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Abstract: The technological process for obtaining plant protection bioproducts contains 2 main phases: (i)

biomass biosynthesis of microorganisms in a culture medium, available for industrialization and (ii)
biomass conditioning of microorganism, the antagonistic micromycetes, respectively. For this type of
activities it is essential to establish biological development parameters: (i) the optimum composition
of the liquid culture medium for development of the fungus under aerobiotic conditions and (ii) the
optimal parameters of biosynthesis in the studied medium. The biomass biosynthesis technology is
discontinuous, of cascade type, and develops several phases: (1) preparing of the laboratory
inoculum, (2) preparing of the fungal pure culture in Erlenmeyer bottles, (3) industrial (simulated)
multiplication in the aired and agitated liquid medium.
This paper presents some experimental aspects referring to: 1 — Characterization of the biologically
active 7. viride isolates, establishing and verifying of their biological thresholds; 2 — Evaluation and
experimental verifying of the mass multiplication ability of antagonistic 7. viride fungi on the culture
media in order to select the optimum industrial culture substrate (medium); 3 — Biochimical
characterization of 7. viride isolates by electrophoretic analysis of their protein profile; 4 —
Evaluation of the T viride biological activity of T. viride isolates against phytopathogenic fungi with
high practical importance: Fusarium graminearum Schwabe (T. Gibberella zeae (Schwein.) Petch),
F. culmorum (W. G. Sm.) Sacc., Pythium ultimum Trow, Botrytis cinerea Pers., Sclerotinia
sclerotiorum (Lib.) de Bary, Alternaria spp. [A. alternata (Fr.) Keissl., Alternaria radicina Meier,
Drechsler and E. D. Eddy (Stemphylium radicinum (Meier, Drechsler and E. D. Eddy) Neerg.)] etc.; 5
— Processing of technological scheme for obtaining plant protection preparates based on biologically
active isolates of 7. viride.
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Introduction

Trichoderma viride Pers., Neues Mag. Bot. 1: 92 (1794), syn. T. lignorum (Tode)
Harz, Linig. Hyph. 29 (1871) belonging to Hypocreaceae Family, Hypocreales Order,
Hypocreomycetidae Subclass, Sordariomycetes Class, Ascomycota Phyllum, Regnum Fungi
[15, 16, 36], is one of the most studied as a fungus with importance in biotechnology [2, 7,
10, 17, 18, 19, 20, 21, 26, 28, 29, 30, 31, 34, 35 a.o.]. It is an appropriate experimental
model of mycoparasitic fungus for obtaining bioproducts with plant protection importance
[4,6,9,11, 14].

The aim of this paper was the development of the technology for obtaining plant
protection bioproducts based on T. viride as an experimental model for the autochtonous
biotechnology.
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The objectives of the research were the following: 1 — Characterization of the
biologically active 7. viride isolates, establishing and verifying of their biological
thresholds; 2 — Evaluation and experimental verifying of the mass multiplication ability of
antagonistic 7. viride fungi on the culture media in order to select the optimum industrial
culture substrate (medium); 3 — Biochemical characterization of 7. viride isolates by
electrophoretic analysis of their protein profile; 4 — Evaluation of the biological activity of
T. viride isolates against phytopathogenic fungi with high practical importance; 5 —
Processing of technological phases for obtaining plant protection products based on
biologically active isolates of 7. viride.

Material and methods

As biological material there were used 5 isolates of 7. viride (Tds, Tdss, Tdys,
Td4,Tds) and isolates of the following 8 phytopathogenic fungi: Fusarium graminearum
Schwabe (T. Gibberella zeae (Schwein.) Petch), F. culmorum (W. G. Sm.) Sacc., Pythium
ultimum Trow, Botrytis cinerea Pers., Sclerotinia sclerotiorum (Lib.) de Bary, Alternaria
spp. [4. alternata (Fr.) Keissl., Alternaria radicina Meier, Drechsler and E. D. Eddy
(Stemphylium radicinum (Meier, Drechsler and E. D. Eddy) Neerg.), all cultures obtained,
isolated and preserved by the first author.

