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ABSTRACT

Food waste generation is an urgent environmental problem that troubles the waste management
systems and destroys the ecosystem. To get as a sustainable alternative, sandwiched compost, is a
modified Bokashi-based composting method that transforms food waste into nutrient-rich organic
fertilizer for plant growth. This study studied the effects of sandwiched compost on plant-soil nutrients
with bok choy from the four sequential growing cycles. The leachate from the sandwiched compost was
amended as a seed priming agent and liquid fertilizer, whereas the compost was amended as a soil
amendment. The significant findings showed that amending sandwiched compost to the soil improved
the pH range (6.0-7.5), diminished aluminum toxicity, and escalated the availability of nutrients like
iron (Fe), silicon (Si), and phosphorus (P). This amendment is evidence of an antagonistic interaction
between potassium and calcium (Ca) decreased plant Ca absorption. In short, sandwiched compost
significantly boosted plant nutrient uptake and soil fertility, showing its potential as an environmentally
acceptable substitute for traditional fertilizers. To address Ca antagonism and enhance its agricultural
applications, further studies should focus on optimizing nutrient balance.

Keywords: Soil fertility improvement, plant nutrient uptake, cation exchange capacity, soil pH
optimization, sustainable agriculture

INTRODUCTION

Commercial fertilizers were launched years ago to improve soil nutrients to meet the demand
for nutritious food production (Usman et al. 2020). Yet, their extensive use significantly
impacts environmental and human health. Overfertilization affects soil salinity, water
eutrophication, and the accumulation of heavy metals and nitrates (Savci 2012). For instance,
excessive fertilizer application reduces crop yields, which is observed in cucumbers (Chen et
al. 2024). The potential of organic fertilizers, for example, compost, is still under-studied,
especially innovative methods like Sandwiched composting, despite the environmental issues
linked to commercial fertilizers.

To promote environmental conservation, transitioning to organic fertilizers is vital for
sustainable food production and aligns with Malaysia's Agricultural Good Practices (myGAP).
Compost enriches soil with essential nutrients and trace elements, and strengthens soil structure
by reinforcing water-stable aggregates and reducing bulk density (Chen et al. 2024). Its high
humic acid content further enhances soil porosity and stability, nurturing long-term soil health.
In addition, biofertilizer amendments significantly increase microbial biomass and activity, and
thus improve soil fertility (Javorekova et al. 2015). Mixing organic matter with commercial
fertilizers enhances crop yields (Chen ef al. 2024). However, the enduring global provocation
of food waste requires sustainable management at the source, usually associated with consumer
consumption behaviors. Traditional waste management, for instance, landfilling and
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incineration, is unsustainable, worsening environmental degradation (Azizan and Hussin 2015;
Hashim et al. 2021; Yoong et al. 2022).

Sandwiched composting, a modification of Bokashi composting, shows a feasible
solution for breaking down cooked and uncooked food waste. This method provides an
efficient alternative to conventional composting practices. This study focuses on the
amendment of food waste-derived Sandwiched compost for agricultural purposes because of
its potential to address food waste and enhance soil fertility, Bok choy was chosen as the test
crop due to its rapid growth cycle and high market demand. Furthermore, Bok choy’s act on
soil amendments makes it an ideal candidate for assessing compost effectiveness. This study
studied the impact of Sandwiched compost on soil and plant nutrients over four consecutive
Bok choy growing cycles. The study objectives are to donate to sustainable good agricultural
practices and align with global efforts to decrease food waste and thus promote organic farming
by studying compost’s role in improving soil health and crop productivity.

MATERIALS AND METHODS

Study site

The experiment was done in a greenhouse, Field 10, Universiti Putra Malaysia (UPM), with
the coordinate of latitude 2°59'31.4"N and longitude 101°42'52.1"E. The temperature was 28+4
°C, and the relative humidity was 70+10 %. The studied soil was collected from the study site
and analyzed for physical (texture) and selected chemical characteristics (Table 1).

Table 1. The pre-amended soil Physico-chemical parameter.

