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Abstract

Ericoid mycorrhizal fungi (EMF) form symbiotic relationships with ericaceous
plants such as Vaccinium corymbosum, or highbush blueberry and assist in nutrient
acquisition. EMF help plants thrive in stressful environments by increasing the area in
which roots can uptake water and nutrients. In plant-mycorrhizal symbioses, nutrient
uptake may depend on the identity of the fungal partner. Therefore, differently sourced
mycorrhizal fungi could show differences in nutrient uptake ability. Here, | hypothesized
that inoculation of V. corymbosum with EMF would enhance plant growth and
investment in reproduction, and that effect would be more pronounced for plants in low
nutrient conditions. I also hypothesized that inoculum source would affect plant growth
and reproduction under varying nutrient conditions. To test this, | used 135 potted
highbush blueberry plants that were inoculated at planting with either 1) commercial
inoculum, 2) local inoculum, or 3) uninoculated control. Within these inoculum
treatments and the control, | haphazardly assigned 15 plants to one of three fertilizer
treatments using SUPERthrive fertilizer (N:P:K ratio of 4:1:1) at: i) the amount
recommended for field grown plants, ii) half the recommended amount of fertilizer, and
iii) no fertilizer. | predicted that plants inoculated with EMF from local soils would be
better able to access nutrients than those inoculated with commercial inoculum or non-
inoculated controls, and the effects would be measurable through increased plant growth
and reproduction.

Inoculation enhanced plant size (F2,161=3.157; P=0.045), the number of flowers
produced (F2,112=3.736; P=0.027), and the number of berries produced (F2,113=3.653;
P=0.029). However, fertilization had no significant effects on any of the response
variables measured. Plants that received the local soil inoculum were significantly larger
than commercially inoculated plants (F2,161=3.157; P=0.045). Plants in the local inoculum
treatment produced significantly more flowers (F2,112=3.736; P=0.027) and berries
(F2,113=3.653; P=0.029) than plants in the commercial inoculum treatment, and plants
responded differently to the inoculum treatments in the two years of the study
(F2121=6.371; P=0.002). Additionally, initial plant size had a significant effect on the
total number of berries produced (F1,106=7.047; P=0.009). The relationship between plant
size and number of berries differed between inoculum treatments. Plants in the
commercial inoculum and control treatment showed a positive correlation between plant
size and berries produced, while the number of berries on plants in the local inoculum
treatment remained constant as plant size increased (F2,107=3.320; P=0.040). Despite the
order of magnitude differences in fertilizer applied, concentrations of N, P, K measured
in soils taken from plants in the different treatments were all within the optimal range
recommended for highbush blueberry. However, NHsand K soil concentrations differed
between inoculum treatments, revealing that differently sourced mycorrhizal fungi may
differ in nutrient uptake.
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Chapter 1: Thesis Introduction

Mycorrhizal associations with plants are extremely widespread throughout the
world. More than 90% of all land plant species form interactions with mycorrhizal fungi
(Brundrett 2009), leading to a bidirectional exchange of nutrients between fungi and
plants (Wang and Qiu 2006). Fungi interacting with plant roots in the soil transfer
important nutrients (e.g., nitrogen, phosphorus) to the host plant and the plant transfers
photosynthetic products such as fixed carbon to the fungus (Smith and Read 2008). The
partnership with mycorrhizal fungi can increase the area in which roots can uptake water
and nutrients, providing a benefit to host plants especially in stressful environmental
conditions such as drought (Auge 2001; Al-Karaki et al. 2004), heavy metal toxicity
(Cairney and Meharg 2003), salt stress (Giri et al. 2007), and soil nutrient deficiency

(Wright et al 1998).

Most of the literature on mycorrhizal fungi focuses on arbuscular mycorrhizal
fungi (AMF), which interact with the largest number of plants compared to other less
common fungi such as ericoid or orchid mycorrhizal fungi (van der Heijden et al. 2015).
The symbiosis between AMF and plants is thought to have evolved about 450 million
years ago and is credited with assisting in the transfer of plants from water to land
(Redecker et al. 2000). AMF have not been found to be host-specific, however host
preferences and specificity have been reported (Helgason et al. 1998; Torrecillas et al.
2012). There are between 300 - 1600 different fungal taxa within AMF (Kivlin et al.
2011; Opik et al. 2013;), and an estimated 200,000 host plant species (Brundrett 2009),

suggesting a low host specificity. Even in the absence of a growth response, AMF have



been found to reduce nutrient losses to the plant by lessening harmful effects of leeching

(van der Heijden 2010).

Unlike AMF, ericoid mycorrhizal fungi have been minimally studied (Vohnik
2020). Ericoid mycorrhizal fungi interact with species in the Ericaceae family, such as
Calluna, Rhododendron, and Vaccinium. Interactions with ericoid fungi are most
common in acidic and infertile heathland environments. Many of the known ericoid fungi
belong to the Helotiales (Ascomycetes) and are considered saprotrophs (van der Heijden
et al. 2015). Because of the lack of data currently available it is difficult to estimate the
total existing number of ericoid mycorrhizal fungi, however greater than 150 fungal taxa
have been identified as associating with ericaceous plants (Walker et al. 2011) and
around 3,900 plant species are known to host ericoid mycorrhiza (Brundrett 2009).
Because ericoid mycorrhizal fungi form associations with plants in the Ericaceae family,
only about 1% of plants on earth form ericoid mycorrhizal associations, compared to the
74% of all plant species that form arbuscular mycorrhizal associations (Smith and Read

2008; Brundrett 2009).

Different types of mycorrhizal fungi can provide various benefits to plants by
enhancing nutrient acquisition, leading to increased plant productivity and reproduction.
Mycorrhizal fungi are important drivers of carbon and nutrient cycles and play a large
role in ecosystem processing. Much of the N and P up taken by plants is facilitated by
mycorrhizal fungi, especially in conditions of low nutrient availability. Ericoid fungi can
obtain large amounts of essential nutrients, sometimes providing up to 80% of plant N

and P (Simard et al. 2002).



Though there are many instances of plant-fungal symbioses having a mutualistic
outcome, this is not always the case. Some studies provide evidence of plant-fungal
mutualisms becoming parasitic under certain environmental conditions (Johnson 1993;
Antunes et al. 2012). Parasitic outcomes may be related to the trade balance of N, P, and
C between plant and fungal symbiont (Johnson 2010; Kiers et al. 2011). When N and P
are supplied to the plant in sufficient amounts, C is easily produced and transferred to the
fungal partner. With adequate nutrient levels, the symbiosis becomes unnecessary to the
host plant, and this results in continuous benefits for the fungal partner with no benefit of
fungal mediated nutrient transfer to the plant. These conditions of sufficient
macronutrient levels could lead to parasitism (Antunes et al. 2012). Studies show that less
mutualistic mycorrhizal fungi can be selected for in conditions where they are not a
necessity to plant nutrient uptake (Johnson 1993; Treseder and Allen 2002). Additionally,
Antunes et al. (2012) provide evidence that ongoing severe nutrient deficiencies can alter
the association between plants and AMF communities, allowing the fungal partner to
cheat the host plant by accessing C without providing nutrients in return. However, the
maintenance of sufficient nutrient levels using chemical fertilizer may result in AMF

becoming parasitic on their hosts (Johnson 1993).

