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ABSTRACT

Lachine, A. 2022, Effects of Lalrise Vita. Bacillus velezensis on Pinus banksiana and Picea
mariana. 39 pp.

Key Words: Bacillus velezensis, Black spruce (Picea mariana), forest regeneration, growth
potential, Jack pine (Pinus banksiana)

Jack pine, Pinus banksisana, and black spruce, Picea mariana, are the top two species
harvested and planted in the boreal forest of Canada. Sustainable forest management
incorporates greenhouses and artificial fertilizers that are used to produce high-quality seedlings
to regenerate the forest. The purpose of this thesis was to determine if the growth-promoting
rhizobacteria, Bacillus velezensis, would increase the height, root collar, shoot, and root mass of
these seedlings, and optimize artificial fertilizers uses in greenhouse production. Both tree
species had three treatments that were compared to each other to determine the growth
differences. Treatment one was comprised of the controls, treatment two had three applications
of the microbe, and treatment three had only two applications of the microbe. Each treatment had
four replicate trays randomly placed on the greenhouse bench. A one-way ANOV A was run for
each variable being measured with a statistical significance P-value <0.05 to determine if the
addition of Bacillus velezensis had significant differences from the control. The results showed
that there were no significant differences in the height, root collar, and mass of jack pine or black
spruce seedlings inoculated with the seedlings, and therefore, would not be a good alternative to
artificial fertilizers in greenhouse production. The Lakehead greenhouse, where this trial took
place, had other trials with a variety of plants along both sides of the bench. These plants were
greater in height and some carried diseases which could have affected the results. However, jack
pine and black spruce are tree species that are adapted to succeed well in nutrient-poor and
harsher conditions. They also evolved to be slow-growing species in the forest succession
process. These two mechanisms may contribute to why the Lalrise Vita did not significantly
increase the growth of the jack pine and black spruce over a five-month period.



Abstract
Tables
Figures
ACKNOWLEDGMENTS
INTRODUCTION
LITERATURE REVIEW
Forestry in Canada
Northwestern Tree Species
Artificial Fertilizers
Rhizosphere
METHODS
Materials
Location
Study Design and Set Up
Application of LALRISE VITA
Data Collection and Procedure
RESULTS
Jack Pine
Black Spruce
DISCUSSION
CONCLUSION

LITERATURE CITED

CONTENTS

vil

viil

X

10

11

13

13

16

19

22

23



Vi

TABLES
Tables Page

1. Study design with species, treatment, and their respective information

regarding number of trees and trays 9



Vii

FIGURES
Figure Page
1. Volume (m?) harvested by tree species in Ontario 4
2. Location of black spruce, jack pine, and Bacillus velezensisi Trial 8
3. Seedlings before final measurements in their trays randomly placed 8
4. Jack pine height (cm) between treatments 14
5. Jack pine root collar (mm) between treatments 14
6. Jack pine dry weight of roots between treatments 15
7. Jack pine dry weight of shoot between treatments 15
8. Black spruce height (cm) between treatments 16
9. Black spruce root collar (mm) between treatments 17
10. Black spruce dry weight of roots between treatments 18

11. Black spruce dry weight of shoot between treatments 18



viii

AWKNOWLEDGEMENTS
I want to thank Rhoda DeJonge, from Lallemand Inc, for being the second reader and for
her guidance throughout the project. I want to thank Keri Pidgen-Welyki and Dr. Jian Wang for
their support. I want to also thank Lakehead University and Lallemand Inc. for the equipment
required to complete this thesis. I’d like to thank Braden Webb, former Lakehead Graduate, for
his help in the data collection. Lastly, I want to thank Brian and Cathy Lachine on their endless

support.



INTRODUCTION

Canada is covered by a vast amount of forested land covering about 500 million hectares
(Madore and Bourdages 1992; Canada Action 2021). Of that, 244 million ha are managed and
are an immense contributor to Canada’s economy, especially for rural communities, with
approximately $1.9 billion in revenue for the provincial and federal government and $33 billion
in exports in 2019 (NRC 2020a; Forest Products Association of Canada 2021; EDC 2017;
Canada Action 2021). An obligation in forest operations is to regenerate harvested blocks
(MacKinnon 1967). Nurseries are used in forestry to produce a large amount of good quality
native stock annually to reach this reforestation objective (Agarwal n.d).

Artificial fertilizers are popular in agriculture and forestry to promote growth in their
stocks. However, artificial fertilizers can have negative effects on an ecosystem as well as
contribute to the climate crisis through the use of fossil fuels (Muscanescu 2013). Naturally
occurring alternatives to artificial fertilizers are increasing in interest within research and
literature.

Lalrise Vita Bacillus velezensis is a rhizobacterial microbe that colonizes the roots of
plants within the soil (Lallimand n.d). A symbiotic relationship is formed between the plant and
the microbe. The microbe uses the plant to increase the size of its population while the plant
benefits because it receives an increase in accessible nutrients for uptake from the increased
surface area of Bacillus velezensis (Lallemand n.d). Bacillus velezensis makes phosphorus in an
available form for the plant, which in return promotes growth and tree vigor (Lallemand n.d).

If the microbe can improve the growth of seedlings, then it could be a natural and

beneficial alternative to plant growth and the soils ecosystem long term (Muscanescu 2013).



