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ABSTRACT

Rubber is currently the second major industrial crop in Malaysia after oil palm. The use
of bokashi fertilizer (BF) on industrial crops is still not popular, and farmers rely mostly
on chemical fertilizers (CFs) that are costly and hazardous to the environment. This
research was conducted at Hevea plantation, Universiti Putra Malaysia, between August
2020—October 2021. The study was to assess the short-term effects of BF with reduced
NPK fertilization on soil fertility, growth, and yield of rubber. Seven treatments (T) were
involved. T1, T2, and T3 denote 4, 8, and 12 kg BF per pit. T4 was 1 kg NPK as control,
whereas T5, T6, and T7 denote 4, 8, and 12 kg BF + 500 g NPK per pit, respectively.
The variables observed included total nitrogen (TN%), total phosphorus (TP%), organic
carbon (OC%), organic matter (OM%), exchangeable cations, microbial counts, tree girth,
and dry rubber yield. The major findings
indicated that applying 12 kg BF has
raised the soil’s TN%, OC%, and OM%
by 165, 171.4, and 172.0%, respectively,
compared to NPK control. Also, adding
4 kg BF + 500 g NPK has increased the
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soil’s cation exchange capacity and TP%
values by 107.8 and 42.9%, respectively,
compared to the control. Adding sole
bokashi increased the bacterial population
by 22.2-133.3%. Rubber yield was better
on trees treated with 12 kg BF, though
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this did not differ significantly from other
treatments. Therefore, applying 12 kg BF
or 4 kg BF + 500 g NPK can improve soil
fertility and save costs from using inorganic
fertilizer by at least 50%.

Keywords: Bokashi fertilizer, conservation pit, NPK,

rubber trees, soil fertility

INTRODUCTION

British scientists brought the natural rubber
tree to Malaysia in the nineteenth century,
and it is now cultivated in several Asian
countries (Abdulla & Arshad, 2017). Rubber
(Hevea brasiliensis) is one of the major
economic tree crops in Malaysia. Rubber
is Malaysia’s second largest agricultural
commodity after oil palm (Ali et al., 2020).
Most soils in the tropics are weathered and
characterized by low levels of essential
nutrients such as nitrogen, potassium,
phosphorus, calcium, magnesium, sulfur,
copper, zinc, and boron (Al Edrus et al.,
2019). The tropical soils used to produce
rubber are usually acidic and low in fertility,
as caused by heavy leaching of nutrients and
crop removal (Damrongrak et al., 2015). The
conversion of undisturbed natural forests in
the tropics for agricultural uses has resulted
in the reduction of organic carbon, total
nitrogen, and phosphorus, and water holding
capacity of soils from 66.5% to 38.2% in
disturbed agro-forest lands posing run-off
and erosion dangers (Bohluli et al., 2015).
Rubber plantations usually receive
intensive chemical fertilizations that are
costly and detrimental to the environment
to improve soil fertility and increase rubber

productivity (Shabbir et al., 2021). Several
tons of synthetic fertilizers added to soils
are not fully utilized by crops but are
lost through run-off or escape through
atmospheric evaporation. It was reported
that about 50% of nitrogen and up to
90% of phosphorus added to soils are lost
through surface run-offs from croplands or
escape into water bodies or the atmosphere,
resulting in the emission of greenhouse
gasses, pollution of the aquatic system, and
the salinization of soils (Ye et al., 2020). Too
much addition of synthetic fertilizer raises
production costs and negatively impacts
living organisms and other biological
processes within the ecosystem (Guignard
etal., 2017).

Synthetic fertilizer increases crop
productivity, but its continuous application
can greatly threaten the environment
(Wahyuningsih et al., 2019). Soil quality
is concerned with the physicochemical
and biological properties which enable
the better functioning of the ecosystem for
human benefit (Carron et al., 2016). The
abusive application and long-term usage of
synthetic fertilizer can degrade soil quality,
contaminate groundwater, and interfere
with the good functioning of beneficial soil
microorganisms (Hernandez et al., 2021).

The effect of fertilizer application
on the yield of rubber has been poorly
documented and contradictory and is yet to
be fully understood (Chambon et al., 2018;
Chotiphan et al., 2019; Tiva et al., 2016).
Few studies were conducted to study the
influence of organic amendments (OAs) on
soil fertility status and the growth of rubber

840 Pertanika J. Trop. Agri. Sci. 46 (3): 839 - 859 (2023)



Effects of BF on Rubber

in plantations (Huang et al., 2020). Similarly,
the effects of OAs, such as bokashi, on soil
fertility and the growth of rubber are yet to
be fully understood (Huang et al., 2020). In
addition, NPK fertilizer plays a crucial role
in the growth and yield of a rubber tree, and
the provision of adequate amounts of these
nutrients is very vital for the performance
of the crop (Al Edrus et al., 2019).
Based on previous studies, using organic
fertilizers (OFs) meets the requirements
of agricultural sustainability by providing
the physicochemical and microbiological
properties needed in the soil for plant growth
and soil health (Ansari et al., 2019; Hata et
al., 2021; Pohan et al., 2019; Wijayanto et
al., 2016). Also, using OAs and reducing
the amounts of inorganic fertilizer is a
cost-effective and environmentally friendly
way of sustainable agriculture (Ning et al.,
2017). However, the sole use or reliance
on OFs may (sometimes) not provide the
immediate nutrient requirements as they
release nutrients very slowly, with just a
fraction of nitrogen and other essential
elements becoming readily available to
plants in the initial year of application (Ning
etal., 2017).

