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Abstract

Lime (CaCOs) application is the most common practice to neutralise soil acidity before planting.
However, the effectiveness of liming depends on its reactivity and interactions with various soil
types. Therefore, mission grass (Pennisetum polystachion; PP) grounds have been proposed as
an alternative for soil acidity remediation, owing to their rapidly decomposable residue and
release of basic cations. This study evaluated the ability of PP to increase the pH and the
relationship between pH and redox potential (Eh) in loamy soil and sandy soil. The addition of
2.5% (w/w) CaCOs rapidly increased the pH in loamy soil but gradually decreased the pH in
sandy soil, with a value of 7.30 and 7.50, respectively, on day 20. The addition of 2.5% (w/w) PP
increased the pH in loamy soil and sandy soil to 5.60 and 6.50, respectively, on day 20. The Eh
value in loamy soil was significantly lower after the addition of PP compared with CaCOj3 (+50.0
mV and + 200.0 mV, respectively). In sandy soil, the addition of PP produced a lower Eh value
on day 20 compared with the addition of CaCO3. The fluctuating Eh values in both soil types were
associated with soil moisture, electrical conductivity and organic matter and should be measured
systematically with pH. The addition of PP was beneficial in slowly increasing the soil pH over
time, thus influencing the favourable reducing condition as indicated by the lower Eh values. The
application of PP as an alternative and a complement to the conventional liming practice should
be further studied to reduce the adverse impacts on the soil to establish a balance between
agricultural productivity and sustainable agriculture.

Keywords  Remediation, acidic soil, mission grass, Pennisetum polystachion

© 2024 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Low soil fertility for crop production is commonly associated with tropical soil, which is characterised by chemical properties
such as pH and the cation exchange capacity (CEC) and physical properties such as the soil structure (Mosharrof et al., 2021).
In Malaysia, highly weathered Ultisols and Oxisols are the dominant mineral acid soil. Due to the inherent climate conditions,
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these soils usually have a low pH between 4 and 5 (Qurban et al., 2020). Soil acidification naturally occurs from the oxidation
of minerals, causing acids to be released into the soil and aluminium ions (Al®*) to be accumulated, subsequently affecting
nutrient availability and plant growth (Halim et al., 2018).

Intensive agriculture, for the goal of production, has induced soil acidification. The addition of lime (CaCOs) is the most
common practice to neutralise soil to prevent further degradation (Ryan, 2018). Lime is usually incorporated into the soil through
tillage practices — ploughing and harrowing — prior to planting due to its low solubility (Andre et al., 2019). Alternatively, surface
liming has been established in no-till systems to preserve the soil structure and minimize erosion, although the neutralizing
effects are less effective in deeper soil layers (Nunes et al., 2019). Moreover, the effectiveness of liming depends on the reactivity
and interactions of lime with various soil types, especially in response to the soil organic carbon (SOC) content, which is vital in
nutrient availability and toxicity in acidic soil (Lucas et al., 2021).

In addition to conventional CaCOs, industrial by-products and organic wastes have also been reported to improve soil
acidity. Still, they are accompanied by the risk of soil contamination from heavy metals as well as eutrophication from excessive
nitrogen (N) and phosphorus (P) contents. Alternatively, there has been mixed effectiveness reported for the application of crop
residues regarding soil pH, mainly due to the extent of alkalinity and basic cations in the materials used (Purakayastha et al.,
2019). Owing to this, mission grass (Pennisetum polystachion; PP) grounds have been proposed as an alternative for soil acidity
remediation. P. polystachion is less invasive among the grasses of the genus Pennisetum, especially compared with, for
example, the widely documented Napier grass (Pennisetum purpureum). PP is a tall perennial plant naturally well-distributed in
some parts of Asia. The common management methods for this undesirable grass include herbicide application, physical
removal, cutting and burning (Izaskun et al., 2019). The conversion of PP into a soil acidity remediator could be beneficial in
both weed management as well as soil health management. The objectives of this study were to evaluate the ability of PP to
increase the soil pH and to investigate the relationship between pH and redox potential (Eh) compared with the conventional
addition of CaCQOs to sandy soil and loamy soil in controlled conditions. Loamy soil was chosen because it was acidic soil (pH
3.5-4.5), while sandy soil was chosen because it is less acidic (5.0-6.0).

