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Abstract

Our study investigated the growth and sporulation of Trichoderma strains in solid-state cultures on lig-

nocellulosic materials and determined the survival and growth dynamics in bio-preparations after biomass dry-

ing at 30°C. All waste materials used in the study turned out to be good media for the production of

Trichoderma fungal biomass and the highest amount of colony-forming units per gram of dry matter (CFU/g

DM), and a number of conidia per gram of dry matter (conidia/g DM) were produced on wheat bran and sugar

beet pulp. The drying of biomass had no significant influence on the dynamics of fungal growth. Despite the

prolonging of the lag phase and reduction in the maximum specific growth rate, the biomass yield of the ana-

lyzed strains was similar to the respective value noted in cultures before drying.

Keywords: lignocellulosic waste materials, solid-state cultures, biomass, Trichoderma, Bioscreen C

system

Introduction

The fungi of the genus Trichoderma are commonly
found in the environment in all types of soil. They colonize
root systems of different cultivable and wild plants and
grow on wood [1].

Widespread distribution of Trichoderma results from its
capability to utilize diverse sources of carbon and nitrogen,
whereas the formation of thick-walled chlamydospores
enables some species (1. hamatum, T. harzianum, T. viride,
T. virens) to survive under extreme conditions [2].
Trichoderma species compete with other microorganisms
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for nutrients and may inhibit their growth by secreting
antibiotics and toxic compounds. These fungi may also par-
asitize other fungal species, including phytopathogenic
ones, which leads to an effective reduction in the population
of pathogenic species due to the production of a wide spec-
trum of lytic enzymes. This phenomenon is called myco-
parasitism [3].

Trichoderma strains are known for their ability to colo-
nize the rhizosphere systems of plants. Application of
Trichoderma conidia on fruits, flowers, or leaves of plants
allows for an effective control and reduces the incidence of
diseases induced by phytopathogens. If conidia or fungal
biomass are introduced into the soil, they colonize the sur-
face of roots and the external layer of cortex. These zones
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then become the site of interaction where Trichoderma
prevails and releases bioactive compounds. These mole-
cules include mainly substances that stimulate the resistance
mechanism in plants, i.e. the so-called elicitors: homologues
of specific avirulence proteins (AVR) as well as enzymes
and proteins with different functions. When leaves are
invaded by pathogens, a plant immediately responds by pro-
ducing enzymes and antimicrobial compounds [1, 3, 4].

Due to the above-mentioned characteristics, certain
Trichoderma species are potential biological control agents
(BCAs), i.e. organisms that are actively involved in bio-
control processes [5, 6]. The term “biocontrol” denotes the
use of natural non-pathogenic microorganisms capable of
suppressing plant pathogens and the progress of diseases.
Owing to these properties, Trichoderma spp. are active con-
stituents of numerous commercial biopreparations applied
in the biocontrol of plant diseases [7].

Biological control of plant pathologies with antagonis-
tic microorganisms is a natural and environmentally friend-
ly alternative to chemical compounds that contaminate and
accumulate as toxic substances in the environment. The
production of biopreparations is a straightforward and cost-
efficient process and is widely accepted by society [8].

Production of natural plant-protective preparations that
contain an active agent in the form of conidiospores and
mycelium of Trichoderma spp. on conventional, synthetic
media with glucose, cellulose, soluble starch, and molasses
requires a substantial financial input, which impedes com-
mercial success and the planning of cost-efficient produc-
tion on a mass scale [7]. A solution to this problem may be
the application of cheap waste materials, for instance from
cereal (such as cereal bran), starch, and fruit processing
industries [9]. The process of production supplemented
with the above-mentioned substrates is called solid-state
fermentation (SSF). It is based on culturing microorgan-
isms on solid carriers in order to generate a high concentra-
tion of cells.

The objective of this study was therefore to produce
spores of four fungal species, i.e. Trichoderma harzianum,
T atroviride, T. virens, and T. citrinoviridein solid-state cul-
tures on waste materials derived from processing of plant
mass and to stabilize the biomass through drying.