This thesis sets out to explore how the microbe Bacillus velezensisi being introduced into
the soil of Pinus banksiana (Lamb.) and Picea mariana (Mill.) seedlings affects their growth.
Growth will be measured through the height, root collar, and shoot and root mass weight.
OBJECTIVE

The experiment took place in a controlled greenhouse with three different treatment
levels for each species. All seedlings received fertilizer, but two of the treatments also received
Bacillus velezensis. Treatment one consisted of the control, treatment two had three applications
of the Lalrise Vita. Bacillus velezensis and treatment three had two applications. By comparing
the differences in height growth, root collar growth, and dried mass between the two treatments
and the control, the anticipation is to observe increases in plant growth and mass.

HYPOTHESIS

(Ho) There is no difference between the height, root collar, and root mass growth of Pinus
banksiana and Picea mariana inoculated with Bacillus velezensis.

(H1) There is increased height, root collar, and root mass growth of Pinus banksiana and
Picea mariana inoculated with Bacillus velezensis.

(H2) There is decreased height, root collar, and root mass growth of Pinus banksiana and
Picea mariana inoculated with Bacillus velezensis.

Will Lalrise Vita Bacillus velezensis increase the growth of Pinus banksiana and Picea
mariana and be a good addition to artificial fertilizers use and help mitigate the effects of climate

change on regenerating forests.



LITERATURE REVIEW
FORESTRY IN CANADA

The forestry industry within Canada has been acknowledged as “a global leader” for its
management practices in the renewable resource of forestry (FPAC 2021; EDC 2017; Canada
Action 2021). Forest management that sustains forests long-term has become the main concern
within the forestry sector (Madore and Bourdages 1992; MNDMNREF 2021). Within sustainable
forest management, there are many requirements that need to be met which include the
obligation of reforestation (MNDMNREF 2021). Site preparation mechanisms and replanting
efforts are major costs to the forestry companies that hold tenure agreements with the Crown
forest (MacKinnon 1967).

The Government of British Columbia (2017) and Ontario stated that all harvested blocks are
reforested via natural regeneration, seed, or plant stock (GBC 2017; MNDMNREF 2015b). In
British Columbia alone 218 million trees are planted on average a year with 80% of those
regeneration efforts being planted stock (GBC 2017).

Grossnickle (2012), Sutherland and Day (1998), and Mohammed et al. (2001) state that
having the most successful reforestation program comes down to the quality of the trees planted.
Higher quality and larger trees have a better chance of survival in the early stages of recruitment
(Grossnickle 2012; Moustakas and Evans 2015; Colomo et al. 2005; Nicholson et al. n.d).
Therefore, the goal of reforesting in sustainable management is to find ways to produce the most
vigorous trees with higher chances of survival. Often in greenhouse seedling production, bigger
and more vigorous seedlings are produced in shorter amounts of time as a result of the

application of artificial fertilizers.



BOREAL TREE SPECIES

The boreal forest is made up of trembling aspen (Populus tremuloides Michx.), white

birch (Betula papyrifera), jack pine (Pinus banksiana Lamb.), black spruce (Picea mariana

(Mill.) B.S.P), white spruce (Picea glauca (Moench), balsam fir (Abies balsamea (L.) Mill), and

tamarack (Larix laricina (Du Roi, K. Koch) (NRC 2020b).

Black Spruce and Jack Pine

Within the Ontario boreal forest, black spruce species make up the largest part of the land

base (MNDMNREF 2021b). Jack pine and black spruce together make up 89.72% of the total

36,600,871.8 ha of forested area in 2021 (MNDMNRF 2021b).

They are also the top two softwoods with the highest net merchantable volume in Ontario

(MNDMNREF 2016). In 2016 and 2017, they were also the top two species harvested as shown in

Figure | (MNDMNREF 2021a).

The main use of black spruces is pulp and paper
but can also be used for dimensional lumber (MNDMNRF
2021b). Black spruce is associated with a range of sites. It
is found in wet and organic peat sites, deep sandy soils,
shallow tills, and loams and clays (Fryer 2014). Black
spruce can maintain on nutrient-poor and dry soils,
however, prefer fresh to moist soils with medium nutrients
(Fryer 2014).

Jack pine is mainly harvested for the use of
dimensional lumber but can also be used for pulp and

paper (MNDMNREF 2021b). Jack pine is most commonly

Figure 1. Volume (m?®) harvested
by tree species in Ontario.
Source: MNDMNREF 2021a.
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46,102 36,447

524,048 291,088



associated with sandy soils and rocky outcrops which are both nutrient-poor acidic environments
(Carey 1993). They can but rarely persist in thin loamy soil and peatlands (Carey 1993).

As mentioned above, all harvested blocks require to be reforested via natural
regeneration, seeding, or plant stock. Black spruce and jack pine are both not recommended to
reforest through natural vegetative growth, and therefore nursery stock is often used
(MNDMNREF 2015a). Being the top two tree species to be harvested, bigger and more vigorous
seedlings for these species produced in shorter amounts of time is ideal.

NURSERIES

Across Canada, there is a large number of nurseries that grow stock to replant a harvested
block (CFW 2022). The Forest Products Association of Canada (2021) approximated that 440
million trees are planted every year. Artificial fertilizers are a common application used in forest
nurseries to promote growth in their stocks as well as on-site with the stock.

ARTIFICIAL FERTILIZERS

The goal in silviculture for fertilizers is to increase the productivity of trees by increasing
the micro-and macronutrients in the soil (NRC 1995). Artificial fertilizers application is the most
common form of nitrogen, phosphorus, and potassium for container stocks in forest reforestation
(McTavish Resource and Management Consultant LTD 2003; Stoeckeler and Arneman 1960;
Zheng et al. 2018). Zheng et al (2018) found that slow-release artificial fertilizers lower the
rotation time of these seedlings in the nursery.

