 0.13a
TRT ns ns ns ns
TRT*DIS ns ns ns ns

3.2.2 Biomass of Yield and Roots of Orthosiphon stamineus

Table 7 shows the fresh and dry weight of the yield and roots of
Orthosiphon stamineus. Even though there is no significant difference,
treatments NM30 showed the highest biomass yield of 20.55 kg fresh
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weight and 3.29 kg dried weight. Treatments NM45 on Orthosiphon
stamineus shows the highest biomass of roots where the 0.59 kg fresh
weight and 0.14 kg dried weight. Wider planting distance contributes to
the elongation and increment of the roots.

4. Conclusion

Using mulching materials on the growing bed for 0. stamineus does help
in retaining selected soil properties. As for planting distance, suitable
distance will allow the roots of the O. stamineus to grow well. However,
further study using other type of mulching and also planting distance
should be conducted to find the best approach to grow O. stamineus. It is
recommended to use biochar as soil amendment to grow O. stamineus as
application on biochar does helps in maintaining the soil acidity level
which is suitable for O. stamineus growth.
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