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EVALUATION OF SINGLE OR COMBINED ISOLATES OF
TRICHODERMA harzianum IN DIFFERENT FORMULATIONS
FOR CONTROLLING ROOT ROT DISEASES
OF STRAWBERRY

[41]

Ayat M. Elsaid’; S.T. Shehata®; T.H. Abd-El-Moity' and M.M. Aly*
ABSTRACT

Five isolates of Trichoderma harzianum were tested, in preliminacy study, for
their efficiency in controlling root rot of strawberry. Three isolates proved higher ef-
ficiency in controlling Rhizoctonia root rot. The most effective isolates namely 1, 2
&3 in addition to their mixture were formulated at different forms ie. suspension,
powder and granules and tested at different concentrations in greenhouse and field
experiments. Results of greenhouse studies indicated that the all isolates and their
mixture were effective in controlling Rhzoctonia root rot disease and increasing per-
centage of survived plants. Moreover, results indicated that granules was the best
form in controlling root rot diseases of strawbesry followed by powder and suspen-
sion in decreasing order. Higher biocontrol efficiency was obtained when mixture of
isolates was used and increasing the dose of application increased it. Results of field
studies, also, showed that granules was the best formulation, however, there was no
significant difference between suspension and powder forms. The highest biocontrol
efficiency against soil borne pathogens of strawberry was obtained with mixture of
isolates, and the efficiency increased by increasing the dose of the bioagent.

Keywords: Biological control, Trichoderma harzianum, Strawberry, Root rot, For-
mulation.

INTRODUCTION method for plant disease management
(Baker & Cook, 1974 and Liu & Baker,
1980). Great efforts have been done to

Since the pioneering work of !
make biocontrol effective as pesticides in

Weindling (1932) and Weindling &

Emerson (1936) on the antagonistic ef-
fects of Trichoderma strains against
Rhizoctonia solani Kuhn, considerabie
attention has been paid for bioconirol as a

the suppression of fungal pathogens. Pro-
posed mechanisms resuiting in biocontrol
are competition for the substrate, the abil-
ity to colonize the niche favored by the
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pathogen (Elad et af 1980 and Prasad &
Rongeshwaran, 1999), antagonism by
antibiotic (Dennis & Webster, 197ia &
b; Brewer et al 1987; Fravel, 1988 and
Almassi et al 1991) and the hyperpara-
sitic  potential of the bioagent
(Weindling, 1932; Elad, 1995; Elad ef
al 1983 and Sundheim & Tronsmo,
1988). On the other hand, chitinolytic
enzymes produced by Trichoderma har-
zianum Rifai have been suggested as be-
ing responsible for the observed antifun-
gal activity (Chet, 1987; Harman ef al
1993 and Lorito ef al 1993) Isolates of
Trichoderma hargianum varies in their
antifungal activities (Elad et al 1981;
Abd-El-Moity, 1985 and Haran et al
1995). The present study aimed to screen
different isolates and different formula-
tions of Trichoderma harzianum that may
differ in the mechanisms by which affect
the bioagent and make a mixture of them
to magnify their effect against the patho-
gen.

MATERIAL AND METHODS
Plant material

Fresh transplants of strawberry (Fra-
garia ananssa Duch.) cv. sweet charly
were obtained from Strawberry and Non-
traditional Crops Research Station, No-
baria, Behaira governorate.

Preparation of pathogen propagules
and soil infestation

Isolate of Rhizoctonia solani , previ-
ously isolated from diseased strawberry
plants and its pathogenicity was proven,
was kindly obtained from Department of
Plant Pathology Faculty of Agriculwre,
Ain Shams University. Inoculum was

prepared by growing the fungus on corn
meai- sand medium supplement with
0.2% peptone solution (Abd-El-Moity,
1988), Bottles containing the medium
were inoculated with equal disks 5mm of
R. solani from three days old cultures.
Inoculated bottles were incubated hori-
zontally for 4 weeks at 25 °C. Loaded
fungal growth was mixed with the soil at
the rate of 10g / Kg soil. Infested pots
were irrigated periodically and left for 10
days to adequate distribution of the in-
oculum. Pots containing non-infested
soil, were supplied with the same amount
of autoclaved corn meal- sand medium
containing 0.2% peptone served as con-
trol.