1. For the characterization of the biologically active 7. viride isolates, 7
different solid culture media (Fig. 1), 17 sources of carbon (Fig. 2) and 18 of nitrogen
(Figs. 3-4), 16 initial pH values of culture media (Fig. 5), 19 temperatures have been
performed (Fig.6).

Fungal growth have been evaluated by measuring the colony diameter (3-5
replicates/variant) every day and using for graphs the data after 2 and 6 days. The last day of
experiment, the 6™ day, was the day when the 7. viride colony covered the whole surface of the
Petri plate of 10 cm diameter. The sporulation of tested fungus was appreciated by
macroscopical analysis following the microscopical analysis [3, 22, 23, 24, 26, 27, 28, 29, 31].

2. For selecting the optimum submerged culture medium, there were tested 9
media containing intermediate products or residual ones from the food industry (Fig. 7) and
and 4 liquid media (a-d) (tables 1-3) [25, 26, 27, 28, 29, 31].

3. For the biochemical characterization of 7. viride isolates the SDS-PAGE
analysis was used to reveal protein bands and to determine protein molecular mass.
Investigations have been performed by Laemmli vertical method, in MINI-PROTEAN 11
(BIO-RAD), using poliacrylamide gel as a migration substrate [5].

4. For the appreciation of biological activity of 7. viride isolates it was used the
method of dual cultures [12]. Evaluation of antagonistic activity of 7. viride isolates has
been done by calculating of x coefficient from the ratio between inner radius (i) and outer
radius (e) of the phytopathogenic test-fungi (A) and the antagonistic ones (B) (7. viride),
after the formula X = iA/iB x eB/eA. When x=1, there is no influence between two fungi;
when x<1, the antagonism is as strong as the value is lower, more closed with yero value;
when x>1, the tested isolate prove no antagonism [31].

5. Biotechnological parameters for production of the bioproducts based on T.
viride strain was followed according to the general literature for microbial plant protection
products’ biosynthesis and formulation [8, 13, 14, 18, 21, 32, 33].
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Results and discussion

1 — Characterization of the biologically active T. viride isolates, establishing
and verifying of their biological thresholds.

1.1. Development of T. viride on different solid media. Among the 6 tested solid
culture media, the most favourables for the development (growth and sporulation) of 7.
viride, isolate Tdsy, were: Weindling, Warcup, Malt agar extract and PDA (Fig. 1). The
diameter of fungal colony have had values between 2.82-5.2 cm, after 2 days, and between
8.54-9.0 cm, after 6 days, respectivelly. On these media the fungal sporulation was
excellent.
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Fig. 1. Growth of Trichoderma viride, isolate Tds,, on different solid culture media,
evaluated by the diameter of fungal colony

1.2. Development of T. viride on solid Weindling medium (WG) with different
carbon sources. (Fig. 2). Among monosaccharides, the most favourable for growth and
sporulation of 7. viride were: mannite, fructose (levulose), D-ribose, D-galactose, D-
mannose, D-dextrose (glucose), the fungal colony having between 4.8-5.833 cm in
diameter, after 2 days, and 9.0 cm, after 6 days. Sporulation of 7. viride was abundant on
medium variants containing the mentioned monosaccharides. The poorest development of
fungus was found on the medium with D-sorbitol/sorbite, fungal colony having 2.333 cm
diameter after 2 days and only 4.433 cm after 6 days.
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Fig. 2. Growth of Trichoderma viride, isolate Tds, on solid culture Weindling medium
(WG) containing different carbon sources, evaluated by the diameter of fungal colony
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Among disaccharides, the most suitable for the 7. viride development were
melibiose and maltose (diameter of colonies between 5.057 and 5.733 cm after 2 days, and
9.0 cm after 6 days, respectively), followed by lactose and celobiose (diameter between
3.833 and 3.933 cm, after 2 days, and 9.0 cm after 6 days). The most inadequate for the
fungal development was saccharose, with the values of 1.2 cm diameter, after 2 days and
1.533 cm, after 6 days.

