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B&P FILE 13764-114

TITLE: METHOD FOR INCREASING PLANT GROWTH USING THE
FUNGUS TRICHODERMA HARZIANUM

[0001] This Patent Cooperation Treaty application claims the benefit of
35 USC 119 based on the priority of co-pending US Provisional Patent
Application 61/243,340, filed September 17, 20089.

FIELD

[0002] The present disclosure relates to a novel strain of Trichoderma
harzianum, called TSTh20-1, for promoting plant growth, particularly under
sub-optimal or stressful conditions with respect to water, organic carbon,
nitrogen and mineral content, temperature, and contamination with polycyclic

aromatic hydrocarbons or naphthenic acids.

BACKGROUND

10003] Symbiosis is a mutually beneficial interaction between two
organisms. Most plants are symbiotic with fungi (Petrini, 1986) and these
fungi play important roles in the structure, function, and health of plant
communities (Bacon and Hill, 1996; Clay and Holah, 1999; Petrini, 1986;
Read, 1999; Rodriguez and Redman, 1997).

[0004] It has been demonstrated that a symbiotic relationship between
plants and fungi can confer enhanced growth to host plants. For example,
strains of endophytic fungi have conferred tolerance to host plants to extreme
environmental conditions including high temperature, drought, and high salt
content (Redman et al.,, 2002; Rodriguez et al., 2004; Rodriguez and
Redman, 2008a; Rodriguez et al., 2009). In addition to promoting stress
tolerance, endophytes also increase nutrient acquisition and growth rates of
host plants, and enhance water use efficiency (Rodriguez et al., 2008;
Rodriguez et al., 2009).
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[0005] Trichoderma harzianum (T. harzianum) is a fungal species that
encompasses a wide variety of physiologically specialized strains. Certain
strains are used as biocontrol agents against soil-borne diseases of plants,
and others are used for industrial production of cell wall degrading enzymes
(Naseby et al.,, 2000). Trichoderma harzianum has been shown to induce
metabolic changes in plants that increase their resistance to a wide variety of
plant-pathogenic microorganisms and viruses (Harman et al.,, 2004). It has
previously been shown that T-22, a particular strain of Trichoderma
harzianum, can increase the growth of plant and root development under
some conditions. T-22 can also solubilize plant nutrients for plant uptake that
would otherwise be unavailable to plants in certain soils (Altomare et al.,
1999; Harman et al., 2004).

[0006] Abiotic stress involves the negative impact of physical and
chemical factors on living organisms such as temperature, water, pH, and
nutrient limitation. Promoting plant growth in conditions of marginal to extreme
abiotic stress would allow plants to become established in non-ideal
environments, creating new vegetation. Creating new vegetation is important
to soil remediation of polluted sites created by modern industry, agriculture,

and other human activities.

[0007] The Athabasca oil sands in Alberta, Canada are the second
largest in the world after Saudi Arabia. Oil sands contain bitumen, a semisolid
mixture of complex hydrocarbons derived from coal or petroleum (Oil Sands

Discovery Center, 2006) that are converted into synthetic crude olil. Oil sand

surface-mining is damaging to the environment as it involves removal of trees
and animals, and use of local water. About three cubic meters of liquid and
solid tailings are produced per barrel of oil extracted. Current daily production
from the oil sands, estimated at 1.5 million barrels (240,000 cubic meters),
would cover 100 football fields about knee-deep in tailing sands (TS). Since
1967, TS already cover more than 50 square kilometers to a far greater depth.

The rate of extraction is forecast to double by 2020 and triple by 2030.
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[0008] Tailing sands, the solid by-product of oil sand extraction, contain
polycyclic aromatic hydrocarbons (PAHs) and naphthenic acids (NAs), which
Inhibit water absorption. Additionally, the oll extraction process removes much
of the minerals and would also kill any soil microflora existed within the oil
sands. This leaves the tailing sands deficient in minerals and flora. Thus, the

tailing sands are challenging to support the plant life necessary to reclaim the

sites.

[0009] Oil companies are expending considerable effort to overcome
the challenges associated with tailings disposal and ultimate site reclamation
(Matt Price, 2008). Traditional remediation methods of tailing sands are costly
and time consuming. The cost of remediation per hectare now averages about

$30,000 and it will take 15 years to remediate.

