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Soil degradation is a top global threat

• Soil degradation
• Erosion
• Reduced organic matter
• Reduced soil fertility

• Soil water repellency
• Rill erosion
• Overland flow
• Loss of topsoil 
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News Sources, 2012

Presenter
Presentation Notes
Soil degradation is one of the top global threats to the biosphere if it is to remain a suitable habitat for humans.

Common types of soil degradation include erosion, and reduced organic matter content. 
Organic matter is comprise of the living and dead carbon containing compounds, and it’s decline contributes to the overall reduction of soil fertility (soil’s ability to sustain agricultural growth). 

Soil water repellency is one cause of soil erosion that can cause rill erosion (which is demonstrated in the picture), overland flow, and the loss of fertile topsoil. 



Oregon State University

Water repellency is a function of surface tension

• Water repellency is 
commonly observed in 

• Dry conditions
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Agriculture Research Organization

Presenter
Presentation Notes
 Water repellency is a function of surface tension. When a material exhibits water repellency, its surface has a lower free energy than the water molecules, and the water has a greater affinity to itself than to the surface.

In soil water repellency the soil’s affinity for water is greatly reduced and the wetting of the soil is delayed for a period of time. Depending on the degree of repellency this period can range from minutes to hours. 

PICTURE 1 

As demonstrated in the picture, repellent soils will cause water to bead up on itself rather than spread out across the surface.

Water repellency has been found to occur all across the world, in both wet and dry regions, but it is typically preceded by dry conditions. 


Pic 1 cred: http://unachshon.wixsite.com/uri-soil-science-lab/h2flow 
Pic 2 cred: https://www.mrgscience.com/ess-topic-51-introduction-to-soil-systems.html
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• Water repellency is 
commonly observed in 

• Coarse textured soils 
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Presenter
Presentation Notes
Water repellency is also commonly observed in Coarse textured soils. Or soils that have a high percentage of the largest particle size. 

This diagram shows the three soil sizes, categorized as sand, silt, and clay. The size of the particle determines the size of the air pores, and the rate of water infiltration. Clay is the smallest size defined as any particle that has a diameter  of .002mm or less. Soils with a lot of clay have small pores and a slow infiltration rate. On the other end of the spectrum we have sand which is defined as any particle that is between 0.5 to 2mm in diameter. Soils with a high percentage of sand have large pores and allow for rapid infiltration. However water repellency prevents rapid infiltration in coarse textured, sandy soils. 





Pic 1 cred: http://unachshon.wixsite.com/uri-soil-science-lab/h2flow 
Pic 2 cred: https://www.mrgscience.com/ess-topic-51-introduction-to-soil-systems.html
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Water repellency may be controlled by microbes

• Water repellency is influenced by organic matter content

• Organic matter processes are controlled by soil microorganisms

• Soil microoganisms may actively control water repellency

5

Presenter
Presentation Notes
Previous research has suggested that the cause of soil water repellency may be controlled by microbes.

Soil water repellency has been thought to be a function of the organic matter content.

One study found that soils with a high amount of organic matter showed more severe water repellency than those with less organic matter.

Other studies have shown that water repellency in coarse-textured soils increased as the quantity of organic matter increased. The intensity of the water repellency was also reduced as the organic matter decomposed. 

Previous research has also shown that organic matter processes are controlled by the soil microorganisms. 

Considering the apparent dependence of the intensity of water repellency on variables such as the moisture of the soil, the microbial activity, and organic matter, there is potential for a biological explanation, where the soil microoganisms actively control water repellency. 
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Rationale for microbial influence

Microbial activity and growth is seasonal, they produce aliphatics

Aliphatic constituents are water repellent

Soil becomes water repellent

Soil wettability is seasonal
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Presenter
Presentation Notes
There are four main points that suggest there is a microbial influence:

First, soil wettability is seasonal. Previous research has shown that soil wettability is climate dependent, where soil exhibits more water repellency in the dryer seasons. 

Secondly, research has shown that microbial growth depends on temperature and moisture, and follows seasonal cycles. 

Additionally, some microbes are known to produce aliphatic constituents 

Third, aliphatic constituents, are non-wetting materials, so they are water repellent. 

