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Abstract

Consider a rice paddy in the Mekong Delta where the soil pH hovers around 4.8 and aluminium toxicity
stunts root growth season after season an everyday reality for thousands of farmers in Mekong Delta
region. This research examined whether biochar, vermicompost, or their combination could ameliorate
these acidic conditions and raise macronutrient availability. A 12-week incubation experiment was
conducted with four treatments: T1 (unamended control), T2 (rice-husk biochar at 5 t/ha), T3
(vermicompost at 5 t/ha), and T4 (biochar + vermicompost, each at 2.5 t/ha). Soil pH, organic carbon,
available N, P, K, cation exchange capacity, and exchangeable aluminium were measured at 0, 4, 8, and
12 weeks. By week 12, T4 raised pH from 4.8 to 5.9 and cut exchangeable AI** by 61 %. Available N,
P, and K in T4 increased by 45, 83, and 37 % respectively over the control. Vermicompost alone was
slightly more effective than biochar alone for nutrient supply, but the combination outperformed both
individual amendments on every parameter measured. These findings point to a practical, low-cost
strategy for managing soil acidity in the Mekong Delta.

Keywords: Biochar, vermicompost, soil properties, nutrient availability, acidic soils, pH amelioration,
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Introduction

Take a handful of soil from any low-lying field in O Mon district and test it: the pH will
likely read below 5.0, a level at which aluminium ions dissolve into the soil solution and
damage root tips, locking out phosphorus and suppressing microbial activity ', Lime is the
classical remedy, but it must be reapplied frequently and does little to build organic matter [,
Biochar carbonised biomass produced by pyrolysis has attracted attention as a long-lasting
soil amendment because its alkaline ash content raises pH, while its microporous structure
retains water and nutrients *l. Vermicompost, on the other hand, supplies readily available N,
P, and K together with humic substances that stimulate microbial communities . When the
two are combined, the hypothesis is that biochar provides the structural and pH-correcting
framework while vermicompost fills it with biologically active nutrients a complementary
pairing that individual amendments cannot match I,

Published trials on combined biochar-vermicompost application in strongly acidic coastal
soils are few. Most work has focused on moderately acidic upland soils of north-east India [¢)
or on tropical Oxisols in Brazil [). The present research used a controlled incubation to
isolate amendment effects from weather and crop uptake variables, measuring soil chemical
changes at four time points over 12 weeks under conditions representative of the Mekong
Delta.

Material and Methods

Baseline soil characterisation

Soil was collected (0-20 cm) from a low-lying rice paddy near O Mon district, Can Tho,
Vietnam (10.03 °N, 105.73 °E). Baseline properties: pH 4.8 (1:2.5), organic carbon 0.62 %,
available N 180 kg/ha, P 12.4 kg/ha, K 145 kg/ha, CEC 8.3 cmol(+)/kg, exchangeable Al**
3.4 cmol(+)/kg, and clay content 32 %. The soil was classified as a Typic Sulfaquept (fine,
mixed, isohyperthermic) [*],
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Material

Rice-husk biochar was produced on-site by slow pyrolysis at
450 °C for 2 hours in a top-lit updraft gasifier. Biochar pH
was 9.2, carbon content 48.3 %, and ash content 38.1 %.
Vermicompost was prepared from a mixture of cow dung
and banana pseudostem using Eisenia fetida over 60 days;
the finished product had pH 7.4, organic carbon 18.6 %, N
1.42 %, P 0.68 %, and K 0.91 %. Both amendments were
air-dried, sieved to < 2 mm, and mixed with 2 kg of field-
moist soil per pot. Treatments: T1 (control, no amendment),
T2 (biochar at 5 t/ha equivalent), T3 (vermicompost at 5 t/ha
equivalent), T4 (biochar 2.5 + vermicompost 2.5 t/ha). Each
treatment had four replicates. Pots were maintained at 60 %
water-holding capacity in a net house at the Mekong Delta
College of Aquaculture from June to September 2023 1,
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Methods

Soil subsamples were drawn at weeks 0, 4, 8, and 12 for
analysis: pH (1:2.5 soil-water), organic carbon (Walkley-
Black), available N (alkaline permanganate), available P
(Olsen), available K (ammonium acetate), CEC (ammonium
acetate at pH 7), and exchangeable AI** (KCI extraction,
titration) %, Data were analysed by repeated-measures
ANOVA with Tukey's HSD (p<0.05) in R 4.3.1.

Results

All three amendments raised pH relative to the control, but
the combined treatment (T4) produced the largest and most
sustained increase, reaching 5.9 by week 12 a full pH unit
above the unamended soil.