Source of Trichoderma harzianum iso-
lates

Plant samples of strawberry, date-
palm, peppermnint, garlic, faba-bean,
wheat, cotton, basil, bean and pea repre-
senting different regions namely De-
miatta, Fayoum, Giza, Ismallia,
Nubaria, Sharkia, Sharm-Elshikh. Ac-
cording to their culwral characteristics
isolates were classified into five identical
groups. The five isolates representing
these groups were identified according to
their microscopic characteristics as
Trichoderma harzianum. ldentification
was kindly carried out in Mycology and
Plant Disease Survey Research Depart-
ment, Plant Pathology Research Institute,
ARC, according to Rifai (1969).

Preparation of Trichoderma harzianum
propagules

Propagules of the bioagents were pre-
pared by growing each T. harzianum iso-
late in flasks (250 ml} each contained 100
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ml of gliotoxin fermentation medium
(Brian and Hemming, 1945). Flasks
were inoculated with 3 mm fungal discs
obtained from periphery three days old
culture of each isolate. Inoculated fasks
were incubated a1 25°C for 10 days under
complete darkness, o stimulate toxin
production (Abd-El-Moity et al 1982).

Formulation of biocontrol agents

Different T. harzianum cultures were
formulated in three different forms, gran-
ules, powder or as water suspension.
Granules were prepared using the method
developed by Abd-El-Moity (1986), sus-
pension containing 30x10° CFU / g was
used for the preparation. For preparation
of powder, fungal growth and culture
filtrate were homogenized using a blender
and the homogenate was adjusted to be
contain 30X 10 CFU /ml, then 10 ml
were mixed thoroughly with 90 g talc
powder. Suspemsion was prepared by
homogenizing fungal growth and culture
filtrate and the homogenate was adjusted
to be contain 30X 10 CFU /nil for single
isolates, or 10X 10° CFU /ml from each
isolates in combined treatment (f, 2 and
.

Transplants treatment

Powder or suspension were diluted in
water to be containing 2x10°, 3x10° and
6x10° CFU, ransplants were immersed in
suspension for 5 min prior transplanting.
Granule was carried out by added the
granules to the soil directly at the rates of
1.0, 1.5, 2.0 g / pit of transplant which
keeping gave the same previously men-
tioned concentrations as determined prac-
tically using plate counting technique.

Disease assessment

At the end of the experiment i.e. 50
day for pots trials and 150 day for field
trials, plants were examined and percent-
age of survived plants was calculated as
follows:

Number of survival

% Survived plants =
Total aumber of planted transplants

Statistical Analysis

Complete randomly design was followed
tor both field and pots experiment. Data were
analyzed using analysis of  variance
(ANOVA), and means are separated by
Duncan’s multiple range test at a signifi-
cance level of P= 0.05. (SAS Institute
1989, SAS/STAT User’s Guide, Version
6).

RESULTS

Evaluation of different isolates of
Trichoderma harzianum as biccontrol
agents for controlling Rhizoctonia root
rot of strawberry

Five Trichoderma harzianum isolates
were tested for their efficiency in controi-
ling Rhizoctonia root rot disease of
strawberry in greenhouse experiments.
Results in Figure (1) indicated that T.
harzianum isolates differed in their effi-
cacy in controlling root rot disease caused
by R. solani. Isolate number three was the
most effective one followed by isolates
one and two respectively, meanwhile
isolates four and five were clearly less
effective.
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% of survival plants

2 3 4 ]

control

T. harzianum isolates
Figure 1. Evaluation of different Trichoderma harzianum isolates as biocontrol agent,
for their reaction, in controlling Rhizoctonia solani of strawberry plants.
(1) Three replicates were specified for each treatment , each with 30 plants.
(2) The concentration used was 3x10° CFU/ml.
(3) Control: treatment without adding the biocontrol agent into soil.

Evaluation of different forms of
Trichoderma harzianum as biocontrol
agents for controlling Rhizoctonia root
rot of strawberry in greenhouse ex-
periment

Different forms of 7. harzianum
propagules, i.e. suspension, powder, and
granules containing 3x10° CFU /ml or g
were tested for their efficacy in control-
ling root rot disease of strawberry in
grecnhouse. The study was carried out
using the most antagonistic and effective
isolates i.e. one, two and three, in addi-
tion to their mixture. Results in Table (1)
indicated that , in most cases, granules
gave the best result for controlling
Rhizectonia root rot of strawberry fol-
lowed by powder and suspension formu-
lations.