An important element of plant-fungal symbioses is that there are more than just
two players in the ecological interaction occurring in the plant rhizosphere. Different
groups of soil bacteria have been known to interact with AMF, including plant-growth-
promoting rhizobacteria (PGPR), mycorrhizal helper bacteria, and deleterious bacteria,

3



leading to recent studies exploring the tripartite symbiosis between plants, mycorrhizal
fungi, and bacteria (Miransari 2010; Scheublin et al. 2010). PGPR can positively affect
AMF root colonization and enhance plant N and P uptake (Miransari 2010). The
synergistic effects of AMF and rhizobacteria can also inhibit fungal plant pathogens and
soilborne diseases (Budi et al. 1999). Additionally, mycorrhizal fungi can interact with
other types of fungi in the mycorrhizosphere, which could positively affect overall plant

growth and nutrition (Bao et al. 2022).

The relative effects of “foreign vs local” species interactions have been studied in
numerous systems, from local adaptation of invasive plant species (Oduor et al. 2016) to
preferential bird songs (Parra et al. 2017). Oduor et al. (2016) found that invasive plant
species are locally adapted just as frequently as native plants across 134 plant species in
52 families. Parra et al. (2017) found that songbirds do not respond differently to local vs
foreign songs. The “foreign vs local” concept has also been studied in mycorrhizal fungi,
examining plant response to native vs exotic mycorrhizal fungi using various host plants.
Locally sourced mycorrhizal fungi often out-perform a commercial inoculum and lead to
increased plant growth (Klironomos 2003; Taheri and Bever 2011; Middleton et al. 2015;

Emam 2016).

In this study, | aimed to examine the effects of foreign vs local ericoid
mycorrhizal fungi on plant growth and reproductive traits in V. corymbosum. In addition
to the effects of differently sourced mycorrhizal inoculums, | also tested plant response to
varying levels of fertilizer added. Because plant-fungal mutualisms can shift with varying

4



amounts of nutrients available in the soil, | examined whether the effects of limited
fertilizer differed between inoculum treatments. My analysis showed that there were no
significant differences in nutrient concentrations between the fertilizer treatments, and
soil tests suggested that nutrient levels across all plants were sufficient. | did find that in
some cases the two inoculum sources differed in plant response. Overall, plants that
received the local soil inoculum were larger and produced more flowers and berries than
plants that received the commercial inoculum. Additionally, in locally inoculated plants,

plant reproductive traits remained stable in response to changes in plant size.

The results of the present study add to the growing knowledge about how
belowground species interactions influence plant growth and reproduction as well as how
ericoid mycorrhizal fungi aids in plant processes. The next step is to determine, through
gene sequencing, which fungal taxa are present in the soil to understand the players
involved in this system and relate plant functional traits to fungal identity within the

rhizosphere community.
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Chapter 2: Effects of ericoid inoculum source and nutrient addition on growth and
reproduction in highbush blueberry

2.1 Introduction

The association of plants with mycorrhizal fungi is one of the oldest and most
important symbioses on earth. More than 90% of all land plant species form interactions
with mycorrhizal fungi (Brundrett 2009). The relationship between mycorrhizal fungi and
their host plant is based on a bidirectional exchange of resources; the mycorrhizal fungus
provides the host plant with nutrients such as phosphorus and nitrogen and in return the

plant transfers photosynthetically fixed carbon to the fungus (Smith and Read 2008).

Mycorrhizal fungi assist plants in the acquisition of several nutrients including
phosphorus, nitrogen, potassium, calcium, sulfate, iron, copper, and zinc (Marschner and
Dell. 1994). Mycorrhizal hyphae absorb, transport, and utilize nitrogen in the form of
NH4+ (Ames et al. 1983). Under field conditions, mycorrhizal plants were shown to have
increased nitrogen uptake compared to non-mycorrhizal plants (Barea et al. 1987).
Mycorrhizal fungi are credited with a major role in the extraction of nitrogen from
organic matter from soils by both producing and regulating different ectoenzymes such as
proteinases that break down proteins (Leake and Read 1990). Ericoid mycorrhizal fungi
produce ectoenzymes into the surrounding soil medium which allow host plants to access
forms of organic nitrogen and phosphorus that are usually unavailable to non-mycorrhizal

plant roots (Marschner and Dell 1994).

In addition to providing plants with nutrients, mycorrhizae can lessen the negative
effects of environmental conditions such as drought (Al-Karaki et al. 2004), soil salinity
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(Giri et al. 2007), and toxic metal pollution (Cairney and Meharg 2003). These conditions
can lead to low soil nutrient concentrations, and mycorrhizal fungi can reduce resource
limitation of plants by increasing nutrient uptake from the soil (Wright et al. 1998). While
mycorrhizal inoculation has been shown to increase nutrient uptake in some cases
(George et al. 1995; Jansa and Vosatka 2000; Cavagnaro et al. 2001), these results are not
consistent throughout the literature (Bell and Pate 1996; Hawkins et al. 2000; Reynolds et

al. 2005; Smith and Smith 2011; Hodge and Storer 2015).

For example, under conditions of high salinity and low nutrients inoculation with
mycorrhizal fungi ameliorated harmful effects of salinity by enhancing plant access to
phosphorus (Giri et al. 2007) and improving soil microbial activity (Al-Maliki and Al-
Masoudi 2018), however in an extreme salt stressed environment mycorrhizal
colonization significantly decreased (Krishnamoorthy et al. 2014). Mycorrhizal
inoculation was also able to reduce the negative effects of drought stress by enhancing
plant growth, nutrient uptake, and soil water retention in winter wheat (Al-Karaki et al.
2004) and Citrus trifoliata (Wu et al. 2008) but did not mitigate the effects of drought on
growth in potted Trifolium sp. (Jongen et al. 2022). In addition, mycorrhizal inoculation
enhanced plant growth in lead-contaminated soils by increasing nutrient uptake and

mitigating lead toxicity through sequestering lead in plant roots (Chen et al. 2005).