Materials and Methods
Microorganisms

The study was carried out on the following strains:
Trichoderma harzianum TRS 72, T. virens TRS 107, T.
atroviride TRS 9 (Culture Collection of Microbiological
Laboratory, Research Institute of Horticulture in
Skierniewice), and 7. citrinoviride C1 (Culture Collection
of Department of Biotechnology and Food Microbiology,
Wroctaw University of Environmental and Life Sciences).

For species identification, sequences of ITS1 and ITS2,
teflalpha, rpb2 and chil8-5, were obtained. A molecular
identification based on the sequences of the internal tran-
scribed spacer region (ITS1 and ITS2) were analyzed by

TrichOKEY 2. Strain identification was confirmed by
sequence similarity search, of the five loci: ITS1 and 2,
tefl int4(large), tefl int5(short), tefl exon6(large) and
rpb2, against a Trichoderma database of vouchered
sequences using TrichoBLAST program (Oskiera, unpub-
lished data).

The tested strains were stored on PDA slants (24g/1) at
4°C.

Lignocellulosic Waste Materials

Three types of lignocellulosic waste materials (sugar
beet pulp, wheat bran, and corn cobs) were used in the
study; they constituted the main source of carbon and ener-
gy to the tested microorganisms in solid-state cultures.

Methods of Trichoderma Culturing

Screening cultures (production of conidia) were per-
formed on Petri dishes on the following agar media:
Czapek-Dox, Czapek-Dox-W (with 2% addition of sugar
beet pulp), Potato Dextrose Agar (PDA) — PDA-12 g/, and
PDA-24 ¢/l.

Inoculation cultures were carried out on Czapek-Dox-
W agar medium with the addition of dried and milled sugar
beet pulp (2%) in 1000 ml Roux flasks. Following incuba-
tion (25°C, 7 days), the spores were washed off with 50 ml
of 0.1% Tween solution. The suspension was then stan-
dardized in a Thoma chamber and used as inoculum in
solid-state cultures.

Solid-state cultures. Thirty grams of dried and milled
waste materials were placed in 400 ml Kolle flasks and then
60 ml volumes of water were added. After 60 minutes,
humidity was measured with a WPS S moisture balance
(Radwag) and next the flasks were sterilized (121°C, 60
minutes). Following sterilization, water activity was deter-
mined in each culture medium with a LabMASTER-aw
apparatus (Novasina). The prepared media (humidity: 65.6-
68.8%) were inoculated with 20 ml of a fungal spore sus-
pension to an initial density of 1.56x10°-1.72x10° conidia/g
DM of culture medium and incubated at 25°C. Each culture
was performed in two replications. The content of flasks
was manually vortexed every few days, and after 14 days
the biomass together with the medium was transferred onto
sterile plastic trays and dried at 30°C for 5 days. After dry-
ing, humidity was measured with a WPS S moisture bal-
ance (Radwag).

Microcultures of selected Trichoderma strains after 7-day
cultures on PDA medium slants, 14-day cultures on lignocel-
lulosic waste materials, and after drying were performed with
a Bioscreen C microbiological analyzer. The microcultures
were carried out on Potato Dextrose Broth (PDB) under the
following conditions: incubation temperature 25°C, incuba-
tion time 3 days, constant shaking, and optical density mea-
surement (OD) in visible light (wideband filter) every 20
minutes. The growth of strains was recorded on curves that
presented a correlation between optical density and time.
All microcultures were performed in five replications. The
control tubes contained uninoculated culture medium.
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The selected parameters of growth kinetics (duration of the
lag phase, maximum specific growth rate pmax and maxi-
mum biomass yield AOD,,,,) were determined based on the
analysis of the growth curves.

Analytical Methods

The determination of viable cell counts (CFU/ml or
CFU/g DM) was performed with the plate method by Koch
on PDA medium with the addition of Rose bengal (0.035
g/l) from three dilutions at three replications.

The count of fungal spores was measured microscopi-
cally in a Thoma chamber.

