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Abstract

Materials & Methodology

The purpose of this study was to research the disease-resistant
properties of two fungi, Glomus and Metarhizium anisopliae, and how
an established mycorrhizal link between fungi and plants can aid in
pest and disease prevention (Hughs 2004). Tomato plants were
germinated aquaponically until plants laterally branched and
reached 6 inches in height. Plants were transferred into six growing
bins which held two tomato plants separated by a mesh bi-layer
barrier to prevent direct root connection, but allow for mycorrhizal
linkage. The fungi were added to the bins independently and in
combination, and allowed to grow for four days. In accordance with
the fungus, plants were then infected with Tobacco Mosaic Virus and
left until lesions formed. Leaf samples were collected and proteins
extracted. A spectrophotometer was used to run a Bradford assay to
determine protein quantitation of each sample and compare to the
control which served as a standard curve.

Twelve tomato plants were grown from seeds in an aquaponics system for two weeks before being
transferred to soil in six rectangular growing bins(13 ⅝”L x 8 1/4”W x 4 ⅞”H ). Two plants were then
grown in each bin, one at each end of the bin, and then separated by a double layer mesh barrier to
facilitate mycorrhizal links between plants rather than root connection. After the plants were established,
fungi were put into the soil. Two species of fungi were used, Glomus and Metarhizium anisopliae. These
fungi were chosen for their prevalence in soil found throughout the world and in varying climates, as well
as for their disease and pest resistant properties. Six experimental groups were created. The first group, the
negative control group, consisted of two healthy plants without a mycorrhizal link between the two plants.
The second experimental group, negative control group consisted of two plants without a mycorrhizal link,
but one of the plants was diseased with Tobacco Mosaic Virus. The third experimental group had no
disease, but the soil was inoculated with both Glomus and Metarhizium anisopliae creating a mycorrhizal
link between the two tomato plants. The fourth experimental group had a single tomato plant infected with
Tobacco Mosaic Virus, this infected plant however was connected to a healthy receiver tomato plant via a
Glomus mycorrhizal link. The fifth experimental group had a single tomato plant infected with the
Tobacco Mosaic Virus, the infected plant will be connected to a healthy receiver tomato plant via a
Metarhizium anisopliae mycorrhizal link. The sixth experimental group had a single tomato plant infected
with the Tobacco Mosaic Virus, the infected plant was connected to a healthy receiver tomato plant via a
shared mycorrhizal link between Glomus and Metarhizium anisopliae.