Conversely, previous studies have found that excess nutrient input can have a
negative effect on ericoid mycorrhizal colonization in soils (Zinati et al. 2011; Van Geel
et al. 2020). Van Geel et al. (2020) found that there was a substantial loss of ericoid
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fungal taxa as nitrogen and phosphorus increased in soil prevalence, suggesting that
mycorrhizal fungi are too costly when soils are nutrient rich. Nutrients in excess could
negatively impact the growth and health of plant species and cause ericoid fungi to switch
from a mutualistic relationship to commensalism or even parasitism (Wei et al. 2013;
Johnson et al. 2015). If the plant is getting consistent nutrients without help from the
fungi, the symbiosis could become parasitic where the fungus keeps receiving excess

nutrients and the plant no longer benefits (Antunes et al. 2012).

Specific to the present study, ericoid mycorrhizal fungi form symbiotic
relationships with members of the Ericaceae family, and differ from ectomycorrhizal,
arbuscular, and orchid mycorrhizal fungi in plant association and ecosystem processes
such as nutrient cycling, plant productivity, and reproduction (Smith and Read, 2008;
Grelet et al., 2009; van der Heijden et al., 2015). Ericaceous plants tend to inhabit acidic
soils containing recalcitrant nutrients; the association with ericoid mycorrhizal fungi
enhances plant nutrient acquisition in these stressful environments (Marschner and Dell,
1994; Read 1996; Cairney and Meharg 2003; Zhang et al. 2009) partly because ericoid
fungi thrive in the same level of soil acidity as their plant partners (van der Heijden

2015).

Differently sourced mycorrhizal inoculums could have varying efficiency and
benefits to the plant. Locally sourced mycorrhizae better benefit plant growth and
protection than a commercial inoculum or a control (Middleton et al. 2015). Plants
experienced enhanced growth, mycorrhizal colonization rates, and increased biomass
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when grown in their native soil than when grown in soil from a foreign site (Klironomos
2003; Taheri and Bever 2011; Emam 2016). However, Frew (2020) concluded that a
commercially sold foreign inoculum resulted in increased plant growth and resource

allocation.

Ericoid mycorrhizal inoculation enhanced flower production of some cultivars of
Vaccinium corymbosum in an experiment preceding the present study (Brody et al. 2019),
suggesting that inoculated plants had greater access to resources. To test if inoculation by
ericoid mycorrhizal fungi enhances growth and reproductive traits in V. corymbosum, |
designed an experiment in which the amount of fertilizer application varied to test the
role of mycorrhizal fungi in nutrient acquisition by the plant. | asked: Does the level of
nutrient addition influence the effect of the inoculum? And does the response depend on

the source of the inoculum?

I hypothesized that ericoid mycorrhizal fungi inoculation would enhance V.
corymbosum plants’ ability to grow and reproduce under different nutrient conditions.
Additionally, the source of the inoculum would affect the growth and reproductive traits
of the plant. Specifically, | measured the effects of limited to no fertilizer on plant growth
and reproductive traits of V. corymbosum. | expected that the plants inoculated with
ericoid mycorrhizal fungi would show enhanced growth in low-nutrient conditions
compared to non-inoculated control plants, and the plants that received a local inoculum
would show enhanced growth and reproduction compared to commercially inoculated

plants. Because of varying benefits of the fungal symbionts under different levels of
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fertilizer, | predicted that nutrients in the soil, specifically nitrogen and phosphorus,

would vary in concentration between treatments and over time.

Materials and Methods
2.2.1 Experimental Design

To examine the individual and interactive effects of inoculation with ericoid
mycorrhizal fungi and fertilization, | conducted a common garden field experiment at the
University of Vermont’s Horticulture Research Farm in South Burlington, Vermont,
USA. In March 2018, 380 4-year-old Vaccinium corymbosum plants (var. Blue Crop)
were obtained from Hartmann’s Plant Company in Michigan and randomly assigned to
one of five different mycorrhizal inoculation treatments: 1) inoculated with a commercial
ericoid inoculum, 2) inoculated with a soil taken from the rhizosphere of Blue Crop
bushes growing at the Waterman Berry Farm in Johnson, VT, 3) a combination of
treatments 1 and 2, 4) a control treatment with no inoculum, and 5) a peat control which
is the base of the commercial inoculum. Ninety plants were randomly assigned to each
treatment with the exception of the peat control treatment which received 20 plants.
Plants were removed from pots, soil was washed from roots, and the root ball was
covered with 6 ounces of either inoculum, soil, or peat, applied to the wet roots by hand,
and then placed in a 7-gallon pot. The pot was then filled with a potting mix that was
12:6:3:1 peat:compost:perlite:vermiculite. Compost was purchased commercially and
contained leaf and yard waste as well as food scraps, wood chips, horse manure, and high
carbon wood ash. Plants were arranged in 10x9 treatment blocks, except the peat control,

which was arranged in a 10x2 array. Plants were grown at the University of Vermont
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Horticultural Farm in South Burlington, VT for the remainder of the summer, and then
pots were placed into individual holes in the ground and covered with straw mulch. Each
year after, plants were fertilized before fruiting with 10 mL of fertilizer per pot with
SUPERthrive fertilizer (N:P:K ratio of 4:1:1) at the concentration recommended for field
grown plants (Scagel 2005).

Starting in May of 2020, to examine if ericoid mycorrhizal fungi can compensate
for low nutrient conditions, and whether the source of ericoid mycorrhizae matters, |
examined plant growth and reproduction in three inoculum treatments and three fertilizer
treatments. Out of the 90 plants in each mycorrhizal treatment group, | haphazardly chose
45 plants from the commercial inoculum, local soil inoculum, and control treatments, for
a total of 135 plants. Of these, | haphazardly assigned 15 plants per mycorrhizal treatment
to one of three treatments: i) no fertilizer, ii) half the amount of recommended fertilizer,
and iii) full amount of recommended fertilizer. Fertilizer was applied prior to fruiting on

May 25, 2020, and again on May 29, 2021.

2.2.2 Growth Measurements

To examine if inoculation, fertilization, or the combination thereof affected plant
size, | counted the number of stems and measured the height of all stems that were
initiated from the rootstock which I refer to as “main stems” (as opposed to lateral
branches which arise from the main stems). Main stems were counted and measured in
the beginning of the season in both years (on 26 May 2020 and 04 June 2021) and at the
end of each growing season (26-28 August 2020 and 31 August — 09 September 2021).
Plant size was calculated by summing the heights of all main stems on the plant.
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2.2.3 Flower, Berry, and Abort Counts

Vaccinium corymbosum preforms flower buds in the fall (Kovaleski et al., 2015).
To examine the effects of the inoculum and fertilization on reproduction, all flower buds
and flowers were counted on 8 June 2020 and between 19-25 May 2021. Flowering
occurred much later in 2020 than in 2021. Buds that were still closed at this time were
included in the floral count.