Therefore, using OFs with or without
mineral fertilizer is a good management
practice in agricultural production systems
as it improves soil fertility and the quality
of produced plants (Natsheh & Mousa,
2014). Nutrient management is the second
driver of rubber yield (Vrignon-Brenas et al.,
2019). In Malaysia, rubber is mostly grown
on sloppy lands. The major problems of
sloppy lands include soil erosion, fertilizer

loss, and poor soil water storage (Mohsen
et al., 2014). Hence, using OFs to replace
or complement inorganic fertilizers can be
viable in sustainable agriculture (Hernandez
et al., 2021). Therefore, conserving the soil
quality in plantations is of great importance
for the proper functioning of the ecosystem
(Wahyuningsih et al., 2019).

In plantations, pits sizing 1.8 m x 0.5 m
x 0.6 m are usually dug between four trees
under moderate slopes (Bohluli et al.,
2015). Applying fertilizers in conservation
pits serves to conserve nutrients and water.
Rubber farmers are normally advised
to add fertilizers in pits sizing 1-2 m X
0.6 m x 0.4 m between rows to absorb
plant nutrients (Huang et al., 2020).
Multipurpose conservation pits (MPCPs)
(sometimes called ‘pits’ or ‘silt pits’) are
an effective method of conserving soil
water and plant nutrients (Moradidalini et
al., 2011). Such pits are generally used to
collect run-off water, trap down sediments,
increase soil moisture, and reduce erosion
and fertilizer losses (Bohluli et al., 2015).
The silt pit is Malaysia’s recommended soil
and water conservation method (Sung et al.,
2011).

Bokashi fertilizer (BF) can supply
plants with nutrient requirements and
improve soil fertility. The bokashi’s ability
to quickly decompose organic wastes (into
useful OFs) makes it a promising waste
management solution (Pohan et al., 2019).
Several studies have indicated that BF
has been used successfully to improve the
growth, yield, and quality of crops and soils
(Aung et al., 2019; Gashua et al., 2022;
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Hoshino et al., 2021; Quiroz & Flores,
2019). Although CFs can provide plants
with the nutrient requirements for their
growth and development, these fertilizers do
not have the same beneficial effects on the
soil as OAs (Hernandez et al., 2021). It was
reported that the availability and adequate
use of organic and synthetic fertilizers are
low, especially in large plantations (Apori
et al., 2020). Therefore, this study aims to
investigate the effects of BF with reduced
NPK fertilization on soil fertility, growth,
and rubber yield.

METHODS

Experimental Site and Materials Used

The major materials used include bokashi
fertilizer, NPK blue (N:P,05:K,0:MgO
[12:12:17:2]) (ZINONG, China), MPCPs,
and RRIM 3001 clone. This clone,
‘Klon 1 Malaysia’, is known for its high
rubber productivity. This experiment
was conducted at Ladang Hevea, Taman
Pertanian University, Universiti Putra
Malaysia. The trees were not of uniform
girth size at the commencement of the study
(August 2020). Before the commencement
of this research, the fertilization practice in
the plantation was NPK blue (12:12:17:2) at
the rate of 1 kg-tree!-yr', usually applied in
2 split doses, with the last dose applied four
months before the start of this experiment.
The tapping system practiced was 4S d/3
(tapped every 3 days).

Preparation of Bokashi Fertilizer

The BF was prepared using horse bedding
waste, cow dung, and paddy husk charcoal

in the 60, 20, and 20% ratios, respectively.
These raw materials were treated with an
effective microorganisms-4 (EM4) solution
and molasses, as described by Gashua et al.
(2022), and the BF was ready for use within
28 days.

Field Layout

Trees that were estimated to be above 50
cm girth size (1.5 m from ground level)
were randomly selected with 4 trees in
a rectangular arrangement forming one
experimental unit, and the trees were tagged
according to the design of the experiment.
A multipurpose conservation pit (MPCP)
was dug between every four trees for each
treatment (except the control), with the
MPCP oriented against the slope. Each pit
was sized 1.0 m x 0.5 m x 0.3 m (0.15 m?)
in length, width, and depth, respectively
(Figure 1). Each conservation pit was treated
with 500 g of ground magnesium limestone
(GML) and allowed for seven days before
treatment application (Figure 2a). The
control plots were also treated with 500 g
GML before treatment application. Different
rates of bokashi were then applied in the pits
according to the treatment specifications
(Figure 2b).

