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Introduction

e Bacillus Mycoides is a gram-positive, rod shaped bacterium
that thrives aerobically in soil and has a specialised root-
like growth morphology, such that the species is known to
grow distinct, clockwise colonies on agar plates[1].

e Beyond its applicability of being an aerobe, Bacillus
Mycoides behaves as a plant growth-promoting bacterium,
by acting as an endophyte that protects plants from
pathogenic species [2].

e The microflora of soil, which is beneficial to arable
agriculture in particular, is coming under increasing threat
from abiotic factors concerning large pH changes through
the applications of agrochemicals, fertilisers and
Increasing levels or acid rain [3].
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e To combat this, Bacillus subtilis strains have been
previously inoculated into soil as they are classed as plant
growth promoting rhizobacteria, while regulating o
biogeochemical processes and reducing nitrogen leaching ©
[4] [3].
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e This study investigated the effects of acid rain
constituents and soil acidification agents on both bacterial
species, measuring growth responses over four days.

Method
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Figure 1 (Top Left): A microscopic Raspberry Pi camera image of B.mycoides (bottom right of the photo)
and B.subtilis (top left of the photo) under 1000 pl of nitric acid; Figure 2 (Top Right): Line graph
representing the OD600 values achieved with ascending nitric acid concentrations between B.mycoides
(in red) and B.subtilis (in green); Figure 3 (Bottom left): Line graph representing the OD600 values achieved
with ascending sulfuric acid concentrations between B.mycoides (in circled orange) and B.subtilis (in
circled green); Figure 4 (Bottom Right): Line graph representing the OD600 values achieved with
ascending acetic acid concentrations between B.mycoides (in orange) and B.subtilis (in purple)

e Bacterial cultures were grown on 1% agar LB plates with pH
monitored using a standardised pH probe (pH 7 and 9.2
buffers). Three acids were tested: acetic acid (induces soil
acidification) [6], nitric acid (used for nitrate production for
plant growth) [7], and sulfuric acid (key for sulfur production
promoting plant growth) [8].

e B. mycoides was inoculated centrally with B. subtilis at plate
edges to enable distinct growth monitoring. Plates were

iIncubated at 25°C for optimal microbial activity in pipetes .
temperature-controlled freezers [9]. Acid volumes (measured with badbeeiel

In pL) were adjusted to achieve known pH ranges found in both
natural and artifical conditions.

e Aseptic technique prevented contamination during pipetting,
and growth was documented using a Raspberry Pi microscopic
camera (as shown in Figure 1). ODeoo Values provided non-
destructive quantification without interfering with standard
culture media. Experimental setup is detailed in Figure 5.

Further Refinements, Conclusions and Context
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e |[n conclusion, acetic acid demonstrated limited nutritional
gain for both bacterial species, achieving minimal peak
growth (ODsoo = 0.45). Conversely, sulfuric and nitric acids
supported substantial growth (ODeoo >2.0) until critical
toxicity thresholds were reached and induced rapid
inhibition.

Figure 5: A schematic setup of the method used, where different pipette tips were used for each
chemical concentration (0.1M acetic acid, 0.1M sulfuric acid and 0.1M nitric acid) and for each
bacterial species placed. These plates were left to dry after this inoculation process before being
placed in a freezer at 25°C

e These dose-response profiles provide quantitative guidelines
for: optimizing sulfuric and nitric acid concentrations in
fertilizers while minimizing toxicity to beneficial soil bacteria;
understanding acid rain impact thresholds on plant growth-

Results and Discussions

e Figure 2 shows peak growth at 1000-1750pL for both species, with B. mycoides achieving higher

promoting bacteria [10], and determining effective acetic
acid concentrations for agricultural herbicides that preserve
B. mycoides and B. subtilis populations essential for UK crop

ODsoo (2.35 vs 1.45) than B.subtilis, indicating potential nitrogen availability and pH buffering
benefits for B.mycoides. Sharp inhibition occurs between 1750-2500puL (750puL range), with B.
mycoides maintaining ~2x higher growth across all concentrations, suggesting species-specific
acid resistance. Complete inhibition occurs >4000pL.

production systems.

e Figure 3 demonstrates maximal growth potential (ODsoo = 2.40) at 1000pL, followed by the
sharpest toxicity drop observed (96% reduction between 1000-1500pL). This binary response

pattern for B.mycoides and B.subtilis —optimal growth or lethal toxicity— reflects rapid protein

Funded by .I.he denaturation and membrane destruction with minimal intermediate survival zones.

e Figure 4 exhibits reduced peak growth (ODsoo = 0.45 at 250pL), suggesting inherent cell density
constraints. Despite being a weak acid, complete inhibition occurs by 17/50uL through multiple
mechanisms: membrane lipid disruption, metabolic pathway inhibition, and osmotic stress. The
progressive inhibition pattern contrasts with sulfuric acid's catastrophic drop, indicating
concurrent stress pathways rather than single-point failure.
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