At the end of the flowering season, the total number of berries and the number of
aborted berries on each plant was summed to calculate total number of flowers produced
(number of fruits + number of aborts) and fruit set (number of fruits/total number of
flowers). Aborts were classified as either expanded or unexpanded. Expanded aborts
began to develop into a berry but shriveled and died before ripe. Unexpanded aborts were
flowers that shriveled before a berry began to form. Aborts were counted from flowering
until the end of berry counting, from 12 June - 07 July 2020 and 01 June — 16 July 2021
and were removed from the plant to prevent double counting.

Berries were counted from 03 July — 07 July 2020, when the majority of the
berries were ripe and aborted berries had mostly all been counted and removed. In the

next summer, berries were counted on 05 July and 07 July 2021.

2.2.4 Berry Collection and Processing

To examine the effects of inoculation and fertilization on berry mass, sugar
content, and number of fertilized seeds, berries were collected from 20 July - 7 August
2020 and 12 July — 5 August 2021 every two days until sixteen fully ripe berries (or all
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berries if the plant produced less than sixteen in total) were collected from every plant.
To avoid bias, berries were haphazardly hand-picked off the plant, semi “blindly” (by
turning away, reaching for a berry, and repeating this across the branches containing
berries). Berries were then kept frozen until processing. Each berry was weighed, and its
sugar content was quantified using a hand-held refractometer. Seeds were counted and

categorized as either fertilized and mature or unfertilized.

2.2.5 Soil Collection and Analysis

To examine if fertilization levels affected soil nutrients among inoculation
treatments, | took soil samples seven weeks after fertilizing in 2020 and 2021. On 13 July
2020 1 took a soil sample from three plants per fertilizer-inoculation treatment, for a total
of 27 plants. The next summer, on July 17, 2021, | sampled five plants per fertilizer-
inoculation treatment, for a total of 45 plants. Soil samples were taken using a soil corer
at four different locations around the pot and then homogenized. Soil analysis was
performed at The University of Maine using a routine field soil test. Samples were air
dried to constant weight and sieved through 2 mm. Media pH was measured in distilled
water, and nitrate and ammonium nitrogen were extracted in potassium chloride and
determined colorimetrically by Flow Injection Analysis. All other nutrients were
extracted in pH 4.8 ammonium acetate (modified Morgan extract) (From Maine Soil

Testing Service).

2.2.6 Statistical Analyses
All statistical analyses were performed using JMP Pro 15 (JMP <15>, 1989-
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2022). Response variables included plant size, flower and berry production, fruit set,
berry mass, number of fertilized seeds per berry, sugar content, and the concentration of
nutrients N, P, K (ppm) in the soil. For each response variable, inoculation treatment,
fertilizer treatment, year, and all two-way interactions were analyzed as main effects and
plant size at the beginning of the 2020 growing season was included as a covariate. Plant
number was included as a random effect, as the same plants were repeatedly analyzed for
two years. Significant main effects were further analyzed using Least-Squares Means

Tukey HSD Tests to determine the differences among means.

2.3 Results
2.3.1 Plant Size

The source of inoculum significantly affected plant size (F2,161=3.157; P=0.045;
Figure 2.1). Plants in the local inoculum treatment were significantly larger (mean =
215.041 +9.827 cm) at the end of two years than those in the commercial inoculum
treatment (mean = 182.375 + 9.808 cm), but not significantly larger than plants in the
control treatment (mean = 188.942 + 10.139 cm). Fertilization did not affect plant size
(F2251=0.507; P=0.603), however year had a significant effect on plant size (F1,256=8.335;

P=0.004) as well as season (F1,251=4.570; P=0.034).

2.3.2 Reproductive traits
Inoculation significantly affect flowering (F2112=3.736; P=0.027; Figure 2.3),
however fertilization treatment (F2,112=0.410; P=0.665) and year (F1,123=0.089; P=0.766;

Figure 2.2) did not. Additionally, plants responded to the inoculation differently in the
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two years. Flower production in 2020 was significantly higher in the local inoculum
treatment (mean = 200.612 + 28.814 flowers) compared to plants in the commercial
inoculum (mean = 82.399 + 23.855 flowers), but in 2021 flower production was not
significantly different among the inoculum treatments (F2,120=6.595; P=0.002; Figure
2.4). Initial plant size had a significant effect on flower production (F1,107=5.934;
P=0.017) and plants responded differently to the inoculum depending on initial plant size

(F2,109=3.545; P=0.032; Figure 2.5).

Like flowering, inoculation had a significant effect on the number of berries
produced (F2,113=3.653; P=0.029; Figure 2.7), but fertilizer treatment (F2,112=0.337;
P=0.715) and year (F1,125=1.660; P=0.120; Figure 2.6) did not. The response of plants to
the inoculation treatment differed between the two years such that plants in the local
inoculum treatment produced significantly more berries in 2020 (mean = 194.853 +
26.416 berries) than in 2021 (mean = 82.658 + 20.899 berries) (F2,122=6.947; P=0.001;
Figure 2.8). Initial plant size had a significant effect on berry production (F1,106=7.047;
P=0.009) and plants responded differently to the inoculum depending on initial plant size

(F2,107=3.320; P=0.040; Figure 2.9).

Fruit set (the proportion of flowers that set fruit) was significantly larger in 2020
(mean = 0.923 + 0.020) than in 2021 (mean = 0.767 + 0.019) (F1,137=33.483; P<0.0001,;
Figure 2.10). Inoculation did not significantly affect fruit set (F2,124=2.488; P=0.087;
Figure 2.11), nor did fertilizer (F2,122=0.267; P=0.766) or plant size (F1,123=0.559;

P=0.456). There were no significant interactions between inoculum, fertilizer, year, or
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plant size on the percentage of flowers that set fruit.

Inoculum treatment did not have a significant effect on berry mass (F2:87=2.162;
P=0.121), nor did fertilizer treatment (F2,8s=0.055; P=0.947), year (F1,72=1.275; P=0.263),
or plant size (F194=0.097; P=0.757). The number of seeds (fertilized ovules) in a berry
differed significantly between 2020 and 2021. In 2020, the average number of fertilized
ovules per berry was 68.325 + 1.518 and in 2021 that number significantly increased to
76.302 £+ 1.612 (F1,86=15.939; P=0.0001; Figure 2.12). However, inoculum treatment did

not affect the number of fertilized ovules (F29=0.211; P=0.810), nor did fertilizer

treatment (F2,96=0.420; P=0.658) or initial plant size (F1,103=0.005; P=0.946).