[0010] Compared to traditional methods (mixed fertilizer with plant
material removed prior to surface mining, and stockpiled) bioremediation
appears to be less labour intensive, and more environmentally safe since the
talling sand does not have to be covered with peat or other plant material, that
must be taken from elsewhere. According to the reclaim standard, a reclaimed
growing medium should be able to support a healthy plant community (similar
to that of a comparable natural area) (Bois et al., 2000). Developing new

vegetation on tailing sands is the key to a successful remediation.

SUMMARY
[0011] The inventors isolated a strain of endophytic fungus from a plant
that was found growing on oil-sand tailings. The isolated fungus is from the

species Trichoderma harzianum. Other strains of this species are already

used In biotechnology applications, however, different strains have particular

physiological characteristics for specialized uses.

[0012] One aspect of the disclosure provides an isolated Trichoderma
harzianum strain TSTh20-1, which has been deposited at American Type
Culture Collection under Patent Deposit Designation number PTA-10317 on

September 2, 2009, and its progeny and spores thereof, or an isolated culture

thereof, or a mutant thereof having the ability to promote plant growth.
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[0013] In another aspect, the disclosure provides a composition,
comprising a Trichoderma harzianum strain TSTh20-1, and its progeny and
spores thereof, or an isolated culture thereof, or a mutant thereof having the

ability to promote plant growth, and, optionally, a carrier.

[0014] In still another aspect, the disclosure provides a method of
promoting plant growth, comprising inoculating a plant with the Trichoderma

harzianum strain TSTh20-1 described herein.

[0015] In yet another aspect, the disclosure provides a method of
increasing water use efficiency of a plant, comprising inoculating a plant with

the Trichoderma harzianum strain TSTh20-1 described herein.

[0016] In another aspect, the disclosure provides a method of
remediation of soil or water, comprising inoculating a plant with the
Trichoderma harzianum strain TSTh20-1 described herein, and growing said

plant in the soll or water.

[0017] Other features and advantages of the present invention will
become apparent from the following detailed description. It should be
understood. however, that the detailed description and the specific examples
while indicating preferred embodiments of the invention are given by way of
illustration only, since various changes and modifications within the spirit and
scope of the invention will become apparent to those skilled in the art from

this detailed description.

BRIEF DESCRIPTION OF DRAWINGS
[0018] Figure 1 depicts the amplification sites of universal primers ITS5
and ITS4 that are used to amplify the targeted sequence ITS1-5.85-1T2, also

depicted. This drawing 1s not to scale.

[0019] Figure 2 depicts a schematic structure of the translation

elongation factor (EF-1a) gene of H. jecorina (GenBank accession number

CAA80554) and location of primers used for amplification of different parts
(Druzhinina and Kubicek, 2005).
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[0020] Figure 3A depicts the enhanced growth by tomato plant
seedlings Inoculatea with Trichoderma harzianum TSTh20-1 on extracted

tailing sands compared to non-inoculated tomato plant seedlings.

[0021] Figure 3B depicts a histogram demonstrating the average total

fresh weight (root plus shoot) for tomato seedlings grown on extracted tailing

sands for two weeks and watered with distilled water.

[0022] Figure 4 depicts a histogram demonstrating the shoot length of

7-day old non-symbiotic (NS) and Trichoderma symbiotic (S) rice seedlings.

[0023] Figure 5 depicts a histogram demonstrating the water use per
gram of plant biomass for the same three corn varieties under non-symbiotic

(NS) and Trichoderma symbiotic (S) conditions.

[0024] Figure 6 depicts a histogram demonstrating the plant biomass
for the three corn varieties depicted in Figure 3 for shoots (dark purple bars)

and roots (light blue bars) under non-symbiotic (NS) and Trichoderma

symbiotic (S) conditions.

DETAILED DESCRIPTION

[0025] The present disclosure relates to a Trichoderma harzianum
fungal strain called TSTh20-1 that was isolated from plants growing on oll
tailing sand sites. It has been shown that such fungal isolates are capable of

promoting plant growth, particularly in conditions not ideal for growth, such as

In oll talling sands and in conditions where water is limited.

|. Definitions

[0026] The term "abiotic stress™ as used herein refers to the negative
impact of physical and chemical factors on living organisms in a specific
environment. Physical and chemical factors can include, but are not limited to,
water, organic nutrient levels, mineral nutrient levels, chemical contamination,

temperature, rainfall, pH, oxygen content, hydrocarbon residues and alkali.
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[0027] The term “"endophyte” as used herein refers to a class of fungal
symbionts that reside within host plant roots, stems and/or leaves, and that

emerge during host senescence.