Physico-chemical parameter Pre-amended soil
Texture (Teh and Talib, 2006) Clay

pH 4.00+0.0473*
Cation exchange capacity (cmolc kg'l) 7.6+0.216
Total N (%) 0.1240.0035
Available P (mg kg™1) 3.92+0.06387
Exchangeable K (cmolc kg1 0.581+0.0265
Exchangeable Ca (cmolc kg1 0.213+0.0209
Exchangeable Mg (cmolc kg'l) 0.867+0.0174
Exchangeable Na (cmolc kg™1) Not detected
Extractable Cu (mg kg™1) 1.36:0.0498
Extractable Fe (mg kg'l) 48.6=1.01
Extractable Al (mg kg~ 1) 13214+27.4
Extractable Si (mg kg'l) 16.13+0.1169

Amendments and experimental design

Sandwiched compost was prepared using cooked and uncooked food waste (Christel 2017 Jan
1; Phooi ef al. 2021). Bok choy was subjected to amendments mixing Sandwiched compost
substrate and leachate (Table 2) to study their individual and combined effects on plant growth
and soil properties.
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Table 2. Amendment combinations and justifications

Amendments Substrate Leachate (seed Leachate (liquid Description
priming) fertilizer)
T000 No No No Negative control (baseline)
T001 No No Yes Tests leachate as fertilizer
T009 Commercial Positive  control  (standard
fertilizer)
TO10 No Yes No Tests leachate for seed priming
TO11 No Yes Yes Combined leachate effects
T100 Yes No No Tests compost substrate alone
T101 Yes No Yes Substrate + leachate fertilizer
T110 Yes Yes No Substrate + seed priming
T111 Yes Yes Yes Full amendment (all factors)

For substrate amendments (Table 3), 1.3 kg of Sandwiched compost was mixed with soil in 10 x
10 cm polybags, layered with 0.7 kg urban soil, and sealed. Substrate was applied once at the start.
Bok choy was grown over four cycles. For seed priming, before sowing in peat moss trays, 1 g of
seeds was soaked in 500 mL of tap water (Table 3) with 1 mL of 0.2% Sandwiched compost
leachate for 3 hours (54 % 35 x 4 cm). Germination took place under a 16:8 h light/dark cycle at
32°C (day) and 28°C (night). Seedlings were transplanted after 45 days of soil incubation. Leachate
(0.2%) was applied at five-day intervals starting 8 days after transplanting (DAT).

Table 3. Physico-chemical parameters of tap water, Sandwiched compost substrate and leachate (mean =+
standard error) with 4 replications.

Physiochemical Tap water Sandwiched compost Sandwiched compost
parameter substrate leachate

pH 6.98+0.02 4.78+0.011
Total N (%) 0.00056+1.63x10-18 1.722+0.2560 0.2135+0.0052
P (mg kg'l) 0.0447+0.0197 16397+543 58334223

K (mg kg'l) 3.64+0.0415 20799+1230 3941+131

Ca (mg kg'l) 13.8+0.150 5935+183 528+18.6

Mg (mg kg'l) 1.01£0.0111 4870+218 1249+53.9

Fe (mg kg'l) 0.306+0.015 360+37.3 160+42.5

Al (mg kg'l) Not detected 10050+94 .4 770+510

Si (mg kg'l) 6.60+0.256 19.7+0.915

Soil chemical analysis

Oven-dried samples were ground (stainless-steel coffee grinder) and stored in plastic bags. A 0.25
g sample was digested using a 1:1 H2SO4:H202 solution at 350°C until colorless. After cooling,
the digest was diluted with distilled water, filtered (No. 1 filter paper), and analyzed for P, K, Mg,
Ca, Fe, Al, and Si using ICP-OES (Optima 8300, Perkin Elmer, USA). Nitrogen (N) was
determined by Kjeldahl distillation and titration with 0.01 N HCI, which follows a standard method
(Bremner, 1960).Soil pH was measured in a 1:2.5 soil-to-water ratio. A 10 g soil sample was mixed
with 25 mL distilled water, shaken (150 rpm, 30 min), left to stand for 24 hours, and measured
using a pH meter (Xu ef al. 2020).CEC and exchangeable bases were determined by ammonium
acetate leaching (pH 7) and quantified by ICP-OES. Distillation with NaOH and titration with HCI
followed to determine CEC (Rhoades 1982). Results were expressed in cmol/kg.Total N was
analyzed by the Kjeldahl method. A 1 g soil sample was digested overnight in H>SO4 with salicylic
acid, Na2S203, and Kjeldahl tablets until clear. Distillation and titration with 0.01 N HCI followed
(Bremner 1960). Available P was determined colorimetrically by the Murphy and Riley (1962)
method. Soil was extracted with a 1:7 HCI-H4F solution, reacted with ammonium molybdate,
antimony potassium tartrate, and ascorbic acid, and absorbance was measured at 885
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nm.Micronutrients were extracted using Mehlich-3 solution (Fe, Mn, and Zn) followed Mehlich 3
with modification (Mehlich 1984; Minca et al. 2013). A 1:10 soil-to-extractant ratio was shaken
(15 min, 180 rpm), filtered, and analyzed by ICP-OES.Si was extracted with 0.01 M CaCl2 (16