Artificial fertilizers are temporary and often require multiple applications, which is costly
in both product and labor (Zheng et al. 2018). Fertilizer Canada (2021) also put out a statement

about the Federal Government creating a target of reducing emissions from fertilizer by 30%.



Rabbee et al. (2019) wrote “-increased use of chemical fertilizers and pesticides has
resulted in the accumulation of residual chemical compounds in the environment, and pathogenic
microorganisms are starting to develop resistance.” This was outlined because the microbe
Bacillus velezensis has been increasingly being recognized as a natural growth promoter (Rabbee
et al. 2019). With the reduction of fertilizers and the increasing evidence of the negative impacts
on the environment, it is good to explore the use of microbes in nursery productions for growth
promotion.

RHIZOSHERE

The rhizosphere is the part of the soil where the tree roots interact with the soil through the
release of certain acids to obtain nutrients and water to grow (Marks 1973; Barea et al. 2005;
Kennedy and Luna 2005). The rhizosphere is also home to a diverse population of natural
microbes and fungi (Marks 1973; Barea et al. 2005).

Microbes within the soil can create a mutualistic relationship with the roots rhizosphere
(Pandey and Palni 2007; Barea et al. 2005). They have evolved with the ability to aid each other,
the rhizosphere being an ideal environment for the microbe to grow and the microbe being an
extension for nutrient uptake in the roots present in the rhizosphere (Martin et al. 2017; Pandey
and Palni 2007; Bhattacharyya and Jha 201; Backer et al. 2018).

More specifically, plant growth-promoting rhizobacteria’s (PGPR) main mechanism is
making unavailable nutrients accessible and protecting the plant from other harmful microbes
and fungi (Bhattacharyya and Jha 2012; Prasad et al. 2019; Backer et al. 2018; Barea et al. 2005;
Rabbee et al. 2019). Indirectly these affect the trees above and below the ground in their growth
abilities due to the increased availability of nutrients (Bhattacharyya and Jha 2012; Prasad et al.

2019; Backer et al. 2018).



Lalrise Vita Bacillus velezensis

There are many different Genera of Plant Growth-Promoting Rhizobacteria (PGPR). The
PGPR that this thesis incorporates is called Bacillus velezensis. The family Bacillus is a PGPR
that specializes in the promotion of plant growth but also can aid in the fighting of negative
pathogens (Pindi et al. 2013; Rabbee et al. 2019). It was formally known as being a part of the
Bacillus amyloliquefaciens family but has since been changed to the above (Meng et al. 2016).
This microbe’s main characteristic is its ability to produce bioactive secondary metabolites
(Rabbee et al. 2019; Pindi et al. 2013). Reva et al. (2004) and Rabbee et al. (2019) state that they
can promote growth and suppress fungal invasion through the release of secondary metabolite
and the formation of biofilm. It is also being heavily researched as a biological control method
for various fungal diseases on a variety of plant species (Meng et al. 2016).

Bacillus velezensis is a gram-positive microbe that can be inoculated into the soil of
seedlings (Rabbee et al. 2019; Fan et al. 2018; Lallemand n.d). Once the microbe colonizes the
roots, it can start producing the required nutrients for the plant’s roots to access and maintains a
relationship through the roots life (Rabbee et al. 2019; Xu et al. 2018; Lallemand n.d). Bacillus
velezensis has come under a spotlight recently in research for it has recently been proven to be
advantageous in some hardwood species, crop species, and softwood species.

Torres et al. (2020), conducted a study using the crop species tomato, pepper, pumpkin,
and cucumber plants. Bacillus velezensis, when inoculated into the soil of these crop species,
proved to increase the fresh weights of the species compared to the controls, respectively.

A study on Bacillus velezensis and its effects on Sawtooth oak (Quercus acutissima) was
recently done by Won et al. (2021). They found that Bacillus increased the plant's nutrient

uptakes and seedling biomass in comparison to the control and chemical fertilizer, respectively.



Cypress (Chamaecyparis obtusa) is a softwood species like jack pine and black spruce.
Moon et al. (2021) conducted a study on how Bacillus velezensis affects the growth of Japanese
Cypress. In their study, the seedling that received the treatment of Bacillus velezensi resulted in a
“-significant increase in the growth of C. obtusa seedlings compared to control, or chemical
fertilizer treatment, respectively” (Moon et al. 2021).

Lallemand has conducted studies on black cherry (Prunus serotina), eastern larch (Larix
laricina), silver maple (Acer saccharinum), red oak (Quercus rubra), white oak (Quercus alba),
ursuian pear (P. pyrifolia), hemlock (Tsuga canadensis), chestnut (Aesculus hippocastanum),
almond (Prunus glandulosa), apple trees (Malus domestica), apricots (Prunus armeniaca), and
cypress (Cupressus nootkatensis) as well. These trials all showed significant differences between
the control and the seedlings inoculated with the microbe when it came to height, root collar, and
dried mass weight (Lalleman n.d).

This thesis sets out to explore how this species of Bacillus affects the growth of jack pine

and black spruce.



MATERIALS AND METHODS

MATERIALS
Rhizobacteria

The Growth Promoting Rhizobacteria Bacillus velezensisi was used in this study. A company
named Lallemand Plant Care produced a wettable powder version called LALRISE VITA, which
was applied to the soil. Two of the treatments had it added to the soil. Treatment two had three
applications of 0.1g per seedling. Treatment three had two applications of 0.1g per seeding.
Species Used

The two tree species used in this study were jack pine (Pinus banksiana) and black spruce
(Picea mariana). The seeds were sown in May 2021 and once germination took place were
transported to their respective trays. There was a total of 540 jack pine and 540 black spruce to
start.