[0028] The term “inoculating a plant” with a fungus, for example, as
used herein refers to applying or infecting a plant (including its roots, stem,

leaves or seeds) with a fungus or fungal spores.

[0029] The term “TSTh20-1" refers to a fungal cell or culture that has

been deposited at the American Type Culture Collection (ATCC) under Patent
Deposit Designation number PTA10317 on September 2, 2009.

[0030] The term "mutant of TSTh20-1" as used herein refers to a fungal
cell that has undergone a mutation in its genetic code as compared to the
TSTh20-1 strain, such as might be artificially created to enhance plant growth-
related capabilities, to track the fungus in the plant, or to track the fungus in

the environment to ensure consistency and provenance.

[0031] The term “oil tailing sands” or “tailing sands” as used herein

refer to a by-product of the oil extraction process used in oil sand processing,

such as, for example, the Athabasca oil sands.

[0032] The term “plant” as used herein includes any member of the
plant kingdom that can be colonized by fungi. In one embodiment, the plant is
an agricultural crop including, without Ilimitation, tomato, rice, maize,

watermelon, squash, turf and wheat. These plant species have been tested

and 1STh20-1 has been shown to confer growth benefits to them.

[0033] The term “progeny of TSTh20-1" as used herein refers to all
cells deriving from TSTh20-1 cells.

[0034] The term “promoting plant growth” as used herein means that
the plant or parts thereof (such as roots and shoots) have increased in size or
mass compared to a control plant, or parts thereof that has not been

Inoculated with the fungus or as compared to a predetermined standard.
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[0035] The term “remediation” as used herein refers to plant
revegetation of environmental media and to the removal of pollution or
contaminants from environmental media such as soil, groundwater, sediment,
or surface water for the general protection of human health and the
environment. In one aspect, the remediation is used for the revegetation of

barren tailing sands.

[0036] The term “"spores of TSTh20-1" as used herein refers to asexual

reproductive cells formed by TSTh20-1 fungi, or its sexual stage, Hypocrea.

[0037] The term “symbiosis” and/or “symbiotic relationship” as used
herein refer to a mutually beneficial interaction between two organisms
Including the interaction most plants have with fungi such as mycorrhizae.
Similarly, the term “symbiont” as used herein refers to an organism in a

symbiotic interaction.

[0038] The term “Trichoderma harzianum strain TSTh20-1" as used

herein refers to the Trichoderma harzianum strain that has been deposited at

American Type Culture Collection under Patent Deposit Designation number
PTA10317 on September 2, 2009.

[0039] The term “water use efficiency” as used herein means the
amount of water consumed by plants over a defined period of time. It can also

be defined by water use per gram of plant biomass.

[0040] As used herein, the terms “a” or “an” in relation to an object

mean a representative example from a collection of that object.

[0041] The terms “unimpacted”, “extracted”, and “remediated” as used
herein refer to sites or soil samples from sites that 1) were in the Athabasca
oil sands region but had not been exploited for their bitumen content, 2) were
talling sands remaining after bitumen extraction, 3) had been remediated
using conventional techniques, that is, covering with plant materials removed

prior to surface mining and mixed with mineral fertilizer.
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Il. Isolated Trichoderma harzianum TSTh20-1

[0042] Under conditions of abiotic stress factors (including low mineral
content, hydrocarbon residue, and high pH), pioneer plants such as
Taraxacum (dandelion) and Sonchus (sowthistle) still colonize on tailing
sands. Fungal endophyte cultures were isolated from samples of Taraxacum
and Sonchus plants to examine the type found in the extracted, remediated,
and unimpacted site samples. Once isolated from the plants, endophyte fungi
were identified using morphological techniques and molecular techniques to
amplify target DNA sequences were used to identify the specific genus and
species. The inventors isolated one strain that they determined to be from

Trichoderma harzianum.