Finally, when aliphatic constituents come in contact with surrounding soil particles, the soil can also be rendered water repellent. 

This series of observations suggest that aliphatic constituents may be a mechanism that the microbes use to reduce their moisture loss by forming a water repellent, lipid-like skin around themselves.
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Specific Research Question
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Can soil water repellency be 
induced by the microbial 
community through the 
production of aliphatic 
constituents in their 
extracellular polymeric 
substances (EPS) as a 
response to desiccation stress?

Presenter
Presentation Notes
The specific research question is: can soil water repellency is induced by the microbial community through the production of aliphatic constituents in their extracellular polymeric substances as a response to desiccation stress.
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Specific Research Question

8

Can soil water repellency be 
induced by the microbial 
community through the 
production of aliphatic 
constituents in their 
extracellular polymeric 
substances (EPS) as a 
response to desiccation stress?

ChemSpider

Presenter
Presentation Notes
Aliphatic constituents are characterized by long chains of hydrocarbons, such as 3,6-dimethyldecane shown in the picture. 

They are similar to the long non-polar chains on lipids, and they are both non-wetting compounds. 
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Specific Research Question
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Can soil water repellency be 
induced by the microbial 
community through the 
production of aliphatic 
constituents in their 
extracellular polymeric 
substances (EPS) as a 
response to desiccation stress?

ChemSpider

de Oliveira Delgado, 2014

Presenter
Presentation Notes
Aliphatic constituents are a component of extracellular polymeric substances, or EPS. 

EPS are substances exuded by the microbial community, and they form an outer matrix around the microbes, as shown in the picture. 

EPS can also form contiguous films on mineral surfaces (like soil), which helps protect the cells from desiccation and lysis. 

Picture is 
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Objective 1:
Determine if water repellency was a response 
to desiccation stress
• Specific Hypotheses:

• The degree of water repellency increases as the moisture content 
decreases

• The degree of water repellency is greater for the subsoil (0.2-1cm) than 
the crust (0-0.2cm)

• The degree of water repellency increases the longer the soil is 
subjected to wetting/drying cycles

10
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Objective 2:
Determine if the microbial community actively 
controlled the water repellency

• Specific Hypotheses: 

• Microbial biomass decreases as the moisture content decreases

• The microbial biomass decreases the longer the soil is subjected to 
wetting/drying cycles

11
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Objective 3:
Determine if water repellency is a function of 
the quantity of aliphatic constituents in the soil
• Specific Hypotheses: 

• The quantity of aliphatic constituents increases as the moisture content 
decreases

• The quantity of aliphatic constituents in the subsoil (0.2-1cm) is greater 
than in the crust (0-0.2cm)

• The quantity of aliphatic constituents increases the longer the soil is 
subjected to wetting/drying cycles.  

12
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The Quincy soil series

• Coarse textured soil
• Mixed mesic Xeric Torripsamment

• Agriculturally important

• In-situ water repellency

13

World Guides

Presenter
Presentation Notes
The soil used for this experiment was the Quincy soil series.

As mentioned previously, coarse textured soils like the Quincy, which is made up of approximately 95% sand, tend to exhibit severe water repellency. The Quincy soil in particular is also economically important to irrigated agricultural lands in the Pacific Northwest, where it is used for potato production. (mention that irrigaiotn pattern typical is 24hrs.)

The soil used for this experiment was sampled from a field in Boardman, OR where water repellency caused overland flow.
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Treatments
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Presenter
Presentation Notes
There were 4 different treatments that were subjected to wetting and drying cycle intervals. The wetting and drying cycles were defined by the wetting interval, and its target moisture content. 

(mention this is not data, but simply a figure to visualize the treatments). 
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Presenter
Presentation Notes
There were 4 different treatments that were subjected to wetting and drying cycle intervals. The wetting and drying cycles were defined by the wetting interval, and its target moisture content. 