hours, end-over-end shaker), centrifuged (2000 rpm, 10 min), and analyzed by ICP-OES (Elliott
and Snyder 1991).
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Statistical analysis

The collected data were subjected to statistical analyses with two-way Analysis of Variance
(ANOVA) using R-program statistic software. When F was significant at the p<0.05 level,
amendment means were compared and separated using the Duncan Mean Range Test (DMRT).
The results were expressed as mean + standard error of measurement.

RESULTS

Soil pH

Soil pH showed a significant interaction between the growing cycle and Sandwiched compost
amendments (Figure 1). In the absence of compost amendments, soil pH remained consistent
with the pre-amended level (pH 4.0). Whereas soils amended with Sandwiched compost
showed a significant increase in pH, maintaining values within the optimal range for plant
growth (pH 6.0-7.5) along the four growing cycles (Table 1).
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Figure 1. Effect of the growing cycle and Sandwiched compost amendments on soil pH. Means + standard error
with different letters are significantly different at P < 0.05 using DMRT. The dotted line indicates pre-amended
soil pH (4.0), and the solid lines represent the optimal pH range (6.0-7.5).

Soil cation exchangeable capacity

CEC did not show a significant interaction between the growing cycle and compost amendment
(Figure 2). However, significant main effects were observed. CEC decreased significantly by
the fourth growing cycle (Figure 2A), while compost-amended soils showed consistently
higher CEC levels compared to unamended soils and pre-amended conditions (Figure 2B).
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Figure 2. Effect of (A) growing cycle and (B) Sandwiched compost amendments on cation exchange capacity
(cmolc kg™'). Means + standard error with different letters are significantly different at P < 0.05 using DMRT.
The dotted line indicates pre-amended soil CEC (7.6 cmolc kg ™).

Soil macronutrients

Soil macronutrients such as total N (Figure 3), available P (Figure 4), exchangeable K (), Ca
(Figure 6), and Mg (Figure 7) exhibited significant interactions between the growing cycle
and Sandwiched compost amendments. Compost-amended soils exhibited significant
escalation in total N, peaking during the third growing cycle. In unamended soils, total N
decreased after plant growth. Compared to unamended soils and pre-amended conditions,
compost-amended amendments (T100, T101, T110, and T111) consistently exhibited higher
available P levels. The highest available P levels were noted for T100 in cycle 1, T101 in cycle
2, and T110 in cycle 3. Compost-amended soils had significantly higher exchangeable K than
unamended soils and pre-amended soil conditions. The highest exchangeable K was shown in
T101 during the second growing cycle. With peak levels observed during the fourth growing
cycle, compost-amended soils consistently showed higher exchangeable Ca compared to
unamended soils. Compost-amended soils evident significantly higher exchangeable Mg than
unamended soils. The highest exchangeable Mg levels were documented in T101 during the
second growing cycle.
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Figure 3. Effect of the growing cycle and Sandwiched compost amendments on soil total nitrogen under 4
growing cycles.
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Figure 4. Effect of the growing cycle and Sandwiched compost amendments on available P under 4 growing
cycles.
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Figure 5. Effect of the growing cycle and Sandwiched compost amendments on exchangeable K under 4 growing

cycles.
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Figure 7. Effect of the growing cycle and Sandwiched compost amendments on exchangeauviv vig uuucr 4
growing cycles.