Growing Instruments

Fertilizer and Soil

For nutrients, the slow-release fertilizer Osmocote 18-6-12 was used and added to the soil for
the seedlings before seeds were placed.

Trays

The jack pine and black spruce both had three treatments. Each treatment had four replicate
trays that held 45 seedlings each. There was a total of nine trays used.

Measuring Instruments

The measuring instruments used were: a ruler, root collar caliper, paper bags, scissors, a
marker, a laboratory drying oven, and a scale. The ruler was used for height measurements (cm).
The root collar caliper was used to measure the root collar (mm). The scissors were used to
separate the roots from the stem. The bags were labeled with a marker to identify the roots and
shoots of the trees. Those bags and biomass were dried in the oven at 360°C. The scale was then

used to measure the mass (g) of each bag and biomass.



METHODS

Location

The trial took place in the Lakehead University Greenhouse as shown in figure 1. The study
ran between May 2021 when the seeds were first sewn until November 2021when they were

measured.

Location of Black Spruce, Jack Pine, and Bacillus velezensisi Trial

Lakehead University
955 Oliver Road, Thunder Bay, Ontario

Natural Resources Management
Greenhouse
GPS: 48.42027 , -89.26729

Natural Resources \ S
Management Greenhouse - Lakdiead |

Unive
Plot Species: Jack pine & black spruce & .\"‘ R
Lakehead Contacts: Keri Pidgen-Welyki : i # :4‘ :

and Autumn Lachine
Surrounding Crops: yellow birch
Establishment Date: May 2021

. b

Figure 1. Location of black spruce, jack pine, and Bacillus velezensisi

Figure 2. Seedlings before final measurements in their trays randomly
placed



Study design and Setup

Seedlings and Placement into Trays

The seedlings used in this trial were sewn in May of 2021. When the seeds germinated they
were then randomly placed into trays with moist soil and the slow-release fertilizer.

Each tray was randomly assigned to a treatment and replicate number and was placed at their
greenhouse location at random, ensuring each treatment was not grouped together and evenly
spaced throughout. Each tray and tree were labeled based on their treatment and replicate, and
each tree was numbered individually. Respective trays and their treatment are shown in table 1.
The difference in the number of trees before and after for the height and root collar was due to

mortality in some of the seedlings.

Table 1. Study design with species, treatments, and their respective information regarding number
of trees and trays

# of trees before and # of trees for
Species Treatments Replicates Tray #s after for height/ root ngh@d oven-dry
collar biomass
T1: only water 1-4 1-4 180 >169 40
T2: 0.1g in water
(54g total of 1-4 5-8 180 -> 175 40
LALRISE VITA)
Jack pine
T3: 0.1g in water
(36g total of 1-4 9-12 180 -> 177 40
LALRISE VITA)
T1: only water 1-4 13-16 180 > 112 40
T2: 0.1g in water
(54g total of 1-4 17-20 180 ->135 40
Black LALRISE VITA)
Spruce T3: 0.1g in water
(36g total of 1-4 21-24 180 > 158 40
LALRISE VITA)
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Application of LALRISE VITA

Each tray was watered daily evenly across the trays to moisten the soil. After applications, all
materials used were disinfected using bleach. The LALRISE VITA was closed and stored
properly between each application.

Treatment One Application.

In Treatment 1, water was the only applicate used. The first step in setting up treatment was
filling an 8L clean bucket with water. Each seedling (180 spruce and 180 jack pine) in treatment
one was saturated with 40mL of water. This application was repeated once four weeks later, and
again after eight weeks. The date of application was recorded and pictures were taken with a
ruler for reference at end of the study.

Treatment Two and Three’s First and Second Application.

For treatments two and three first application of 0.1g of LALRISE VITA in water was added
to each seedling for both jack pine and black spruce. This was done in June 2021 with treatment
one.

During the first step, a clean 8L pale was filled with 7.2L of water. 32g of LALRISE VITA
was measured on the scale. The water was stirred to create a vortex to which the 32g of
LALRISE VITA was then added. 40mL of the solution was measured and added to each
treatment with two seedlings (180 jack pine and 180 black spruce). The date of application was
recorded and pictures were taken with a ruler for reference at end of the study.

This step was repeated to all treatment three seedlings (180 jack pine and 180 black spruce).

All these steps were repeated four weeks after the first June application.
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Treatment Two’s Third Application.

Four weeks after treatment two’s second application, a final one was added. In the first step, a
clean 8L pale was filled with 3.6L of water. 18g of LALRISE VITA was weighed out using the
scale. The water was stirred to create a vortex to which the 18g of LALRISE VITA was then
added 40mL of the solution was measured and added to each treatment with two seedlings (180
jack pine and 180 black spruce) for the final time. The date of application was recorded.

Data Collection and Procedure

For the Data collection portion of this trial, the height (cm) and root collar diameter (mm) were
taken for both species across all treatments and replicates. The total number of trees measured
for height and root collar was 540 jack pine and 540 black spruce.

The roots and shoots were also measured separately after being oven-dried. Only 10 trees from
each tray were selected using a random number generator between 0 and 45. Therefore, 120
black spruce and 120 jack pine were measured. Photos of each replicate from each treatment for
both species were taken before any applications and at the time of measurements.

Height.

In November of 2021, the heights were measured and recorded in centimeters. This was done
with every seedling for both species from the root collar to the terminal bud. When recording
measurements, the species, treatment, its replicate, and tree number were also recorded
alongside. Photos were also taken for some seedlings for reference.