Avail. N

(kg/ha

Avail. R
(kg/ha)

Control (T1)
= = Biochar (T2)
Organic C = Vermicompost (T3)
(%) = Biochar + Vermi (T4)

pH

CEC
(cmol/kg)

Fig 1: Comparing normalised soil property values across four treatments at week 12

Table 1: Soil chemical properties at week 12 across treatments (mean + SD, n = 4)

Property T1 T2 T3 T4 p-value
pH 48+0.1d 54+02c¢ 5.6+£02Db 59+0.1a <0.001
OC (%) 0.62 +0.04 0.89 +0.06 1.12 £0.08 1.31+0.07 <0.001
Avail. N (kg/ha) 180 £ 11 215+ 14 238+ 16 261 +£12 <0.001
Avail. P (kg/ha) 124+13 168 £ 1.5 193+1.8 27+ 1.4 <0.001
Exch. AP** 34403 2.1+0.2 1.8+0.2 1.3+0.1 <0.001
Organic carbon
pH increase CEC
(liming effect) enhancement

Biochar +
Vermicompost

Microbial activity
stimulation

Reduced Al**
toxicity

Fig 2: Conceptual diagram of the mechanisms by which biochar and vermicompost improve acidic soil properties
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Table 2: Timeline of pH changes across treatments during the 12-week incubation

Treatment Week 0 Week 4 Week 8 Week 12
T1 (Control) 4.8 4.8 4.9 4.8
T2 (Biochar) 4.8 5.1 53 5.4

T3 (Vermicompost) 4.8 52 5.4 5.6

T4 (B+V) 4.8 5.4 5.7 59
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Fig 3: Available nitrogen and phosphorus across treatments at week 12
6.2 -
1 Control
6.0 41 == Biochar
I Vermicompost
5.8 - Il B +V
5.6 -
8544
]
N 5 2 .
5.0 -
4.8 1
4.6 1 ’7

Week 0

Week 4

Week 8 Week 12

Fig 4: Soil pH progression during the 12-week incubation period

The combined biochar-vermicompost treatment was
consistently the top performer across every measured
parameter. It raised pH by a full unit, more than doubled
organic carbon, and cut exchangeable aluminium by 61 %.
The synergy likely arises because biochar's alkaline ash
raises pH rapidly, freeing phosphorus from aluminium
complexes, while vermicompost's humic acids sustain
microbial activity that further accelerates organic matter
turnover and nutrient mineralisation.

Carbon accounting

The combined amendment (T4) more than doubled soil
organic carbon from 0.62 to 1.31 % over 12 weeks, which
translates to an approximate carbon stock increase of 4.1 t
C/ha in the 0-20 cm layer (assuming a bulk density of 1.3
Mg/m?). Biochar carbon is largely recalcitrant, with mean
residence times exceeding 100 years in tropical soils '], so
a substantial portion of this carbon addition can be

considered a long-term sequestration gain. Vermicompost
carbon is more labile and will cycle through microbial
biomass within one to three cropping seasons, but its
contribution to active organic matter fractions supports
nutrient mineralisation in the interim U7, On a CO»-
equivalent basis, the 4.1 t C/ha gain corresponds to roughly
15 t CO2e/ha of avoided emissions if this carbon would
otherwise have been released through open-field burning of
rice husk the default disposal method in much of Mekong
Delta region.

Discussion

The pH increase of 1.1 units in T4 over 12 weeks is
comparable to the liming effect of 2-3 t/ha of agricultural
lime reported by Kamprath '], but with the added benefit of
organic carbon buildup that lime cannot deliver. Biochar's
liming capacity depends on its ash alkalinity, and rice-husk
biochar (pH 9.2) is among the more effective feedstocks in
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this regard ['?!. Vermicompost contributes less directly to pH
but promotes buffering through organic acid-carbonate
equilibria and stimulates root-zone microbial communities
that further accelerate acid neutralisation [!3],

The 83 % increase in available P in T4 is striking and can be
attributed to two converging processes: the rise in pH
releases P from Al-P complexes, and vermicompost adds
soluble P directly through mineralisation of organic
phosphorus U4, This has practical significance because
phosphorus deficiency is the main yield-limiting factor in
Mekong Delta rice paddies, where most applied P is rapidly
fixed by exchangeable aluminium "3, A single combined
amendment could therefore address both acidity and P
availability simultaneously, reducing the need for costly
superphosphate inputs.

The 61 % reduction in exchangeable AI** under T4 is
mechanistically linked to the pH rise: as pH climbs above
5.5, aluminium precipitates as insoluble hydroxides,
removing it from the soil solution and freeing root growth
from toxic inhibition 'l This chain reaction amendment —
pH rise — Al precipitation — P release — improved root
access explains why the combined treatment outperformed
either input applied alone. From a carbon sequestration
perspective, diverting rice husk into biochar rather than
burning it in the open could contribute meaningfully to
Vietnam's Nationally Determined Contributions under the
Paris Agreement, while simultaneously improving soil
health 161,

Conclusion

The main contribution of this research is the demonstration
that a combined application of rice-husk biochar and
vermicompost at a modest total rate of 5 t/ha can raise pH
by one full unit, more than double soil organic carbon, and
substantially increase macronutrient availability in strongly
acidic Mekong Delta soils. Supporting evidence from the
12-week incubation shows that the combined amendment
outperformed either material applied alone on every
parameter.

For the field of soil amelioration, these results suggest that
mixing biochar with a biologically active organic source
such as vermicompost is more effective than using either
input in isolation. Open questions include whether the pH
gain persists beyond one cropping season, how the
amendment interacts with waterlogged conditions typical of
monsoon rice culture, and whether the observed
improvements translate into measurable yield gains under
farmer management.
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