(mention this is not data, but simply a figure to visualize the treatments). 
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Treatments
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Presenter
Presentation Notes
There were 4 different treatments that were subjected to wetting and drying cycle intervals. The wetting and drying cycles were defined by the wetting interval, and its target moisture content. 
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Treatments
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Presenter
Presentation Notes
There were 4 different treatments that were subjected to wetting and drying cycle intervals. The wetting and drying cycles were defined by the wetting interval, and its target moisture content. 
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Experimental Conditions

• Diurnal temperature

• Two week duration
• Sampling week 1 and week 2 

• Rewet up to initial moisture 
content of 6%

• Rewetting solution
• Carbon & nitrogen

18

Presenter
Presentation Notes
All treatments were subject to a diurnal temperature flux to replicate day and nighttime temperature conditions in the field. Each day the samples spent 16hrs at 28C (82.4F) and 8hrs at 8C (46.4F). 

The experiment was for a two week duration and soil was sampled at  the end of week 1 and week 2. 

The samples were rewet at their respective intervals, to the same initial moisture of 6% by adding solution until the sample cup reached its initial weight, because the itital weight was assumed to be equal to the initial moisture content. 


The rewetting solution that was used contained carbon and nitrogen in a 6:1 in order to feed the microbial community. With the N content calculated to mimic a typical liquid fertilizer schedule in the region.

Picture: One of the sample cups from the low desiccation treatment that was hydrated every 8 hours. 
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Analyses
• Degree of water repellency

• Water drop penetration time
• Contact angle

• Microbial biomass
• Chloroform fumigation extraction
• Shimadzu total carbon analyzer 

• Quantification of aliphatic constituents
• Hexane extraction
• Gas chromatography mass spectroscopy

19

Presenter
Presentation Notes
WDPT and CA were used to determine the degree of water repellency for each sample. Two different metric were used in order to verify that the phenomenon observed was significant and not just a fluke. 

The microbial biomass was determined using the chloroform fumigation extraction.

Aliphatic constituents were extracted with the hexane extraction and identified using gcms. 



Oregon State University

Water Drop Penetration Time 
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Crust (0-0.2cm)
Subsoil (0.2-1cm)

Lee et al, 2015

Presenter
Presentation Notes
The first analysis was water drop penetration time. 

It measures how long it takes a drop of water to infiltrate the soil surface. A longer time indicates a higher degree of water repellency. 

For this experiment a high speed camera was used to record the water drops. 

The series of pictures show a drop of water throughout a WDPT measurement. The infiltration time starts as soon as the drop of water comes in contact with the surface of the soil, and the measurement is done once the outermost edge of the drop has infiltrated.
 
WDPT was measured at two different depths: the surface crust which was defined as the the top 2mm, and the subsoil which was defined as the depth from 0.2 – 1cm. 




NOTE: Add picture credits

WDPT: https://dl.sciencesocieties.org/publications/vzj/abstracts/14/4/vzj2014.08.0106?show-t-f=figures&wrapper=no?access=0&view=article

CA: http://www.ramehart.com/contactangle.htm 
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Water Drop Penetration Time 
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Crust (0-0.2cm)
Subsoil (0.2-1cm)

Presenter
Presentation Notes
The first analysis was water drop penetration time. 

It measures how long it takes a drop of water to infiltrate the soil surface. A longer time indicates a higher degree of water repellency. 

For this experiment a high speed camera was used to record the water drops. 

The series of pictures show a drop of water throughout a WDPT measurement. The infiltration time starts as soon as the drop of water comes in contact with the surface of the soil, and the measurement is done once the outermost edge of the drop has infiltrated.
 
WDPT was measured at two different depths: the surface crust which was defined as the the top 2mm, and the subsoil which was defined as the depth from 0.2 – 1cm. 




NOTE: Add picture credits

WDPT: https://dl.sciencesocieties.org/publications/vzj/abstracts/14/4/vzj2014.08.0106?show-t-f=figures&wrapper=no?access=0&view=article

CA: http://www.ramehart.com/contactangle.htm 
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Contact Angle

22

Presenter
Presentation Notes
The second metric used to determine the degree of water repellency was contact angle. Two different methods were used in order to verify the the phenomenon observed was actually significant and not just a fluke. 𝜃

The contact angle refers to the angle made between the edge of a water drop and the surface, as denoted by theta in the diagram.