In the group of polysaccharides, the most favourable was cellulose (5.067 cm
diameter after 2 days), followed by starch and inuline (3.633-4.567 cm diameter after 2
days and 9.0 cm after 6 days). The lowest development of 7. viride has been performed on
the medium containing glycerine, fungal colony measuring only 1.4 cm diameter after 2
days and 2.3 cm after 6 days).

1.3. Development of T. viride on solid Weindling medium (WG) with different
nitrogen sources. The cultivation of 7. viride on Czapek medium containing different
sources of organic and mineral nitrogen (Figs. 3-4) showed that peptone and the aminoacids
DL-leucine, L-cystine, DL-citruline, DL-nor-leucine were the most favourable for fungal
development (Fig. 3).
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Fig. 3. Growth of Trichoderma viride, isolate Tdsy, on solid Weindling culture medium containing
different nitrogen sources (aminoacids), evaluated by the diameter of fungal colony
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Fig. 4. Growth of Trichoderma viride, isolate Tds, on solid culture Weindling medium containing
different nitrogen sources (salts, amides, vitamins), evaluated by the diameter of fungal colony
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Fungal sporulation was very good on media with: peptone, lysine, tryptophan, DL-
asparagine, urea and ammonium salts, and good on media with glycocol, tyrosine, DL-
citruline and riboflavin.

1.4. Development of T. viride on solid Weindling medium (WG) with different
initial values of pH. The best growth of the 7. viride colonies was recorded in acid
medium (pH 4.0-5.5), with a diameter of 6.32 until 7.66 cm after 2 days and 9.0 after 6
days and the poorest one in highly alkaline medium with pH 13.0, and the diameter of the
T. viride colony of 3.24 cm after 2 days and 5.42 cm after 6 days (Fig. 5).
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Fig. 5. Growth of Trichoderma viride, isolate Tds,, on solid Weindling culture medium with different
initial values of pH, evaluated by the diameter of fungal colony.

The sporulation of 7. viride was highest on acid medium, and the poorest on
highly alkaline medium (pH 9.0-13.0).

1.5. Development of T. viride on solid Weindling (WG) medium under the
different temperatures. The optimum growth and sporulation of 7. viride was the range
between 24 and 32°C (Fig. 6).
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Fig. 6. Growth of Trichoderma viride, isolate Tds, on solid Weindling culture medium at different
values of temperature, evaluated by the diameter of fungal colony, after 2 days.

The temperatures ranging between 2 and 12°C do not allow fungal growth and
sporulation, between 14 and 18°C growth but not sporulation was promoted, whereas
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between 20-22°C both growth and sporulation were favoured. At 37°C the growth and
sporulation of the T. viride, isolate Tds,, were very well.

Based on these investigations, it was possible to be established the optimal
biological parameters for the development of 7. viride, isolate Tdsy: (i) solid culture media:
Weindling, Warcup, Malt extract agar, PDA; (ii) carbon sources: monosaccharides mannite,
fructose, ribose, glucose, manose; (iii) nitrogen sources: peptone, aminoacids DL-leucine,
L-cistine, DL-citruline, DL-nor-leucine, ammonium nitrate and tartrates salts; (iv) pH initial
values of culture media: 4.0-5.5 (for growth), 4.0-8.5 (for biomass); (v) temperatures:
optimum 26°C, for growth 24-32°C, for sporulation 20-22°C.

2 — Evaluation and experimental verifying of the mass multiplication ability
of antagonistic T. viride fungi on the culture media in order to select the optimum
industrial culture substrate (medium).

