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ABSTRACT

Potassium (K) is a macronutrient required by plants for energy production, enzyme activation,
formation of cell wall, production of protein, and photosynthesis. However, its availability is
compromised because of leaching. In mineral acid soils such as Ultisols and Oxisols, K in the soil
solution is prone to leaching because of high rainfall and abundance of kaolinite clay minerals and
sequioxides. As a result, these soils have low cation exchange capacity (CEC) but aluminium (Al) and
iron (Fe) predominates. This problem has steered the attention to the application of amendments to
increase K retention in such soils. The highly negative-charged sites of charcoal and sago bark ash can
increase CEC to enhance K" retention. Moreover, the alkalinity of these amendments can improve
mineral acid soil pH to suppress Al and Fe toxicity in addition to improving K availability soils. The
objective of this study was to optimize the retention to reduce leaching of K in a tropical mineral acid
soil (Typic Paleudults) through co-application of charcoal and sago bark ash. The proportions of
charcoal and sago bark ash used in this present study were varied at 20%, 40%, 60%, 80%, and 100%,
but the MOP was fixed at 100% of the recommended rate. Selected soil chemical properties before and
after the leaching study were determined using standard procedures. Results revealed that increasing
rates of charcoal improved soil CEC, (total carbon) TC, and exchangeable K at 30 days leaching.
Leaching of K was relatively high in the soil with chemical fertilizers compared with the soils with
charcoal and sago bark ash despite the K source for the former coming solely from MOP. Although the
increasing rate of sago bark ash had minimal effect on the soil exchangeable K, the ability of the sago
bark ash to activate the functional groups of the charcoal is important to further increase maximum K
buffering capacity. Therefore, the findings of this present study suggest that the optimum rates of
charcoal and sago bark ash to reduce K leaching in mineral acid soils are 60% charcoal with 60% sago
bark ash (6 t ha ' charcoal and 3 t ha™' sago bark ash) and 80% charcoal with 40% sago bark ash (8 t
ha™' charcoal and 2 t ha™' sago bark ash), because these rates improved soil exchangeable K*, TC and
CEC significantly, in addition minimizing soil exchangeable acidity at 30 days of leaching.

Key words: Soil amendments, potassium availability, soil fertility, cation exchange capacity,
sustainable agriculture
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INTRODUCTION

In tropical acid soils, loss of nutrients especially K through leaching is common. The loss is
not only due to high annual rainfall but also because of inhibition of root growth. Presence of
detrimental ions such as aluminium ions (AI**) and iron ions (Fe**) in high concentrations in
mineral acid soils causes injury to plant roots (Mossor-Pietraszewska, 2001). In Malaysia as an
example of a humid tropical environment with mineral acid soils, the abundance of kaolinite
clay minerals makes K leaching a serious problem in crop cultivation. Potassium is leached
from the soil system before it reacts with the soil colloids or being able to displace other cations
on the exchange sites of soils.

Kaolinite clay minerals have smaller surface area compared with other clay minerals such as
montmorillonite (Fernandez ef al., 2011). The hydrogen bonds between the layers of kaolinite
clay minerals prevent water and nutrients to enter or adsorb in between these layers (Deng et
al., 2017). Given that kaolinite clay minerals have low negative charge density, there is little
chance for K to be adsorbed. Additionally, in low pH, Al and Fe ions predominates and
consequently limiting the ability of K to be adsorbed onto the exchange sites (Paramisparam et
al., 2021). To this end, many farmers tend to over apply K fertilizers to compensate K loss
through leaching although this practice is neither economical nor environmental friendly.
Increasing the amount of K applied will reduce farmers’ revenues besides wasting limited
resources (Rehman et al., 2019).