The sugar content of berries varied significantly between years; in 2020 the
average sugar content of a berry (brix) was 11.780 + 0.208 and in 2021 the average sugar
content was 13.272 + 0.222 (F1,89=27.030; P<0.0001; Figure 2.13). The sugar content in
berries between fertilizer treatments was marginally significant, and berries from plants
receiving half the recommended amount of fertilizer produced sweeter berries than those
from the plants receiving no fertilizer (F2,93=2.921; P=0.058). Inoculum treatment had no
effect on berry sugar content (F2,92=0.688; P=0.505), nor did any interactions between
inoculum, fertilizer treatment, or year. Plant size did not affect sugar content
(F1,201=0.189; P=0.664), although plants responded differently to the inoculum depending

on initial plant size (F2,95=3.210; P=0.045; Figure 2.14).

2.3.3 Potting Media Characteristics
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Neither inoculum treatment nor fertilizer had a significant effect on media pH
(F264=1.462; P=0.239; F264=1.697; P=0.191). There was a significant difference in media
pH between years (F1,64=54.203; P<0.0001), with potting media in 2021 having a
significantly lower pH than in 2020. Both the commercial and local inoculum treatments
had a lower pH in 2021 than in 2020 (P=0.0002; P<0.0001), but the control treatment did

not significantly differ in pH between years (P=0.259; Table 2.1).

Two forms of nitrogen were assessed: nitrate (NO3) and ammonium (NHas). NOs
did not show any differences between inoculum treatments (F2,66=1.447; P=0.243) or
fertilizer treatments (F2,66=1.801; P=0.173), but there was a significant difference
between years, and potting media in 2021 contained significantly less NOs than in 2020
(F166=14.563; P=0.0003; Table 2.1). Inoculum treatment had a marginally significant
effect on NH4 concentration (F2,64=3.248; P=0.046), and year had a significant effect
(F164=17.485; P<0.0001; Table 2.1). Fertilizer treatment had no effect on NH4
concentration (F2,64=2.539; P=0.087), and the only significant interaction was inoculum
treatment and year. The control treatment in 2020 contained significantly more NH4 than
any other treatment that year and any treatment in 2021 (F2,64=8.272; P=0.0006; Table

2.1).

The amount of phosphorus (P) in soils differed significantly by year
(F1,64=120.553; P<0.0001), with significantly less phosphorus in soils in 2021. Inoculum
or fertilizer treatment did not influence phosphorus concentration (F2,64=1.369; P=0.262;
F2,64=0.947; P=0.393; Table 2.1). Plants in the inoculum treatments responded differently
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between the two years (F2,64=4.18; P=0.016), with all inoculum groups containing less

phosphorus in 2021.

The amount of potassium (K) in soils differed significantly between inoculum
treatments and years (F2,66=6.948; P=0.002; F166=84.463; P<0.0001), but not between
fertilizer treatments (F2,66=0.216; P=0.806; Table 2.1). Commercial and local inoculum
soils contained significantly more potassium than soils in the control treatment, and soils
contained more potassium overall in 2021 compared to 2020. There were no significant

interactions among inoculum treatment, fertilizer treatment, or year in potassium content.

2.4 Discussion
Overview

The source of ericoid mycorrhizal fungi affected plant size, number of flowers and
berries, the relationship between plant size and sugar content, and the relationship
between plant size and flower and berry production. However, the effect of the inoculum
was not consistent for all response variables. Plants in the local soil inoculum treatment
produced greater numbers of flowers and berries than commercially inoculated plants,
while larger plants in the commercial inoculum produced sweeter berries than those in
the local inoculum. Although I found differences in inoculation treatment effects between
years, | found no effects of fertilizer treatment for any of the response variables measured
and no significant interactions between fertilizer and inoculation treatment or between

fertilizer and year.
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Flower and berry production

Local adaptation in mycorrhizal relationships could enhance plant performance
and, in several recent studies, plants inoculated with local fungal taxa outperformed those
inoculated with foreign fungi (Klironomos 2003; Taheri and Bever 2011; Pellegrino and
Bedini 2014; Middleton et al., 2015; Emam 2016). Here, we found differences in the
effects of local versus foreign fungal sources on plant growth and reproductive traits.
Plants that received the local soil inoculum were larger and produced more flowers and
berries than commercially inoculated plants, especially in 2020. Klironomos (2003)
suggests that foreign fungal communities offer less variation in plant response at both
ends of the mutualism-parasitism spectrum than locally adapted fungal communities. The
considerable difference in the number of flowers and berries produced between years on
plants in the local inoculum treatment support the idea of a larger variation in plant
response to locally adapted fungal partners. Additionally, soil communities interacting
with plant roots can play diverse roles in ecosystem functioning and host plant fitness and
can affect introduced species differently than a locally adapted microbe community (Hu

et al. 2016).

The relationship between number of flowers and berries produced and plant size
differed between inoculum treatments. Plants in the commercial inoculum treatment and
control treatment showed a positive correlation between plant size and flower/berry
production. However, the production of flowers and berries was statistically independent
of plant size for those plants in the local inoculum treatment. This is an interesting result
and could be due to various factors. One possible explanation is that as plants grew
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larger, they became more pot-bound and could not increase their output any further.
Plants in the control and commercial inoculum treatments were consistently smaller and
therefore may have had more potential to utilize nutrient, sunlight, and water to increase

production of flowers and berries as plants grew bigger.

Many findings to date suggest local soil inoculation out-performs commercial
inoculation (Klironomos 2003; Taheri and Bever 2011; Emam 2016), however there is
also evidence of increased nutrient acquisition and growth of plants inoculated with a
commercial inoculum (Al-Karaki et al. 2004; Chen et al. 2005; Hanane et al. 2020).
These findings were discovered in experiments where arbuscular mycorrhizal fungi were
used. Perhaps ericoid mycorrhizal fungi interactions with host plants are more specialized
and therefore more effective when derived from native soil. Only around 150 ericoid
fungal taxa have been found to associate with ericaceous plants, compared to around
1600 different fungal taxa within arbuscular mycorrhizal fungi (Walker et al. 2011;
Kivlin et al. 2011; Opik et al. 2013), suggesting a more specialized relationship between

ericaceous plants and ericoid fungal partners.

Fruit set and seed production

In all treatments, fruit set was higher in 2020 than the following year, and the
number of seeds per berry was significantly greater in 2021 compared to 2020.
Mycorrhizal fungi can have a positive to neutral effect on fertilization and seed
development (Bryla and Koide 1990; Ganade and Brown 1997; Gange and Smith 2005;
Bona et al. 2017; Liu et al. 2018). Previous results show that inoculation by mycorrhizal
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fungi can improve ovule viability (Ghanem et al. 2014). Additionally, mycorrhizal
inoculation of wild and cultivated Lycopersicon esculentum Mill. increased fruit set and
the average number of seeds produced per fruit in some plants, but since all flowers were
mechanically pollinated, pollinator visitation did not limit seed production and the most
likely difference between inoculated and control plants was nutrient acquisition (Bryla

and Koide 1990).