Effect of different concentrations from
different forms of Trichoderma har-
zianum isolates and their mixture for
controlling Rhizoctonia voot rot of
strawberry in greenhouse experiment

The most effective isolates, ie. 1,2 &
3, and their mixture were prepared in
three forms namelv suspension, powder
and granules, each 1 these was applied in
a greenhouse experiment at three concen-
wations, i.e. 2x10°, 3x10° and 6x10° CFU/
ml. Results in Table (2) indicated that all
tested forms were effective in reducing
disease incidence with all the tested iso-
lates and all concentrations. Granules was
the best tesied form, followed by powder
and suspension in decreasing order. Con-
cerning the concentration of conidia/unit
(g or ml, for powder, granules and
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Table 1. Evaluation of different formulations of Trichoderma harzianum isolates and
their mixture on controlling Rhizoctonia solani in strawberry plants.

Percentage of survived plants ‘"
Formulation
Isolate 1 Isolate 2 Isolate 3 Mixture
Suspension 75.0a® 78.45 80.0b 85.0b
Powder 30.0a 80.0b 85.0ab 90.0a
Granules 81.7a 86.7a 88.4a 90.0a
Control® 30.0b 30.3c 30.0c 30.0¢
(1) Data recorded after 9 day

(2) Figures in each column with the same letter not significantly different according to Duncan’s
Multiple Range test (P=0.5)

{3) Control: treatment without adding the biocontro] agent into soil.

{4) Three replicates were specified for each treatment, each with 30 plants.

Table 2. Effect of different formulations and concentrations of different single isolates
of Trichoderma harzianum and their mixture on percentage of survived straw-
berry plants grown in artificially infested soil with Rhizoctonia solani.

Formulation Concentration Percentage of survived plants™”
CFU(10%) Isolate1 Isolate 2  Isolate 3  Mixture
Suspension 2 70.06% 70.0d 80.0c 81.6¢d
3 75.0ab 76.7bcd  83.0ab  83.0cd
6 80.0ab 81.7abc  85.0b 85.0c
Powder 2 70.0b 75.0cd 80.0c 83.0cd
3 78.4ab 80.0abc 83.0ab 85.0¢
6 80.0ab 85.0ab 85.0b 90.0b
Granules 2 80.0ab 83.0ab 83.0ab 88.0bc
3 83.4a 84.0ab 84.0ab 90.0b
6 85.0a 88.4a 90.0a 95.0a
Control® 40c 42¢ 41d 40e
(1) Data recorded after 90 day

(2) Figures in each column with the same letter not significantly different according to Duncan’s
Mutltiple Range test (P=0.5)

(3) Control: treatment without adding the biocontrol agent into soil.
{4) Three replicates were specified for each treatment, each with 30 plants.
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suspension), it was found that with in-
crease the concentration of bicagengt
propagules give rise increasing in control-
ling the disease. As for the efficiency of
different single isolates and their mixture
in controlling the diseases, it was found
generally, that mixture of isolates was the
most effective.

Evaluation of different forms of differ-
ent isolates of Trichoderma harzianum
and their mixture for controlling root
rot diseases of strawberry in field ex-
periment

The three aforementioned formula-
tions of most effective isolates and their
mixture were applied in field experiment

in three concentrations, i.e. 2x10°, 3x10°
and 6x10°.

Results in Table (3) indicated that all
forms of T. harzianum were effective in
reducing disease severity with all the
tested isolates and all concentrations,
Granules was the most effective form
followed by powder and suspension in
decreasing order. All forms achieved the
higher percentage of survived plants with
all single isolates and their mixture. Re-
sults, also confirmed that the increase of
concentration, of different forms, give
rise the increase in controlting the dis-
ease. As for the efficiency of different
single isolates and their mixture in con-
trolling the diseases, it was found gener-
ally, that mixture of isolates was the most
effective.