In the submerged cultivation of 7. viride on nine liquid media, some of which
contained intermediate products from the food commodity industry, the best growth was
obtained on beer must (mB), on the Weindling medium with the imported chemically pure
glucose (WG) or with indigenous food glucose (Wg) and on the MPB medium (Fig. 7.).
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Fig. 7. Accumulation of biomass (g. dry substance/ d.s.) and efficiency (%) of culture liquid media by
Trichoderma viride, isolate Tds,

On these media the sporulation and the titre of conidia and chlamidospores were
high. The highest quantity of dry biomass was obtained and a better use (70.0-84.863%) of
the nutrients from the medium was recorded. Data of optic density of the 7. viride liquid
cultures confirm this (Fig. 8.).
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Fig. 8. Optic density of Trichoderma viride, isolate Tds, cultivated on different liquid agitated media
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Biomass accumulation in the cultures grown in liquid Weindling medium with
different initial pH was the highest at pH 4.5-5.5 and the lowest in alkaline (pH 7.5-13.0)
and highly acid (pH1.0-2.0) media (Fig. 9.).
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Fig. 9. Trichoderma viride biomass (cg) accumulated in Weindling medium with different pH values,
after 21 days

A Weindling medium with initial pH between 4.0 and 6.4 and an inoculum rich in
conidia (1x10® — 1x10° conidia/ml) which ensure a fast development of both conidia and
chlamidospores in the culture are most favourable for the submerged cultivation of T.
viride. Based on these investigations we can favour the obtaining of a mixed biological
product of phytosanitary utilization containing also conidia and chlamidospores besides
mycelium of T. viride by maintaining the appropriate cultivation parameters.

From the experiements on submerged cultivation 72 and 96 houres, we have
obtained superior results on conidia an chlamidospores titre in the variant of 96 houres of
cultivation and at the temperatures between 24 — 30°C.

For the checking of fungal cultivation on the liquid aired medium and aerated with
carriers (simulation of industrial process) 4 variant of media have been performed (table 1),
the evaluation being based on the efficacy of producing biomass.

Tab. 1. Efficacy expressed by biomass of Trichoderma viride, isolate Tdso,
obtained in different tested liquid media**

Culture media Wet biomass (g/l) Dry biomass (g/l)
medium variant a) 9.82 £ 0.54 10.75+0.54
medium variant b) 10.75+ 1.41 4.04+0.43
medium variant ¢) 8.64+1.16 2.86 +0.37
mediumvariant d) 12.53 £0.95 4.88 £0.32

* average of least 3 determinations; ** the composition of culture media a), b), ¢), d) are under the
process of a patent

The best results have been performed on the medium with the formula no. 4
(medium d), which is, also, very appropriate being a medium with a low content of
ingredients.

These results are in accord with our previous results which mentioned glucose as
an optimum carbon source for 7. viride cultivation [1, 3].

The yeast extract from the medium composition/formula is essential, in general,
for the cultivation of microorganisms. This ingredient offers some growing factors, like
vitamins and aminoacids, as well as some organic nitrogen compounds with high
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bioavailability. Yeast extract is the ingredient which ensure high efficacy in obtaining of 7.
viride biomass.

In the table 2 there were results presenting the influence of temperature on the
fungal growth in the medium d) in bioreactor.

Tab. 2. The influence of temperature on the growth of Trichoderma viride, isolate
Tds, in aired and agitated medium d), evaluated by fungal biomass

Temperature (° C) Wet biomass” (g/D) Dry biomasa’ (g/D)
22.5 11.47+1.04 4.12+0.39
25.0 12.72 £ 1.66 4.87 £0.61
27.5 11.35+0.87 3.39+0.27
30.0 10.75 +1.42 3.42 +0.46

* average of least 3 determinations

The results showed that 7. viride is a mesophylous to cryophylous fungus, having
the optimum temperature for development at 25°C. These data are in accord with the
literature [25].

The effect of aeration on the biosynthesis efficacy of T. viride has been performed
in the same medium d) and the data are presented in the Tab. 3.

Tab. 3. The effect of airation on the the biosynthesis efficacy of Trichoderma viride, isolate
Tds, in aired and agitated medium d), evaluated by fungal biomass

Airation rate Wet biomass* Dry biomass*
(1 air/l medium/minute) (g/D) (g/D)
0.50 10.23 +1.37 3.42+0.42
0.75 11.35+1.08 3.94 +0.37
1.00 12.41 £1.67 442 +0.54
1.25 12.67 £1.22 4.58 £0.48
1.50 11.88+1.16 3.87+£0.35

* average of least 3 determinations

Our results show that a high rate of aeration did not significantly promote the
biomass accumulation in the liquid media tested. The optimal rates of aeration are between
0.75 and 1.25 1 air/l medium /minute, results which are in accord with similar data from the
biosynthesis literature. Based on these results, in practice is recommended the minimal rate
of aeration (0.75 1 air/l medium/minute), which ensure the efficiency of biosynthesis, due to
energy consumption reduction.