The number of fertilized ovules per berry was larger in 2021 than 2020, possibly
due to an increase in successful pollination. Plants invest energy into making the optimal
number of ovules and pollen to maximize fertilization and the development of seeds
(Gillet and Gregorius 2020). Seed production is usually limited by pollination or
resources needed for seed development (Knight et al. 2005; Hove et al. 2016). The most
frequent pollinators we observed were bumble bees (unpublished data). Bumble bee
rewards such as nectar and pollen may have differed in quality or quantity between years,

leading to differences in pollinator visitation and successful pollination.

Sugar content of berries

Inoculation treatment did not have a significant effect on berry sugar content, nor
did fertilizer treatment. However, an increase in plant size was negatively correlated with
sugar content of berries within inoculated treatments, but positively correlated with berry
sweetness in non-inoculated treatments. Mycorrhizal inoculation has significantly
increased plant growth (Wazny et al. 2022), nutrient status (Jin et al. 2005; Bati et al.
2015; Zhu et al. 2016), and quality (Castellanos-Morales et al. 2010; Zeng et al. 2014;
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Bona et al. 2017) of various crops. An increase in sugar content and fruit quality was
observed in citrus plants associating with arbuscular mycorrhizal fungi (Zeng et al. 2014).
It is possible that inoculated soil may have had an impact on nutrients transferred
between plants and soil microbes, leading to increased carbohydrate transfer to fungal
partners and less sugars available for berry sweetness. With a greater carbon allocation to
mycorrhizal fungi, less nutrient transfer to host plants could result (Hasselquist et al.
2016). An example of this is explained by past experiments where plants grown in
greenhouse environments showed that increased carbon transfer to mycorrhizal fungi
resulted in reduced N transfer efficiency, and therefore negatively affected plant growth

(Alberton et al. 2007; Alberton and Kupyer 2009).

If soil microbes were taking more than they were giving to the plant, this could
have had a negative effect on plant growth, health, and reproduction. With a greater plant
size there should be more leaves and surface area for photosynthesis to occur, therefore
creating more products of photosynthesis like carbohydrates. Because results of the
present study showed an increase in plant size did not lead to an increase in berry
sweetness, it is likely to assume that nutrients were being taken away from the plant.
Symbiotic interactions between players may shift between mutualism and parasitism
depending on internal or external factors (Thompson 1988; Bronstein 1994; Johnson et
al. 1997; Hernandez 1998; Herre et al. 1999; Klironomos 2003; Johnson et al. 2003).
Neuhauser and Fargione (2004) found that as soil fertility decreases, relative benefits to
the plant also decrease and the interaction between fungus and plant could turn parasitic.
Johnson et al. (1997) suggested that mycorrhizal associations range from mutualistic to
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parasitic depending on the abundance of soil nutrients. Additionally, Johnson et al.
(1993) found that parasitism may be more frequent under environmental conditions

where soils have been repeatedly fertilized.

Media nutrient concentrations

Nasholm et al. (2013) suggest that fungal nutrient transfer is limited when soils
are lacking in nutrients but transfer larger amounts of nutrients when they are readily
available. The concentrations of NPK were statistically indistinguishable among fertilizer
treatments, but inoculum source significantly affected the amount of NHs and K in
potting media. Significantly more NH4was present in non-inoculated media than those
commercially inoculated, potentially because with increased uptake of NH4 by the plant,
there is less left in the potting media. Additionally, inoculated media contained larger
amounts of K than non-inoculated controls. As uptake of ammonium increased, there
may have been a decrease in uptake of potassium. Intermediate levels of K uptake have

been found to facilitate the optimal uptake of nitrogen in apple trees (Xu et al. 2020).

Previous findings suggest that mycorrhizal colonization of ericaceous plant roots
is negatively correlated with ammonium in the soil (Scagel 2005; Scagel and Yang 2005),
potentially because nutrient availability is high and mycorrhizal assistance is not as
needed in these conditions. Roveda-Hoyos et al. (2022) concluded that mycorrhizal
inoculation positively affected nutrient uptake in blueberry plants with a nutrient
deficiency, reaching optimal levels of N, P, and Ca. There is evidence that mycorrhizal
symbiosis can compensate for nutrient limitations, however results from this study did
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not corroborate previous findings. The two forms of nitrogen tested, NO3 and NHa,
convert back and forth frequently due to multiple factors influencing biological activity
such as temperature, moisture level, and pH changes (Horneck et al. 2011). The typical
amount of ammonium nitrogen in the soil is 2-10 ppm, so the NH4 level found in our
soils (3.4 — 4.5 ppm) is well within that range. Total nitrogen does not equal the sum of
NOs and NHa, as nitrogen can be present in the soil in many forms, organic and
inorganic, and can very even day to day (Horneck et al. 2011). Additionally, plant
available nitrogen is not equivalent to total nitrogen because NH4 is what is up taken by
blueberry plants, and pH needs to stay low (acidic) to keep nitrogen in this form (Ames et

al. 1983; Peterson et al. 1988).

Phosphorus is one of the critical nutrients provided by mycorrhizal fungi, and up
to 80% of P can be supplied by fungal symbionts, extenuating the importance of this
interaction (van der Heijden 2017). Healthy levels of phosphorus in soil range from 25 —
50 ppm (Bruulsema 2006), and soil tests from both years show phosphorus
concentrations in or exceeding this range. Previous research has stated that root
colonization by mycorrhizal fungi decreased as P availability increased in the soil
medium (Koide et al. 1999). In addition to phosphorus, Potassium levels were in the high
range (250 — 800 ppm), but not excessive (Horneck et al. 2011). Potassium levels in our
soils were around 300 — 400 ppm, and inoculated soils, regardless of source, contained
more K than the non-inoculated control. Because nutrients were present in all fertilizer
treatments within the optimum range, it is likely that nutrients were not limiting in these
soils. In a past study using ericaceous container-grown plants, root colonization did not
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differ between plants receiving varying amounts of fertilizer, indicating that nutrient
levels may have been high enough to suppress mycorrhizal associations (Zinati et al.

2011).

Caveats

Being confined to a pot can alter a plant’s physiology and growth, as well as limit
its root system and interactions with microbes in soils. Different additives in soil, such as
perlite and vermiculite used in the media mix in the present study, can also modify soil
nutrient availability (Dalling et al. 2013). A meta-analysis of the effect of pot size on
plant growth revealed that doubling pot size increased plant biomass production by 43%,
and about 65% of studies using pots in current research practice are using pots that are

smaller than the recommended pot size-plant biomass ratio (1gL-1) (Poorter et al. 2012a).