Treatments and Experimental Design

The experiment consisted of seven
treatments, replicated three times, and laid
out in a randomized complete block design
(RCBD). The breakdown of the treatment
combination is given in Table 1.
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Figure 1. The layout of the field with pits dug in between four trees

Note. R = Replication

Table 1

Treatments and their descriptions

Treatment Description
Tl 4 kg bokashi + 500 g GML/pit
T2 8 kg bokashi + 500 g GML/pit
T3 12 kg bokashi + 500 g GML/pit
T4 Control 1 kg NPK blue
(12:12:17:2) + 500 g GML
surface application
TS5 T1 + 500 g NPK blue/pit
T6 T2 + 500 g NPK blue/pit
T7 T3 + 500 g NPK blue/pit

Note. The NPK (500 g) in treatments 5, 6, and 7
were added 3 weeks after the commencement of
the research. The depth of the pits used was within
the rooting depth of fine roots of rubber (0-30 cm)
that are responsible for the absorption of nutrients
and water (Huang et al., 2020). Except for the
control-T4, all other treatments were applied through
the conservation pits; GML = Ground magnesium
limestone

bre e w980 - i) |
Figure 2. MPCPs (a) with GML and (b) bokashi
applied

Note. GML = Ground magnesium limestone

Determination of Soil Chemical
Properties

The soil samples 0-20 cm into the pits
were collected before and after the
experiment to determine the soil’s chemical
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properties. Before treatment application,
nine samples, three from each replication,
were randomly selected, composited, and
subjected to chemical analysis. At the
end of the experiment, the soil sample for
each treatment and replication (except the
control) was collected separately from
0-20 cm into the pits. Soil sample from
the control treatment was also taken from
the top 20 cm using a soil auger. The pH
of the soil was determined in 1:2.5 (wW/v)
soil-water suspension and measured using
a pH meter (Model HI 2211 pH/ORP meter,
Hanna Instruments, Thailand). The EC was
obtained in 1:5 (w/v) soil-water suspension
using an EC meter (Model HI 2300 EC/TDS/
NaCl meter, Hanna Instruments, Thailand).
The leaching method determined the soil’s
cation exchange capacity and exchangeable
bases in 1 N ammonium acetate buffered at
pH 7 (Baruah & Barthakur, 1997). The first
leachate was sent to the atomic absorption
spectrophotometer (AAS) (PerkinElmer
PinAAcle 900T, USA) for the determination
of calcium (Ca), magnesium (Mg), and
potassium (K) values. Leachate 3 was used
to determine the cation exchange capacity
(CEC) values using Auto Analyzer (AA)
(LACHAT Instrument, QuickChem FIA+
8000 series, USA). The soil’s organic
carbon and organic matter contents were
obtained by the method of Walkley (1947).
The total nitrogen was determined by
Dumas’s method using a carbon, nitrogen,
and sulfur (CNS) analyzer (LECO TruMac®
CNS, USA). The available N in the form of
nitrate (NO;) and ammonium (NH,") ions
were obtained from the distillation process.
The aqua regia method (using hydrochloric

acid [HCI] and nitric acid [HNO;]) was
employed, and the digests were sent to
atomic absorption spectrophotometer
(AAS) for determination of total P values.
The available P was obtained using the
Bray II method (Bray & Kurtz, 1945). The
same analysis procedures were followed,
collecting the samples from each treatment
at the end of the experiment and analyzed
separately.

Determination of Soil Microbial
Properties

Soil samples were taken during the sampling
for chemical analysis to evaluate the soil
microbial properties. The soil samples
were collected at a depth of 0-20 cm. The
samples were collected before and after
the experiment to evaluate bacterial and
fungal counts. Potato dextrose agar (PDA)
and nutrient agar (NA) were the two media
used for fungi and bacteria, respectively.
After the experiment, for each treatment,
six grams of the mixed soil were placed
in a 50 ml Falcon tube, and 15 ml distilled
water was added and shaken for 24 hr
to obtain the stock solution. Three serial
dilutions were prepared. For each treatment,
9 ml of sterilized water was added into 15
ml Falcon tubes (seven treatments x three
replications = 21 sterilized tubes). One
milliliter of the stock solution was pipetted
into each test tube containing 9 ml of sterile
distilled water for the first serial dilution
(10Y). From this (10'), 1 ml was added to
the next Falcon tube containing 9 ml of
sterilized water (serial dilution number 2 or
10%) and mixed thoroughly. Also, 1 ml was
taken from this serial dilution number 2 and
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added to the next Falcon tube designated as
number 3, making serial dilution 3 (10%).
The same procedure was repeated for each
treatment, and the samples were collected
before treatment application. However, three
samples from each of the three replications
of composite soil samples were collected
and bulked before treatment application.
From each serial dilution, 100 pl was
pipetted and gently spread on the media
(PDA or NA, as the case may be), and three
replications were made for each dilution.
The Petri dishes (containing NA and the
sample dilutions) were incubated for 24 hr
at 30-32°C to determine bacteria. For the
fungi, the Petri dishes (containing PDA and
the sample dilutions) were incubated for 72
to 96 hr at 25-27°C (Akande & Adekayode,
2019). The microbial count for the bacteria
and fungi was evaluated by determining the
colony-forming unit (cfu). It was achieved
by selecting the plates/dishes with the
countable number of colonies (30-300).
Then the total dilution factor and the
volume of culture plated (100 pl or 0.1 ml)
were used to compute the cfu. The results
from serial dilution 3 (10%) were finally
considered to determine cfu. The population
of bacteria and fungi in the soil was obtained
after determining the cfu, as described by
Akande and Adekayode (2019).