As an alternative, amending potassic fertilizers with organic amendments could provide a
solution to mitigate K leaching. Utilization of amendments with high organic matter minimizes
nutrient loss from fertilizer application. The highly negative-charged sites of charcoal and sago
bark ash can increase CEC to improve cations such as K*, calcium (Ca?"), and magnesium
(Mg?") retention (Qiu et al., 2008). Moreover, the alkalinity of these amendments can improve
soil pH to suppress Al and Fe toxicity (Mandre et al., 2006; Major et al., 2010). Eventually,
the likelihood of K being held onto soil colloids can be increased and leaching could be reduced
significantly. Therefore, it is hypothesized that co-application of charcoal and sago bark ash
will improve K retention in soils to prevent or minimize K from being lost from the soil profile.
Hence, the objective of this study was to optimize the retention to reduce leaching of K in a
tropical mineral acid soil (Typic Paleudults) through co-application of charcoal and sago bark
ash.

MATERIALS AND METHODS

Soil sampling and preparation

The soil used in this study was sampled from an uncultivated secondary forest at Universiti
Putra Malaysia, Bintulu Sarawak Campus (latitude 3°12°11”N and longitude 113°04°25”E),
which is a typical representative of Bekenu Series, Typic Paleudults. Despite the high content
of Al and Fe in addition to the abundance of kaolinite clay minerals, it is a commonly cultivated
soil in the tropics and the subtropics. The area has an elevation of 27.3 m, an annual rainfall of
2993 mm, a mean temperature of 27 °C, and relative humidity of approximately 80%. The soil
samples were collected at depth of 0-20 cm using a shovel. Afterwards, the soil samples were
air dried, ground, and sieved through a 2 mm sieve, after which they were bulked. A 1 kg of
soil was taken for each treatment, with triplicates based on the soil’s bulk density.

Initial characterization of soil, charcoal, and sago bark ash

With the exception of soil texture, the selected physical and chemical properties of the soil
(Bekenu Series, Typic Paleudults) used in this study were within the range reported by
Paramananthan (2000). However, the soil texture obtained was comparable to that reported in

64



Malaysian Journal of Soil Science Year 2024 Vol. 28: 63-78

the Soil Survey Staff (2014). The sago bark ash used in this present study was obtained from
Song Ngeng Sago Industries, Dalat, Sarawak, Malaysia whereas the charcoal was obtained
from Pertama Ferroalloys Sdn Bhd, Bintulu, Sarawak, Malaysia. The selected physico-
chemical properties of the soil, charcoal, and sago bark ash are summarized in Table 1.

TABLE 1
Selected physical and chemical properties of Bekenu Series (7Typic Paleudults), charcoal, and
sago bark ash used in the incubation study

Property Soil Charcoal Sago bark ash
pH (water) 3.95 7.74 9.99
pH (KCI) 4.61 7.31 9.66
EC (uS cm™) 35.10 269.33 5753.00
Bulk density (g m™) 1.25 nd nd
(%)
Total carbon 2.16 nd nd
Total N 0.08 nd nd
(mg kg™
Total P 22.25 nd nd
Total K 101.27 nd nd
(cmol kgh)
Cation exchange capacity 4.67 nd 13.13
Exchangeable acidity 1.15 0.10 nd
Exchangeable AI** 0.13 0.047 nd
Exchangeable H* 1.02 0.05 nd
Exchangeable K* 0.06 1435.20 9120.00
Exchangeable Ca* 0.02 2346.67 3361.20
Exchangeable Mg?* 0.22 409.07 433.73
Exchangeable Na* 0.03 99.38 348.00
Exchangeable Fe** 1.09 41.90 8.43
Sand (%) 71.9 nd nd
Silt (%) 13.5 nd nd
Clay (%) 14.6 nd nd
Texture (USDA) Sandy loam nd nd

Note: Values are on dry-weight basis; values obtained: mean + standard error; nd: not determined