2.0 MATERIALS AND METHODS

2.1 Soil Preparation

Loamy and sandy soils were obtained from the Research Farm at Universiti Teknologi Malaysia, Pagoh, in Johor, Malaysia. A
soil corer was used to collect the soil samples, which were collected 10 cm from the surface. The samples were then
homogenised and stored in sealed plastic bags before being immediately transported to the laboratory. They were placed in a
drying oven at 60°C for 24 hr. Then, the dried samples were passed through a 1,400 um mesh size sieve (Chuyanov et al.,
2020).

2.2 Preparation of PP

PP was obtained from around the vicinity of Pagoh, Johor. The plant species was confirmed by the Institute of Bioscience,
Universiti Teknologi Malaysia. The plant parts used in this study were the stems and leaves because they are easy to harvest
from the ground. The samples were manually cut into smaller sizes before being dried at 40-50°C for 24 hours until around 10%
humidity left. Then, the dried samples were pulverized with a commercial grinder. The grounds were passed through a 500 um
mesh size sieve and stored in sealed plastic bags at room temperature before the subsequent experiment (Getnet et al., 2020).

2.3 Experimental Treatments and Design

Table 1 shows the treatment details for sandy soil and loamy soil. The experiment was conducted in controlled conditions at
room temperature (25-27°C) and relative humidity (30%-40%). The soil amendments were uniformly mixed into the soil, and the
samples were placed in 5 L polybags. Each treatment was carried out in triplicate in a completely randomized design. During
the 20-day experiment, the soil moisture was maintained daily at 30% and 40% using an MX-50 Moisture Analyzer (A&D, USA).
Each sample was watered manually when the moisture fell below 30%. The soil pH and Eh were analyzed daily in the morning.

2.4 Analysis of Soil pH

Soil samples weighing 2 g were mixed with distilled water at a ratio of 1:5 (w/w). The mixtures were vortexed for 1 minute and
then incubated for 24 hours (Akshita et al., 2019). The pH was measured using a pre-calibrated FiveEasy Benchtop F20 pH/mV
Meter (Mettler Toledo, USA).
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Table 1 Details of the soil treatments.

Soil type Treatment Soil weight (g) Soil amendment (g) Amendment composition (%)
CaCOs PP

Loamy sail T1 (control) 1,000.0 0.0 0.0 0.0
T2 975.0 25.0 0.0 25
T3 990.0 10.0 0.0 1.0
Ta 995.0 5.0 0.0 0.5
Ts 975.0 0.0 25.0 25
Te 990.0 0.0 10.0 1.0
T7 995.0 0.0 5.0 0.5

Sandy soil Ts (control) 1,000.0 0.0 0.0 0.0
To 975.0 25.0 0.0 25
T1o 990.0 10.0 0.0 1.0
Tu 995.0 5.0 0.0 0.5
T2 975.0 0.0 25.0 25
Tis 990.0 0.0 10.0 1.0
T1a 995.0 0.0 5.0 0.5

2.5 Analysis of Soil Eh

Two pieces of carbon felt, which acted as electrodes, were inserted into the soil horizontally and parallel to each other, with a
gap of around 10 cm between the top and bottom electrodes. The top electrode acted as the cathode (positive), while the bottom
electrode acted as the anode (negative). The electrodes were allowed to equilibrate for 24 hours before being measured with a
multimeter (in mV). The measurements were carried out at 1-minute intervals for 10 minutes and then averaged (Hongping et
al., 2020). The soil Eh value was categorised as follows: (i) oxidised (> +400 mV), (ii) moderately reduced (+100 to +400 mV),
(iif) reduced (+100 to -100 mV) and (iv) highly reduced (-100 to -300 mV).