The cfu/ml was calculated using the formula:

Number of colonies X Total dilution factor

f 1=
cfu/m Volume of culture plated in ml

[1]

Assessment of Growth of Rubber Trees

The growth of rubber trees was assessed
by measuring the trunk size using a tailor’s
measuring tape four times (including initial
measurement) at four-month intervals.
The measurement was taken 150 cm from
the ground level (Fauzi et al., 2015). The
increment in tree girth was calculated by
subtracting the final girth from the initial. In
contrast, the % girth increment was obtained
by dividing the increment in tree girth by
the initial girth multiplied by 100. The data
were subjected to analysis of variance using
the statistical analysis software (SAS 9.4
version, SAS Institute Inc., USA).

Rubber Yield

The rubber yield was initially collected
as a cup lump yield. The tapping system
was half-spiral, with 3 daily tapings and
approximately eight monthly tappings. The
use of /2S, d/3 is a recommended practice
on high-yielding budded clones prone to
tapping panel dryness (TPD) (Gates, 1979).
The cup lump yield was later converted
to dry rubber yield (Gongalves et al.,
2011). The yield data collected weekly
were summed up and analyzed monthly
(g-tree-month) over 7 months; September
to December 2020 and August to October
2021. Finally, the dry rubber yield was
expressed regarding land productivity in
kg-ha'-year' (Ali et al., 2020). Because
the trees were not of uniform size across
different treatments, yield computation was
based on standardizing the initial tree size
by taking the average tree size (75.8 cm)
and assuming all trees were of the same
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size across all treatments at the onset of the
experiment. The rubber yield was obtained
as given below.

Yield (kg ha™ - year™)
_ gftree/trapping [year x Tree stand /hectare x Tapping days

1,000
[2]

Statistical Analysis

The collected data (excluding data on
microbial count) were analyzed using
analysis of variance (ANOVA) with
statistical analysis software (SAS 9.4
version, SAS Institute Inc., USA), and
significant means were compared using
Tukey’s honestly significant difference
(HSD) test at 5%.

RESULTS
Soil Chemical Properties

Before the treatments, the soil was
characterized by relatively low pH, EC,
CEC, Ca, Mg, K, OC, OM, total N, NH,-N,
NO;-N, total P, and available P compared
to the values obtained after the experiment.
The 1nitial soil values were 4.41, 0.04 mS/
cm, 7.12 cmol.y/kg, 5.37 cmol./kg, 0.20
cmol,/kg, 0.16 cmol/kg, 1.13%, 2.32%,
0.10%, 8.00 mg/kg, 4.00 mg/kg, 0.01%, and
2.00 mg/kg for pH, EC, CEC, Ca, Mg, K,
OC, OM, total N, NH,*-N, NO;™-N, total P,
and available P, respectively (Table 2).
Most soil’s chemical properties differed
significantly at the end of the experiment
(Table 2). The pH values differed
significantly (p<0.05) between treatments,
with the highest value (6.38) obtained from

where 12 kg/pit of BF (T3) was added, and
the lowest pH value (5.02) was obtained
from the control-T4 (NPK at 1 kg per four
trees, surface application) (Table 2).

Similarly, the EC values differed
significantly (p<0.05) between the
treatments, with the highest EC value (0.29
ms/cm) obtained in T3 and the lowest (0.11
ms/cm) in the control-T4 (Table 2). There
was also a significant difference (p<0.05) in
the CEC values between the treatments, with
the highest CEC value (25.45 cmol/kg)
obtained in T5 (4 kg bokashi + 500 g NPK
per pit). The lowest CEC (12.25 cmol,/kg)
was obtained in the control-T4.

Significant differences were found in
Ca and Mg values between the treatments,
but K values did not differ significantly
(p>0.05). The Ca highest value (14.61
cmol/kg) was obtained in T7 and can
compare statistically with values obtained in
T2, T3, and T6. The lowest Ca value (8.40
cmol(+)/kg) was obtained in the control-T4.
However, Ca values in T1 and TS5 were also
low and statistically comparable with the
control-T4. Magnesium (Mg) was highest
in T2 (8.61 cmol(+)/kg) and lowest (4.12
cmol(+)/kg) in the control-T4 (Table 2).

The organic carbon (OC%) and organic
matter (OM%) values differed significantly
(p<0.05) between the treatments, with the
respective highest values (5.13 and 8.84%)
provided by T3. The lowest OC% and
OM% (1.89 and 3.25%) were found in the
control-T4 (Table 2). Similarly, a significant
difference (p<0.05) was found in the total
N (%) values between the treatments but
not with NH,"*-N or NO;™-N (mg/kg). Total
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N (%) was highest (0.53%) in T3 and
lowest (0.15%) in TS. Total N values in the
control-T4, T6, and T7 were also low and
can compare statistically with T5 (Table 2).