Leaching Set-us

A laboratory leaching study was carried out in the Soil Science Laboratory of Universiti Putra
Malaysia Bintulu Sarawak Campus, Malaysia. The air dried, ground, and sieved soil samples
were bulked, and 1 kg of the soil was weighed using a digital balance into a polypropylene
container. The bottom of the polypropylene container was perforated and covered with filter
paper. Before commencing the leaching experiment, charcoal and sago bark ash were added
and mixed thoroughly with the soil, based on the treatments evaluated. The samples were
moistened to 60% field capacity and left overnight to equilibrate. Thereafter, muriate of potash
(MOP) was surface applied except for T1 (soil only). Afterwards, a 250 mL of distilled water
was sprayed in the containers with the soil and treatment (first leaching). The first leachates
were collected in a base container on day five. For the second leaching, another 250 mL of
distilled water was sprayed in the containers with the treatments after which the leachates were
collected on day 10. This step was repeated at five days interval until the last leachates were
collected on day 30. Volume of the distilled water applied was deduced based on rainy days of
a 30 days’ time frame. Average amount of rainfall per month was calculated from a 10-year
rainfall data obtained from the Drainage and Irrigation Department, Bintulu Division, Sarawak,
Malaysia. Three replicates of each treatment were arranged to suit completely randomized
design (Figure 1).
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The rates of K fertilizer used in this study were scaled down from the standard K fertilizer
recommendation for Zea mays L. cultivation by MARDI (1993) which was 40 kg K>O ha'! (67
kg MOP ha'!). Thereof, the recommended rate for the K fertilizer was then adjusted to per plant
basis (planting density of 27777 maize plants ha™!). The percentages of charcoal and sago bark
ash were derived from the respective literature [charcoal (Free et al., 2010; Ndor et al., 2015)
and sago bark ash (Mandre et al., 2006; Ozolinicius et al., 2007; Perucci et al., 2008)]. The
100% recommended rate of charcoal was 10 t ha™!, whereas that for sago bark ash was 5 t ha™'.
These recommendations were scaled down to the equivalent proportions for one kg soil.
Charcoal and sago bark ash rates were varied by 20%, 40%, 60%, 80%, and 100%, whereas
the MOP rate was kept constant at 100% of the recommended rate. The treatments evaluated
in this study are summarized in Table 2.

Table 2.
Amounts of muriate of potash, charcoal, and sago bark used in the leaching study
Treatment Soil (kg) MOP (g) Charcoal (g) Sago Bark Ash (g)

T1 1 - - -
T2 1 241 - -
T3 1 241 51.4 25.7
T4 1 241 - 25.7
TS 1 241 51.4 -
T6 1 241 41.1 20.6
T7 1 241 30.8 20.6
T8 1 241 20.6 20.6
T9 1 241 10.3 20.6
T10 1 241 41.1 15.4
T11 1 241 30.8 15.4
T12 1 241 20.6 15.4
TI13 1 241 10.3 15.4
T14 1 241 41.1 10.3
T15 1 241 30.8 10.3
Tl6 1 241 20.6 10.3
T17 1 241 10.3 10.3
T18 1 241 41.1 5.1
T19 1 241 30.8 5.1
T20 1 241 20.6 5.1
T21 1 2.41 10.3 5.1

Note: 2.41 g MOP refers to 100% of the recommended rate of the MOP fertilizer; 51.4 g
charcoal: charcoal recommended rate at 100%; 41.1 g charcoal: charcoal recommended rate at
80%; 30.8 g charcoal: charcoal recommended rate at 60%; 20.6 g charcoal: charcoal
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recommended rate at 40%, 10.3 g charcoal: charcoal recommended rate at 20%; 25.7 g sago
bark ash: sago bark ash recommended rate at 100%; 20.6 g sago bark ash: sago bark ash
recommended rate at 80%; 15.4 g sago bark ash: sago bark ash recommended rate at 60%; 10.3
g sago bark ash: sago bark ash recommended rate at 40%; 5.1 g sago bark ash: sago bark ash
recommended rate at 20%.

