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Abstract

Many crops have mutualistic arbuscular mycorrhizal fungi(AMF) associations that
positively affect plant and soil health. AMF likely mitigates agricultural problems like topsoil
depletion and compaction from tilling. The literature review on AMF associations under different
practices showed the need for more studies. This project studied an AMF community's impact
on soil quality and plant health in conventional till(CT) and no-til(NT) managed corn and
soybean plants. Data was gathered from these fields in West MI, using field soil to inoculate
greenhouse plants in normal/drought conditions. Three types of data were collected for each
case: 1)AMF community via spore type and presence, 2)Soil structure via aggregate size and
nutrient quantity, and 3)Plant productivity via root-shoot biomass ratio and structure. This study
will provide an update of our ongoing data collection and analysis. This study aims to describe
the conditions where AMF benefit crop production and soil quality locally.

Background

One group of fungi known as arbuscular mycorrhizal fungal (AMF) symbionts have a
large impact on both plant productivity and soil health in agriculture [Citation]. AMF have a
direct connection to the plant via internal hyphal networks and have a direct impact on the soll
environment via external hyphal networks. AMF have been shown to have a positive effect on
drought tolerance, pathogen resistance, and nutrient uptake in the plants that they associate
with, while also mitigating topsoil depletion and compaction of the soil. This extraordinary plant-
fungal partnership seems to hold solutions for major agricultural problems including soil erosion.

One of the major agricultural practices that can adversely affect the benefits of AMF
associations is tilling. Tilling is the mechanical disturbance of soil before planting, that has been
shown to increase soil compaction, water runoff, and topsoil erosion [Citation]. Tilling breaks the
hyphal network in the soil, severely stunting the growth of these fungi each planting season.
These fungal networks naturally break through compacted soil, forming aggregates that stabilize
the soil, reduce compaction, and increase organic matter and improve overall health of the soil.
AMF formed aggregates are made through the glycoprotein, glomalin, a hyphal exudate that
works like a glue to form small clumps in the soil. Aggregates are harder to wash away than
loose soil, and naturally aerate the soil as the clumps leave pores that help allow better water
infiltration and water holding capacity. AMF hyphal glomalin is an important part of the benefit of
these fungi to agriculture and for soil health, but is still poorly understood.

Approach

In the Fall of 2019 we set out to better understand AMF, the effects of tilling, and the
effect of AM associations on crops under normal and drought conditions in our local community
of West Michigan. We spent Fall learning about AM fungi, discussing current literature, and
developing our research project. We planned to monitor and sample two local fields with
different tilling practices, one with a history of reduced tillage and the other with a history of
intensive tillage. These samples would then be used to inoculate sterile soil and grow crops
under controlled conditions in the greenhouse, allowing for testing of the effect that these
inoculants would be able to have on the growth of plants under different watering conditions(see
Appendix 1: Winter 2020 proposal).

While many frameworks and intentions were laid out, by the time the 2020 growing
season had arrived, the pandemic of Covid-19 was upon us as well. Due to quarantines and



shutdowns of campus leading to limited access, remote work became necessary. This brought
about a literature review, compiling existing information into a database that could then be
analyzed. Additional pot experiments were also conducted at my personal residence to limit
contact with individuals during this season.

Materials Methods

Field Work

Initial sample collection was done at my uncle’s family farm mid-June when the field
crops were [___]old. Under the supervision and aid of Graduate student Derek Bennett,
composite random sampling was done at six locations in each field and each location was
tested in triplicate for four different variables: water infiltration rates, soil compaction, soil
moisture levels, and the collection of soil cores. Water infiltration rates were determined by
inserting a 3 inch diameter PVC pipe 2 inches into the soil and measuring the time required for 1
inch of rainfall, simulated by 115mL of water, to filter through the soil. Soil compassion was
determined using a compaction probe that recorded compaction levels every 3 inches as the
probe was inserted into the ground. Soil moisture was determined by a moisture meter probe
that went 3 feet into the soil. Soil cores were taken by a 1.5 inch diameter PVC pipe inserted
7.9 inches (20cm) into the ground. Triplicates of cores from each location were compiled and
stored for later use.