The TP% values differed significantly

in the control treatment (Table 2). There
was a marked rise in the levels of TP% in
the soil with the increased rate of bokashi
from 4-12 kg applied. The treatments’
effect on the soil’s available P content was

(p<0.05) between treatments. The TP% was  insignificant.
highest (0.20%) in T5 but lowest (0.14%)
Table 2
Soil chemical properties
Parameter  Before T1 T2 T3 T4 TS T6 T7
pH 4.41 5.54+ 6.24+ 6.38+ 5.02+ 5.65+ 6.08+ 5.92+
0.09bc  0.21 ab 0.15a 0.12¢ 0.10abc  0.02ab  0.21 ab
EC 0.04 0.26+ 0.2+ 0.29+ 0.11% 0.18+ 0.15+ 0.20+
(mS/cm) 0.01ab  0.05ab 0.05a 0.01b 0.02 ab 0.0l ab  0.03 ab
CEC 7.12 18.50+  23.17+  22.55+ 12.25+ 25.45+ 22,60+  22.13+
(cmol(+)kg) 2.80ab 0.81ab 3.15ab 0.55b 345a 0.90 ab 1.71 ab
Ca 5.37 8.42+ 13.20+ 12.66+ 8.40+ 10.34+ 12.97+ 14.61+
(cmol(+)kg) 1.19¢ 0.68ab  1.65ab 1.16 ¢ 0.79 be 1.23 ab 1.26 a
Mg 0.20 7.46+ 8.61% 6.22+ 4.12+ 5.49+ 7.38+ 6.51%
(cmol(+)/kg) 1.37 ab 0.18 a 0.01 ab 0.69 b 049ab  0.28ab 0.47ab
K 0.16 0.26+ 0.25+ 0.25+ 0.18+ 0.23+ 0.27+ 0.21+
(cmol(+)/kg) 0.03 0.05 0.05 0.01 0.05 0.06 0.02
OC (%) 1.13 2.74+ 4.61+ 5.13+ 1.89+ 3.18+ 2.95+ 3.35+
0.59bc  0.33 ab 0.51a 0.20 ¢ 0.25abc  0.14bc  0.35 abc
OM (%) 232 472+ 794+  8.84+ 3.25+ 5.47+ 508+ 577+
1.02bc  0.57 ab 0.87 a 0.34c 0.43 abc  0.23 abc  0.59 abc
TN (%) 0.10 0.33+ 0.32+ 0.53+ 0.25+ 0.15+ 0.23+ 0.25+
0.08ab  0.11 ab 0.03 a 0.05b 0.00 b 0.02 b 0.03b
NH,"-N 8.00  140.00+ 280.00+ 143.00& 230.00+ 283.00+ 125.00+ 180.00+
(mg/kg) 0.01 0.01 0.00 0.02 0.00 0.00 0.00
NO;-N 4.00 97.00« 153.00+ 90.00+ 215.00+ 273.00+ 230.00+ 163.00+
(mg/kg) 0.01 0.01 0.00 0.00 0.00 0.01 0.00
TP (%) 0.01 0.16+ 0.18+ 0.19+ 0.14 + 0.20+ 0.19+ 0.18+
0.01bc 0.0lab 0.01 ab 0.01¢ 0.01 a 0.01 ab  0.00 abc
AP 2.00 60.00+=  127.00+ 124.00& 59.00+ 183.00+ 176.00+ 135.00+
(mg/kg) 0.00 0.00 0.00 0.00 0.04 0.01 0.00

Note. Means followed by the same letter(s) in a row are not significantly different (p>0.05) using Tukey’s

HSD =+ standard error

T1 = 4 kg bokashi per pit; T2 = 8 kg bokashi per pit; T3 = 12 kg bokashi per pit; T4 = 1 kg NPK surface
application; TS = 4 kg bokashi + 500 g NPK per pit; T6 = 8 kg bokashi + 500 g NPK per pit; T7 = 12 kg

bokashi + 500 g NPK per pit
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Soil Microbial Counts

The soil bacterial and fungal counts
before and after treatment application
are given in Table 3. The sole bokashi
treatments (i.e., T1-T3) gave the highest
population of bacteria (1.10 x 10° — 1.37
x 10° cfu/ml) compared to 9.00 x 10* cfu/
ml before treatment application. However,
the bacterial count in the NPK treatment
(control-T4) and TS, T6, and T7 were lower

Table 3

than the values obtained before the treatment
application. The range of fungal populations
obtained after treatments application in all
treatments other than the control (3.33 x
10° — 4.67 x 10* cfu/ml) was far below the
value obtained (5.00 x 10* cfu/ml) before
treatment application with no trace of fungus
in the NPK treatment (0.00 x 10° cfu/ml)
(Table 3).