Soil micronutrients

Soil micronutrients, such as available Fe (Figure 8), Al (Figure 9) and Si (Figure 10),
exhibited significant differences based on compost amendment and growing cycles. Compared
to unamended soils and pre-amended conditions, compost-amended soils (T100, T101, T110,
and T111) consistently showed significantly higher available Fe. Compost-amended soils
showed lower available Al levels compared to unamended soils. Available Al increased in
unamended soils during the fourth growing cycle, reaching levels similar to pre-amended soil.
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Figure 8. Effect of the growing cycle and Sandwiched compost amendments on extractable iron (Fe) under
4 growing cycles.
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Figure 9. Effect of the growing cycle and Sandwiched compost amendments on available aiumimum (al)
under 4 growing cycles.
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Figure 10. Effect of the growing cycle and Sandwiched compost amendments on available silicon (Si) under
4 growing cycles.

Plant nutrients

Plant nutrient concentrations significantly differ across growing cycles and compost
amendments. Plant N showed no significant interaction between the growing cycle and
compost amendment (Table 4). Yet, N concentrations peaked during the third growing cycle.
Among amendments, T0O09 (commercial fertilization) exhibited the highest total N. Compost-
amended soils showed an incremental increase in plant P concentrations, significantly
exceeding levels in unamended soils (Figure 11). T009 kept constant plant P levels across all
cycles. Compost-amended soils resulted in significantly higher plant K levels compared to
unamended soils (Table 4). T101 exhibited the highest plant K levels during the second
growing cycle. Compost-amended soils resulted in lower plant Ca concentrations compared to
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unamended soils. The highest plant Ca levels were observed during the third growing cycle
(Table 4). Compost-amended soils significantly boosted plant Mg concentrations compared to
unamended soils (Figure 12). Plant Al concentrations were significantly reduced in compost-
amended soils and decreased during the first three growing cycles (Figure 13). Unamended
soils exhibited the highest Al concentrations, especially in TO00 and TO0O1. Plant Fe
concentrations peaked during the third growing cycle, with compost-amended soils showing
higher levels compared to unamended ones (Figure 14). With no significant differences
observed between amendments, plant Si levels remained consistent across growing cycles

(Figure 15).

Table 4. Single effect of the growing cycle and Sandwich compost treatments on nitrogen, calcium and potassium.

Means with different letters are significantly different at P<0.05 using DMRT.

Cycle N (%) K (mg kg™!) Ca (mg kg!)
1 3.055b 30387.51d 12740.18 ¢
2 2.518 ¢ 40735.63 ¢ 16965.87 b
3 4331 a 62520.48 a 20334.66 a
4 2.791 be 4727532 Db 17892.86 b
Pr(>F) <2e-16 *** <2e-16 *** 6.17E-09
Treatment
TO000 3.233 be 31863.17 ¢ 22100.52 a
T001 335b 31264.26 ¢ 2232331 a
TO009 3.83a 53477.06 b 18319.93 b
TO10 2.913 be 30606.25 ¢ 21302.79 ab
TO11 2.997 be 26869.78 c 21436.49 ab
T100 3.102 be 57216.44 b 12745.97 ¢
T101 3.032 be 66602.4 a 12021.26 ¢
T110 3.293 be 53725.49b 11736.68 ¢
T111 2.815¢c 55442.8b 10863.59 ¢
Pr(>F) 0.001899 ** <2e-16 *** 7.97E-16
R Square 0.763 0.836 0.779
Mean 3.173883 45229.74 16983.39
CvV 17.70462 22.98884 22.6237
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Figure 11. Effect of the growing cycle and Sandwiched compost amendments on plant phosphorous under 4

growing cycles.
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Figure 13. Effect of the growing cycle and Sandwich compost on plant aluminium (Al) (mg kg™). Means +
standard error with different letters is significantly different at P<0.05 using DMRT.
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Figure 14. Effect of the growing cycle and Sandwich compost on plant iron (Fe) (mg kg Means + standard error
with different letters is significantly different at P<0.05 using DMRT.
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with different letters is significantly different at P<0.05 using DMRT.

DISCUSSION

Soil pH neutralized and availability of aluminium reduced with Sandwiched compost
amendment

The pre-amended soil pH of 4.0 was unsuitable for most plants to grow. The application of
Sandwiched compost significantly increased soil pH to a range between 6.0 and 7.0, which is
optimal for plant nutrient availability and nitrogen uptake (Ma et al. 2017). This result aligns
with findings from studies on compost amendment (Eghball et al. 2004; Christel 2017 Jan 1;
Prayogo and lhsan 2018; Setyastika and Suntari 2019). Organic matter in compost reduced
aluminum toxicity, mimicking the effects of liming by binding aluminum and releasing
previously immobilized phosphorus (Ahmad and Tan 1986).