[0043] In a first aspect, the disclosure provides an isolated Trichoderma
harzianum strain TSTh20-1, which has been deposited at American Type
Culture Collection (ATCC) under Patent Deposit Designation number PTA-
10317 on September 2, 2009, and its progeny and spores thereof, or an
iIsolated culture thereof, or a mutant thereof having the ability to promote plant

growth.
lHl. Compositions Comprising the Fungus TSTh20-1

[0044] Compositions for inoculating the plants with the Trichoderma
harzianum strain 1STh20-1 described herein are also disclosed. In one

aspect, the disclosure provides an Inoculating composition, comprising a

T'richoderma harzianum fungus TSTh20-1 or its progeny, spores or mutants
thereof, and optionally a carrier. The composition may be applied to any part
of the plant including roots, leaves, stems or seeds. The composition is

preferably applied to dried seeds, most preferably as a dry seed coating.

[0045] In an embodiment, said composition is in a fluid form suitable for
spray application or dip application. In another embodiment, said composition
IS In a paste-like form. In still another embodiment, said composition is in a
substantially dry and powdered form for dusting. In yet another embodiment,

sald composition can promote plant growth. In another embodiment, said
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composition can promote plant growth under conditions of abiotic stress. In
still another embodiment, said composition can promote plant growth on oll
tailing sands. In yet another embodiment, saild composition can increase
water use efficiency of a plant. In yet another embodiment still, said
composition can remediate soil or water. In another embodiment, said soll

comprises oil tailing sands.

[0046] One of skill in the art can readily determine the amount or
concentration of the composition that should be applied to the plant or plant
seed to promote plant growth. [In one embodiment, from about 5 to about
100,000 viable spores of the TSTh20-1 can be used per seed, preferably
about 5 to about 500 viable spores per seed, more preferably less than 50

viable spores per seed.

IV. Methods and Uses of TSTh20-1

[0047] It has been shown that the fungal strain TSTh20-1 can promote

plant growth, increase water use efficiency, and remediate soill.

1. a. Promoting Plant Growth
[0048] It is shown herein that the fungus TSTh20-1 has plant

growth-promoting capabilities. For example, seedlings Inoculated with
1S5Th20-1 have significantly longer shoots than seedlings not inoculated (see
for example, Example 3). Enhanced plant growth has also been demonstrated
upon Inoculation of plant roots with TSTh20-1 in suboptimal conditions,
Including abiotic stress conditions. An example of abiotic stress conditions
Includes growth on contaminated soil such as seen on oil tailing sands

(Example 2).

[0049] Therefore, in an aspect, the disclosure provides a method of
promoting plant growth, comprising inoculating a plant with the TSTh20-1
strain described herein. In one embodiment, the method of promoting plant

growth further comprises growing the plant in soil or water (that is, using

hydroponic methods).
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[0050] In another embodiment, the disclosure provides a use of a

fungal composition to promote plant growth.

[0051] In an embodiment, the method of promoting plant growth occurs
under conditions of abiotic stress. In another embodiment, the disclosure
provides a use of [STh20-1 strain to promote plant growth under conditions of
abiotic stress. In an embodiment, the conditions of abiotic stress comprise the
presence of polycyclic aromatic hydrocarbons (PAHs), napthenic acids (NAs),

and/or high pH.

[0052] In another embodiment, the method of promoting plant growth
occurs on oll tailling sands. In yet another embodiment, the disclosure
provides a use of TSTh20-1 strain composition to promote plant growth on oil

talling sands.

[0053] Determining an improvement in plant growth using the TSTh20-
1 fungus can be assessed in a number of ways. For exampie, the size or
weight of the entire plant or a part thereof (such as shoots and roots) can be
measured. In an embodiment, the average shoot length of an inoculated
plant 1s Increased at least 20% and as much as 60% fresh weight or dry
weight. In another embodiment, rice plants inoculated with the Trichoderma
harzianum strain TSTh20-1 have average shoot lengths that are at least 20%

longer than rice plants that were not inoculated.

[0054] In still another embodiment, the method of promoting plant
growth results in the mass of inoculated plants being about double the mass

of the non-inoculated plants when grown on oil tailing sands.

b. Increased Water Use Efficiency

[0055] A demonstrated ability for endophyte fungi to increase the water
use efficiency of a plant would be useful in drought resistance and allow better
plant growth in conditions where water was limited. Herein, it is disclosed that
the Trichoderma harzianum fungus TSTh20-1 has the ability to also improve

the water use efficiency of a plant.
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[0056] Therefore, in an aspect, the disclosure provides a method of
increasing water use efficiency of a plant, comprising inoculating a plant with
TSTh20-1 strain disclosed herein. In one embodiment, the method of

Increasing water use efficiency of this disclosure further comprises growing

the plant in soil or water.