Introduction
Pests and disease are the direct cause of the loss of an
estimated 20 to 40 percent of the global crop yield each year.
Furthermore, as a result of climate change, more and more forests
are being exposed to invasive insects, resulting in the decrease of
natural biodiversity and the loss of habitats for thousands of
animals (FAO, 2019). As climate change and disease exposure
threaten farms across the globe, a natural solution must be found
in order to combat such obstacles in a sustainable manner.
Through the disease support provided by fungi to plants via a
Mycorrhizal network, it is hypothesized that fungi can be an
alternative to harmful pesticides.
A Mycorrhizal network is a series of Hyphal links, in which
fungi tap into the roots of plants. This creates a symbiotic
relationship between plants and fungi in which the plant supplies
the fungi with nutrients and food, and the fungi provides the plant
with disease protection, nutrients, and pathways to other plants.
When in the presence of disease, the mycorrhizal fungi,
introduced via soil inoculation, will trigger the host plant to
release defense enzymes via root to hyphae connections. In
addition, the fungi itself will signal other plants to release such
enzymes to boost their own immune response and to send to the
infected plants, lessening the potential disease spread (Song and
Zen, 2010).
The fungi used for this experiment were Metarhizium
anisopliae and Glomus. Both species of fungi are prevalent
throughout the world, meaning they are able to survive in most
environments, and at the same time not become an invasive
species (Staments, 2019). Glomus was chosen since when sharing
a Mycorrhizal link with a plant it provides disease resistance and
nutrient support. Metarhizium was chosen for its well studient
disease and pest resistant properties. The aim of this study is to
research how the Mycorrhizal network between plants and fungi
can facilitate the passage of defense enzymes between diseased
and healthy receiver plants, and ultimately help diseased plants
fight disease.
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Plant inoculation with Glomus and Metarhizium anisopliae:
To inoculate the fourth experimental group which consisted of Glomus, 26mL of Glomus mixed in
water was added to the soil surrounding each of the tomato plants. For the fifth experimental group which
consisted of Metarhizium anisopliae, 26mL of Metarhizium anisopliae in a karo broth was added to the
soil surrounding each of the tomato plants. The broth consisted of 250 mL of water mixed with 10 grams
of Karo (corn syrup), and Metarhizium anisopliae. For the third and sixth experimental groups which
consisted of both Glomus and Metarhizium anisopliae, 13ml of each of the two fungi were added to the
soil directly surrounding each of the tomato plants.
TMV extraction:
Next Tobacco Mosaic Virus was isolated from dried tobacco leaves in order to disease the plants.
First, tobacco was crushed in a mortar and pestle. A two gram sample of the tobacco leaves was measured.
Next, a mixture of 2.7 grams of diatomaceous earth was added to 200 mL of phosphate buffer, and mixed.
The solution was then poured into a graduated cylinder to measure out 30 mL of the solution. The two
grams of tobacco leaves were then added to the phosphate-diatomaceous earth solution and mixed for one
minute. Once thoroughly mixed, the solution was poured through a cheesecloth to remove tobacco
particles. The resulting solution was then brushed onto the leaves of the tomato plants in order to infect
them with TMV. Infection was determined when leaves developed lesions.
Protein Extraction
After 4 days of mycorrhizal growth, 2 grams of leaf samples were taken from each of the plants. 2
grams of leaves were added to a mortar and pestle with a pinch of Diatomaceous earth and 1.5mL of
distilled water, and grinded until liquified. A drop of lysis buffer was then added to the solution in order to
facilitate the break up of cell membrane, as well as .5 grams of protease. This mixture was then put in the
fridge for an hour before being centrifuged 8,000rpm at 4 degrees C for 20 minutes. Once finished, pellets
formed at the bottom of the tubes. The supernatant was removed from the tube, placed into individual
containers, and the pellet was discarded.
Protein Analysis
A Bradford assay was run inorder to measure the concentration of proteins within gathered leaf
samples in each experimental and control group. Firstly, a standard curve of protein concentrations was
established inorder to create a linear graph of protein concentrations. Using beer's law, which states that
absorbance at a given wavelength is directly proportional to its concentration, the standard curve allowed
for the determination of protein concentration through measuring a sample's absorbance at the wavelength
393.4 nanometers. Firstly, a gradient of different amounts of protein samples from the control group was
added to each individual cuvette. The first tube contains 20 microliters of supernatant from the first sample
of the control group. Next, 18 microliters was added to the following tube, 16 microliters to the next, and
this process was repeated in increments of .2 microliters until the last cuvette contained no supernatant at
all. Then, to balance the amounts of total solution in each cuvette, descending amounts of phosphate buffer
was added in an inverse manner then the supernatant. In the cuvette without any supernatant, 20
microliters of buffer was added. To the next tube, 18 microliters added, and following this, decreasing
increments of phosphate buffer was added to each tube in sets of .2 microliters until the last cuvette, which
already contained 20 microliters of supernatant, no phosphate buffer was added. This created a gradient of
protein concentrations that began with 100% concentration of the supernatant down to 0% of the
supernatant, descending in increments of 2 microliters to create a linear graph. Then, a fixed amount of 1
milliliter of coomassie blue dye was added to each of the cuvettes. As the dye binds to the arginine in
proteins, the samples reflected a subtle decrease in concentration down the line of corvettes, beginning
with a purple color for the 100% supernatant, and a light pink color for the 0% supernatant solution. An
image of this standard curve is provided in this paper. After the curve was created, the 100% supernatant
solution was placed into the spectrophotometer, and its highest absorbance value was measured using
logger pro. This value was 393.4 nanometers. Now that the curve was established and the base value
measured, the protein concentrations of each sample could be measured. For each group, 3 pellet and
supernatant solutions were created per each plant. After determining the best pellet solution through visual
analysis, 20 microliters of the supernatant was added to the cuvette, and then combined with 1 milliliter of
coomassie blue dye. After briefly mixing, the solution within the cuvette was placed within the
spectrophotometer, and its absorbance at 393.4 nanometers was gathered. This process was repeated for
every plant, and their values were plotted in a chart.