Bacterial and fungal populations in the soil before and after treatment application

Treatment Bacterial population (cfu/ml) Fungal population (cfu/ml)
Before After % increase Before After % decrease
treatment treatment treatment treatment

T1 9.00x 10* 1.10x10° 22.20 5.00x 10* 4.67 x 10* 6.60

T2 9.00x 10* 2.10x10° 133.30 5.00x 10*  4.00 x 10* 20.00
T3 9.00x 10* 1.37x10° 52.20 5.00x 10*  3.33x10° 93.30
T4 9.00 x 10*  3.00 x 10* -66.70 5.00x 10* 0.00 x 10° 100.00
T5 9.00x 10* 5.33x10* -40.80 5.00x 10*  6.67 x 103 86.70
T6 9.00x 10* 2.73x 10* -69.70 5.00x 10* 1.33x10* 73.40
T7 9.00x 10* 1.20x 10* -86.70 5.00x 10*  3.33x 103 93.30

Note. T1 =4 kg bokashi per pit; T2 = 8 kg bokashi per pit; T3 = 12 kg bokashi per pit; T4 = 1 kg NPK surface
application; T5 = 4 kg bokashi + 500 g NPK per pit; T6 = 8 kg bokashi + 500 g NPK per pit; T7 = 12 kg

bokashi + 500 g NPK per pit

Rubber Tree Growth

The growth of the rubber tree was monitored
three times a year at a four-month interval.
The treatments’effect showed no significant
difference in the girth size increment across
the data collection periods. However, some
growth in terms of girth increment was
noticed between the treatments over the
three periods of data collection from the
initial tree sizes before treatment application.
The highest increment in tree girth (5.25%)
was observed in T6 and the lowest (3.38%)
in control T4 over 12 months.

Rubber Yield

The dry rubber yield was obtained between
September-December 2020 and between
August-October 2021. The mean monthly
dry yield (g-tree!-month™), the average yield
(g-tree!-tapping™) (over seven months), and
the estimated land productivity per year
are presented in Table 5. There was no
significant difference (p>0.05) in average
dry rubber yield (g-tree! -tapping™), monthly
rubber yield, and land productivity between
the treatments.
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DISCUSSION

Treatments Effects on Soil Chemical
Properties

The application of treatments improved
most soil chemical properties studied. The
plantation soil before treatment application
was acidic (pH 4.4), typical of tropical soils
where the rubber is grown. Most soils where
the rubber is grown are strongly acidic, low
in exchangeable bases but high in aluminum
and manganese (Damrongrak et al., 2015).
The soil condition was significantly
improved by raising the pH level after
applying treatments. The application of
12 kg bokashi (T3) has raised the soil pH
by 27.10% compared to the application
of NPK-control fertilizer (T4). Treatment
with sole NPK fertilizer usually causes soil
acidification (Roba, 2018). However, the
control treatment had its pH raised from
4.41 to 5.02, probably due to liming with
GML before applying the NPK treatment.
Similarly, adding bokashi with or without
NPK fertilizer in other treatments has
also raised the soil pH by 10.40-21.10%
compared to the NPK control (T4). A
significant increase in soil pH was reported
due to the combined application of organic
manure and NPK fertilizer (Roba, 2018).
Wijayanto et al. (2016) reported increased
soil pH due to adding bokashi.

Most plants grow better in pH ranging
from 6.0 to 6.5 because this is the range
in which most plant nutrients are in their
available forms (Damrongrak et al., 2015).
T2, T3, and T6 provided a pH 0f 6.08 to 6.24.
Similarly, the EC value was significantly
improved following treatment application.

The application of 12 kg bokashi has
caused an increase in the soil EC value by
163.60% compared to the NPK-control (T4)
(Table 2). Adding bokashi with or without
NPK fertilizer in the other treatments
has also increased the soil EC value by
36.40—-136.40% compared to the control T4.
Although the EC value of the soil increased
significantly in the different treatments, the
obtained values were not above the critical
limit of 4.00 mS/cm (Angelova et al., 2013).
The increase in soil CEC value by 107.80%
was caused by applying 4 kg bokashi + 500
g NPK (T5) compared to the NPK-control
(T4). The soil CEC was also raised by
51.00-87.40% in other bokashi or bokashi +
NPK treatments compared with the control-
NPK treatment (T4) (Table 2). When added
to the soil, CFs like NPK can improve soil
chemical characteristics, add plant nutrients,
and promote crop growth and yield (Ubi et
al., 2013). Singh et al. (2017) also reported
that balanced NPK fertilizers considerably
raised the soil’s CEC when combined
with farmyard manure or applied alone.
A significant increase in soil CEC due to
the addition of bokashi and NPK fertilizer
was also reported by Lasmini et al. (2018).
The application of bokashi with or without
NPK has raised the soil CEC status from
low (< 12 cmol(+)/kg) to moderate (12-25
cmol(+)/kg) levels of fertility (Hazelton &
Murphy, 2016).

The application of 12 kg bokashi +
500 g NPK (T7) has significantly raised
the soil Ca value by 73.9% compared with
the application of NPK-control (T4) (Table
2). Adding bokashi with or without NPK
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fertilizer in the other treatments increased
the soil Ca value in other treatments by
0.24-59.80% compared to the control (T4).
The application of 8 kg bokashi (T2) has
significantly caused an increase in the Mg
content in the soil by 109% compared with
the application of NPK-control (T4) (Table
2). Adding bokashi with or without NPK
fertilizer in the other treatments has also
raised the soil Mg content by 33.30-81.10%
compared to the NPK control. Although
the application of bokashi has raised the
potassium level in the soil, there was no
significant difference in potassium values
between the treatments. Potassium plays a
vital role in osmoregulation in plants and
functions to activate enzymes, especially
those involved in photosynthesis and
respiration (Pohan et al., 2019).