[0057] For example, corn plants inoculated with TSTh20-1 used
significantly less water for growth than non-inoculated corn when water was
limited, as seen In Example 4 and 5. Thus, in another embodiment, the
inoculation with TSTh20-1 strain described herein causes plants to use up to
50% less water per gram of plant biomass. The inoculation with TSTh20-1
strain described herein inhibits plants from wilting when water is limiting. For
example, wilting of inoculated plants occurs at about 18% moisture level,
while non-inoculated plants wilt at about 23% moisture level. Accordingly, In
an embodiment, inoculation with TSTh20-1 strain described herein allows a

plant to survive on at least 25 % less water

Cc. Remediation

[0058] Ol companies have an interest in the oil sands, as they are an
abundant source of crude oil. Alberta’s oill sands are one of the few oll
deposits in the world with growing production and about 176 billion barrels of
proven oil reserves and a total recoverable oil reserve estimated to equal
almost 335 billion barrels (Oil Sands Discovery Centre, 2006). However,
tailing sand that is created as a by-product of the oil extraction process, poses
environmental risks, including the migration of poliutants into groundwater and
leakage Into surrounding soil and surface water (Matt Price, 2008). Qi
companies that use strip mining methods to extract oil are required to
remediate the area to its original environmental condition once mining is
completed. However, current remediation methods of tailing sands are costly
and time consuming, and oil companies are expending considerable effort to
overcome the challenges associated with tailings disposal and ultimate site
reclamation. Therefore, a more suitable means of remediating oil tailing sands

would be useful.
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[0059] This disclosure provides that the isolated strain of fungal
endophyte, Trichoderma harzianum TSTh20-1 is capable of allowing plant
growth on olil talling sands (Example 2), indicating that site reclamation is

possible with this fungal strain.

[0060] Therefore, in an aspect, the disclosure demonstrates a method
of remediation of soil or water comprising inoculating a plant with TSTh20-1
strain described herein, and growing said plant in the soil or water. In an
embodiment, said soil or water comprises at least one pollutant, for example,
polycyclic aromatic hydrocarbons (PAHs), naphthenic acids (NAs), and/or

high pH. In another embodiment, said soil comprises oil tailing sands.

[0061] In another embodiment, the disclosure provides a use of

TSTh20-1 strain to promote remediation of soil or water.
2. Inoculation Methods for Plants

{0062] It should be understood that the methods and uses described
herein for plant inoculation apply to all methods and uses of the disclosure
described, for example, for promoting plant growth, increased water use

efficiency, and remediation of soil and water.

[0063] The plant can be inoculated with TSTh20-1 or a composition
comprising TSTh20-1, using techniques known in the art. For example, the
TSTh20-1 fungus or fungal spores may be applied to the roots of the plant, or
to young germinated seedlings, or to ungerminated or germinated seeds.
Furthermore, it is known in the art that other endophyte strains have been
shown to be effective when spores are applied to ungerminated seeds.

Therefore, in another embodiment, the fungus or fungal spores is applied to

ungerminated seeds that give rise to a plant.

[0064] The methods described herein can be applied to any plant in
need thereof. It is known that comparable endophyte strains of fungi readily
colonize a wide diversity of plant species [Rodriguez et al 2008, 2009], and
thus fungal inoculation with the strain described herein will colonize a variety

of plant species. In one embodiment, the plant is an agricultural plant. In an
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embodiment, the agricultural plant can be rice, tomato, maize, watermelon,
squash, turf and wheat, (currently under investigation; canola and soybean
will be studied in the future, resources permitting). It is shown herein that
TSTh20-1 fungal colonization occurs in tomato, rice, and corn plants, as in
Examples 2-4, and we have experimental evidence for comparable growth
enhancement by TSTh20-1 for additional agricultural crops, including beans,
wheat, turf, squash, radish. Thus, in still another embodiment, the agricultural
plant 1s selected from tomato plants, rice plants, maize plants, watermelon
plants, squash plants, turf and wheat. in another embodiment, the agricultural
plant is a tomato plant. In still another embodiment, the agricultural plant is a

rice plant. In yet another embodiment, the agricultural plant is a corn plant.

[0065] The above disclosure generally describes the present
application. A more complete understanding can be obtained by reference to
the following specific examples. These examples are described solely for the
purpose of illustration and are not intended to limit the scope of the
application. Changes in form and substitution of equivalents are contemplated
as circumstances might suggest or render expedient. Although specific terms
have been employed herein, such terms are intended in a descriptive sense

and not for purposes of [imitation.