2.6 Statistical Analysis

IBM SPSS Statistics 22 (IBM Corporation, Armonk, NY, USA) was used for statistical analysis. The soil pH and Eh data were
analysed using one-way analysis of variance (ANOVA) followed by Tukey’s honestly significant different test at the 5%
confidence level.

3.0 RESULTS AND DISCUSSION
3.1 Effects of the CaCO3; and PP Amendments on Loamy Soil pH

Figure 1 shows the effects of the CaCOs and PP amendments on the loamy soil pH. The highest pH was observed for the soil
treated with 2.5% (w/w) CaCOs at each time except days 4 and 7, although the values were still relatively high before they
ended at pH 7.30 on day 20. Interestingly, the pH of the soil treated with 1.0% (w/w) CaCO3z and 0.5% (w/w) CaCOs presented
different trends during the experiment but ended with a similar pH of 7.00 on day 20. All soils subjected to CaCO3s amendment
exhibited a lower pH on day 20 relative to the pH on day 1. However, the significant pH increase compared with the control
demonstrated the reactivity of CaCOs when it is mechanically incorporated and thus evenly mixed into loamy soil. As a result,
the pH was maintained above 6.00, which is sufficient to reduce potential soil acidity (Nunes et al., 2019).
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Figure 1 The effects of CaCOsz and PP amendments on loamy soil pH.

The pH also increased in the soil treated with 2.5% (w/w) PP and 1.0% (w/w) PP, with a pH of 5.60 and 4.90, respectively,
although the values were closer to that of the control (pH 4.70). The pH of the soil treated with 0.5% (w/w) PP (4.50) was lower
than the control. Contrary to the CaCOs treatments, all PP treatments produced a higher pH on day 20 relative to the pH on day
1. There was a similar trend for the control, likely due to the natural N loss through ammonia volatilisation in which hydrogen
ions (H*) were consumed and contributed to pH stability over time (Sha et al., 2019). This phenomenon is represented by
Equation (1).

NHs* & NHs + H* @)

The less pronounced pH increases with PP treatment compared with CaCOs treatment was expected due to lower
alkalinity and basic cations—because PP did not undergo a thermal process—in addition to the low application rate, the initial
soil pH, and the buffering capacity.

3.2 Effects of CaCOs and PP Amendments on Sandy Soil pH

The effects of the CaCO3z and PP amendments on the pH of sandy soil are shown in Figure 2. Similarly to loamy soil, the CaCO3s
treatments led to a higher pH than the PP and control treatments. The pH increased sharply on day 1 for the soil treated with
2.5% (w/w) CaCOs and was lower with the lower CaCOs percentages, namely 10.40, 9.50, and 8.20, respectively, for 2.5%,
1.0% and 0.5% (w/w) CaCOs. The higher reactivity of CaCOs in sandy soil may be attributed to better interaction in evenly mixed
treatments in addition to the soil texture (Joao et al., 2021). All CaCOs-treated soil samples exhibited a lower pH on day 20
compared with day 1. Interestingly, the pH at the end of the experiment for the soil treated with 1.0% (w/w) CaCOs was the
highest at 7.90, while the soil treated with 2.5% (w/w) CaCOs had the lowest pH at 7.50, suggesting an insignificant difference
in up to 2.5% (w/w) CaCOz application rates in sandy soil due to the higher pH buffering capacity (Latifah et al., 2018).

All PP treatments increased the pH of sandy soil similarly to loamy soil (up to 1.5 units). On day 20, the soil treated with
2.5% (w/w) PP had the highest pH at 6.50, followed by the soil treated with 1.0% (w/w) PP (pH 6.00) and 0.5% (w/w) PP (pH
5.80). Similarly to the loamy soil, on day 20, the pH for the soil treated with 0.5% (w/w) PP was below the control (pH 5.90).
However, the fluctuation trends were insignificant, indicating a better pH buffering capacity in sandy soil compared with loamy
soil when amended with PP (Obia et al., 2015). The relatively more stable pH may be attributed to the high carbon-to-nitrogen
(CIN) ratio of PP, recycling N predominantly into the soil (Bin et al., 2021).
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Figure 2 The effects of CaCOsz and PP amendments on sandy soil pH.
3.3 Effects of the CaCO3z; and PP Amendments on Loamy Soil Eh

