
Microbial Community Compositional Stability in Agricultural Soils 
During Freeze-Thaw and Fertilizer Stress 

Grant Jensen1, Konrad Krogstad2, Fereidoun Rezanezhad2, Laura A. Hug1 
1Department of Biology, University of Waterloo 

2Ecohydrology Research Group, University of Waterloo 

Background 
Microbial activity in soil persists under snow and ice throughout the non-
growing season, before reaching its apex during thaw events.1 With the 
onset of climate change, the top layer of soils will experience colder 
temperatures as snowpack insulation is lost.2 Consequently, soils and their 
microbial communities will undergo a higher frequency of freeze-thaw 
cycles.3 The impact to the microbial community exposed to freeze-thaw 
conditions have been inconsistent across studies limited by infrequent 
sampling resolution, unrealistic freeze-thaw conditions, and unclear changes 
to specific microbial taxa over the entire non-growing season.4-7 

 
 

Objectives 
The primary objective of this study was to characterize changes in microbial 
community diversity through the winter transition, freeze-thaw cycles, and 
nutrient stress. Microbial community responses were examined in 
connection to changes in soil geochemistry and nutrient availability. Further, 
the efficacy of pre-winter fertilizer amendments were explored, as higher 
frequencies of thaw events may result in microbial consumption of fertilizer 
and decreased potency at spring planting. 8,9 The results from this research 
will clarify microbial impacts on biogeochemical cycling and can be used to 
inform agricultural best-practices.  

 

Methods and Results 
Four soil columns were packed with agricultural soil and incubated for a period of 60 days simulating the complete non-growing season with an unfertilized and 
fertilized condition. Soil and flow-through leachate were sampled to monitor microbial community diversity, and geochemical changes. The soil microbial community 
diversity of bacteria, archaea, and fungi was assessed using amplicon sequencing of the 16S and ITS rRNA genes. Geochemical data including nitrate concentration 
measured via ion chromatography was used to determine microbial fertilizer consumption. 

    

  Freeze-thaw cycles are limited to the top layer of soil with muted temperature changes with decreasing depth  

 Bacterial, archaeal, and fungal microbial communities do not significantly change in alpha diversity in response to freeze-thaw and nutrient 

(fertilizer) stress over the simulated non-growing season, or between fertilizer treatments 

 Despite significant rates of nitrification in fertilized columns there is little change to bacterial and archaeal core community relative 

abundance between fertilized and unfertilized samples 

 We propose that microbial communities in agricultural soils are resilient to stress and that rather than changes to composition we expect 

geochemical changes (i.e nitrification) to be driven by changes in behavior through changes to gene expression 
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Figure 1: Schematic 

diagram of soil columns. 

Four columns were packed 

with agricultural soil, with two 

columns amended with 

fertilizer. A sprinkler head 

allowed for application of 

precipitation which is then 

collected as leachate after 

flow-through. Temperature 

probes were used to track 

the simulated temperature 

gradient across depth 

created by the environmental 

chamber and insulating band 

heater (instrumented and 

labeled on Fertilizer 1 

column, not present in other 

three columns). Ports at 

various depths allow for soil 

sampling (sampled depths 

labeled on Fertilizer 2 

column, ports were present 

in all four columns).  
 

Figure 2: Temperature and 

simulated climate model. 

Bottom: Five temperature 

probes including ambient air 

and various soil depths were 

used to monitor the 

simulated on-growing 

season, with added 

premature mid-winter thaw, 

in the soil columns over 56 

days. Air temperature (grey 

line) shows the incubation 

conditions. Insulation from 

the band heater prevents 

FTC in all but the shallowest 

depth (3.6 cm depth). Top: 

Precipitation based on 

simulated climate data was 

added over the course of the 

experiment via sprinkler 

head and collected as 

leachate periodically. Soil 

sampling occurred 

approximately once a week 

(ten sampling points, grey 

dotted lines).  

 

Figure 3: Top soil layer 

microbial alpha diversity.  

Microbial diversity as 

determined by Shannon 

score is shown across time 

and between unfertilized 

(blue), and fertilized (red) 

columns. Top: Bacterial and 

archaeal alpha diversity trend 

over time is shown 

determined via the QIIME2 

pipeline from 16S rRNA 

amplicon sequencing.10 

Bottom: Fungal alpha 

diversity trend over time is 

shown determined via the 

QIIME2 pipeline from ITS 

amplicon sequencing.10 

Figure 4: Microbial Core 

Community relative 

abundance and nitrate 

concentration. Top: Bacterial 

and archaeal taxa identified 

as core members, as 

determined by Shade and 

Stopnisek (2019), are 

summed and the change to 

the total relative abundance 

of the core community is 

shown across time and 

between the unfertilized 

(blue), and fertilized (red) 

columns.11 Bottom: Nitrate 

concentration determined via 

ion chromatography of flow-

through leachate is shown 

over time and between the 

unfertilized (blue), and 

fertilized (red) columns.  

Conclusions 