[0066] The following non-limiting examples are lllustrative of the

present application:

EXAMPLES
Example 1: Isolation of Trichoderma harzianum strain TSTh20-1

[0067] Fungal strains were isolated from surface-sterilized plants that
had been collected from tailing sands sites, and then cultured on 10 % potato
dextrose agar at 28 C for 4-10 d, eventually producing a mixture of species.
Fungal colonies that grew out from these plant samples were purified to by
standard methods. Purified cultures were tested for their ability to confer
tolerance to growth on tailing sands using tomato as a test plant species. Only

TSTh20-1 of four genera and multiple isolates of endophtye fungi was able to

confer the specified tolerance.
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[0068]) Fungi colonizing Taraxacum and Sonchus plants growing on ol
tailing sands in Alberta, Canada were obtained and isolated using techniques
known in the art. The strains of isolated fungi were then identified using

morphological and molecular techniques.

a. Molecular Identification of Endophytic Fung)

i. Target DNA Sequences

[0069]) The internal transcribed spacer (ITS) region of fungal rDNA
genes has been identified by previous studies as suitable targets for
molecular analysis of fungal identification (Bridge and Spooner, 2001; Gardes
and Bruns, 1993). ITS regions are stretches of DNA that are located between
the 18S and 5.8S ribosomal DNA (rDNA) coding regions (ITS1) and between
the 5.8S and 28S rDNA coding regions (ITS2) (Bakker et al., 1994) (Figure 1).
The ITS region has a high degree of variation because of the relatively low
evolutionary pressure acting on these non-functional sequences. Their highly
varied sequence relative to the conserved flanking rDNA genes in fungi ana
the high copy number of rDNA genes makes it to be easy to amplify even
from small quantities of DNA (Buchan et al., 2002). Here, the ITS sequence
data were used as the complement of morphological methods to identity the

endophyte fungi strains at genus level.

[0070] To identify the Trichoderma strain to species level, an
approximately 0.65 kb fragment of the protein coding translation elongation
factor gene (EF-1a) (Figure 2), 0.5 kb section calmodulin gene (cal), and 0.75
kb actin gene (act) were amplified and sequenced. To combine the ITS
sequence, EF-1a sequence, cal sequence, and act sequence information
together provides much greater resolution of the representatives of
Trichoderma spp. compared to what ITS sequence supplies (Samuels et al.,
2006) and makes it possible to identify the Trichoderma strain to species level

accurately.

. Primer design
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[0071] The primer pair 1TS4 and 1TSS is universal primer pair used for
the amplification of the ITS1-5.85-1TS2 target sequence (White et al., 1990)
(Figure 1). O'Donnell et al. (1998) designed primer pair EF-1 and EF-2 to
amplify translation elongation factor coding region (EF-1a) from Fusarium
spp. Then primer pair EF1-728F and TEF1 rev was applied in amplification of
EF-1a coding region in Trichoderma spp and showed positive results
(Samuels et al., 2002). CAL-228F and CAL-737R primer pair were designed
to amplify calmodulin gene n filamentous fung! by Carbone and Kohn in
1999, then used In identification of Trichoderma spp by Chaverri et al. (2002).
Tact1 and Tact2 primer pair were designed and successfully used for

amplhfying actin gene in Trichoderma spp by Samuels et ai. in 2006.

b. Morphological and Quantification Studies

[0072] Lactofuchsin (LF) is used in the staining of plant samples to
study the morphology of AMF and fungal endophytes as LF can bind to chitin,
a component of most fungal walls (Bevege, 1968; Kormanik et al., 1980). LF
has a wide range of excitation wavelengths, spanning at least 405-534 nm
(blue to green) available with most epifluorescence systems (Kaminskyj,
2008). To study the morphological structure of fungi inside of plant tissue
confocal laser scanning microscopy (CLSM) can be used. When using CLSM,
plant samples are cleared of cytoplasm and then stained in acid fuchsin in
lactic acid, followed by a destaining step (Allen et al., 2006; Ormsby et al.,

2007; Kaminsky), 2008). Slides are imaged at a specific excitation related to

the fluorescent stain. CLSM is able to scan at different focal depths, making it

much easier to locate fungal structures within the host root.