A larger angle indicates a higher degree of water repellency. A surface is considered water repellent if the contact angle is equal to or greater than 90 degrees. For this experiment the contact angle was measured from a screenshot the WDPT recording and  

CLICK

A program  was used to calculate the contact angle. An ellipse was drawn around the drop, which created a tangent line. And the contact angle was between the tangent and the soil surface. 
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Contact Angle
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Presenter
Presentation Notes
The second metric used to determine the degree of water repellency was contact angle. Two different methods were used in order to verify the the phenomenon observed was actually significant and not just a fluke. 𝜃

The contact angle refers to the angle made between the edge of a water drop and the surface, as denoted by theta in the diagram.

A larger angle indicates a higher degree of water repellency. A surface is considered water repellent if the contact angle is equal to or greater than 90 degrees. For this experiment the contact angle was measured from a screenshot the WDPT recording and  

CLICK

A program  was used to calculate the contact angle. An ellipse was drawn around the drop, which created a tangent line. And the contact angle was between the tangent and the soil surface. 
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Quantification of microbial biomass

• 0.5M potassium sulfate extraction

• Shimadzu total carbon analyzer

• Calculation
• Fumigated C – nonfumigated C

• Chloroform fumigation

24

Okalebo et al., 1993

𝑐𝑐 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

________________________________
0.45

=
𝜇𝜇𝑔𝑔 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝑔𝑔 𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

Presenter
Presentation Notes
The microbial biomass was quantified using the chloroform fumigation method. 

To fumigate the samples, they were placed in a vacuum sealed chamber with a beaker of chloroform.
The pressure in the chamber was reduced, which allowed the chloroform to boil and transition to a gas. 
The soil samples were exposed to the chloroform vapors for 24hrs, which killed the microbes by breaking open their cells, and releasing their organic compounds. 
Each fumigated sample had a paired sampled that did not get fumigated. Both samples had their soluble organic carbon extracted with 0.5M K2SO4, and the extracts were measured on the shimadzu. 

The difference in carbon content between the fumigated sample and non-fumigated sample was the amount of carbon that was in the microbial cells. The amount of carbon is proportional to the microbial biomass in the soil. 

The correction factor is used to account for the fraction of carbon that is mineralized by CO2.







NOTE: Add picture credits

Hexane: https://www.sciencedirect.com/science/article/pii/S0021967309016884

Chloroform: https://www.researchgate.net/figure/Experimental-Apparatus-and-Sample-Arrangement-in-the-Fumigation-Procedure-Okalebo-et_fig2_304170861 

Chloroform Fumigation	
	Fumigated & non-fumigated samples
	Fumigated = lots of CN because lyse microbe cells
	non-fumigated = little CN because microbe cells intact 
	Fumigated – nonfumigated = CN of microbes
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Extraction of aliphatic constituents 

25

• Hexane Extraction
• Soxhlet apparatus 
• Semi-continuous process

Luque de Castro, 2010

Presenter
Presentation Notes
The aliphatic constituents were extracted from both the crust and the subsoil using a hexane extraction. 

Lipids are soluble in organic solvents, like hexane. Hexane was chosen because it targets nonpolar lipids, which was one of the defining characteristics of aliphatic constituents.

A soxhlet apparatus was used to create a semi-continuous extraction process. The soil sample was placed in a cellulose sample cup, and the solvent is put into the round bottom flask. The solvent is heated, and the vapors travel up though this tube and condense at the top of the extraction chamber. The condenser on top has cold water running through it, to condense the gas, which drips down into the sample. Once the solvent in the extraction chamber is above the siphon, it flows back into the flask, and the process repeats. 

Each extraction took 5 hours. 

Luque de Castro, 2010
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Quantification of aliphatic constituents 
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Habekost, 2017

Name Retention 
Time

Area 
%

9-Octadecene, 
(E)- 11.475 6.95

Cyclopropane, 
nonyl- 6.551 4.4

E-15-
Heptadecenal 15.19 4.36

Phenol, 3,5-
bis(1,1-

dimethylethyl)-
10.586 3.03

1-Docosene 16.517 2.66

Presenter
Presentation Notes
The hexane extracts were analyzed using gas chromatography mass spectroscopy or GCMS, which identified all of the compounds in the extract. 