Leachate and soil analysis

Leachates were collected at five days interval over the 30 days of leaching for determination
of pH, electrical conductivity (EC), and leached K. At the end of the 30 days leaching, the soil
samples were air-dried, crushed, and analyzed for pH, total carbon (TC), CEC, exchangeable
acidity, AI’*, H*, total K, and exchangeable K using standard procedures. The soil samples
were characterized for physical and chemical properties before and after the leaching study.
Soil pH in water and potassium chloride (KCl) and EC were measured in a 1:2.5 (soil: distilled
water/KCl) using a digital pH meter and an EC meter, respectively (Peech, 1965).
Determination of pH and EC of the leachates followed the preceding procedures. Soil texture
was determined using the hydrometer method (Bouyoucos, 1962). Soil TC was calculated as
58% of the organic matter that was determined using loss of weight on ignition method
(Chefetz et al., 1996). Soil samples were analyzed for soil bulk density using coring method
(Dixon and Wisniewski, 1995). The soil CEC was determined using leaching method (Cottenie,
1980) followed by steam distillation (Bremner, 1965). Exchangeable cations [K, Ca, Mg,
Sodium (Na), and Fe] were extracted with 1 M ammonium acetate (NH4OAc), pH 7 using the
leaching method (Cottenie, 1980). Total K was extracted using Aqua Regia method (Bernas,
1968). Afterwards, the cations in soil and leachate were quantified using Atomic Absorption
Spectrophotometry (AAnalyst 800, Perkin Elmer Instruments, Norwalk, CT, USA). Soil-
exchangeable acidity, H", and AI** were determined using acid-base titration method (Rowell,
1994).

Statistical analysis

A normality test was performed to ensure the data obtained fit the assumption before analyzing
using analysis of variance (ANOVA) to detect treatment effects. The means of the treatments
were compared using Tukey’s HSD test at p < 0.05. The Statistical Analysis System (SAS)
Version 9.4 was used for the statistical analysis.

RESULTS AND DISCUSSION

Effect of treatments on pH and electrical conductivity of leachate

Effects of the treatments on the pH and electrical conductivity of the leachates over 30 days of
leaching are presented in Figure 2 and Figure 3. Leachate of the soil alone (T1) had the lowest
pH and electrical conductivity throughout the leaching study. This is related to the inherently
low pH and cation content of Bekenu series (Table 1). These results corroborate the findings
of Johan et al. (2021) who also reported low pH and electrical conductivity for leachates of a
mineral acid soil alone. Electrical conductivity of all the treatments reduced with increasing
days of leaching. Electrical conductivity of the leachates at day 5 increased with the increasing
rate of the sago bark ash in the treatments with this amendment. This is attributable to the
substantial amount of base cations in the sago bark ash (Table 1). Throughout the 30-day
leaching study, leachates of the soil with 100% for the recommended rate of charcoal and sago
bark ash (T3) demonstrated the highest pH compared with other treatments because of highest
rates of the amendments in this treatment. Charcoal and sago bark ash are inherently high in
pH (Table 1) and because of this they are able to improve pH buffering capacity of soils.
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Figure 2. Effect of treatments on pH of leachate over thirty days of leaching.
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Figure 3. Effect of treatments on the electrical conductivity of leachate over thirty days of
leaching.

Effect of treatments on potassium availability in leachate

Potassium concentrations in the leachates and cumulative concentrations of the K leached for
30 days are presented in Figure 4 and Figure 5. Soil alone (T1) demonstrated the lowest amount
of K leached because of the inherently low K content of Bekenu series (Table 1). This finding
is consistent with that of Kevin et al. (2007) who also reported low amount of K in Bekenu
series. The low K content of Bekenu series is due to the composition of kaolinite and
sesquioxides in the Bekenu series to render K susceptible to leaching (Palanivell, 2016).

On the other hand, application of charcoal and sago bark ash to the soil increased the total
amount of K leached compared with soil alone (T1) or the existing K fertilization (T2) because

charcoal and sago bark ash are high in K (Table 1). Chien et al. (2011) asserts that addition of
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rice husk charcoal to soils increases K, Ca, and Mg concentrations. Priyadharshini and Seran
(2009) also concluded that paddy husk ash could be used as a source of K in cowpea cultivation.
This indicates that addition of charcoal and sago bark ash to soils are able to increase plant
available K pools (WSK and exchangeable K). However, this leaching study was carried out
in a closed system without plants, thus the effects of the treatments on plant uptake of K did
not feature in this present study. Therefore, WSK was prone to leaching.