Root Collar.

In November of 202 1the root collar diameter was measured and recorded millimeters. This
was done with every seedling for both species. When recording measurements, the species,

treatment, its replicate, and tree number were also recorded alongside.
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Weights of Roots and Shoots.

Once both height and root collar was measured for all seedlings destructive sampling and
weighing took place. For each tray, 10 trees were taken based on 10 numbers chosen using a
random number generator. Therefore, for each treatment, there were 40 samples with a total of
120 jack pine and 120 black spruce.

For each seedling chosen, they were taken out of their tray cell and the soil was washed off the
roots. Once the roots were carefully washed, the roots and shoots were separated at the root
collar and put in paper bags. The paper bags were labeled with species, treatment, tray, replicate,
and whether it was root or shoot.

After the roots and shoots of the 240 seedlings were bagged they were put in an oven and dried
for two days. Each bag was weighed and recorded. When recording the weights of the roots and
shoots, the species, treatment, its replicate, and tree number were also recorded. Photos were also
taken of the bare-root seedlings for reference.

Statistical Analysis

All results were recorded within allotted tables within excel. To test the significance of each
treatment's growth an SPSS One-way ANOVA was run using the significance level of 0.05. This
was run for the height, root collar, and roots vs shoot weight. ANOVA’s were also done between
the same replicates in each treatment. Hochberg’s post-hoc test was performed on the variables
that showed significant differences between the trays within the same treatment to remove the

significantly different ones.
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RESULTS

As mentioned above, this thesis sets out to explore how Bacillus velezensis being
introduced into the soil of jack pine and black spruce seedlings affects their growth. The three
treatments are the control, three applications of the Bacillus product, and two applications of the
bacillus product. The differences in height growth, root collar growth, shoots, and root dry
weights were determined using SPSS’s One-way ANOVA with a significance level of 0.05.
JACK PINE

Each treatment’s four trays were individually analyzed to identify if there were
significance between the trays within the same treatment. An ANOVA comparing the three
treatments displayed that there were significant differences in all three treatments. A post-hoc
test determined that a tray in treatment one was significantly different, which was removed. A
post-hoc also determined that a tray in both treatments one and two was significantly different
from the others, and therefore theses trays were removed from further analysis. The post-hoc for
treatment three showed that all trays were significantly different from each other and therefore
all of treatment three was removed from the final analysis. Final results are below.

Average Height

The mean height of the control trees was 7.62 cm and the seedlings with three
applications were 8.53cm (Figure 4). The treated seedlings had a greater mean height than the
untreated seedlings, numerically. The ANOVA test results displayed there was a significant

difference with a p-value of <0.05 (<.001). However, it was the only significant growth variable.
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Figure 4. Jack pine height (cm) between
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Average Root Collar

The mean root collar for the control trees was 2.31mm and for the seedlings with three
applications was 2.36mm (Figure 5). The treated seedlings numerically had a greater mean root
collar than numerically than the untreated seedlings. The ANOVA test results indicated there

was a not significant difference with a p-value of <0.05 (.238).

Figure 5. Jack pine root collar (mm)
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Dry Weight Roots: Shoots

The mean dry-weight for roots of the control trees was 0.61g, and for the seedlings with
three applications were 0.58g (Figure 6). The untreated seedlings numerically had the highest
mean dried root weight. The ANOVA test results indicated there was a not significant difference
with a p-value of <0.05 (.479).

The mean dry-weight for shoots of the control trees was 0.91g, and for the seedlings with
three applications were 0.98g (Figure 7). The treated seedlings numerically had the highest mean
dried shoot weight. The ANOVA test results showed there was not a significant difference with a
p-value of <0.5 (.308).

Figure 6. Jack pine dry weight of roots between
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Figure 7. Jack pine dry weight of shoots between
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BLACK SPRUCE

Each treatment’s four trays were individually analyzed to identify if there were
significance between the trays within the same treatment. The ANOVA displayed that there were
significant differences in the control and treatment two. A post-hoc test determined that a tray in
treatment one was significantly different, which was removed. A post-hoc also determined that a
tray in treatment two was significantly different, which was removed. The post-hoc for treatment
three showed that all trays were not significantly different from each other and therefore all of
treatment three were kept for the final analysis. Final results are below.

Average Height

The mean height for the control trees was 11.12cm, for the seedlings with three
applications was 10.36¢cm, and for the two applications was 10.41cm (Figure 8). The untreated
seedling’s mean height was numerically higher than the treated seedlings. The ANOVA test

results indicated there was a not significant difference with a p-value of <0.05 (.126).

Figure 8. Black spruce height (cm) between
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Average Root Collar

The mean root collar for control trees was 1.87mm, the seedlings with three applications
were 1.93mm, and the two applications were 1.92mm (Figure 9). The seedlings with three
applications had the largest mean root collar (mm) numerically, and the control had the smallest

mean root collar (mm). The ANOVA test results displayed there was not a significant difference

with a p-value of <0.05 (.483).

Figure 9. Black spruce root collar (mm) between treatments.

2.5

N B

0.5

Root Collar (mm)

1.87 1.93 1.92
0
Control 3 Applications 2 Applications
Treatment

Dry Weight Roots: Shoots

The mean dry-weight for roots of the control trees was 0.28g, the seedlings with two
applications were 0.25g, and the two applications were 0.26g (Figure 10). The untreated
seedlings had a higher mean root dry-weight numerically than the treated ones. The ANOVA test
results displayed there was not a significant difference with a p-value of <0.05 (.344).