The application of 12 kg bokashi (T3)
has resulted in an increase in the OC content
by 171.40% (Table 2) compared to the
application of NPK-control (T4). Adding
bokashi with or without NPK fertilizer in
the other treatments has also raised the soil
OC levels by 45.00-143.90% compared to
the NPK control. Similarly, the application
of 12 kg bokashi (T3) has caused an increase
in the soil OM content by 172% compared
to the application of NPK-control (T4). The
rise in soil OC with the addition of high
doses of bokashi was caused by high OM
contents in this organic amendment and was
similar to the result reported by Angelova et
al. (2013). Adding bokashi to soils improves
organic matter, supplies essential nutrients
such as NPK, and minimizes the leaching
of nutrients (Murillo-Amador et al., 2015).

Applying bokashi with or without NPK
fertilizer has also increased the soil OM
levels in the other treatments by 77.50—
144.30% compared to the NPK control
(T4). Adding bokashi with or without NPK
fertilizer has increased the soil OC and OM
contents compared to the control and their
initial levels before treatment application.

The application of 12 kg bokashi (T3)
significantly increased the TN% in the soil
by 165.0% compared to the application
of NPK-control fertilizer (T4). Applying
bokashi with or without NPK fertilizer has
also increased the soil’s TN% levels in the
other treatments by 15-60% compared to the
NPK control (T4). Although the application
of bokashi has raised the level of NH,*-N in
the soil, there was no significant difference
in NH,*-N values between the treatments.
Ning et al. (2017) reported that the combined
use of organic and CFs did not significantly
affect the value of soil available nitrogen.
Similarly, applying bokashi had improved
the NO5-N in the soil a little, but such
increment was not significantly different
between the treatments (Table 2). However,
Cai et al. (2018) reported an increase in soil
N and P contents in treatments combining
organic and mineral fertilizers compared to
NPK treatments. The use of pits in rubber
plantations has conserved N, P, and K in the
range of 12 to 29, 6 to 13, and 27 to 62 kg/
ha, respectively (George et al., 2007).

The application of 4 kg bokashi + 500
g NPK (T5) has raised the TP% value in the
soil by 42.90% compared to the application
of NPK-control (T4). Applying bokashi with
or without NPK fertilizer has also raised

Pertanika J. Trop. Agri. Sci. 46 (3): 839 - 859 (2023) 851



Auwalu Garba Gashua, Zulkefly Sulaiman, Martini Mohammad Yusoff,
Mohd Yusoff Abd. Samad, Mohd Fauzi Ramlan and Shafar Jefri Mokhatar

the soil’s TP% by 14.30-35.70% compared
to the NPK control (T4). Phosphorus is a
constituent of nucleic acid and functions
in plant metabolism (Pohan et al., 2019).
Maass et al. (2020) have also reported an
increase in phosphorus levels with increased
rates of bokashi application. Several studies
have indicated that the addition of OAs has
improved soil fertility such as soil OM,
total N, NO;-N, available phosphorus, and
potassium (Guo et al., 2015; Huang et al.,
2020; Long et al., 2015; Seleiman & Kheir,
2018).

Treatments Effects on Soil Microbial
Counts

The abundance of microorganisms in
soil may indirectly indicate soil fertility.
The application of OAs has raised the
soil’s population of bacteria and fungi.
The application of 8 kg BF (T2) gave the
highest bacterial population of 2.10 x 10°
cfu/ml (indicating an increase of 133%
from the initial population). The bacterial
population decreased by 66.70% with the
addition of NPK fertilizer (Table 3). It was
reported that the application of farmyard
manure to the soil had raised the bacterial
population (Kumari et al., 2014). It was
also reported that the addition of OFs has
caused an increase in soil OC thereby raising
the microbial count in the soil (Nakhro
& Dkhar, 2010). Similarly, the fungal
populations were mostly highest in sole
bokashi treatments, with the highest fungal
count (4.67 x 10* cfu/ml) from the treatment
containing 4 kg bokashi (T1), which was
still below the initial fungal count of 5.00 x

104 cfu/ml. No trace of a fungal population
was obtained from the control-T4. However,
Sulok et al. (2021) reported higher bacterial
and fungal counts in soil OAs containing
composts and biochar in the second year
of addition compared to the control (NPK
fertilizer).

Adding OAs can provide an ideal
environment for microorganisms to multiply
(Sulok et al., 2021). The use of synthetic
fertilizers over a long period resulted in
a decrease in microbial population and
activity in the soil (Hernandez et al., 2021).
The soils treated with OAs showed greater
bacterial and fungal abundance compared
to the control and soils treated with NPK
mineral fertilizer (Hernandez et al., 2021).
Generally, microorganisms such as bacteria,
fungi, algae, and actinomycetes usually play
a vital role in decomposing organic matter
and nutrient recycling, resulting in increased
soil fertility (Aytenew & Bore, 2020).