Germination capacity of fungal spores was determined
in 7-day cultures on PDA medium (control), 14-day solid-
state cultures on lignocellulosic waste materials, and after
drying of biomass on the carriers. The suspension of spores
(0.05 ml) prepared by 100-fold dilution of post-culture bio-
mass and drying in 0.1% Tween 80 solution was placed
onto microscopic slides on 100 mm® surface. The slides
with the conidial suspension were then put onto sterile,
humid Petri plates and incubated (25°C, 24 h). Germination
capacity of spores was determined under an AXIO
Scope.Al fluorescent microscope (Carl Zeiss) at 400x
magnitude. The photographs of germinating spores were
taken with AXIO Vision Rel.4.7 software.

Statistical Analyses

The results of biomass yield produced with SSF culture
and after drying were statistically processed with two-way
analysis of variance (medium type; strain). The significant
differences between the means were determined with
Duncan test at p=0.05. The calculations were performed
with Statistica 10 software.

Results

Apart from efficacy in eradicating plant pathogens and
enhancing natural immunity against diseases induced by
these agents, the cost of manufacturing is also important in
the production of biopreparations. Waste materials originat-
ing from industries that process raw plant material seem a
good and cheap source of energy and nutrients for microor-
ganisms to be used in biocontrol. Furthermore, their uti-
lization supports the protection of the environment polluted
with an excessive amount of unmanaged industrial waste
materials.

Trichoderma Cultures

In order to choose the most effective medium for the
production of spores, screening cultures of selected
Trichoderma strains, i.e. T. harzianum TRS 72, T. virens
TRS 107, T atroviride TRS 9, and T. citrinoviride C1, were
run on four different agar media. The Czapek-Dox-W
medium enriched with 2% of dried sugar beet pulp was
found to be the best medium for producing conidia of the

tested strains (1.19x10%-1.74x10* conidia/ml) and was later
used to prepare an inoculum for solid-state cultures. On the
other media (PDA — 12g/1, PDA — 24g/1, Czapek-Dox), the
tested fungal strains germinated weaker and their count was
by 0.5-1 log lower than on the Czapek-Dox-W medium
with sugar beet pulp (Fig. 1).

Production of Trichoderma Biomass
on lignocellulosic Waste Materials

In the presented studies waste materials were used as a
medium for biomass production in solid-state cultures. It
was demonstrated that the growth of strains was differenti-
ated depending on the type of lignocellulosic carrier
applied. In all combinations of media, the number of coni-
dia per g DM of medium was higher than the count of
CFU/g DM of medium, which proved that not all of the
spores were active and that a part of them could be dormant
(Tables 1 and 2).

Two examined strains: 7. atroviride TRS 9 and T. citri-
noviride C1, grew most effectively and produced conidia
on wheat bran, which yielded the CFU count between
4.37x10* and 6.90%x10° per g DM of medium and the num-
ber of conidia at 1.48%10°-3.13%10° per g DM of medium.
In turn, the strains 7. virens TRS 107 and T. harzianum TRS
72 produced the highest volume of biomass on sugar beet
pulp, yielding the count of CFU at 2.35%10° and 4.92x10*
per g DM of medium, respectively (Tables 1 and 2).
However, the differences in biomass yield were insignifi-
cant depending on the type of lignocellulosic medium and
the inquired Trichoderma strain (Table 3).

Preservation of Trichoderma Biomass
on Lignocellulosic Carriers

The fungal biomass produced on lignocellulosic waste
materials was stabilized by drying on plastic trays at 30°C for
5 days with humidity being reduced to 5.6-9.5%. The count
of CFU/g DM in the preparations of the tested strains was
higher than in the cultures before drying, which indicated that
the fungi were still growing during biomass stabilization.
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Fig. 1. Intensity of fungal sporulation in Trichoderma strains in
14-day plate cultures.
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Table 1. Conidial counts per g DM in Trichoderma strains cultured on different waste materials.