Despite the fact that the additional K of the existing K fertilization (T2) comes from MOP
alone, the amount of K leached at day 5 was relatively high. The high concentrations of Al and
Fe ions in mineral acid soils reduce the affinity of exchanges sites for bases such as K (Gazey,
2018). In addition, in 1:1 layer lattice clay such as kaolinite predominates in acid soils. These
clays have limited adsorption sites for cation retention (Li and Xu, 2013; Schneider et al.,
2013). Hydrogen bondings which stack kaolinite minerals prevent nutrients from being
adsorbed between layers, hence the adsorption occurs only on the edges of the crystalline
structure (Miranda-Trevino and Coles, 2003; Palanivell, 2016). Therefore, addition of
amendments with high CEC such as charcoal is important for increasing K sorption capacity
of acid soils.

In spite of having lower amounts of charcoal compared with T3 and TS5, the soil with 60% of
the recommended rate of charcoal and sago bark ash (T11) and the soil with 60% of the
recommended rate of charcoal and 20% of the recommended rate sago bark ash (T19) leached
lower amounts of K at day 5. This implies that sago bark ash in considerable amounts could
compensate for the reduction of charcoal which would contribute higher CEC to soils.
Reduction in the amounts of K leached at day 5 demonstrated for T11 and T19 is related to the

ability of carbonates and oxides of ash to deprotonate the functional groups of charcoal.
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Figure 4. Effect of treatments on potassium availability in leachate over thirty days of leaching.
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thirty days of leaching.

Selected soil chemical properties at 30 days of Leaching

The soil pH, exchangeable acidity, exchangeable AI**, and exchangeable H" at 30 days of
leaching are presented in Figure 6, Figure 7, Figure 8, and Figure 9. Soil alone (T1) and normal
fertilization (T2) demonstrated lower pH, but higher exchangeable acidity, exchangeable AI**,
and exchangeable H* compared with the treatments with charcoal and sago bark ash.
Nevertheless, the soil pH at 30 days of leaching for the soil with 20% of the recommended rate
of charcoal and sago bark ash (T21) were similar to the soil alone (T1). This observation
suggests that the rate of the amendments used were not able to resist acidification during the
leaching process. The low pH, high exchangeable acidity, exchangeable Al**, and
exchangeable H" of T1 and T2 relate to the low pH buffering capacity of Bekenu series (Johan
etal.,2021). Moreover, Bekenu series is inherently low in base cations such as K*, Ca*", Mg?*,
and Na*, thus unable to resist acidification (Ch’ng, 2015).

With the exception of the soil with 20% of the recommended rate of charcoal and sago bark
ash (T21), the combined use of MOP with charcoal and sago bark ash (T3, T6, T7, T8, T9,
T10,TI11,T12,T13,T14,T15,T16, T17, T18, T19, T20) resulted in higher pH compared with
soil alone (T1) and the existing K fertilization (T2). On the other hand, the treatments with
charcoal (T5), sago bark ash (T4) or both (T3, T6, T7, T8, T9, T10, T11, T12, T13, T14, T15,
T16, T17, T18, T19, T20, T21) demonstrated lower soil exchangeable acidity and
exchangeable H* compared with T1 and T2. The amended treatments also demonstrated
negligible amounts of soil exchangeable Al**. Despite the ineffectiveness in improving pH at
30 days of leaching in comparison to soil alone (T1), the soil with 20% of the recommended
rate of charcoal and sago bark ash (T21) reduced soil exchangeable acidity, suggesting that
T21 is capable of mitigating H" and AI** retained on soil colloids but not those in the soil
solution. This explains why T21 demonstrated lower amounts of soil exchangeable H* and
negligible amounts of soil exchangeable Al3".

The significant reduction in soil exchangeable acidity, exchangeable Al**, and exchangeable
H" by the treatments with the soil amendments is associated with the ability of the sago bark
ash to deprotonate the functional groups of charcoal to create negatively charged sites which
are able to chelate the exchangeable AI** (Kolb et al., 2013; Qiu et al., 2008; Zinati et al.,
2001). On the other hand, improvement in the soil pH with the amendments is attributable to
the release of base cations such as K¥, Ca?*, Mg?*, and Na* from the amendments because these
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base cations are capable of immobilizing H" in the soil solution. Furthermore, the CaCO3, CaO,
and MgO of the sago bark ash neutralized the active acidity by consuming H" in the soil solution
(Jacobson and Gustafsson, 2001; Lerner and Utzinger, 1986; Campbell, 1990).