Figure 3 shows the effects of the CaCOs and PP amendments on the Eh of loamy soil. The Eh values in the control naturally
decreased from +195.0 mV on day 1 to +10.0 mV on day 20. All CaCOs treatments exhibited multiple transitions between
oxidized and reduced conditions, except day 16, where soil treated with 1.0% (w/w) CaCOs showed a significantly lower Eh
value of +320.0 mV. The Eh values of all CaCOs treatments eventually ended at around +200.0 mV on day 20, lower than their
respective Eh values on day 1. There was a correlation between the Eh spikes (days 12 and 16) and pH (days 14 and 17),
possibly indicating that the soil ecology was capable of oxidising the residual SOC. This phenomenon was then followed by
increased pH (Michael, 2018).
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Figure 3 The effects of CaCOsz and PP amendments on loamy soil Eh.

-200.0

The PP treatments also exhibited multiple transitions between moderately reduced and reduced conditions, except for
the soil treated with 0.5% (w/w) PP on day 6, which showed an Eh value of -140.0 mV, the only highly reduced condition
recorded. All PP treatments exhibited relatively similar Eh values between +50.0 and +110.0 mV on day 20 compared with day
1 and fluctuated significantly on day 6 (-100.0 mV), day 10 (+300.0 mV) and day 13 (-50.0 mV). Interestingly, these values
coincided with the declining pH of the soil. This phenomenon is most likely due to oxygen depletion by aerobic bacteria reacting
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to the organic matter (OM) through the application of PP (Sanaz et al., 2019). The Eh represents the oxidation-reduction potential
based on the standard hydrogen potential (SHE), while pH represents the activity of H* (also known as a proton).

3.4 Effects of the CaCO3 and PP Amendments on Sandy Soil Eh

Figure 4 shows the effects of the CaCOs and PP amendments on the Eh of sandy soil. The initial Eh values of all treatments,
including the control, were around +50.0 mV and inconsistent with the pH values, mainly due to the sandy soil properties, which
are unfavourable for the soil ecology (Michael, 2018). All CaCOs treatments led to a moderately reduced or reduced condition
before transitioning to an oxidized condition at around day 14, when the pH started to decline. The highest Eh value was
recorded for the soil treated with 2.5% (w/w) CaCOs (+670.0 mV) before declining to +350.0 mV on day 20. The unclear
inconsistencies between pH and Eh might be attributed to the spatial variability of soil moisture. However, due care was taken
to keep the moisture of each sample at 2 30%, which is more than the reported 10%-20% for sandy soil (Jeremy et al., 2019).
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Figure 4 The effects of CaCOs and PP amendments on sandy soil Eh.

All PP treatments led to moderately reduced or highly reduced conditions until day 11, except for the soil treated with
1.0% (w/w) PP, which presented a reduced condition (-90.0 mV) on day 14. The highest Eh value was recorded for the soil
treated with 2.5% (w/w) PP (+360 mV) on day 14 before ending at +300 mV on day 20, followed by the soil treated with 0.5%
(w/w) PP and 1.0% (w/w) PP at around +100 mV. The different reduced conditions can be attributed to the presence of OM
through applying PP, which was sufficient to sustain the soil pH (Suzana et al., 2021). Moreover, the Eh values were more
affected in sandy soil than in loamy soil based on the exhibited fluctuation, indicating spatial variability of soil moisture, electrical
conductivity and OM (Tano et al.,2020).

4.0 CONCLUSION

The addition of PP slowly increased the soil pH over time and led to more favourable reducing conditions, as indicated by the
lower Eh values. The application of PP as an alternative and a complement to the conventional liming practice should be further
studied to reduce the adverse impacts on the soil and to establish a balance between agricultural productivity and sustainable
agriculture. The findings from this study should be beneficial in providing more information on the soil buffering capacity for
better soil health management beyond pH alone.
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