Apartment Pots

After having exposure to a COVID-19 positive individual, it became necessary to have a
remote plant study for me to participate with while quarantined. Accounting for space limitations
at my apartment, 24 pots seeded with corn were grown on my porch. Potting soil and sand
were autoclaved for sterility, before being mixed 1:1 by weight and put into each of 24
greenhouse pots. Pots were grouped and numbered by 3 variables, crop type, inoculant type,
and watering conditions. Three seeds were planted in each pot at recommended planting
depths. A volume of inoculum, or sterile soil for the controls, with approximately 2.5% weight of
the total pot was added to each container. To account for microclimate variations, the potted
seeds were arranged 4 X 6 in randomized order (via random number generator). All 24 pots
were thoroughly soaked with water. As seedlings emerged, they were thinned to 1 plant per pot.
After 1 month from planting, we began inducing drought conditions.
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Harvesting of Plants
After two months of growth, pots were destructively harvested and analyzed. Shoot and root
systems were separated, and soil was removed from the root systems and stored. We
measured the length of the main stem, the diameter at the base of the stem, the above and
below ground biomass at harvest, the above and below ground biomass when dry (1 week after
harvesting), and if the plants had reached tassel stage or not.

Spore Counts

One way to characterize AMF in soil is by spore counts and morphology identification.
Soil samples from the sampling locations for both the NT and CT field were prepared for spore
extraction and counting. 200 grams for each CT and NT were shaken for 15 minutes through a
series of stack of mesh sieves in the following top-down order: 4000 um, 2000 pm, 500 pm, 250
pm, 125 ym, 63 um, bottom (solid pan). The soils from the bottom and lowest 3 filters were

pooled.

Two glucose solutions (60% and 20% table sugar) were made and carefully added to the
same 50mL microfuge tube so that a gradient between the two solutions was still visible. 15mL
of the filtered and pooled soil was added to each microfuge tube before being centrifuged.
Sand, silt, and heavy organic matter was pushed into a pellet, while the supernatant contained
the spores. To analyze large and small spores, the supernatant was again sieved through the
63 um filter and a sterile coffee filter (approximately 20 pm) above the pan. The material on the
filters was washed with DI water to remove the glucose solution and collected into separate petri

dishes.

A total of 12 plates were made, three plates from NT 63 pm mesh, three plates from NT
20 pm mesh, three plates from CT 63 pm mesh, and three plates from CT 20 um mesh. During
microscopy each plate was placed on top a template with three, 1mm square areas. The area
inside these boxes were meticulously analyzed for spores, which were counted and
morphological characteristics were described.



Literature review

As the pandemic continued to complicate the plans our team had made for the summer,
a transition to remote work was made. Our team determined that a comprehensive review of
existing literature could be done, and we began to gather articles. To compile literature for this
review we needed to find relevant journal articles that would provide data we could evaluate.
Articles were determined viable by the presence of information around four general topics:
Nutrients, Soil Structure, Glomalin, and AMF characteristics. Twenty three articles were found to
have information on these topics to varying degrees. The data of these articles was sorted into
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Results and Discussion

Literature review

While compiling articles for the literature review it became evident that many articles
were very specific in the data they analyzed. It was common for an article to focus heavily on a
few topics but have little to no data for many other aspects. Comparing data became
increasingly complicated as some articles provided only preliminary data (before experimental
conditions) while other articles monitored these factors as part of the study (Figure 2). As each
study tested and analyzed different plants, fungal species, and used different experimental
conditions, there was difficulty in organizing the raw data into something more concise. To
further complicate the matter, the ways in which factors could be recorded also varied greatly.
Many articles described how levels of specific compounds changed during the course of the
experiment, with some studies analyzing compounds in the soil and others determining these
values in plant tissues, while others yet determined these in the fungal tissues. Even when
multiple studies had determined the content of a compound in the same locations, they would



report these numbers differently in regards to the form that the specific compound was in, as
each study used a different extraction method that analyzed a specific form of the compound in
question. This occurred often with many of the compounds we were studying; including
glomalin, soil organic matter, and limiting nutrients like Nitrogen, Phosphorus, Potassium.
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While the data compilation was beneficial in my learning and expanded my
understanding of the different ways that many of the factors we studied could be analyzed and
affected, there was overall not enough similarity or consistency between studies to make
accurate comparisons.

Field and Greenhouse Work

This study gave me the opportunity to engage with my community and work on
communicating many scientific concepts in an accessible and meaningful way. Discussions on
the topic of agriculture with people inside and outside of the scientific community broadened my
understanding of how the many local traditions, scientific techniques, and the intermingling of
the two form the basis for agriculture today. As the local community partner was also my Uncle,
| was able to learn information about the business side of agriculture and how that impacted
decisions everyday in his work, while also understanding the emotional aspect of his dedication
to the farmland that our family has been working for multiple generations. This understanding
will benefit my ability to further engage with farmers in communities around the world in my
humanitarian efforts, being mindful and accepting of the beliefs and techniques that these
people have been using, while also working with them to implement scientifically backed
sustainable practices.