For the manufacturing of plant protection bioproducts have been selected strain
Tdy and Tdsy of Trichoderma viride. On the investigated parameters these strains shown
equilibrated characteristics, combining high biological activity with rapid production of
biomass on liquid medium (aerated, with carriers) and good survival during the formulation
process. These strains were deposited for patent purposes on NCAIM (international
depositary authority) and the patent applications were submitted to OSIM.

In conclusion, the parameters for submerged cultivation of Trichoderma viride are
presented in the Tab. 4.

56



SESAN TATIANA EUGENIA , OANCEA FLORIN

Tab. 4. Parameters of submerged cultivation of the fungus Trichoderma viride

Parameters Values
Weindling culture medium variant Wg (indigenous food glucose)
Time of cultivation 4 days (96 houres)
Temperature of culture medium 24-30°C
Optimum temperature 24-28°C
Reaction of culture medium (pH) Acid until low acid (pH 4.0 — 6.4)
Titre of inoculum 1x10° — 1x10" conidia/ml medium
Optimal airation 0.75-1.25 1 air/l medium/ minute
Viability of biomass 6-7 monthes

3 — Biochemical characterization of T. viride isolates by electrophoretic
analysis of their protein profile (Tab. 5) reveled that:

3.1. Proteins with MM 7, 8, 10, 12, 14, 35, 56, 60 kD represent characteristics for
genus and species, being well differentiated;

3.2. Within the same species the quantitative differences appeared at the level of
proteins with MM of 29, 45, 87, 89 kD and are determinated by provenance of various
isolates belonging to the same species;

3.3. Isolates Td49 and Td50 proved strong similarities having a common
provenance; both isolates proved a high antagonistic capacity against the test-pathogens
studied.

Tab. 5 Biochemical characterization of some Trichoderma viride isolates based on
protein bands separated”

MM/kD 7 8 10 12 14 29 35 45 56 60 89 97
Rf 098 | 093 | 0.89 | 0.84 | 0.78 | 0.55 | 0.49 | 0.44 | 0.33 | 0.31 | 0.18 | 0.
15
Tdss ++ + + ++ ++ - ++ - + + - -
Tdys ++ |+ + + | ++ + + + + + + +
Tdy =+ | 4+ | | | + ++ + + T
Tdsg + | 4+ | | | + ++ + + ++ + +
Tds (ctr) + ++ ++ ++ ++ - + - + + - -
z = band intensity; ‘- = no band; ‘+° = weak band; ‘+° = intense band;

‘++° = very intense band; ctr = control

These results are the first step in a future research conducted to obtain a molecular
characterization of our 7. viride collection of isolates selected as biological control agents
of some practically important plant pathogens.

4 — Evaluation of the biological activity of T. viride isolates against
phytopathogenic fungi with high practical importance has been performed by dual
cultures of 7 phytopathogenic fungi (Fusarium graminearum, F. culmorum, Pythium
ultimum, Alternaria alternata, Botrytis cinerea, Sclerotinia sclerotiorum, Stemphylium
radicinum) and 4 antagonistic T. viride isolates (Tab. 6).
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Tab. 6 Evaluation of the antagonistic activity of some isolates of Trichoderma viride, by

the x coefficient, calculated after Jouan and others (1964

Trichoderma Fusarium Fusarium Pythium Alternaria

viride graminearum culmorum ultimum alternata
Td;ss 0.25 0.40 0.24 0.40
Tdys 0.78 0.86 0.72 0.86
Tdy 0.28 0.38 0.48 0.90
Tdso 0.30 0.38 0.36 0.42
Td;s (control) 0.55 0.39 0.54 0.54