Neutralizing soil pH also boosts microbial biomass (Zhalnina et al. 2015) and enzyme
activity (Wolinska and Stepniewsk 2012), which are vital for nutrient cycling. In addition,
higher pH improved the availability of iron (Fe) and manganese (Mn) for plant uptake (Prayogo
and Thsan 2018). Moreover, a neutral pH environment advantages soil fauna, such as
earthworms, which are negatively impacted by an acidic environment and high aluminum
sulfate concentrations (Van Gestel and Hoogerwerf 2001). These findings are aligned with
previous studies, underscoring the multi-benefits of pH adjustment through organic
amendments.

Soil cation exchangeable capacity increased with the Sandwiched compost amendment
Because of the organic matter degradation, CEC increased in soils amended with Sandwiched
compost however declined during the fourth growing cycle. This consistent with previous
findings that prolonged compost degradation reduces the organic matter's ability to retain
cations (Fornes et al. 2012). The high CEC observed in earlier cycles is due to organic matter-
derived negatively charged sites, such as lignin derivatives and humic substances (Parfitt et al.
1995; Kweon et al. 2013; Lyu et al. 2021).

The humification process in Sandwiched compost leads to the formation of phenolic
and carboxylic functional groups, further improving the soil's cation retention capacity (Benito
et al. 2009). These findings align with studies stressing compost’s role in improving soil
physicochemical properties (Gallardo-Lara and Nogales 1987; Parfitt ef al. 1995; Silber et al.
2010).
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Nitrogen in soil improved with Sandwiched compost amendment but not in plant

Even though Sandwiched compost increased soil total nitrogen (N), plant N levels did not
reflect this improvement. The reduced plant N uptake may be clarified by antagonistic nutrient
interactions or microbial immobilization of N. Luxury uptake by microbes if excessive N is
available, slowing N mineralization and eventually reducing plant N absorption (Fog 1988).
Similar findings have been shown with high-organic amendments like manure and sewage
sludge (Ciampitti and Lemaire 2022).

Excess N may disrupt carbohydrate (CHO) allocation and phosphorus (P) uptake,
limiting plant reproductive growth and overall health (Lastdrager et al. 2014) which suggests
that while Sandwiched compost improves soil N retention, its benefits may not be fully applied
for plant uptake unless microbial community dynamics and nutrient balance are optimized.

Phosphorus in soil and plant improved by Sandwiched compost application

Soil phosphorus (P) levels were highest across the four growing cycles, aligned with studies
showing that compost amendments provide sustained P availability (Eghball et al. 2004).
Sandwiched compost enhanced biological P mineralization via P-related microbial activity,
which improved plant P uptake efficiency (Oberson et al. 2001).

Compost-amended soils have improved microbial biomass P and plant P levels,
particularly when high-P materials like livestock manure are used (He et al. 1997; Takeda et
al. 2009). Compared to commercial fertilizers, Sandwiched compost prolonged higher P
availability because inorganic P fertilizers are usually fixed with aluminum and iron
components, reducing their bioavailability rapidly (Johan et al. 2021).

Potassium, calcium and magnesium in soil and plant

Sandwiched compost significantly increased exchangeable potassium (K), calcium (Ca), and
magnesium (Mg) levels in soil. Nevertheless, K exhibited susceptibility to leaching during
irrigation, consistent with its lower adsorption affinity compared to polyvalent cations like Ca**
and Mg?* (Gerzabek 2018).

Remarkably, while soil Ca levels increased, plant Ca uptake was lower, this is because
of the antagonistic interactions with K and Mg (Fageria 2001). This phenomenon aligns with
studies showing that high K concentrations suppress Ca uptake (Rhodes ef al. 2018). However,
further study into the biochemical mechanisms based on this antagonism in Sandwiched
compost-amended soil is required.

Plant silicon increased from growing cycle to growing cycle by Sandwiched compost
amendment

Soil silicon (Si) levels increased with Sandwiched compost, consistent with findings that rice
straw compost enhances plant Si availability (Watanabe et al. 2017). While Bok Choy, as a
dicot, is a low Si accumulator, increased soil bioavailable Si likely promoted plant structural
integrity and photosynthetic efficiency (Senthilkumar er al. 2021). Continuous long-term
compost amendments have been shown to prolong soil Si availability, supporting the use of
organic inputs for improving Si nutrition in crops (Noriko et al. 2006).