Effects of Treatments on Rubber
Growth

Girth size is important in determining
rubber yield and quality (Sopheaveasna et
al., 2019). However, the treatment effect
was insignificant on the girth size of rubber
trees over the periods of data collection
(12 months). A similar result was reported
when rubber was treated with different rates
of NPK fertilizer; there was no significant
difference in the tree girth size in the
first two years of treatment application
(Sopheaveasna et al., 2019). Twelve months
after soil improvement, the lowest girth
increment (of 3.38%) was obtained with
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NPK fertilization, and the highest girth
increments (4.59 and 5.25%) were obtained
with the application of 4 and 8 kg BF + 500
g NPK, respectively. Increments in girth
size above what was obtained from the
control were observed with the application
of bokashi or bokashi with reduced NPK
fertilization (Table 4). It agrees with the
result reported by Damrongrak et al. (2015)
after soil improvement in the first year.
Similarly, the result agrees with the findings
of Abraham et al. (2015), who reported no
significant difference in the girth size of
immature rubber in the first year of the trial
on integrated nutrient management. Despite
having the largest average initial girth size,
trees treated with NPK fertilizer provided
the lowest girth increment of 3.38% at the
end of the experiment compared to the other
trees that received sole bokashi treatments
or a combination of bokashi with reduced
NPK fertilization with girth increment
ranging 3.66—5.25%. The cumulative girth
increment in trees that received sole bokashi
treatments or a combination of bokashi with
reduced NPK fertilizer was 3.66-5.25%
compared to an increment of 3.38% in trees
treated with only NPK fertilizer.

Effects of Treatments on Rubber Yield

The direct impact of fertilization on rubber
yield has not been well documented and is
yet to be fully understood (Chotiphan et al.,
2019). The treatments did not significantly
affect the dry rubber yield (Table 5). It is
in line with the findings of Damrongrak
et al. (2015), who reported no significant
difference in dry rubber yield as affected

by treatments involving chemical fertilizer,
dolomite, and compost within six months
of treatment application. Similarly, Tiva
et al. (2016) reported that the first-year
rubber yield did not differ significantly
between NPK fertilizer treatments. Siti
Naimah et al. (2015) also reported that
the application rates and type of fertilizers
(organic or inorganic) had no significant
influence on the growth and yield attributes
of'yard-long bean (Vigna unguiculata subsp.
sesquipedelis L. VERDC.).

Although there was no significant
difference between the treatments in the
monthly dry yield of rubber, mean yield
(g-tree!-tapping™), as well as in the land
productivity, the application of bokashi
without NPK fertilizer (T1, T2, and T3) had
considerably resulted in more rubber yield
(2,226-2,289 kg-ha!-year') compared to the
yield of 2,154 kg-ha!-year! obtained due to
the addition of NPK fertilizer. It means that
applying 4 to 12 kg BF has caused an increase
in rubber yield by 3.30-6.30% compared
to the yield due to NPK fertilizer, although
the yield increase was not significant in
the short term. However, reports show
that Malaysian smallholders produce an
average of 1,400 kg of rubber per hectare
per year (Ali et al., 2020) compared to the
theoretical yield of 7,000 to 12,000 kg per
hectare per year (Paardekooper, 1989). This
yield gap could be due to several factors,
such as crop genetics, agronomic practices,
and other environmental conditions (Ali et
al., 2020). Also, such high yields were not
a surprise because yields of 3,000 to 4,000
kg-ha'-year! were reported among the earliest
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plantations that came from unselected seeds
in Nigeria (Giroh et al., 2013). Therefore,
the clone used for this study (RRIM 3001)
is potentially high yielding, especially with
good management practices such as using
BF in conservation pits.

RRIM 3001 is a new clone with a very
high latex production potential of land
productivity above 3,000 kg-ha!-year!
(Salisu et al., 2013). In Malaysia, palm
oil yields were also increased through
management practices such as the use of pits
(Bohluli et al., 2015). Using conservation
pits significantly influenced rubber growth
and yield (George et al., 2007). In addition,
the combined application of 12 kg BF +
500 g NPK (T7) has also increased dry
rubber yield by 5.20% over the yield
obtained due to NPK fertilization. Kakar
et al. (2019) reported a significant increase
in rice grain yield and grain quality from
combining organic and inorganic fertilizers.
Several studies have indicated that inorganic
fertilizers, combined with OFs, are more
useful to crops and the environment
(Hernandez et al., 2021; Siti Naimah et
al., 2015). Good management of rubber
trees, as well as a favorable environment,
could be responsible for good performance
(Chotiphan et al., 2019). Again, the potential
benefits of fertilization in rubber are only
possible with intensification in the tapping
system practiced. Because tapping is the
major driver in latex generation, it may not
be a surprise if no fertilization effect was
seen in the short term because the same
tapping system was employed across all
treatments.

CONCLUSION

This study revealed two major findings.
First, the study indicated that high rates of
BF, such as 12 kg or 4 kg BF plus 500 g NPK
applied in conservation pits, are sufficient
to improve the soil fertility status in rubber
plantations and cut the need for costly CFs
by at least 50%. Second, the use of bokashi,
NPK, or their combined application did not
significantly affect the growth and yield of
rubber within the short period of the study.
Therefore, it is recommended that a similar
experiment be conducted over at least two
years to assess the maximum benefits of BF
on the growth and yield of rubber.
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