[007 3] Wide field epifiluorescent microscopy can be used for
quantification of fungi colonization within plant tissue, while synchrotron mid-
Infrared spectroscopy can be used to assess the biochemical composition of
fungal endophytes in pure culture. When using epifluorescence, since the LF
stain 1s a very stable fluorochrome, photobleaching is seldom a problem

(Kaminskyj, 2008). Wide field epifluorescence microscopy lights up the entire
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field, provides an improved signal to noise ratio and is an efficient and flexible

method for quantification (Kaminsky), 2008).

Example 2: Effect of Trichoderma harzianum strain TSTh20-1 on Tomato

Plant Seedling Growth in Extracted Tailing Sands

[0074] Tomato seeds were grown in double-decker magenta boxes
containing sterile potting mix in the upper chamber, and mineral nutrient
solution (as is known in the art) in the lower chamber. At two weeks, seedlings
were gently removed from the potting mix, and inoculated as described below,
and transplanted into tailing sand. The lower chamber was filled with sterile
distilled water, and grown under the same conditions of temperature, moisture
and light. Figure 3A shows the effect of two weeks of growth on tailing sands
by established seedlings (left) uninoculated plants, and (right) a plant
inoculated with T. harzianum strain TSTh20-1 from a plant that had naturally
colonized tailing sand. Inoculated and control seedlings were grown for an

additional two weeks (four in all) before assessing growth.

[0075] Tailing sands are the solid waste produced following bitumen
extraction from tar sand deposits. The tailing sands have extremely low
available mineral content, particularly for phosphorous (0.1ppm), calcium
(4.3ppm), magnesium (1.0ppm). Tailing sands also have low organic carbon
(0.2%), high pH (8.3), and are hydrophobic, likely due to residual

hydrocarbons.

[0076] When the plants were grown for two weeks on extracted tailing
sand and watered with distilled water, the symbiont-colonized tomato
seedlings had significantly greater average, about double, total fresh weight
(root plus shoot) than the non-colonized plants, as indicated in Figure 3A and
3B. Symbiont-colonized plants also had significantly greater dry weight when
compared to non-colonized plants. Preliminary tests have shown that
inoculated tomato seedlings also demonstrated greater wilt resistance, and

more rapid recovery following wilting.
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[0077] This example indicated that TSTh20-1 inoculation enhances

plant growth in oil tailing sands, conditions of not ideal for plant growth.

Example 3: The Effect of Trichoderma harzianum 1TSTh20-1 on Growth of
Paddy Rice

[0078] Rice plant seedlings were grown in potting mix with a mineral
nutrient solution for two weeks. Seedlings were either inoculated with
TSTh20-1 or a sterile water control. After 7 days of growth, rice seedlings
colonized with TSTh20-1 had significantly longer shoots than non-symbiotic
seedlings (p = 5.33 E-15), as depicted in Figure 4. Rice seedlings were grown

in nutnient-free water agar; additional trnals were in sterile soill.

[0079] Growth enhancement due to the TSTh20-1 treatment effect is
attributable to more rapid root development in the symbiotic seedlings, leading
to enhanced shoot growth. Enhanced plant growth is correlated to increased

drought tolerance seen in symbiotic seedlings.

Example 4: The Effect of Trichoderma harzianum TSTh20-1 on Water Use b

Three Varieties of Maize

[0080] The roots of three corn varieties were inoculated with TSTh20-1
spores. Ten inoculated seedlings and five non-inoculated seedlings were
grown for two weeks in fertiized growing medium. Water use was measured
as the total volume consumed (mL) by plants over a 10 day period. There
were significant difference in the amount of water consumed/plant biomass
with symbiotic (two of the three varieties) using substantially less water than

nonsymbiotic plants (Figure 5).

Example 5: The Effect of Trichoderma harzianum TSTh20-1 on Plant Biomass

for Three Varieties of Corn

[0081] The three varieties of corn described in Example 4 were
analyzed for biomass. As indicated in Figure 6, both the shoots (dark purple
bars) and roots (light blue bars) have enhanced biomass in TSTh20-1-
colonized plants compared to non-symbiotic plants. This effect is very

significant for corn lines 1 and 2. Line 3, which had the best performance
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under non-symbiotic conditions, also had greater shoot biomass with the

Trichoderma symbiosis.