The mean dry-weight for shoots for the control trees was 0.57g, the seedlings with three
applications were 0.62g, and the two applications were 0.56g (Figure 11). The treated seedlings
with three applications had a higher mean shoot dry-weight numerically than both the control
and other treated seedlings. The three-way ANOVA test results displayed there was not a

significant difference with a p-value of <0.05 (.561).
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Figure 10. Black spruce dry weight of roots between treatments.
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Figure 11. Black spruce dry weight of shoots between treatments.
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DISCUSSION

The importance of having increased height, root collar, and mass growth is highly
recognized in the replantation part of the forest harvesting process. Having more vigorous
seedlings being planted out of the greenhouse prepares the block for higher survivorship and
growth targets being met earlier (regeneration/ free-to-grow). The use of naturally occurring
growth promotion additives in the greenhouse also leads to fewer artificial fertilizers being used
and therefore more cost-effective and less degradation on the environment.

The trial results showed that the jack pine and black spruce did not show significant
differences in the growth in their height, root collar, and total dried mass compared to the control
in all situations. Resultes were mixed, with the control trees performing better than the treated in
some situations, while the treated trees performed better than the control trees in others.
Therefore, the inoculation of Lalrise Vita into the soil of jack pine and black spruce did not
appear to optimize artificial fertilizers in this greenhouse trial.

For the jack pine’s height, the treated seedlings had a greater mean height and a p-value
less than <.001. Therefore, the second hypothesis was accepted that there was an increased
height growth of the jack pine seedlings inoculated with the microbe. However, this was the only
significant result found for jack pine. The jack pine's treated seedlings also had a greater mean
root collar and has a p-value of .238. Therefore, the null hypothesis was accepted that there was
no difference in root collar growth between the jack pine seedlings inoculated with the microbe
and the control.

The jack pine’s control had the great mean dried root weight and the p-value was .479.
Therefore, the null hypothesis was accepted that there was no difference in root mass growth

between the jack pine seedlings inoculated with the microbe and the control. The jack pine’s
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treated seedlings had the greater mean dried shoot weight and the p-value was .479. Therefore,
the null hypothesis was accepted that there was no difference in shoot mass growth between the
jack pine seedlings inoculated with the microbe and the control.

For the black spruce’s height, the control had a greater mean height and have a p-value of
.126. Therefore, the null hypothesis was accepted that there was no difference in height growth
between the black spruce seedlings inoculated with the microbe and the control. The black
spruce’s seedlings with three application had a greater mean root collar and has a p-value of
.483. Therefore, the null hypothesis was accepted that there was no difference in root growth
between the black spruce seedlings inoculated with the microbe and the control.

The black spruce’s control had the greater mean dried root weight and the p-value was
.344. Therefore, the null hypothesis was accepted that there was no difference in root mass
growth between the black spruce seedlings inoculated with the microbe and the control. The
black spruce’s seedlings with three application had the greatest mean dried root weight and the
p-value was .561. Therefore, the null hypothesis was accepted that there was no difference in
shoot mass growth between the black spruce seedlings inoculated with the microbe and the
control.

The results of this trial for the jack pine and black spruce seedlings do not align with the
results shown in other trials done by Lallemand, the Lalrise Vita suppler, and the peer-reviewed
findings on crop species. Unlike the trials on silver maple, black cherry, cypress, and eastern
larch that show significant differences in the height, root collar, and root mass the jack pine and
black spruce don’t show the same response.

Jack pine and black spruce, as mentioned in the literature review, are both species that

have evolved to compete and excel in nutrient-poor and harsh conditions. The Lalrise Vita, being
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growth-promoting rhizobacteria, increases the available nutrients within the surrounding soil.
Having jack pine and black spruce adapted to nutrient-poor and harsher conditions, the microbe
may not be beneficial to them. The trial could have also been too short to be able to see the
benefits currently. The microbe may be a good application either way for it is also aids in helping
fight off disease, which could be helpful in the field.

There can be a number of reasons why the results turned out as they did. The previous
trials were in a more controlled greenhouse without other influences. This trial took place in the
Lakehead Greenhouse which had multiple trials occurring at once. On both sides of the bench,
which held all the trays of black spruce and jack pine seedlings, were other plants which were
taller than the seedlings.

There was a disease in the squash plants that were noted and considered a factor. The
seedlings also experienced mortality, which could have been human error or the other outside
influences mentioned above. The proximity and shade of the other plants alongside could have
played an influence on the seedling's ability to grow on the trays closest. The trays were placed
at random and an ANOVA was done to determine and remove certain trays that showed
significant differences from the other trays within the same treatment. This removal of certain
trays gave more accurate results, however, the trend of increased growth was still not observed.

Therefore, my recommendation going forward, if this trial was to be done again in the
future, is to have the trial in a more controlled greenhouse environment. Next, a longer trial that
allows more time to grow the seedlings as well as incorporating the growth of the one or two

years’ post-plant into the field.
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The Lalrise Vita. may not be a good alternative to artificial fertilizers, however, could be
beneficial in long term alongside fertilizer in the field. This is due to their long-life relationship

with the roots throughout the lifespan of the tree.
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CONCLUSION
This trial was done to determine if the application of Bacillus velezensis into the soil of
jack pine and black spruce would result in increased growth in height, root collar, and the root
and shoots mass compared to a control. It was also a good start in looking for alternatives to
artificial fertilizers. However, the results indicated that the inoculation of the microbe into the
soil of both species did not increase the growth significantly and therefore would not be a good
alternative to artificial fertilizers. Alone it may not be a good additive, but research into its use of

it alongside fertilizers as well as longer-term should be sought after.



