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Introduction

Results

The need to feed the world’s increasing population has led to agricultural intensification and
heavy reliance on fertilizers, which increase soil acidification. Acidic soils limit crop growth and
productivity and negatively impact soil microorganisms (Junior et al., 2020).

In Alberta, there are 1 mil. acres of strongly acidic soils (pH < 5.5) and 4.5 mil. acres of moderately
acidic soils (pH = 5.5-6.0) (Alberta Agriculture, Food, and Rural Development, 1996).

Acidic soils are deficient in beneficial nutrients such as phosphorus, calcium, magnesium and
molybdenum (Liang et al., 2021). As pH decreases, aluminum (Al**) and manganese (Mn?*)
solubility increases causing phytotoxic effects on plant roots and shoots (Yang et al., 2009).

Liming is used to counteract soil acidity. Liming materials include carbonates, oxides, and

hydroxide mixtures of calcium and magnesium which raise soil pH and neutralize metal toxins

(Junior et al., 2020).

o Hydrated Lime (Ca(OH),) is a product from quicklime (CaO) hydration (Bessaim et al., 2018).

o Sugar Beet Lime is a byproduct of the purification process of raw sugar and is comprised of
CaCO,, organic matter, and water (Engel et al., 2020).

o Agricultural Lime is naturally mined limestone (CaCO,) which can be used or modified into
subsequent liming sources. (Dowling et al., 2015).

o Cement Kiln Dust is a byproduct produced in millions of tons by the cement production
industry and has found to have alkaline properties (Zawrah et al., 2021).

Soil biota (i.e., bacterial, fungi, nematodes) play a crucial role in the cycling of nitrogen,
phosphorus, carbon and sulfur (Singh, 2017). Low pH decreases diversity, abundance and activity
of soil biota (Rousk et al., 2010).

Objective: To assess the impact of liming on soil pH and microbial and nematode communities.

Methodology

Prior to liming, soil samples were collected from two DNeasy PowerSoil Pro Kit Procedure

different sites in contrasting zones: Breton (grey soils) and
CDC-North (black soils) to establish a baseline for the
experiment.

Prepare Sample (CD1)

Lime sources: Agricultural Lime, Sugar Beet, Hydrated Lime,

Cement Kiln Dust. Control (no lime) plots are also included. Cell Lysis

(Homogenization)

Samples were assessed across different growing seasons
(wheat-oats-canola) rotation at two sampling depths of
Ocm-7.5cmand 7.5 cm-15 cm.

Inhibitor Removal
Technology (CD2)

Soil pH was measured in calcium chloride at the Natural
Resources Analytical Laboratory (NRAL).

Bind DNA (CD3/Load
into Spin Column)

Bacterial DNA was extracted from the soil using a DNeasy Wash (EA/CS)

PowerSoil Pro Kit (Qiagen, USA). Nanodrop spectroscopy
was used to assess the quality and purity of the extracted
DNA.

Elute (C6)

Fig. 1 lllustrated process of DNA extraction

Genomic DNA was amplified using Polymerase Chain using a DNeasy Powersoil Pro Kit (Qiagen, USA).

Reaction (PCR) techniques, which is where a targeted

sequence of DNA can be amplified into numerous copies
(Garibyan & Avashia, 2013). .
o The primers 341-F (Forward) and 805-R (Reverse) were ¥ e E/TW‘

sequence

used to amplify the V3-V4 region in bacteria. / =P

Denaturation @ 5

Afterwards, the PCR products were visualized using agarose
gel electrophoresis.

Annealing © E
Samples were sent to the University of Laval for sequencing.

Extension @ !

Nematodes were also analyzed using microscopic
techniques.
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Fig. 2 lllustrated process of PCR
amplification. (Garibyan & Avashia, 2013).
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Fig. 3 Soil pH measured at the two sites Fig. 4 Genomic DNA concentration measured in soil
(Breton and CDC-North) in plots treated with samples collected from limed and control (no lime)
the different lime sources. plots.
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Fig. 5 Nanodrop spectroscopy
graph displaying selected
samples treated with
different lime sources. The
red dashed line shows the

) g wavelength for maximum
absorbance of nucleic acids.
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Sample ID Nucleic A260 A280 260/280 260/230

acid conc. (Abs) (Abs) ratio ratio

(ng/pl)
P 164.9 3708 1751 188 153 Table 1 Nanodrop results for
cementkilnpust 130.4 2 609 1.384 1.89 597 selected samples treated with
sugar BeetLime  118.9 2.378 1.363 1.88 1.92 different lime types. Desire
mradume 1921 2.442 1.300 1.88 2.06 260/280 ratio is ~1.8.
Agricultural Lime  158.0 3161 1.693 1.87 0.74 (Thermo Scientific, 2003).

1000 bp
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Fig. 6 Agarose gel electrophoresis pattern of PCR products of bacteria amplified with universal primers
(341F and 805R) using samples collected from Breton. 500-600 base pairs expected. Samples: 1 (Baseline
Breton), 2 (Baseline CDC-N), 101 (Hydrated Lime), 102 (Cement Kiln Dust), 103 (Control), 104 (Sugar Beet
Lime), 105 (Agricultural Lime), 106 (Agricultural Lime), 107 (Hydrated Lime) and 108 (Sugar Beet Lime).

Fig. 7.3 Picture of nematode
tail and reproductive organ
under High Microscope
Power (40x).