Example 6. The Effect of Trichoderma harzianum TSTh20-1 on Tomato Plant
Drought Resistance

[0082] The roots of axenic tomato plant seedlings were inoculated with
TSTh20-1 spores. Five inoculated seedlings and five non-inoculated
seedlings were grown for two weeks in mineral nutrient-fertilized growing
medium, as is know in the art. After two weeks, the growing medium was
allowed to dry and the water content of the growing medium was determined

for each plant at the onset of wilting. This was done at US.

[0083] Wilting of inoculated tomato plants occurred at about 18%
moisture, while wilting of non-inoculated plants occurred at about 23%

moisture.

[0084] While the present application has been described with reference
to what are presently considered to be the preferred examples, it is to be
understood that the application is not limited to the disclosed examples. To
the contrary, the application is intended to cover various modifications and
equivalent arrangements included within the spirit and scope of the appended

claims.
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CLAIMS:

A Trichoderma harzianum strain TSTh20-1, which has been deposited at
America Type Culture Collection under Patent Deposit Designation
number PTA-10317 on September 2, 2009 and its asexually produced

progeny and spores thereof, having the ability to promote plant growth.

A composition comprising a Trichoderma harzianum fungus TSTh20-1,
which has been deposited at America Type Culture Collection under
Patent Deposit Designation number PTA-10317 on September 2, 2009
and its asexually produced progeny and spores thereof, having the ability

to promote plant growth, and a carrier.

The composition of claim 2, which is in a fluid form suitable for spray

application, dip application or for coating seeds.
The composition of claim 2, which is in a paste-like form.

The composition of claim 2, which is in a dry and powdered form for

dusting.

A method of promoting plant growth, comprising inoculating a plant with

isolated TSTh20-1 of claim 1 or the composition of any one of claims 2-5.

The method of claim 6, wherein plant growth occurs under conditions of

abiotic stress.

The method of claim 7, wherein the conditions of abiotic stress comprise
the presence of polycyclic aromatic hydrocarbons (PAHs), napthenic acids
(NAs), or a pH of at least 8.3.

A method of increasing water use efficiency of a plant, comprising

inoculating a plant with the isolated TSTh20-1 of claim 1 or the

composition of any one of claims 2-5.

The method of any one of the claims 7-9, further comprising growing said

plant in soil or water.
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A method of remediation of soil or water, comprising inoculating a plant
with isolated TSTh20-1 of claim 1 or the composition of any one of claims

2-5, and growing said plant in soil or water.

The method of claim 11, wherein the soil or water comprises the presence
of polycyclic aromatic hydrocarbons (PAHS), napthenic acids (NAs), or a
pH of at least 8.3.

The method of any one of claims 7 or 11, wherein plant growth occurs on

oll tailing sands.

The method of any one of the claims 6-12, wherein the plant inoculated is

an agricultural plant.

The method of claim 14, wherein the agricultural plant is selected from the
group consisting of: tomato plants, rice plants, maize plants, watermelon

plants, squash plants, turf and wheat.

The method of any one of the claims 6-15, wherein said TSTh20-1 is

applied to ungerminated seeds that will give rise to said plants.
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Figure 1. Amplification sites of universal primers (not to scale).

ITSS iITS4

ITS1 ITS2

Figure 2. A schematic structure of EF-1a gene and location of primers used for
amplification of different parts. From Druzhinina and Kubicek (20095).
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Figure 3

A. Axenic tomato plants (left) and tomato plants inoculated with Trichoderma harzianum
TSTh20-1 (right).
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Figure 4. Histogram demonstrating the shoot length of 7-day old non-symbiotic (NS) and
Trichoderma symbiotic (S) rice seedlings

Shoot length of nonsymbiotic (NS) and Trichod
symbiotic (S) 7 day old rice seedlings

Length (mm)

NS S

Treatments [N=15;<805; Significant diffferences in shoot length
being larger than NS plants (P=5.33E-15)]

Figure 5. Histogram demonstrating the water use per gram of plant biomass for the same
three corn varieties under non-symbiotic (NS) and Trichoderma symbiotic (S) conditions

g watar/q plant biomass

N=10 plants/treatment. Non-symbiotic plants
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weight of plant in varieties 1 and 2
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Figure 6. Histogram demonstrating the plant biomass for the three corn varieties depicted
In Figure 3 for shoots (dark purple bars) and roots (light blue bars) under non-symbiotic
(NS) and Trichoderma symbiotic (S) conditions
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