o Number of conidia/g DM
Medium Strain Water activity (a,,)
Initial state After culturing After drying
T. harzianum TRS 72 0.940 1.67x10° 3.94x10° 8.98x10°
T atroviride TRS 9 0.904 1.66x10° 5.73x10¢ 6.30x10°
Corn cobs
T virens TRS 107 0.961 1.64x10° 1.85x10¢ 2.26x10°
T. citrinoviride C1 0.921 1.71x10¢ 1.23x10° 6.76x10*
T. harzianum TRS 72 0.908 1.66x10° 2.04x10° 3.89x10°
Sugar beet T. atroviride TRS 9 0.904 1.65%10° 4.94x10° 4.55%10°
pulp T. virens TRS 107 0.981 1.57x10° 3.08x10° 747x10°
T citrinoviride C1 0.929 1.72x10° 1.53x10° 9.74x10°
T. harzianum TRS 72 0.941 1.62x10° 1.19x10° 4.92x10°
T. atroviride TRS 9 0.922 1.61x10° 1.48x10° -
Wheat bran
T. virens TRS 107 0.979 1.56x10° 3.87x10 6.56x10
T citrinoviride C1 0.977 1.72x10° 3.13x10° 9.53x10°
Table 2. CFU counts per g DM in Trichoderma strains cultured on different waste materials.
o CFU/g DM
Medium Strain Water activity (a,,)
Initial state After 14-day culture After drying
T. harzianum TRS 72 0.940 7.87x10° 8.85x107 8.52x10°
T. atroviride TRS 9 0.904 4.44x10° 1.69x10° 5.97x10°
Corn cobs
T virens TRS 107 0.961 4.82x10° 1.25x10¢ 1.58x10°
T. citrinoviride C1 0.921 5.54x10° 2.09%x10° 4.07x10°
T. harzianum TRS 72 0.908 8.54x10° 4.92x10° 9.11x10¢
Sugar beet T. atroviride TRS 9 0.904 7.44x10° 2.33x10° 3.10x10°
pulp T virens TRS 107 0.981 5.18x10° 2.35%10°8 3.86x10°
T. citrinoviride C1 0.929 4.82x10° 2.34x10 2.06x10
T. harzianum TRS 72 0.941 7.25x10° 2.44x10° 4.04x10°
T. atroviride TRS 9 0.922 8.42x10° 4.37x10° 6.42x10°
Wheat bran
T virens TRS 107 0.979 3.88x10° 1.43x10 5.78x10°
T. citrinoviride C1 0.977 5.18x10° 6.90x10° 9.77x10°

Corn cobs were the best carriers; they generated a 0.2 — 10.0-
fold higher increase of biomass (1.58x10%-8.52x10* CFU/g
DM) as compared to the cultures before drying (8.85%107-
2.09x10% CFU/g DM) (Table 2). Less noticeable changes
were reported in the formation of conidia. The temperature
of drying did not exert any impact on the count of conidia in
T. atroviride TRS 9 strain, whereas it had a negative influ-
ence on the number of conidia in 7. citrinoviride C1, reduc-
ing it on all tested carriers by 36%-70% (6.76x10%-9.74x10*

conidia/g DM) in comparison with their count before drying
(1.23%x10%-3.13x10° conidia/g DM). The culture of T virens
TRS 107 on all combinations of growth media produced a
higher number of conidia by 22-142% (6.56x107-7.47x10¢
conidia/g DM) as compared to the count before drying
(3.87x107-3.08%10°* conidia/g DM) (Table 1). The compari-
son of the number of CFU/g DM and the count of conidia/g
DM, depending on strain and biomass carrier, did not reveal
any statistical difference between them (Table 3).
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Table 3. Mean biomass yield expressed as the count of CFU/g DM and the count of conidia/g DM after SSF culture and post-drying

(p=0.095).
Conidia/g DM CFU/g DM

Variability
After culture After drying After culture After drying
Sugar beet pulp 1.09x10° a 6.41x10% a 2.46x10%a 4.53x10%a
Medium | Corn cobs 5.96x10* a 6.08x10* a 1.48x10% a 5.04x10% a
Wheat bran 1.46x10° a 5.04x10* a 3.46x10% a 5.07x10%a
T. harzianum TRS 72 1.21x10° a 5.93x10%a 1.24x10% a 7.22x10%a
) T. atroviride TRS 9 8.49x10% a 543x10%a 2.79%10% a 5.16x10%a
stain T. virens TRS 107 1.77x10% a 3.46x10% a 1.25%10% a 1.83x10% a
T. citrinoviride C1 1.96x10° a 8.67x10% a 3.07x10% a 5.30x10%a

Evaluation of Germination
of Trichoderma Conidia

The high post-preservation density of Trichoderma
spores, which can be potentially used in the manufacturing
of biopreparations, is not necessarily associated with their
efficacy in biocontrol. The viability and growth dynamics
of fungi are very important parameters. Two strains, i.e. 7.
harzianum TRS 72 and 7. virens TRS 107, whose conidial
count ranged between 2.26x10* and 8.98x10° conidia/g
DM in the biopreparations after drying, were selected to
determine growth activity and spore germination.