Figure 10 and Figure 11 reveals the trend of the effects of the treatment on soil TC and soil
CEC. It appears that the soil TC and CEC are directly proportional to the rate of charcoal
applied because the soil TC and CEC increased with increasing the amount of the charcoal.
This finding is in accordance with that of Borchard et al. (2014) who also asserted that addition
of charcoal to soil increases soil carbon stocks in a manner that translates into improved soil
fertility indicators such as CEC and water retention. Furthermore, the oxidation of charcoal
surfaces results in the formation of oxygen containing functional groups to increase negatively
charged sites (Calvelo Pereira et al., 2014; Cheng et al., 2008), thus increasing soil CEC.

Soil alone (T1) and the existing K fertilization (T2) demonstrated low soil TC and CEC at 30
days of leaching because of absence of organic matter. Bekenu series is inherently low in soil
TC and CEC (Table 1). At 30 days of leaching, there were no significant differences in the soil
TC and CEC for the soil with sago bark ash only (T4) compared to T1 and T2. This is ascribed
to the fact that ash does not contribute a significant amount of C. Demeyer et al. (2001) stated
that ashing volatilizes C and other organic materials from a sample.

The fact that the charcoal at 20% of the recommended rate, T13, T17, and T21 demonstrated
no difference on effects on the soil TC and CEC compared to T1 and T2 suggests that the low
rate of charcoal is not effective to improve soil TC and CEC. On the other hand, the soil with
60% of the recommended rate of charcoal and sago bark ash (T11) and the soil with 80% of
the recommended rate of charcoal and 40% of the recommended rate sago bark ash (T14)
demonstrated similar effects on the soil CEC compared with the soil with 100% of the
recommended rate of charcoal and sago bark ash (T3). In spite of the lower amount of the
charcoal in T11 and T14 compared with the latter treatments, addition of sago bark ash at
substantial amounts could compensate for the reduction of charcoal which would contribute
higher CEC to soils. This is based on the ability of carbonates and oxides of ash to deprotonate
the functional groups of charcoal to create large number of cation exchange sites.
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Figure 6. Effect of treatments on soil pH in KCl at 30 days of leaching. Different letters
indicate significant differences between means using Tukey’s HSD test at p < 0.05. The error
bars are the + standard error of triplicates.
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Different letters indicate significant differences between means using Tukey’s HSD test at p <
0.05. The error bars are the + standard error of triplicates.

Total potassium and exchangeable potassium after 30 days days of leaching

Soil alone (T1) had significantly lower total K compared with the treatments with MOP,
charcoal, and sago bark ash (Figure 12) because of the inherently low K content of Bekenu
series (Table 1). Effects of the treatments with charcoal and sago bark ash on soil total K were
similar to that of the existing K fertilization (T2), except the soil with 100% of the
recommended rate of charcoal and sago bark ash (T3). The similarity is due to the fact that soil
total K is made up of water-soluble K, exchangeable K, nonexchangeable K, and mineral K or
fixed K (Sparks, 2000; Jaiswal et al., 2016), and it does not adequately reflect the K retention
or availability in soils.

Rather, exchangeable K reflects the soils ability to hold K onto adsorption sites. Effect of the
existing K fertilization (T2) on soil exchangeable K at 30 days of leaching was not significantly
different compared to that of the soil alone (T1) (Figure 13). This suggests that the existing
practice is unable to prevent K deficiency because of leaching. Additionally, effects of the soil
with sago bark ash only (T4), the soil with 20% recommended rate of charcoal and sago bark
ash (T21), the soil with 40% recommended rate of charcoal and 42% recommended rate of
sago bark ash (T20), the soil with 20% recommended rate of charcoal and 40% recommended
rate of sago bark ash (T17), the soil with 40% recommended rate of charcoal and sago bark ash
(T16), and the soil with 20% recommended rate of charcoal and 60% recommended rate of
sago bark ash (T13) on soil exchangeable K were similar to the existing K fertilization (T2).
This indicates that these treatments are ineffective in preventing leaching of K. The lower
amount of exchangeable K in the soils with these treatments relates to the low or absence of
charcoal which does not provide cation exchange sites. This explains the large amount of K in
the leachates (Figure 5).