Table 3. Effect of different formulations and concentrations of different single isolates
of Trichoderma harzianum and their mixture on percentage of survived straw-
berry plants grown under field condition ‘",

] Concentration Percentage of survived plants ®
Formulation CFU(10%) -

Isolate 1 Isolate2 Isolate3  Mixture

2 81.3¢" 82.0f  83.0¢ 85.0f

Suspension 3 85.7d 86.0e 88.7cd 92.3d

6 87.07cd 88.0d 89.70¢ 93.0d

2 82.7¢ 82.7f 84.3e 88. of

Powder 3 88.3¢ 90.3¢ 92.0b 93.0cd
6 91.0b 92.3b 93.0b 95.0bc

2 85.7d 87.0e 88.0d 90.00e
Granules 3 92,3 ab 94.0a 94.7a 96. Oab
6 93.3a 95.0a 95.7a 973a

Control* 60.33f 60.67g  60.33f  60.97

(1) Three replicates were specified for each treatment, each has 100 plants.

(2) Data recorded after 150 days.

(3) Means in each column with the same letter not significantly different according to Duncan’s

Multiple Range test (P=0.5).

{4) Control: treatment without adding the biocontrol agent into soil.
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DISCUSSION

Strawberry production is an important
source of foreign currency income for
Egypt. Root rot diseases are often associ-
ated with strawberry plants grown in non-
fumigated soil. Several pathogens, in-
cluding Rhizoctonia and Pythium, are
causal agents of this disease (Abad et al
2002 and Martin, 2000). While not cur-
rently a widespread problem in properly
fumigated commercial production fields,
with the impending phase out of the use
of methyl bromide and alteration of cur-
rent fumigation practices, this disease
may once again become a problem {Mar-
tin, 2000). '

However, the degradation of chemical
compounds that can be used to coatrol
soil borne diseases and alternatives to
methyl bromide for strawberry produc-
tion is very difficult and the concentration
andfor accumulation of them in food
chains are leading to higher toxicity lev-
els in living organisms (Chet, 1987 and
Lynch, 1990). Many Trichoderma spp
isolates were previously found to control
the development of R. solani diseases of
strawberry under field conditions and,
consequently, to controi the disease.
Maximizing the biocontrol to reach the
level of chemical control is still required
(Elad et af 1981; Campbell, 1990 and
Tronsmo & Hjeljord, 1998). Substantial
information provides support that the
extraordinary capacity of T. harzianum to
attack the structures of phytopathogenic
fungi is related to the synergistic action of
competition for key nutrients, antagonism
by antibiotics, production of cell wall-
degrading enzymes, hyperparasitic poten-
tial of the bioagent, stimulation of plant
defense mechanisms, and a combination
of these possibilities (Neethling &

Nevalainen, 1995
Hjeljord, 1998).
Use of an isolate of Trichoderma that
has more than one mechanism against the
pathogen increase the potentiality of bio-
control (Stasz ef al,, 1988). Moreover,
using more than one isolate increase the
possibility of occurring a synergistic ef-
fect of different mechanisms against the
pathogen (Schisler et al 1997). In this
respect, Cook (1993) stated that several
strains of Trichoderma should be in-
cluded in a formulation to widen the

and Tronsmoe &

‘range of control. Combining effective

strains of bicagents was also studied by
Harman et al (1989); Harman (1990);
Janisiewicz (1996) and Schisler et al
(1997).

This wide range of effect is very
promising for the future of commercial
biological control. In addition a correla-
tion was reported between concentration
of the bioagent propagules and efficacy
of biocontrol Janisiewicz and Roitman
(1988). In this respect, it was found that
with increase the concentration of conidia
give rise increasing in controlling the
disease. Moreover the formula of the bio-
agent that keeps its viability and its effi-
cacy is of a greet importance, in this re-
spect, it was found that granules was the
best form for applying followed by pow-
der and suspension form in decreasing
root rot disease of strawberry. The ideal
biocontrol strategy attempts to introduce
or promote the activity of biocontrol
agents only when and where they are
needed or are most effective and mini-
mizes wasteful application of inoculum to
non-target habitats. Thus, a granule appli-
cation to the infested soil directly may
create disease-suppressive soils and pos-
sibly enhance plant vigor. Rhizoctonia is
important soil-borne pathogens, and its
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sclerotia in soil serve as primary inocu-
lum. Consequently, suppression of the
primary inoculum will be the first step in
managing this disease of strawberry.
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