GCMS ionizes compounds from a liquid extract. Each compound is separated by mass, where the heavier compounds have a longer retention time. Different patterns of peaks are created based on the mass to charge ratio l  ike shown in the picture (where retention time is on the x-axis in seconds, and ion intentisty or the abundance of each compound on the y-axis). The peaks were identified by comparing them to known compounds in the National Institute of Standards and Technology Database. 

This is an example the table that was created for each sample. The actual table for each sample lists hundreds of identified compounds.

The table contained the name of the compound which was identified by the retention time of the associated peaks, and the area of each peak corresponds to the concentration of the compound in the sample. 

Only the compounds that made up 1% or more of the sample were analyzed, because it was assumed that the compounds that made up less than 1% of the sample would not have a significant impact.  

(look up ion intenstiy or use different graph)
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Masiello et al. 2008

Identification of aliphatic constituents
• Nominal oxidation state of carbon

𝐶𝐶𝑜𝑜𝑜𝑜 =
2𝑧𝑧 − 𝑦𝑦 + 3𝑤𝑤

𝑥𝑥

𝐶𝐶𝑥𝑥𝐻𝐻𝑦𝑦𝑂𝑂𝑧𝑧𝑁𝑁𝑤𝑤

27

Masiello et al. 
2008

Presenter
Presentation Notes
The nominal oxidation state of carbon was used to identify which of the compounds were aliphatic constituents. 

The oxidation state refers to how oxidized a compound is, or how many electrons it has. For example, when a compound is more oxidized it loses electrons and the oxidation state moves towards the positive such as CO2 which is the most oxidized form of carbon. When a compound is reduced it gains electrons and moves towards the negative end of the spectrum, such as methane which is the most reduced form of carbon. 

Naturally occurring environmental compounds have a typical range of oxidation states. 

The range of lipids was used as a benchmark to determine which oxidation states apply to aliphatic compounds. Compounds that had an oxidation state of -2 or less were identified as aliphatic constituents. 

This number represents the most reduced lipids, similar to the hydrocarbon chains that characterize aliphatic constituents. 


This equation was used to determine the oxidation state of each compound identified based on the chemical formula. C sub ox is the oxidation state of carbon. Z is the number of oxygen atoms, y is the number of Hydrogen, W is the amount of Nitrogen, and x is the number of carbon atoms in a compound. 
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Masiello et al. 2008

Identification of aliphatic constituents
• Nominal oxidation state of carbon

𝐶𝐶𝑜𝑜𝑜𝑜 =
2𝑧𝑧 − 𝑦𝑦 + 3𝑤𝑤

𝑥𝑥

𝐶𝐶𝑥𝑥𝐻𝐻𝑦𝑦𝑂𝑂𝑧𝑧𝑁𝑁𝑤𝑤
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Presenter
Presentation Notes
The nominal oxidation state of carbon was used to identify which of the compounds were aliphatic constituents. 

The oxidation state refers to how oxidized a compound is, or how many electrons it has. For example, when a compound is more oxidized it loses electrons and the oxidation state moves towards the positive such as CO2 which is the most oxidized form of carbon. When a compound is reduced it gains electrons and moves towards the negative end of the spectrum, such as methane which is the most reduced form of carbon. 

Naturally occurring environmental compounds have a typical range of oxidation states. 

The range of lipids was used as a benchmark to determine which oxidation states apply to aliphatic compounds. Compounds that had an oxidation state of -2 or less were identified as aliphatic constituents. 

This number represents the most reduced lipids, similar to the hydrocarbon chains that characterize aliphatic constituents. 


This equation was used to determine the oxidation state of each compound identified based on the chemical formula. C sub ox is the oxidation state of carbon. Z is the number of oxygen atoms, y is the number of Hydrogen, W is the amount of Nitrogen, and x is the number of carbon atoms in a compound. 
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Determine if water repellency was a response to 
desiccation stress

29
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Fig. 1. Impact of moisture content on 
water drop penetration time. Error bars 
are the coefficient of variance. Letters 
indicate whether there was a significant 
difference (p < .05). Asterisks indicate 
difference in weeks.
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Fig. 2. Impact of moisture content on 
contact angle. Error bars are the 
coefficient of variance. Letters indicate 
whether there was a significant 
difference (p < .05). Asterisks indicate 
difference in weeks.