Botrytis cinerea B. cinerea Sclerotinia Stemphylium

(Bc.1) (Be.2) sclerotiorum radicinum
Tdss 0.44 0.42 0.22 0.35
Tdys 0.70 0.80 0.48 0.52
Tdy 0.62 0.58 0.76 0.90
Tdso 0.35 0.38 0.54 0.75
Tds (control) 0.89 0.92 0.45 0.30

The antagonistic ability of tested 7. viride isolates was different against these plant
pathogens; the most active was Tdss, followed the others: Tdss > Tdyg > Tdso> Tdys > Tds,

5 — Processing of technological scheme for obtaining plant protection
preparates based on biologically active isolates of T. viride.

Based on all performed investigations, 7. viride, isolates Td4y and Tdso, have been
selected for the manufacturing of a bioproduct of plant protection, these isolates being
under the procedure for obtaining a patent.

The technological process for obtaining plant protection bioproducts (Fig. 10-11.)
contains 2 main phases: (i) biomass biosynthesis of microorganisms in a culture medium,
available for industrialization and (ii) biomass conditioning of microorganism, the
antagonistic micromycete, respectively. For this type of activities it is essential to establish
biological development parameters: (i) the optimum composition of the liquid culture
medium for development of the fungus under aerobiotic conditions and (ii) the optimal
parameters of biosynthesis in the studied medium.

The biomass biosynthesis technology is discontinuous, of cascade type, and
develops several phases: (1) preparing of the laboratory inoculum, (2) preparing of the
fungal pure culture in Erlenmeyer bottles, (3) industrial (simulated) multiplication in the
aired and agitated liquid medium.
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Collection of Trichoderma viride isolates
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Fig. 10. Technological scheme for obtaining plant protection bioproducts
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biopreparate/pellets in Petri plates on PDA medium, 0 days (c) and
after 3 (d) and 6 days (e) (original)

Fig. 11. Trichoderma viride bioproduct, in alginate, manufactured at
the RIPP Bucharest: a — T. viride cultures in tubes on PDA medium
(Potato-Dextrose-Agar); b — bioproduct as alginate pellets; c—e —
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1. There were established the optimal biological parameters for the development
of T. viride, isolate Tdsy: (i) solid culture media: Weindling, Warcup, Malt extract agar,
PDA; (ii) carbon sources: monosaccharides mannite, fructose, ribose, glucose, manose; (iii)
nitrogen sources: peptone, aminoacids DL-leucine, L-cistine, DL-citruline, DL-nor-leucine,
ammonium nitrate and tartrates salts; (iv) pH initial values of culture media: 4.0-5.5 (for
growth), 4.0-8.5 (for biomass); (v) temperatures: optimum 26°C, for growth 24-32°C, for
sporulation 20-22°C.

2. The parameters for submerged cultivation of 7. viride are: (i) Weindling
medium, variant Wg containing indigenous food glucose; (ii) Period of cultivation — 96
hrs.; (iii) Viability of biomass — 6-7 monthes; (iv) Optimal temperature 25°C; (v) Optimal
pH — 6.0-6.5; (vi) Optimal aeration 0.75-1.25 1 air/l medium/ minute, (vii) Viability of
biomass — 6-7 monthes.

3. It has been done the first step in a future research conducted to obtain a
molecular characterization of our collection of T. viride isolates selected as a biological
control agents of some practically important plant pathogens. 3.1. Proteins with MM 7, 8,
10, 12, 14, 35, 56, 60 kD represent characteristics for genus and species, being well
differentiated; 3.2. Within the same species the quantitative differences appeared at the
level of proteins with MM of 29, 45, 87, 89 kD and are determinated by provenance of
various isolates belonging to the same species; 3.3. Isolates Td49 and Td50 proved strong
similarities having a common provenance; both isolates proved a high antagonistic capacity
against the test-pathogens studied.

4. The antagonistic ability of tested 7. viride isolates was different against plant
pathogens; the most active was Tdss, followed the others: Tdss > Tdyg > Tdso> Tdys > Tds,

5. It has been established and experimentally verified the technological phases for
obtaining plant protection bioproducts based on 7. viride.
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