At the conclusion of this experiment, these plants had been confined to pots for 4
years, starting in the spring of 2018. As their above-ground biomass increased, their root
system likely increased as well, and were unable to expand to their full potential of area
in the soil. Because plants in the local inoculum treatment were consistently larger than
commercially inoculated and non-inoculated plants, plants in the local inoculum
treatment may have been most negatively impacted by being pot-bound. Similarly,
microbe partners in the soil may not have been able to assist the plant as much if they
were also constrained by soil area and nutrients available. Additionally, inoculation at
sowing showed increased colonization compared to inoculation at transplanting, and a
negative effect on shoot growth with increased inoculum and P concentration. Negative
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effects on shoot growth after inoculation have also been observed (Biermann and

Linderman 1983).

Another important factor to note is the extreme weather that may have influenced
fall bud formation and overwintering in the fall of 2020. In November of 2020, there was
a period of extremely low freezing temperatures (NEWA, Cornell University) before
plants had undergone cold hardening. This could have damaged the formation of buds,
therefore explaining the decrease in flowering the next summer. Stems may have also
suffered from frost damage, dying, and falling off leading to a decrease in stem height if
these stems were not able to continue growing the next spring. These external
environmental factors may have played a role in the variations we saw in flower and

berry production as well as plant size decreases between years.

Conclusion

In conclusion, mycorrhizal inoculation affected growth and reproductive traits in
highbush blueberry. The local soil inoculum had a positive effect on plant growth as well
as the number of flowers and berries produced, while the commercial inoculum did not.
The local soil and commercial inoculum varied in their effects, however both inoculums
had a negative relationship between plant size and berry sugar content, suggesting a
potential role of plant-fungal interactions in available carbohydrates. Plant response to
inoculation varied year to year, most noticeably in the local inoculum treatment, while
growth and reproductive traits of commercially inoculated plants remained more stable.
There seemed to be no effect of inoculation in limited fertilizer conditions, and nutrient
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levels were optimal and consistent across all fertilizer treatments. Further work must be
done to test the ability of ericoid mycorrhizal fungi to compensate for limited fertilizer

application and the potential for reduced fertilizer use in agricultural settings.
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2.5 Table Legend

Table 2.1: Average media pH, + 1 standard error, and average nutrient concentrations
(mg/kg or ppm), = 1 standard error, in each of the inoculum, fertilizer, and year
treatments. Inoculum treatments include non-inoculated control, commercial inoculum,
and local inoculum. Fertilizer treatments include the recommended amount of fertilizer,
half of the recommended amount, and no fertilizer. In 2020 and 2021, soil samples were

taken seven weeks after fertilization.
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Table 2.1: Average media pH, + 1 standard error, and average nutrient concentrations

Treatment | Media | NOs NH4 P K Mg Ca Fe S
pH
Control 6.390+ | 0472+ |4.259+ | 66.313 | 299.764+ | 1052.533 | 6416.094 | 4.980+ | 19.568
0.054 0114 0229 | +3.893 |19.408 | +30.708 | +146.557 | 0.252 | +1.652
Commercial | 6,394+ | 0497+ |3.483+ | 70.102 |397.994 | 987.356+ | 6096.756 | 5.141+ | 19.109
0.054 0.114 0229 | +3.893 | +19.408 | 30.708 +146.557 | 0.252 | +1.652
Local 6.465+ | 0718+ |4.118+ | 75.388 | 369.931 | 1080.333 | 6490.739 | 5.251+ | 20.901
0.054 0114 0229 | +3.893 |+19.408 | +30.708 | +146.557 | 0.252 | +1.652
None 6.419+ | 0397+ |3.753+ | 68.466 | 345973 | 1083.560 | 6485.314 | 5.235+ | 16.867
0.054 0.114 | 0224 | +4.006 |+19.408 | +30.062 | +143.471 |0.247 | +1.688
Half 6.348+ | 0.693+ |4.362+ | 68.497 | 363.264 | 994539+ | 6117.585 | 5.206+ | 18.544
0.054 0.114 | 0.224 | +£4.006 | +19.408 | 30.062 +143.471 | 0247 | +1.688
Full 6.481+ | 0597+ |3.745+ | 74.841 |358.452 | 1042.123 | 6400.689 | 4.931+ | 24.167
0.054 0.114 | 0224 | +4.006 |+19.408 | +30.062 | +143.471 |0.247 | +1.688
2020 6.641+ | 0.819+ |3.400+ |95.296 |250.704 | 1207.815 | 6576.704 | 5.748+ | 28.296
0.050 0.106 | 0.209 | +3553 | +18.098 | +28.033 | +133.788 | 0.230 | +1.541
2021 6.191+ | 0.307+ |4.507+ |45.906 |461.089 | 872.333+ | 6092.356 | 4.500+ | 11.422
0.039 0.082 | 0.162 +2.752 | +14.018 | 21.714 +103.632 | 0.178 | +1.193

(mg/kg or ppm), + 1 standard error,

treatments.

in each of the inoculum, fertilizer, and year
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2.6 Figure Legend

Figure 2.1: The mean plant size (cm) in control, commercial inoculum, and local
inoculum treatments over time. Size measurements were taken in the spring and fall of
2020 and 2021. Inoculum treatment had a significant effect on plant size (F2,161=3.157;
P=0.045), and the local inoculum plants were overall larger than plants in the commercial

inoculum treatment.

Figure 2.2: The mean number of flowers produced, *+ 1 standard error, on an individual
plant in 2020 and 2021. The average number of flowers produced was not significantly

different between years (F1,125=0.118; P=0.732).

Figure 2.3: The mean number of flowers produced, + 1 standard error, in control,
commercial inoculum, and local soil inoculum treatments. Inoculum source significantly
affected flowering (F2,112=3.736; P=0.027). This analysis and figure include flower

counts from 2020 and 2021.

Figure 2.4: The mean number of flowers produced, + 1 standard error, in control,
commercial inoculum, and local soil inoculum treatments in 2020 and 2021. A Least-
Squares Means Tukey HSD Test was used to test the interaction between inoculum
treatment and year. The local inoculum treatment produced significantly more flowers
than the control and commercial inoculum treatments in 2020, but not in 2021

(F2,120=6.595; P=0.002).
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Figure 2.5: The correlation between plant size (cm) and the number of flowers produced
in control, commercial inoculum, and local inoculum treatments. The interaction between
plant size and the number of flowers produced is shown. Plants respond to the
commercial inoculum and local inoculum differently depending on initial plant size

(F2,107=3.636; P=0.030).

Figure 2.6: The mean number of berries produced, =+ 1 standard error, on an individual
plant in 2020 and 2021. The average number of berries produced was not significantly

different between years (F1,125=0.118; P=0.732).