Presenter
Presentation Notes
One hypothesis was that the degree of water repellency would increase as the moisture content decreased. 

The first analysis that determined water repellency was WDPT. 

The four moisture content treatments are on the x axis arranged from largest to smallest, with the smallest moisture content is the driest soil. And then wdpt on this axis measured in seconds. The  letters are indicating whether there is a significant differences between treatments for a p < .05. FOR EXAMPLE The first three treatments all have the letter a and did not display a difference in wdpt from each other. However this last treatment has a b which means its wdpt was different that the other three. 

The statistically significant repellency in the 0.65% treatments shows that at soil that has been dry for a prolonged period of time displays water repellency. 

Also notice the large increase in WDPT between the 1.8% treatment and the 0.65% treatment. This suggests that we are nearing a threshold moisture content where WDPT starts to increase. 

NEXT

The second analysis that determined the degree of water repellency was CA

Again we have the moisture content treatments on the x-axis and the contact angle on the y-axis measured in degrees. The letters indicate a significant difference between treatments for a p-value < .05. And the asterisks indicate that the treatment showed a difference between weeks.   

It is also important to note that these two metrics are displaying the same trend, which verifies the repellency phenomenon we’re seeing. 

The results from the WDPT are confirmed again as we see a statistically significant repellency in the 0.65% for CA, as well as a large increase between the 1.8% and 0.65% treatments. 

While it is not a stepwise relationship, there is an increase in both WDPT and CA at lower moisture contents, and so the hypothesis cannot be refuted. 
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Fig. 4. Impact of duration of wetting/drying 
cycles, moisture content, and soil depth on 
contact angle. Error bars calculated using the 
coefficient of variance.
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Determine if water repellency was a response to 
desiccation stress

Fig. 3. Impact of duration of wetting/drying 
cycles, moisture content, and soil depth on 
water drop penetration time. Error bars 
calculated using the coefficient of variance.
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Presenter
Presentation Notes
While the averages did not show a difference in water repellency between treatments, when the data was broken up by sampling week, and depth more patterns emerged. 

WDPT graph first. X-axes (including colors) and then y-axes. 

Another hypothesis was that the degree  of water repellency would be greater for the subsoil than the crust. 

For the 3% moisture treatment there is no difference between the depths. 
For the 2% and 1.8% treatments the subsoil has a consistently greater wdpt than the crust. 
Also notice that the difference between the depths is more pronounced in the 1.8% treatment than the 2% treatment. 

The next hypothesis was that the degree of water repellency would increase the longer the soil was subject to wetting/drying cycles. The duration of the wetting/drying cycles was broken up into a 1 week and 2 week duration. 

For the 3% moisture treatment, there was a trend of decreasing wdpt, but the change in the crust was not significant. 

For the 2% treatment the wdpt for the crust did not significantly increase from week 1 to week 2, but the subsoil did. 

For the 1.8% treatment, wdpt did not change significantly for either depth.

Since the degree of repellency did not consistently increase from week 1 to week 2 this hypothesis cannot be accepted. However for the two lower moisture treatments the trend was there, suggesting that a duration may be able to see more pronounced difference. 

NEXT

CA also determined the degree of water repellency. 

X-axes (& colors) & y-axis. 

Again, both analyses displayed the same trend, which verifies the repellency phenomenon observed. 

Comparing CA between depths the 3% treatment saw no difference for week 1 or week 2, and this matches the 3% treatment for wdpt. Week one for both analyses were even, and for week 2 there was slightly more repellency for the crust. 

For the 2% treatment, we start to see more differences between the depths, where the subsoil has a greater contact angle than the curst. This is also seen in the wdpt. 

For the 1.8% treatment, the differences in ca becomes even more pronounced which was again seen in the wdpt measurement as well. 

The ca between weeks was also similar to the wdpt.

In the 3% treatment the ca decreases for both the crust and the subsoil.

In the 2% treatment there is a trend of increasing ca both the crust and the subsoil but there is no statistical difference.

In the 1.8% treatment there was a trend of increasing ca for both depths, but again no statistical difference (similar to wdpt). 