The time Derek and | spent working in the field and my time working with these research
plants taught me about how to manage my time and duties in a way that was efficient but also



was mindful of the extremely hot and humid conditions we worked in, preventing literal burnout.
Experiences in the greenhouse, while limited because of the pandemic, were beneficial for
understanding the nature of greenhouse work. | gained valuable experience learning how to
handle and care for plants with all the variables we worked to control, how to set up multivariate
studies, and a better understanding of the growth of our two study crops. This work helped
solidify my desire to pursue a career in agriculture and | am confident that these experiences
have set me up with the skills | need to be successful in agricultural settings, both in field and in
greenhouses.

Pandemic Planning and Future Work

Dealing with the pandemic caused us to manifest flexibility and graciousness as we dealt
with constantly changing regulations and social distancing standards. It forced much of the
laboratory aspects planned for this study to not be able to be performed in the time this study
was supposed to occur. As a result of this, there is still further work to be done. The soil
collected from the field and from all of our greenhouse plants is still stored and will later be
analyzed for glomalin levels via the Bradford extraction method. Spore counts from the soils
saved after harvest can also compared to the spore counts done earlier. The roots preserved
can be rehydrated and evaluated for infection percentages. | plan to continue this work for my
honor’s thesis in CMB this winter.
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Appendix 1

S3 Winter 2020 Proposal for Project

Title: Characterizing the identity of fungal symbionts and their impact on soil glomalin levels in
till and no-till corn fields.

Student: Catherine DeFouw

Faculty: Dr. Jennifer Winther

Project Goals - Most plants have a close association with fungi in their roots called an
arbuscular mycorrhizal (AM) association. An AM association is a mutualistic symbiosis where
the plant benefits by gaining access to limiting mineral nutrients from the fungus, and the
fungus receives food in the form of sugars from the plant. In addition to providing required
minerals to their plant host, AM associations have been shown to increase drought tolerance,
provide pest resistance, increase plant growth, facilitate establishment of seedlings, and
improve soil structure [1, 2, 3, 4]. Given these benefits (and many others), there has been
growing interest in understanding AM associations in agricultural systems, in particular the
impact of different agricultural management practices like till vs. no till on AM associations
[5,6,7, 8]. The ultimate goal of these studies is to determine if, when, and how AM associations
increase crop production and maintain (or even increase) soil quality over time [9].

Many current agricultural practices, including tilling, have resulted in major
losses of topsoil (what plants grow in) and decreasing topsoil quality [10,11]. AM fungi
play an important role in topsoil quality. AM fungi have a protein glomalin in their
hyphae that is known to account for up to 60% of the organic component in a soil and
AM hyphae (and the glomalin they contain) are critical in the structure and function of
topsoil [12]. A quality agricultural topsoil that has a high organic component is fertile
(can support plants without added inputs like fertilizer), has the proper amount of
oxygen to facilitate root growth, and maintains proper water balance (absorbs and
drains optimally). However, research into how AM associations impact soil structure
and glomalin levels under different agricultural management practices is extremely
limited. Even the most basic information, such the identity of the fungi that form AM
associations with crop plants under different management practices, is poorly
understood.

If funded by this grant, we will determine the identity of the AM symbionts in
the corn fields using DNA sequences [13] and characterize the glomalin component via
ELISA (enzyme linked immunosorbent assay[14]). We will be focusing on characterizing
the AMF identity and glomalin in the soil in both field samples from till and no-till
farms and in greenhouse experimental conditions (described in feasibility). Previous
studies have demonstrated that AM fungi abundance varies between till and no till
managed fields [15]. However, the identity of those AM fungi is poorly documented in
agricultural studies. In addition, very little is known about glomalin levels under
different management practices.

This study is enriching a study being conducted by Dr. Winther’s graduate student
Derek Bennet. Derek is conducting a much larger scale study on the impacts of till and



no-till farming practices in corn fields on macroscopic components of AMF
communities (including abundance and percent root infection), soil structure
(including aggregate size and nutrient quantity), and plant productivity (including root
structure, and root-shoot biomass ratio). This complementary molecular-based study
(making use of Derek’s experimental design and samples) will provide a more
complete picture of the role of AM fungi in corn till and no-till agricultural systems. To
date, many AM studies in agricultural crops have only been conducted in greenhouses,
making it difficult to apply the results to actual field conditions [16]. Our experimental
design will allow us to contextualize both greenhouse and field data. Ideally, we will be
able to determine the agricultural practice in corn with the most beneficial AM
population in terms of soil structure and plant productivity. We predict no-till practices
provide the most AM benefits and will further support education efforts to convince
farmers to adopt no-till practices. Conducting this research will allow Catherine to
apply the skills she has learned in her studies and help her develop a plan for the
future the incorporates her love of science, agriculture, and environmental action.
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