Germination of spores was evaluated on microscopic
slides after 24-hour incubation. The conidia of T
harzianum TRS 72 and T virens TRS 107 produced on
solid-state cultures on lignocellulosic waste materials
showed higher intensity of germination than the conidia
generated on the control PDA medium, which was particu-
larly tangible in the cultures on wheat bran. Drying at 30°C
resulted in a reduction of the viability of conidia produced
in the cultures of tested strains on wheat bran and sugar beet
pulp. The dried conidia produced in the cultures on corn
cobs showed a good germination capacity, yet with a lower
growth activity, which was indicated by shorter hyphae
growth after 24-hour incubation in comparison with the
length of hyphae in conidia originating from the cultures
before drying (Fig. 2).

Fig. 2. Germination of Trichoderma harzianum TRS 72 conidia after 24-hour incubation on microsposcopic slides (a — 7-day culture

Evaluation of Selected Parameters
of Growth Dynamics in Trichoderma Strains

The dynamics of growth in 7. harzianum TRS 72 and T.
virens TRS 107 strains was determined in Bioscreen C on
PDB medium with conidia that originated from:

a) 7-day culture on PDA slants
b) 14-day culture on lignocellulosic waste materials
c) stabilized biopreparations

The selected parameters of growth kinetics were deter-
mined based on the growth curves (Table 4).

The lag phase in 7 harzianum TRS 72 strain in solid
state cultures was longer by 5 to 10 hours than in the con-
trol cultures. The longest lag phase was recorded in the cul-
ture on wheat bran (20 hours), whereas the shortest one was
on corn cobs (15 hours). The rate of growth of the tested
strain was approx. 2 times higher than in the control culture
(Wnax= 0.160-0.194 h"). The yield of biomass on lignocellu-
losic waste materials was also higher by 14-19% than on
the control PDA medium (AOD,,,,= 1.707-1.786).

In turn, the growth of 7. virens TRS 107 strain in cul-
tures on waste materials and in control PDA medium was
comparable. The lag phase was longer only by 1-2 hours
on the lignocellulosic media, and the specific growth rate
(W= 0.135-0.158 h') and biomass yield (AOD,,=

max_

1.660-1.720) were higher by 8-23% than in the control
culture.

@
D
-0

el

on control PDA medium, b — 14-day culture on corn cobs, ¢ — conidia on corn cobs subjected to drying at 30°C).
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Table 4. Selected parameters of growth kinetics in 7. harzianum TRS 72 and T. virens TRS 107.

Lag phase [h] Himax [11] AOD 5
Strain Medium
After culture | After drying | After culture | After drying | After culture | After drying

PDA* 10.5 0.081 1.497
T harsianum | Com cobs 15.0 23.0 0.160 0.130 1.786 1418
TRS72 | Sugar beet pulp 17.5 35.0 0.181 0.161 1.782 1.768
Wheat bran 20.0 27.0 0.194 0.174 1.707 1.959

PDA* 183 0.136 1397
T virens | Com cobs 19.8 15.7 0.135 0.114 1.668 1.743
TRS 107 | Sugar beet pulp 182 17.0 0.153 0.112 1.660 1.748
Wheat bran 202 25.7 0.158 0.045 1.720 1.266

*culture on PDA slants: control

The drying of fungal biomass on carriers resulted in the
prolongation of the lag phase by 1.0-17.5 hours (lag phase:
15.7-35.0 hours) and reduction of growth rate by 11-72%
(W= 0.045-0.174 h') in relation to the value of this coef-
ficient in cultures before drying (W,,,,=0.135-0.194 h'). The
yield of biomass did not change significantly (AOD,,=
1.418-1.959) as a result of the stabilization process.