CONCLUSION
Amending soil with Sandwiched compost shifted soil pH to the optimal range (pH 6-7.5)
effectively, significantly reducing soil aluminum availability and thus improving the
availability of macronutrients such as phosphorus (P), potassium (K), magnesium (Mg), iron
(Fe), and silicon (Si). Despite the antagonistic interaction between K and calcium (Ca) reduced
plant Ca levels regardless of rose exchangeable Ca in the soil, the soil improvement decoded
into higher plant uptake of P, K, Mg, and Si.
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Thus, Sandwiched compost can act as a potential sustainable soil amendment to improve
nutrient availability and soil health, reducing the need for commercial fertilizers and conserving
the environment for future generations. Nonetheless, managing nutrient antagonisms remains
a fussy challenge, therefore, further studies can focus on optimizing compost composition,
amendment timing, and rate to reduce nutrient competition and ensure plant nutrition balance
and ultimately for the optimum plant yield.

Not only that, long-term studies are needed to assess the long-term effects of
Sandwiched compost amended on soil fertility, crop yield, and also environmental
sustainability under different agroecological environments. These findings could affect the
development of integrated good soil fertility management practices, providing handy
advantages for farmers and policymakers' objective to increase the yield while maintaining
ecological balance.

ACKNOWLEDGEMENTS
The authors would like to thank Universiti Putra Malaysia for funding this research (Grant No:
GP-1PM/2020/9688100). The authors are grateful to Field 10 at the Universiti Putra Malaysia.

REFERENCES

Ahmad F, Tan KH. 1986. Effect of lime and organic matter on soybean seedlings grown in aluminum-toxic Soil.
Soil Sci Soc Am J. 50(3):656—661. doi:10.2136/sssa2j1986.03615995005000030023x.

Azizan MU, Hussin K. 2015. Understanding the pressure on agriculture land as a safeguard for food security in
Malaysia. Int J Built Environ Sustain. 2(4). doi:10.11113/ijbes.v2.n4.95. [accessed 2025 Jan 17].
https://ijbes.utm.my/index.php/ijbes/article/view/95.

Benito M, Masaguer A, Moliner A, Hontoria C, Almorox J. 2009. Dynamics of pruning waste and spent horse
litter co-composting as determined by chemical parameters. Bioresour Technol. 100(1):497-500.
doi:10.1016/j.biortech.2008.06.005.

Bremner JM. 1960. Determination of nitrogen in soil by the Kjeldahl method. J Agric Sci. 55(1):11-33.
doi:10.1017/S0021859600021572.

Christel D. 2017. The use of bokashi as a soil fertility amendment in organic spinach cultivation. Grad Coll Diss
Theses. https://scholarworks.uvm.edu/graddis/678.

Ciampitti A, Lemaire G. 2022. From use efficiency to effective use of nitrogen: A dilemma for maize breeding
improvement. Sci Total Environ. 826:154125. doi:10.1016/j.scitotenv.2022.154125.

Eghball B, Ginting D, Gilley JE. 2004. Residual Effects of Manure and Compost Applications on Corn Production
and Soil Properties. Agron J. 96(2):442-447. doi:10.2134/agronj2004.4420.

Elliott C, Snyder GH. 1991. Autoclave-induced digestion for the colorimetric determination of silicon in rice
straw. J Agric Food Chem. 39(6):1118-1119.

Fageria VD. 2001. Nutrient interactions in crop plants. J Plant Nutr. 24(8):1269-1290. doi:10.1081/PLN-
100106981.

Fog K. 1988. The effect of added nitrogen on the rate of decomposition of organic matter. Biol Rev. 63(3):433—
462. doi:10.1111/5.1469-185X.1988.tb00725.x.

Fornes F, Mendoza-Hernandez D, Garcia-de-la-Fuente R, Abad M, Belda RM. 2012. Composting versus
vermicomposting: A comparative study of organic matter evolution through straight and combined
processes. Bioresour Technol. 118:296-305. doi:10.1016/j.biortech.2012.05.028.

Gallardo-Lara F, Nogales R. 1987. Effect of the application of town refuse compost on the soil-plant system: A
review. Biol Wastes. 19(1):35-62. doi:10.1016/0269-7483(87)90035-8.