LITERATURE CITED

Agarwal, S. N.d. Forest Nursery: Meaning, Significance, and Classification. Environmental
Pollution. https://www.environmentalpollution.in/forestry/forest-nursery/forest-nursery-
meaning-significance-and-classification-forestry/4816.

Backer, R., Rokem, J., [langumaran, G., Lamont, J., Praslickova, D., Ricci, E., Subramanian, S.,
Smith, D. 2018. Plant Growth-Promoting Rhizobacteria: Context, Mechanisms of Action, and
Road Map to Commercialization of Biostimulants for Sustainable Agriculture. Frontiers in
Plant Science. 19: 1473.

Barea, J., Pozo, M., Azcon, R., Azcon-Ahuilar, C. 2005. Microbial Co-operation in the
Rhizosphere. Journal of Experimental Botany. 56 (417): 1761-1778.

Bhattacharyya, P., Jha, D. 2012. Plant Growth-Promoting Rhizobacteria (PGPR): Emergence in
Agriculture. World Journal of Microbiology and Biotechnology. 28: 1327-1350.

Canadian Forest Website (CFW). 2022. Silviculture Constructors and Forest Nurseries.
https://www.canadian-forests.com/silviculture-nurseries.html. (online).

Carey, J. 1993. Pinus Banksiana Fire Effects Information System.
https://www.fs.fed.us/database/feis/plants/tree/pinban/all.html. Nov. 16, 2021.

Government of British Columbia. 2017. Factsheet: Reforestation in BC.
https://news.gov.bc.ca/factsheets/factsheet-reforestation-in-be. (online).

Export Development Canada (EDC). 2017. Canada’s Forestry Sector: Rooted in Canada’s
Economic History. Canada. https://www.edc.ca/en/article/canadas-forestry-sector.html.

(online).



Fan, B., Wang, C., Song, X., Ding, X., Wu, L., Wu, H., Gao, X., Borriss, R. 2018. Bacillus
velezensis FZB42 in 2018: The Gram-Positive Model Strain for Plant Growth Promotion and
Biocontrol. Frontier in Microbiology. 9 (2491): online.

Fertilizer Canada. 2021. New Report Warns of Potential for 48$ Billion Loss in Farm Income if
Fertilizer Reductions Are Required of Growers. https://fertilizercanada.ca/news-
events/news/new-report-warns-of-potential-for-48-billion-loss-in-farm-income-if-fertilizer-
reductions-are-required-of-growers/. Nov. 3, 2021.

Forest Products Association of Canada (FPAC). 2021. Our story: What We’re Doing to Keep

Our Forests as Forests Forever. https://www.fpac.ca/story.

Fryer, J. 2014. Picea Mariana: USDA. Fire Information System. https://www.fs.fed.us
/database/feis/plants/tree/picmar/all.html. Nov. 12, 2021.

Grossnickle, S. 2012. Why seedlings survive: influence of plant attributes. New Forests. 43: 711-
738.

Kennedy, A., Luna, L. 2005. Rhizosphere. Encyclopedia of Soils in the Environment. USDA
Agriculture Resource Service. Pumman, USA. 399-406.

Lallemand. N,d, Lalrise Vita . N.d. Fact Sheet. www.lallemandplantcare.com.

Mackinnon, G. 1967. Reforestation in Ontario. Department of Lands and Forests. Annual
Meeting of the C.I.F-S.A.F.

Madore, O., Bourdages, J. 1992. The Canadian Forest Sector: An Industrial and Technological
Profile. BP-294E.

Marks, G. 1973. Ectomycorrhizal: Their Ecology and Physiology. Academic Press. 465

Martin, F., Uroz, S., Barker. 2017. Ancestral Alliance: Plant Mutualistic Symbiosis with Fungi

and Bacteria. Science. 356 (6340)



McTavish Resources., Management Consultants Ltd. 2003. Canadian Nursery Crop Profile:
Container Production. Agriculture and Agri-Good Canada. 79pp.

Meng, Q., Jiang, H., Jiang, J., Hao. 2016. Effects of Bacillus Velezensis Strain BACO03 in
Promoting Plant Growth. Biological Control. 98: 18-26.

Ministry of Northern Development, Mines, Natural Resources and Forestry (MNDMNREF).
2015a. Forest Management Guide to Silviculture in the Great Lakes-St. Lawrence and Boreal
Forests of Ontario. Toronto. Queens Printer for Ontario. 384pp.

Ministry of Northern Development, Mines, Natural Resources and Forestry (MNDMNREF). 2016.
Measuring Growing Stock Volumes. Achieved Forest Resource of Ontario.

Ministry of Northern Development, Mines, Natural Resources and Forestry (MNDMNREF).
2021a. Forest Management Planning: How Crown rest are Managed in Ontario and How You
Can Get Involved in the Planning Process. https://www.ontario.ca/page/forest-management-
planning.

Ministry of Northern Development, Mines, Natural Resources and Forestry (MNDMNREF).
2021b. Common Trees. https://www.ontario.ca/document/forest-resources-ontario-
2021/common-trees#section-4.

Ministry of Northern Development, Mines, Natural Resources and Forestry (MNDMNREF).
2015b. Forest Management Guide to Silviculture in the Great Lakes-St. Lawrence and Boreal
Forests of Ontario. Queens Printer for Ontario, 394pp.

Mohammed, G., Mcleod, G., Menes, P., Timmer, V. 2001. Bareroot Stock Production.
Regenerating the Forest: Princoples and Practice for Ontario. Fitzhernry and Whiteside.

Markham, Ontario. 650pp.