Discussion

Members of the genus Trichoderma are widespread in
the environment and may be potential components of
preparations used in biocontrol of plant diseases owing to
numerous distinguishing characteristics such as the capa-
bility of producing antibiotics [11] and lytic enzymes
involved in mycoparasitism [12], as well as the abilities to
colonize root systems and induce natural resistance in
plants [13].

In recent years, a number of commercial biopreparations
containing different 7richoderma strains and other fungal
species have been developed in the USA, Israel, the Czech
Republic, and New Zealand [4, 14, 15]. In Polish climatic
conditions foreign preparations do not produce satisfactory
results and therefore a search is underway for local strains of
different microorganisms, including 7richoderma, with
beneficial properties desirable for the production of biopes-
ticides useful in moderate climate. In the manufacturing
process an important step is to prepare a large volume of
inoculum containing conidia or a mixture of conidia and
mycelium for inoculation of production media.

In the presented study, the screening cultures allowed us
to select the most effective medium for sporulation, i.e. a 7-
day culture on Czapek-Dox-W agar medium with 2% sugar
beet pulp that generated 1.19x10%1.74x10* conidia/ml.
Sugar beet pulp enriched the culture medium in additional
nutrients (proteins, sugars, calcium, phosphorus), which
stimulated fungal growth and spore formation. Watanabe et
al. [16] reported slightly lower results, i.e. 6.90x10" coni-
dia/ml in a 7-day culture of 7. asperellum SKT1 strain on

PDA medium. Likewise, Munoz et al. [17] found that the
culturing on agar medium was the most effective method to
produce high numbers of 7. harzianum P1 conidia. Conidia
produced in this way are more resistant to stress factors
such as drying, changes in water activity (a,,), or radiation.
They are also characterized by high hydrophobic proper-
ties, which facilitate their rapid and effective adhesion to a
target surface.

The next step after preparation of inoculum with prop-
er density was the selection of the medium and the appro-
priate culturing method. Biopreparations are most often
produced in solid-state cultures on different carriers such as
waste materials and by-products of industries that process
plant raw materials which are widely available, acceptable,
and inexpensive [7, 18].

In the presented studies, wheat bran, sugar beet pulp
and corn cobs were used as lignocellulosic carriers in solid-
state cultures of Trichoderma strains. These industrial
waste materials and by-products contained substances
essential for fungal growth, i.e. the source of carbon, nitro-
gen and mineral salts, and had a pre-inoculation humidity
of 65.6-68.8%. Orzua et al. [19] report that the content of
water in fungal culture media should range from 30 to 80%
depending on the carrier. In the production of bioprepara-
tions it is important to know not only the content of water,
but also its availability for metabolic processes. The activi-
ty of water in the tested media was diverse and ranged
between 0.904 and 0.981. Cavalcante et al. [9] indicated
that water absorption capacity depended on a number of
factors such as structure, surface of carrier, and ability to
form hydrogen bonds [20]. They also demonstrated that
considerable deviations in water activity in waste materials
could be observed due to the inhomogeneity of their struc-
ture.

In each of the culture variants with tested 7richoderma
strains, the yield of biomass was higher on average by 2-3
log in comparison with the amount of introduced inocu-
lum. 7. harzianum TRS 72 and T. virens TRS 107 strains
were growing and sporulating most effectively in the cul-
tures on sugar beet pulp, whereas 7. atroviride TRS 9 and
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T. citrinoviride C1 strains — on wheat bran. In contrast, the
tested strains grew the least effectively on corn cobs.
Similar correlations have been reported by other authors.
Tewari and Bhanu [8] also produced a higher volume of 7.
harzianum biomass (3.47x10* CFU/g DM) on sugar cane
pulp with the chemical composition similar to that of sugar
beet pulp than on dried corn cobs (2.57%10° CFU/g DM).