Gerzabek MH. 2018. Buchbesprechung: essentials of soil science - soil formation, functions, use and classification
(World Reference Base, WRB). Bodenkult J Land Manag Food Environ. 68(4):271-271.
doi:10.1515/boku-2017-0022.

Hashim AA, Kadir AA, Ibrahim MH, Halim S, Sarani NA, Hassan MIH, Hamid NJA, Hashar NNH, Hissham
NFN. 2021. Overview on food waste management and composting practice in Malaysia. Arau, Malaysia.
p- 020181. [accessed 2025 Jan 17]. https://pubs.aip.org/aip/acp/article/1028095.

He ZL, Wu J, O’Donnell AG, Syers JK. 1997. Seasonal responses in microbial biomass carbon, phosphorus and
sulphur in soils under pasture. Biol Fertil Soils. 24(4):421-428. doi:10.1007/s003740050267.

360



Malaysian Journal of Soil Science 2025 Vol. 29: 348-362

Javorekova S, Makova J, Medo J, Kovacsova S, Charousova I, Horak J. 2015. Effect of bio-fertilizers application
on microbial diversity and physiological profiling of microorganisms in arable soil. Eurasian J Soil Sci
EJSS. 4(1):54. doi:10.18393/ejss.07093.

Johan PD, Ahmed OH, Omar L, Hasbullah NA. 2021. Phosphorus Transformation in Soils Following Co-
Application of Charcoal and Wood Ash. Agronomy. 11(10):2010. doi:10.3390/agronomy11102010.
Kweon G, Lund E, Maxton C. 2013. Soil organic matter and cation-exchange capacity sensing with on-the-go

electrical conductivity and optical sensors. Geoderma. 199:80-89. doi:10.1016/j.geoderma.2012.11.001.

Lastdrager J, Hanson J, Smeekens S. 2014. Sugar signals and the control of plant growth and development. J Exp
Bot. 65(3):799-807. doi:10.1093/jxb/ert474.

Lyu H, Watanabe T, Sugimoto S, Kilasara M, Funakawa S. 2021. Control of climate on soil charge characteristics
through organic matter and clay mineral distributions in volcanic soils of Mt. Kilimanjaro, Tanzania. Soil
Sci Plant Nutr. 67(3):288-300. doi:10.1080/00380768.2021.1883998.

Ma Q, Cao X, Xie Y, Gu Y, Feng Y, Mi W, Yang X, Wu L. 2017. Effect of pH on the uptake and metabolism of
glycine in pak choi (Brassica chinensis L.). Environ Exp Bot. 133:139-150.
doi:10.1016/j.envexpbot.2016.10.013.

Mehlich A. 1984. Mehlich 3 soil test extractant: A modification of Mehlich 2 extractant. Commun Soil Sci Plant
Anal. 15(12):1409-1416. doi:10.1080/00103628409367568.

Minca KK, Basta NT, Scheckel KG. 2013. Using the Mehlich-3 Soil Test as an Inexpensive Screening Tool to
Estimate Total and Bioaccessible Lead in Urban Soils. J Environ Qual. 42(5):1518-1526.
doi:10.2134/jeq2012.0450.

Noriko K, Akiko C, Masahiko S. 2006. Effect of long-term application of rice straw on the plant available silicon
of paddy soil. https://scisoc.confex.com/crops/wc2006/techprogram/P17665. HTM.

Oberson A, Friesen DK, Rao IM, Biihler S, Frossard E. 2001. Phosphorus transformations in an Oxisol under
contrasting land-use systems: The role of the soil microbial biomass. Plant Soil. 237(2):197-210.
doi:10.1023/A:1013301716913.

Parfitt RL, Giltrap DJ, Whitton JS. 1995. Contribution of organic matter and clay minerals to the cation exchange
capacity of soils. Commun Soil Sci Plant Anal. 26(9—10):1343—1355. doi:10.1080/00103629509369376.

Phooi CL, Azman EA, Ismail R. 2021. Bokashi leachate as a biopriming on Basella rubra L. seed germination
and root  development. doi:10.21203/rs.3.1s-855828/v1. [accessed 2025  Jan 17].
https://www.researchsquare.com/article/rs-855828/v1.

Prayogo C, Thsan M. 2018. Utilization of LCC (Legume Cover Crop) and bokashi fertilizer for the efficiency of
Fe and Mn uptake of former coal mine land. J Degraded Min Lands Manag. 06(01):1527-1537.
doi:10.15243/jdmIm.2018.061.1527.