Discussion

Key:
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Before the experimentation process began, it was hypothesized that the uninfected plant would
send over nutrients to the infected plant, or that the infected plant would warn the normal plant
of a possible infection. In essence, it was predicted that the healthy plant would send defense
enzymes via mycorrhizal links and other proteins to the infected plant, and that the diseased
plant would warn the healthy plant, prompting its own production of defensive enzymes before
any infection occurred. This was proved to be correct by the data gathered. After establishing the
protein concentrations of a healthy plant within the control, the significance of differing
concentrations within the testing group could be obtained. Within the diseased group inoculated
with metarhizium anisopliae, there was a staggering result. The healthy plant had a much lower
concentration of protein than that of the control, and the infected plant had greater than 1.5x the
control. It is inferred that such data means that the healthy plant had sent defensive enzymes and
proteins to the infected plant, which explains the difference in protein concentrations. The other
group, diseased plant with glomus inoculation, provided slightly differing results. The healthy
plant in this group had a protein concentration around 1.3x the control, while the infected plant’s
protein concentration dwarfed the control with its concentration being 1.6x times greater. This
not only shows that the glomus fungi allowed for and aided the infected plant within producing
defensive enzymes, but also proves that the glomus mycorrhizal link actually warned the healthy
plant of a potential infection, and thus the healthy plant began a preparatory response before the
actual infection began. This piece of data is vital, as if applied to agricultural use, this fungi could
prevent disease spread, and thus, improve crop production efficiency. Next, the experimental
group containing both fungi and TMV infection provided essencial results as well. In this group,
the healthy plant had a protein concentration which roughly mimicked that of the control.
However, the infected plant in this experimental group had a gathered protein concentration over
2x that of the control value. This means that the fungi not only allowed the healthy plant to send
over defensive enzymes as seen by the slight decrease in protein concentration, but also allowed
and aided the infected plant greatly within protein production, and thus immune response. Lastly,
the group inoculated with both fungi, however lacking disease provided aligning results. Within
this group, both plants, even lacking disease, attained higher protein concentrations than the
control. This information suggests that on their own, mycorrhizal fungi allow for a more efficient
health maintenance process.
Various errors may have occurred throughout the process. Once plants were transferred into soil,
they were enabled to grow for several weeks. While kept in a sterile lab, it is possible that the soil
may have already had different species of fungi living in it. While not a major problem because
plants can form thousands of Mycorrhizal links with different species of fungi, if an experimental
group may have had another species of fungi, the data may have been slightly skewed, although
all of the data is consistent with the hypothesis. Secondly, a source of error is the loss of a positive
control group, where a single plant was infected with TMV but had no inoculated fungi. Due to
this catastrophic error in which proteins of this experimental group could not be quantified, it
cannot be concluded with certainty that the increase in protein is directly linked to the fungi.
Despite this, the results are strongly evident of mycorrhizal network benefits and plant aid.

Conclusion
Based on the results of these experiments, the data supports the hypothesis that mycorrhizal
fungi facilitate disease prevention in plants by causing the transfer and build up of plant proteins
In plants when in the presence of disease. At 393.4nm the control to had an absorbance of .448 and
Concentration of 1.00. For the Metarhizium group, it was found that the Uninfected plant had an
absorbance of .328 and concentration of .741, both of which are values lower than the control. The
Metarhizium inoculated plant did have disease; however, had an absorbance of .707 and concentration
of 1.60 both of which are significantly higher than the absorbance and concentration values of the
control. Based on this data it can be infer that Metarhizium facilitates the flow of defense enzymes
from the healthy plant to the diseased plant, since the absorbance and concentration values of the
uninfected plant were found to be lower than the control, and the absorbance and concentration values
of infected plant to be higher than the control. Next it was found that glomus had similar results with
the diseased plant having absorbance (.732) and concentration (1.65) values significantly higher than
the control. Based on this data it can be inferred that not only did Glomus facilitate defense enzyme
transfer, but the increase in the proteins of the infected plant proves a warning system in which the
uninfected plant begins to develop its own immune response prior to a possible infection. Finally, it
was found that for the experimental group which contained both of the fungi and a TMV infected plant,
that the uninfected plant had a protein absorbance of (.392) and concentration of (0.89) which is lower
than the control; and the infected plant had a protein absorbance of (.900) and concentration of (2.03)
which is significantly higher than the control. From this data it can be concluded that both fungi are
contributing to the aid of the infected plant, by facilitating the flow of defense enzymes from healthy
plant to infected plant. While this data can be strongly infrared, due to a catastrophic error in the
positive control, in which the proteins could not be quantified, it can not be concluded with certainty
that increased protein quantitation in the diseased plants was the responsibility of the fungal network or
simply the product of an independent immune response.
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