Cavalcante et al. [9] were running cultures of different
strains: T. harzianum, T. viride, T. koningi, and T. polyspo-
rum on wheat bran which yielded 1.75%10%-2.41x10° coni-
dia/g DM; these results were comparable with the value
recorded in our studies (3.87x10%3.13x10° conidia/g DM).
According to Tewari and Bhanu [8], wheat bran suppresses
mycelium growth yet stimulates the production of conidia,
which is confirmed by the results of the presented study.
The cultures on wheat bran yielded the count of conidia per
g DM higher by 0.7 log than CFU/g DM.

The method of stabilization of biopreparations should
preserve high viability of fungi and their technological
characteristics as well as facilitate their storage. The bio-
mass of the tested fungi produced on lignocellulosic waste
materials was dried at 30°C. The process of biomass drying
on carriers resulted in its growth in all culture variants with
the highest value, i.e. by 0.2-1.0 log, reported in the cultures
on corn cobs compared to the culture before drying. The
high viability of fungal biomass produced on corn cobs
after drying was probably associated with their loose struc-
ture and large surface to volume ratio, which increases fun-
gal growth potential. Ooijkaas et al. [18], in their studies on
the use of waste materials as media for fungal growth,
emphasize that strains, during their growth, degrade carri-
ers in order to utilize nutrients. Corn cobs are probably raw
material that has relatively stable physical parameters,
which in turn allow fungi to grow during 30°C drying.
Moreover, a beneficial ratio of carbon-to-nitrogen (C/N) in
raw materials may exert a considerable impact on fungal
sporulation. In the case of corn cobs, the C/N ratio is high
(65.2), which is associated with reduction in nitrogen con-
tent. Olsson et al. [21] observed that the decrease in C/N
ratio in Trichoderma reesei Rut-30 cultures resulted in a
reduction in the number of spores.

The analysis of fungal growth dynamics was carried out
in Bioscreen C, which is an automated system capable of
simultaneous monitoring of 200 cultures. Rossi-Rodrigues
et al. [22] demonstrated that it could be successfully used
for evaluating an impact of carbon source on the growth
potential of different Trichoderma strains. In our study, lig-
nocellulosic waste materials were found to be good media
for biomass production and maintenance of a high growth
capacity of the tested strains. The increase in the growth
rate and biomass yield was recorded in comparison with the
control cultures on PDA medium. The microorganisms
only required a longer period to adapt to the conditions of
the experimental medium. In turn, drying had a negative
influence on the parameters of growth kinetics. The strains
showed a prolonged lag phase, reduced specific growth rate
(umax) and lower biomass yield than before drying. T
harzianum TRS 72 was more susceptible to stabilization
than T virens TRS 107.

Pedreschi and Aguilera [23] demonstrated that com-
mercial biopreparations stabilized by drying should be
characterized by a minimal reduction in viability during 18-
month storage, and therefore our studies will continue to
evaluate the viability and growth dynamics of stored
Trichoderma biopreparations.

Conclusions

Lignocellulosic waste materials used as media in solid-
state cultures of Trichoderma strains turned out to be good
media for biomass production and the tested strains showed
diversified, yet statistically insignificant growth, depending
on the type of medium.

T harzianum TRS 72 and T. virens TRS 107 strains pro-
duced the highest biomass yield in the cultures on sugar
beet pulp. In the case of 7. atroviride TRS 9 and T citri-
noviride C1 strains, the highest biomass yield was detected
on wheat bran. The biomass generated in the cultures on
solid substrates with two selected strains, i.e. T, harzianum
TRS 72 and T virens TRS 107, showed a good germination
capacity and a high growth activity expressed in selected
parameters of growth kinetics in comparison with the con-
trol cultures. The growth rate and biomass yield increased,
whereas only the duration of lag phase increased, compared
to the control culture on PDA medium.

The process of drying on carriers at 30°C resulted in
the increase in fungal biomass in all culture variants with
the highest increase in the cultures on corn cobs. The
increment in biomass volume indicated further growth of
fungi during drying under long (5 days) influence of tem-
perature being slightly higher than the optimal for fungal
growth. Stabilization of biomass had a negative impact on
the germination capacity of conidia and duration of the lag
phase and specific growth rate (u,,,), whereas it did not
exert any significant impact on the maximum biomass
yield (AOD,

maX)'
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