Rhoades J. 1982. Cation exchange capacity. Methods Soil Anal Part 2 Chem Microbiol Prop. 9:149-157.

Rhodes R, Miles N, Hughes JC. 2018. Interactions between potassium, calcium and magnesium in sugarcane
grown on two contrasting soils in South Africa. Field Crops Res. 223:1-11. doi:10.1016/j.fcr.2018.01.001.

Savci S. 2012. Investigation of effect of chemical fertilizers on environment. APCBEE Procedia. 1:287-292.
doi:10.1016/j.apcbee.2012.03.047.

Senthilkumar A, Saliha BB, Pandian PS, Vendan RT, Gurusamy A, Mahendran PP. 2021 Nov 19. Phytoliths:
Persistence & Release of Silicon in Soil and Plants — A Review. Int J Plant Soil Sci.:200-218.
doi:10.9734/ijpss/2021/v33i2330735.

Setyastika US, Suntari R. 2019. Pengaruh aplikasi bokashi terhadap dinamika ketersediaan N, P, dan S pada
Inceptisol ~ Karangploso, Malang. J Tanah Dan  Sumberd  Lahan.  6(2):1291-1299.
doi:10.21776/ub.jts.2019.006.2.10.

Silber A, Levkovitch I, Graber ER. 2010. pH-dependent mineral release and surface properties of cornstraw
biochar: agronomic implications. Environ Sci Technol. 44(24):9318-9323. d0i:10.1021/es101283d.
Takeda M, Nakamoto T, Miyazawa K, Murayama T, Okada H. 2009. Phosphorus availability and soil biological
activity in an Andosol under compost application and winter cover cropping. Appl Soil Ecol. 42(2):86-95.

doi:10.1016/j.aps0il.2009.02.003.

Usman M, Farooq M, Wakeel A, Nawaz A, Cheema SA, Rehman HU, Ashraf I, Sanaullah M. 2020.
Nanotechnology in agriculture: Current status, challenges and future opportunities. Sci Total Environ.
721:137778. doi:10.1016/j.scitotenv.2020.137778.

Van Gestel CAM, Hoogerwerf G. 2001. Influence of soil pH on the toxicity of aluminium for Eisenia andrei
(Oligochaeta: Lumbricidae) in an artificial soil substrate. Pedobiologia. 45(5):385-395. doi:10.1078/0031-
4056-00094.

Watanabe T, Luu HM, Inubushi K. 2017. Effects of the continuous application of rice straw compost and chemical
fertilizer on soil carbon and available silicon under a double rice cropping system in the Mekong Delta,
Vietnam. Jpn Agric Res Q JARQ. 51(3):233-239. doi:10.6090/jarq.51.233.

361



Malaysian Journal of Soil Science 2025 Vol. 29: 348-362

Wolinska A, Stepniewsk Z. 2012. Dehydrogenase activity in the soil environment. In: Canuto RA, editor.
Dehydrogenases. InTech. [accessed 2025 Jan 17].
http://www.intechopen.com/books/dehydrogenases/dehydrogenase-activity-in-the-soil-environment.

Xu Z, Zhang T, Wang S, Wang Z. 2020. Soil pH and C/N ratio determines spatial variations in soil microbial
communities and enzymatic activities of the agricultural ecosystems in Northeast China: Jilin Province
case. Appl Soil Ecol. 155:103629. doi:10.1016/j.aps0il.2020.103629.

Yoong LS, Bashir MJK, Wei LJ. 2022. Food waste management practice in Malaysia and its potential contribution
to the circular economy. In: Baskar C, Ramakrishna S, Baskar S, Sharma R, Chinnappan A, Sehrawat R,
editors. Handbook of Solid Waste Management. Singapore: Springer Nature Singapore. p. 365-391.
[accessed 2025 Jan 17]. https://link.springer.com/10.1007/978-981-16-4230-2 23.

Zhalnina K, Dias R, De Quadros PD, Davis-Richardson A, Camargo FAO, Clark IM, McGrath SP, Hirsch PR,
Triplett EW. 2015. Soil pH determines microbial diversity and composition in the Park Grass Experiment.
Microb Ecol. 69(2):395-406. doi:10.1007/500248-014-0530-2.

362