Moon, J., Won, S., Maung, C., Choi, J., Choi, S., Ajuna, H., Ahn, Y. 2021. Bacillus
velezensis CE 100 Inhibits Root Rot Diseases (Phytophthora spp.) and Promotes Growth of
Japanese Cypress (Chamaecyparis obtusa Endlicher) Seedlings. Microorganisms. 9 (4): 821.

Moustakas, A., Evans, M. 2015. Effects of growth rate, size, and light availability on tree
survical across life stages: a demographic anayalis accounting for missing values and small
sample sizes. BMC Ecology. 15 (6).

Muscanescu, A. 2013. Organic Versus Conventional: Advantages and Disadvantages of Organic
Farming. Scientific Papers Series Management, Economic Engineering in Agriculture and
Rural Development. 13 (2): 253- 256.

Natural Resources Canada (NRC). 2020a. How Does the Forest Sector Contribute to Canada’s
Economy. Government of Canada. https://www.nrcan.gc.ca/our-natural-resources/forests-
forestry/state-canadas-forests-report/forest-industry-contribute/16517.

Natural Resources Canada (NRC). 2020b. 8 Facts about Canada’s Boreal Forest.
https://www.nrcan.gc.ca/our-natural-resources/forests/sustainable-forest-management/boreal-
forest/8-facts-about-canadas-boreal-forest/17394.

Natural Resource Canada (NRC). 1995. Silviculture Terms in Canada. Policy, Economics and
International Affairs Directorate Canadian Forest Service Natural Resources Canada. Second
Edition

Nicholson, J. N.d. The Survival and Growth of Larger Seedlings Compared to Regular Seedlings
Planted on Various Sites in Nova Scotia. Nova Scotia Nat. Res. Internal Forest Research
Report 87.

Pindi, P., Sultana, T., Vootla, P. 2014. Plant Growth Regulation of Bt-cotton Through Bacillus

Species. Biotech. 4: 305-315.



Prasad, M., Srinivasan, R., Chaudhary, M., Choudhary, M., Jat, L. 2019. Plant Growth
Promoting Rhizobacteria (PGPR) for Sustainable Agriculture Perspective and Challenges.
Woodhead Publishing. 129-157.

Rabbee, M., Ali, S., Chou, J., Hwang, B., Jeong, S., Baek, K. 2019. Bacillus Velezensis: A
valuable Member of Bioactive Molecules within Plant Microbiomes. Molecule. 24 (1046): 1-
13

Reva, O., Dixelius, C., Meijer, J., Priest, F. 2004. Taxonomic Characterization and Plant
Colonizing Abilities of Some Bacteria Related to Bacillus amyloliquefacins and Bacillus
subtilis. FEMS Microbiology Ecology. 48 (2): 249-259.

Sutherland, D., Day, R. 1998. Container Volume Effects Survival and Growth of White Spruce,
Black Spruce, And Jack Pine Seedlings: A Literature Review. North. J. Appl. For. 5: 185-189.

Torres, M., Llamas, I., Torres, B., Laura, T., Sampedro, 1., Bejar, V. 2020. Growth Promotion on
Horticultureal Crop and Antifungal Activity of Bacillus velezensis XT1. Applied Soil
Ecology. 150: 103453.

Won, S., Moon, J., Ajuna, H., Choi, S., Maung, C., Lee, S., Ahn, Y. Biological Control of Leaf
Blight Disease Caused by Pestalotiopsis maculans and Growth Promotion of Quercus
acutissima Carruth Container Seedlings Using Bacillus velezensis CE 100. Int. J. Mol. Sci.
22: 11296pp.

Zheng, Y., Clark, M., Agro, E., Bowser, B., MacDougall, Schiestel. 2018. Fertilization Guide for
Nursery Crops. https://epic48.com/assets/1532525007 Fertilization Guide 20180622.pdf

(online).



	Autumn Lachine THESIS Lakehead.  Signature Page_20220426_0001.pdf
	Lachine_694149_Thesis.pdf
	Autumn Lachine
	AUTUMN LACHINE
	FACULTY OF NATURAL RESOURCE MANAGEMENT
	By
	Autumn Lachine
	An Undergraduate Thesis Submitted in
	Faculty of Natural Resources Management
	LIBRARY RIGHTS STATEMENT
	A CAUTION TO THE READER
	ABSTRACT
	CONTENTS
	TABLES
	FIGURES
	AWKNOWLEDGEMENTS
	INTRODUCTION
	OBJECTIVE
	HYPOTHESIS
	LITERATURE REVIEW
	FORESTRY IN CANADA
	BOREAL TREE SPECIES
	Black Spruce and Jack Pine
	NURSERIES
	ARTIFICIAL FERTILIZERS
	RHIZOSHERE
	Lalrise Vita Bacillus velezensis
	MATERIALS AND METHODS
	MATERIALS
	Rhizobacteria
	Species Used
	Growing Instruments
	Fertilizer and Soil
	Trays
	Measuring Instruments
	METHODS
	Location
	Study design and Setup
	Seedlings and Placement into Trays
	Application of LALRISE VITA
	Treatment One Application.
	Treatment Two and Three’s First and Second Application.
	Treatment Two’s Third Application.
	Data Collection and Procedure
	Height.
	Root Collar.
	Weights of Roots and Shoots.
	Statistical Analysis
	RESULTS
	JACK PINE
	Average Height
	Average Root Collar
	Dry Weight Roots: Shoots
	BLACK SPRUCE
	Average Height
	Average Root Collar
	Dry Weight Roots: Shoots
	DISCUSSION
	CONCLUSION
	LITERATURE CITED