Fig. 7.2 Picture of nematode head
under High Microscope Power (40x).
Used to identify species and niche
(Free-Living Nematode)

Fig. 7.1 Picture of full
nematode body under Low
Microscope Power (10x).

Discussion

e Allliming sources used in the study at the two sites increased soil pH.
o There was no significant increase of soil pH in the control (no lime) plots.
o There was a significant increase in soil pH in both sites when Hydrated Lime was used.

e Nanodrop spectroscopy results demonstrated that genomic DNA is present in soil samples.
o Fig. 4 indicates that Cement Kiln Dust had the highest concentration of DNA.
o Fig. 5 indicates that the control (no lime) had the highest absorbency, consistent with the data
shown in Table 1.

e Single bands observed on the agarose gel showed that the V3/V4 region was successfully
amplified and thus bacterial DNA was present in the soil samples.

e Some free-living nematodes were present in limited quantities in selected soil samples.

e Overall, the observations show that the limed soils comprise of bacterial and nematode
communities both of which can be beneficial in nutrient cycling, decomposition, and can be used
as indicators of soil biological health.

Conclusion

® Liming is effective in increasing soil pH and thus can be used to manage soil acidity.

e Liming has an effect on soil biota present in the soil, which could be crucial in maintaining healthy
soils. Cement Kiln Dust has the potential to also be used as an effective liming source, limiting the
amount ending up in landfills.

e Further studies are needed to observe the long term effects of liming on soil microbial and

nematode communities.

o Next steps include the analysis of nematodes from the soil and DNA extraction of fungal
microbes using appropriate primers targeting the Internal Transcribed Spacer (ITS) region.

o Microbial and nematode DNA will be sequenced to assess liming effects on these communities
and how they influence soil health.

o The study is ongoing to determine the long term effects of lime application on soil chemical
and biological properties.

Acknowledgements

e [|'d like to acknowledge my supervisor, Priscillar Wenyika for her assistance
within the lab, Dr. Enesi for guidance, and Dr. Gorim for being a mentor during
the program.

e |'d like to acknowledge the land the soil was taken from and the crucial part it
plays in Indigenous cultures.

e Thank you Dr. Malinda and his lab team for allowing me into your lab space
and for use of equipment.

e Thank you to all those who continue to inspire others about the world of
STEM.

e Finally, I'd like to recognize the University of Alberta, Canada Summer Jobs,
and WISEST for their support.

Canada

References

Alberta Agriculture, Food and Rural Development, Liming acid soils (1996). Edmonton, Alta.

Bessaim, M. M., Bessaim, A., Missoum, H., & Bendani, K. (2018). Effect of quicklime on physicochemical properties of clay soil. MATEC Web of Conferences, 149,02065.
https://doi.org/10.1051/matecconf/201814902065

Dowling, A., O’'Dwyer, J., & Adley, C. C. (2015). Lime in the limelight. Journal of Cleaner Production, 92, 13-22. https://doi.org/10.1016/j.jclepro.2014.12.047

Engel, R., Wallander, R., & Jones, C. (2020, July). Soil acidification: Remediation with sugar beet lime. Fertilizer Fact 80 - MSU Extension Fertilizer Facts | Montana State
University. https://landresources.montana.edu/fertilizerfacts/html|/FF80.html

Garibyan, L., & Avashia, N. (2013) Research Techniques Made Simple: Polymerase Chain Reaction (PCR). National Institutes of Health. https://doi.org/10.1038/jid.2013.1

Junior, E.C., Goncalves, A.C., Seidel, E.P,, Ziemer, G.L., Zimmermann, J., Oliveira, V.H.D., Schwantes, D., & Zeni, C.D. (2020). Effects of Liming on Soil Physical Attributes: A
Review. Journal of Agricultural Science. Vol. 12, No. 10. https://doi.org/10.5539/jas.v12n10p278

Liang, J., Yu, X., Cao, Y., Zhang, J., Yan, N., Xue, L., Cai, X., &Shen, G. (2021). Effect of quicklime on microbial community in strong acidic soil. Journal of Soil Science and Plant
Nutrition 21(3), 1771-1781. https://doi.org/10.1007/s42729-021-00478-0

Qiagen, USA. (June 2023). DNeasy® PowerSoil® Pro Kit Handbook.

Rousk, J., Baath, E., Brooks, P.C., Lauber, C.L., Lozupone, C., Caporaso, J.G., Knight, R. & Fierer, N. (2010). Soil bacterial and fungal communities across a pH gradient in an
arable soil. The International Society for Microbial Ecology Journal.

Singh, R.L. (2017). Microbes. In R.L. Singh, Principles and Applications of Environmental Biotechnology for a Sustainable Future. Springer Singapore.
https://doi.org/10.1007/978-981-10-1866-4

Thermo Fisher Scientific Inc. (2009). Thermo Scientific Nanodrop 2000/2000c V1.0 User Manual.

Yang, Z. B., You, J. F.,, Xu, M. Y,, & Yang, Z. M. (2009). Interaction between aluminum toxicity and manganese toxicity in soybean (glycine max). Plant and Soil, 319(1-2),
277-289. https://doi.org/10.1007/s11104-008-9869-9

Zawrah, M.F,, Shehata, N., Saddek, A.B., & Ismail, A.R.G. (2021). Utilization of white-cement kiln dust in presence of raw/waste materials for production of alkali activated
products. International Journal of Environmental Science and Technology (2022). https://doi.org/ 10.1007/s13762-021-03729-w