The soil with 60% of the recommended rate of charcoal and sago bark ash (T11) and that with
80% of the recommended rate of charcoal and 40% of the recommended rate sago bark ash
(T14) improved the soil exchangeable K. However, the effects were similar to the soil with
100% of the recommended rate of charcoal and sago bark ash (T3). The fact that these
treatments have lower rates of the amendments suggest that the use of sago bark ash
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compensates for the reduced amount of charcoal in the treatments. This is possible because of
the oxidation of carbon surfaces by the carbonates and oxides released by sago bark ash
facilitate sorption of cations (Borchard et al., 2012; Pignatello et al., 2006). The results also
suggests that the treatments effect on the soil exchangeable K was directly proportional to the
CEC and the rate of charcoal applied (Figure 11). This observation is related to the large
internal surface areas of the charcoal (Antal and Grenli, 2003) which causes entrapment of
cations within their inner pores in addition to surface adsorption. However, increasing the rate
of the sago bark ash application had minimal effect on the soil exchangeable K. Instead, the
sago bark ash serves as a catalyst to facilitate K sorption of the charcoal. The improved soil pH
upon the ash application increased K reactivity at the same time, it limited Al and Fe reactivity.
This reaction enhanced the affinity of the sorption sites for K. Furthermore, the pH neutralizing
compounds in ash were capable of deprotonating the functional groups of charcoal. Therefore,
in a system with plants, sago bark ash could potentially facilitate a slow-release mechanism of
K from exchange sites to soil solution. To this end, the thresholds of sago bark ash application
rates should be carefully studied.
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Figure 12. Effect of treatments on soil total potassium at 30 days of leaching. Different letters
indicate significant differences between means using Tukey’s HSD test at p < 0.05. The error
bars are the + standard error of triplicates.

~
S
(=)

ab

S
(=)

ab b

]
(=)

S
()
(]
(]
ol
(]
ol
(<]
[¢]
(]
o
(]
o
o
(]
o

cde
ef ef ef ef

N W B N
S
()

Soil exchangeable K* (ppm)

<t Vi O 00 OO AN N <F n O >~

FEECELCEECER =
— e e e e e e
FEFERFEFREEREEE

T19
T20
T21

Treatment evaluated in leaching study
Figure 13. Effect of treatments on soil exchangeable potassium at 30 days of leaching.
Different letters indicate significant differences between means using Tukey’s HSD test at p <
0.05. The error bars are the + standard error of triplicates.
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CONCLUSION

Application of charcoal improves soil CEC to regulate K leaching. Increasing rates of charcoal
improved soil CEC, TC, and exchangeable K. The fact that leaching of K is relatively high
with chemical fertilization compared with soils which are co-applied with charcoal and sago
bark ash suggests that using chemical fertilizers alone will not solve K deficiency in soils that
are prone to K leaching. Therefore, inclusion of charcoal which has high CEC in farming
systems on mineral acid soils is essential because of their pore-filling property and sorption
capability to retain K. Although increasing rate of sago bark ash had minimal effect on the soil
exchangeable K, the ability of the sago bark ash to activate the functional groups of charcoal
is important for increasing K buffering capacity. Therefore, the findings of this present study
suggest that the optimum rates of charcoal and sago bark ash to reduce K leaching in mineral
acid soils are 60% charcoal with 60% sago bark ash (6 t ha™! charcoal and 3 t ha™! sago bark
ash) and 80% charcoal with 40% sago bark ash (8 t ha! charcoal and 2 t ha™! sago bark ash),
because these rates are capable of improving soil exchangeable K*, TC, and CEC besides
reducing soil exchangeable acidity. The improved CEC and TC reflect the soil’s ability to
prevent K leaching, whereas reduction in the soil exchangeable acidity prevents competition
of K with Al and Fe for exchange sites. Because K in the leachate were detected for the
treatments with charcoal and sago bark ash this laboratory leaching study only demonstrates
ability of the charcoal and sago bark ash to minimize K leaching and not their effects on plant
uptake and recovery efficiency of K. Hence, further studies are essential to consolidate the
findings of this present study.
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