Figure 2.7: The mean number of berries, + 1 standard error, produced in control,
commercial inoculum, and local soil inoculum treatments. Inoculum source significantly
affected berry production (F2,113=3.653; P=0.029). This analysis and figure include berry

counts from 2020 and 2021.

Figure 2.8: The mean number of berries produced, + 1 standard error, in control,
commercial inoculum, and local soil inoculum treatments in 2020 and 2021. A Least-
Squares Means Tukey HSD Test was used to test the interaction between inoculum
treatment and year. The local inoculum treatment produced significantly more berries
than the control and commercial inoculum treatments in 2020, but not in 2021

(F2,122=6.947; P=0.001).
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Figure 2.9: The correlation between plant size (cm) and the number of berries produced
in control, commercial inoculum, and local inoculum treatments. The interaction between
plant size and the number of berries produced is shown. Plants respond to the commercial
inoculum and local inoculum differently depending on initial plant size (F2107=3.320;

P=0.040).

Figure 2.10: The mean fruit set (the proportion of flowers that set fruit), + 1 standard
error, on an individual plant in 2020 and 2021. The average fruit set significantly differed

between years (F1,137=33.483; P<0.0001).

Figure 2.11: The average fruit set, + 1 standard error, in control, commercial inoculum,
and local soil inoculum treatments in 2020 and 2021. Fruit set was significantly larger in
2020 (0.923 + 0.020) than in 2021 (0.767 + 0.019) across all inoculum treatments

(F1,137=33.483; P<0.0001).

Figure 2.12: A boxplot showing the median, 1% quartile, 3" quartile, minimum, and
maximum number of seeds (fertilized ovules) in 2020 and 2021. Significantly more
fertilized ovules were counted in 2021 (76.302 + 1.612) compared to 2020 (68.325 +

1.518; F1,86=15.939; P=0.0001). Outliers are shown as data points.

Figure 2.13: A boxplot showing the median, 1% quartile, 3" quartile, minimum, and
maximum sugar content of berries (brix) in 2020 and 2021. Berries were significantly

sweeter in 2021 (13.272 + 0.222) compared to 2020 (11.780 + 0.208; F1,80=27.030;
35



P<0.0001).

Figure 2.14: The correlation between plant size (cm) and sugar content in berries (brix) in
control, commercial inoculum, and local inoculum treatments. The interaction between
plant size and berry sweetness is shown. Inoculated plants show a negative correlation
between plant size and sugar content, while control plants show a positive correlation

between plant size and sugar content (F2,95=3.210; P=0.045).
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Figure 2.1: The mean plant size (cm) in control, commercial inoculum, and local
inoculum treatments over time. Size measurements were taken in the spring and fall of
2020 and 2021. Inoculum treatment had a significant effect on plant size (F2,161=3.157;
P=0.045).
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Figure 2.2: The mean number of flowers produced, + 1 standard error, on an individual
plant in 2020 and 2021. The average number of flowers produced was not significantly
different between years (F1,125=0.118; P=0.732).
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Figure 2.3: The mean number of flowers produced, + 1 standard error, in control,
commercial inoculum, and local soil inoculum treatments. Inoculum source significantly
affected flowering (F2,112=3.736; P=0.027). This analysis and figure include flower
counts from 2020 and 2021.
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Figure 2.4: The mean number of flowers produced, + 1 standard error, in control,
commercial inoculum, and local soil inoculum treatments in 2020 and 2021. A Least-
Squares Means Tukey HSD Test was used to test the interaction between inoculum
treatment and year. The local inoculum treatment produced significantly more flowers
than the control and commercial inoculum treatments in 2020, but not in 2021

(F2,120=6.595; P=0.002).
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Figure 2.5: The correlation between plant size (cm) and the number of flowers produced
in control, commercial inoculum, and local inoculum treatments. The interaction between
plant size and the number of flowers produced is shown. Plants respond to the
commercial inoculum and local inoculum differently depending on initial plant size
(F2,107=3.636; P=0.030).
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Figure 2.6: The mean number of berries produced, + 1 standard error, on an individual
plant in 2020 and 2021. The average number of berries produced was not significantly

different between years (F1,125=0.118; P=0.732).
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Figure 2.7: The mean number of berries, + 1 standard error, produced in control,
commercial inoculum, and local soil inoculum treatments. Inoculum source significantly
affected berry production (F2,113=3.653; P=0.029). This analysis and figure include berry
counts from 2020 and 2021.
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Figure 2.8: The mean number of berries produced, + 1 standard error, in control,
commercial inoculum, and local soil inoculum treatments in 2020 and 2021. A Least-
Squares Means Tukey HSD Test was used to test the interaction between inoculum
treatment and year. The local inoculum treatment produced significantly more berries
than the control and commercial inoculum treatments in 2020, but not in 2021

(F2,122=6.947; P=0.001).
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Figure 2.9: The correlation between plant size (cm) and the number of berries produced
in control, commercial inoculum, and local inoculum treatments. The interaction between
plant size and the number of berries produced is shown. Plants respond to the commercial
inoculum and local inoculum differently depending on initial plant size (F2,107=3.320;
P=0.040).
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Figure 2.10: The mean fruit set (the proportion of flowers that set fruit), + 1 standard
error, on an individual plant in 2020 and 2021. The average fruit set significantly differed
between years (F1,137=33.483; P<0.0001).
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Figure 2.11: The average fruit set, = 1 standard error, in control, commercial inoculum,
and local soil inoculum treatments in 2020 and 2021. Fruit set was significantly larger in
2020 (0.923 + 0.020) than in 2021 (0.767 £+ 0.019) across all inoculum treatments
(F1,137=33.483; P<0.0001).

47



120

—_
—
o

—_
o
o

80

70

60

Number of Seeds per Berry

50

40

30

Year

2020

Year

B 2020
\ B 2021

2021

Figure 2.12: A boxplot showing the median, 1% quartile, 3" quartile, minimum, and
maximum number of seeds (fertilized ovules) in 2020 and 2021. Significantly more
fertilized ovules were counted in 2021 (76.302 + 1.612) compared to 2020 (68.325 +
1.518; F1,86=15.939; P=0.0001). Qutliers are shown as data points.
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Figure 2.13: A boxplot showing the median, 1% quartile, 3" quartile, minimum, and
maximum sugar content of berries (brix) in 2020 and 2021. Berries were significantly
sweeter in 2021 (13.272 + 0.222) compared to 2020 (11.780 + 0.208; F1,80=27.030;

P<0.0001).
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Figure 2.14: The correlation between plant size (cm) and sugar content in berries (brix) in
control, commercial inoculum, and local inoculum treatments. The interaction between
plant size and berry sweetness is shown. Inoculated plants show a negative correlation
between plant size and sugar content, while control plants show a positive correlation
between plant size and sugar content (F2,95=3.210; P=0.045).
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