Both the wdpt and ca analyses showed a trend of greater water repellency for the lower moisture content treatments but not at the 3% treatment and so the hypothesis that repellency for the subsoil was greater than  the crust cannot be accepted. 

However the trends do suggest that the subsoil becomes more water repellent than the crust at lower moisture contents, and that threshold may be around 1.8% moisture. 

The next hypothesis was that the degree of repellency would increase the longer the soil was subjected to wetting/drying cycles. Since the degree of repellency did not consistently increase from week 1 to week 2 for either wdpt or ca this hypothesis cannot be accepted. However for the two lower moisture treatments the trend was there, suggesting that a longer duration of wetting/drying cycles may produced a more pronounced difference. 
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Fig. 5. Impact of moisture content on 
microbial biomass Error bars are coefficient 
of variance. 

1.8% 2% 3%
0

200

400

600

M
ic

ro
bi

al
 B

io
m

as
s 

(u
g 

ca
rb

on
/g

 d
ry

 s
oi

l)

Moisture Content (%)

Duration of wetting/drying cycles
 1 week
 2 weeks

Determine if the microbial community actively 
controlled the water repellency

Presenter
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This graph is comparing the impact of moisture content and the duration of wetting/drying cycles on the microbial biomass. 

X axis (& color), y-axis. 

One hypothesis was that the microbial biomass would decrease as the moisture content decreased. 

For both week one and week two the microbial biomass showed a slight overall decreasing trend where the biomass for the 3% treatment is greater than the 1.8% treatment, but there were no significant differences. Therefore the hypothesis cannot be accepted. (describe by color)

The next hypothesis was that the microbial biomass would decrease the longer the soil was subjected to wetting/drying cycles. 

Here we are looking for a difference between week 1 and week 2. 

For the 2% and 3% treatments the light blue bar is shorter than the dark blue bars, indicated that the microbial biomass decreased from week 1 to week 2. However there were no significant differences.

The 1.8% treatment, however, increased in biomass from week 1 to week 2. 

Because the microbial biomass did not decrease significantly for all treatments the hypothesis cannot be accepted. 
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Determine if water repellency is a function of the 
quantity of aliphatic constituents in the soil

Fig. 6. Impact of moisture content on quantity 
of aliphatic constituents. Error bars are 
coefficient of variance. 
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This graph is comparing the impact of moisture content on the quantity of aliphatic constituents. 

X and y axis.

The fourth hypothesis was that the quantity of aliphatic constituents would increase as the moisture content decreased. While there was no statistical difference between moisture content treatments, there is a slight trend of increase aliphatic content with lower moisture. Thus the hypothesis cannot be refuted. 
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Microbial Biomass               Aliphatic Constituents

Fig. 5. Impact of moisture content on 
microbial biomass Error bars are coefficient 
of variance. 
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Fig. 6. Impact of moisture content on quantity 
of aliphatic constituents. Error bars are 
coefficient of variance. 
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Discussion Points

1. The degree of water repellency changed by moisture content 
over time.

2. The lower moisture content treatments were associated with a 
higher degree of water repellency.

3. The low moisture and high repellency treatments were found 
in samples that had a higher relative percentage of aliphatic 
constituents. 

34

Presenter
Presentation Notes
When the individually tested hypotheses are taken as a whole we find evidence that the microbial production of aliphatic constituents may induce water repellency. 

This comes from three primary results:
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Conclusion

• Microbes may induce water repellency by producing aliphatic 
constituents

• Longer duration to confirm trend 

• Test moisture content treatments between 1.8% and 0.65% to 
determine water repellency threshold
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The trends in the data suggests that under desiccation stress microbes may induce water repellency by producing aliphatic constituents. However, more research is needed to confirm the results.

First, a longer experimental duration is needed to confirm that the quantity of aliphatic constituents are increasing by the active production by microbes. There was a slight trend of increasing aliphatic content and decreasing biomass, but the results weren’t statistically significant. 

Secondly, the experiment should be repeated with moisture content treatments between 1.8% and 0.65% in order to pinpoint the threshold where water repellency starts to increase. 
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Microbial biomass typical for sandy soils: hofman et al., 2004 -- 400-600 ugC/g 
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