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ABSTRACT

Late blight disease is a major cause of economic losses in tomato (Lycopersicon esculentum L.)
production in eastern Africa. The objective of this study was to evaluate the efficacy of Trichoderma
species in controlling late blight disease and their role on the growth of tomato. Trichoderma asperellum
and 7. harzianum were isolated from two commercial products containing the antagonistic species.
Culture-based and molecular approaches, genomic DNA isolation and amplification, using ITS1 and
ITS4 universal primers, and sequencing, were used to characterise the products. Trichoderma
antagonistic effects against Phytophthora infestans (causative of tomato late blight) experiments
were conducted in vitro and in the greenhouse. The greenhouse experiment had five treatments;
namely, a negative control, Metalax1-M, 7. asperellum, T. harzanium and mixture of the two biocontrol
agents, laid out in a randomised complete block design. The experiment was carried out for 12 weeks,
with 3 weeks measurements intervals. Morphological and molecular characterisation confirmed the
organism in most of the commercial products as 7. harzianum and T. asperellum. An inhibiting action
was observed on the P. Infestans mycelial growth, by the effect of T. asperellum (30.7%), and T.
harzianum (36.9%).Trichoderma spp. suppressed late blight disease in the greenhouse experiment.
These effects were specific to soil type, with the higher effectiveness realised in Ferralsols (27%
disease severity) and least in Nitisols (36% disease severity). Trichoderma harzianum and T.
asperellum resulted in higher above ground biomass of tomato of 31 and 19% increase over the
control, respectively. There is potential of biocontrol agents in reducing P. infestans effects in
tomatoes and in stimulating growth.

Key Words: Ferralsols, Lycopersicon esculentum, Metalaxl-M, Trichoderma asperellum
RESUME
La maladie du mildiou est une cause majeure de pertes économiques dans la production de tomate

(Lycopersicon esculentum L.) en Afrique de I’Est. L’ objectif de cette étude était d’évaluer I’efficacité
des especes de Trichoderma dans la lutte contre le mildiou et leur rdle sur la croissance de la tomate.
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Trichoderma asperellum et T. harzianum ont été isolés de deux produits commerciaux contenant les
especes antagonistes. En se basant sur la culture et des approches moléculaires, 1’isolement de
I’ADN génomique et 1’amplification, en utilisant des amorces universelles ITS1 et ITS4, et le
séquengage ont été utilisés pour caractériser les produits. Des effets antagonistes de Trichoderma
contre Phytophthora infestans (causant le mildiou de la tomate) ont ét€ menés in vitro et en serre.
L’expérience en serre a eu cing traitements; a savoir, un controle négatif, Metalax1-M, T. asperellum,
T. harzanium et un mélange des deux agents de lutte biologique, disposés dans un modele de bloc
complet randomisé. L’expérience a duré 12 semaines, avec des intervalles de mesure de 3 semaines.
La caractérisation morphologique et moléculaire a confirmé 1’ organisme dans la plupart des produits
commerciaux comme 7. harzianum et T. asperellum. Une action inhibitrice a été observée sur la
croissance mycélienne de P. Infestans, sous I’effet de T. asperellum (30,7%) et T. harzianum (36,9%).
Trichoderma spp. supprimé la maladie du mildiou dans I’expérience en serre. Ces effets étaient
spécifiques au type de sol, avec une efficacité plus élevée réalisée dans les Ferralsols (27% de gravité
de la maladie) et moins dans les Nitisols (36% de gravité de la maladie). Trichoderma harzianumet T.
asperellum ont entrainé une augmentation de la biomasse aérienne de la tomate de 31 et 19% par
rapport au témoin, respectivement. Les agents de lutte biologique peuvent réduire les effets de P.
infestans sur les tomates et stimuler la croissance.

Mots Clés: Ferralsols, Lycopersicon esculentum, Metalaxl-M, Trichoderma asperellum

INTRODUCTION

Late blight disease, caused by Phytophthora
infestans (Mont.) de Bary, is among the most
economically significant diseases of
tomato,accounting for up to 90% losses in east
Africa (Masinde er al., 2011). The disease
affects leaves, stems and fruits of tomato.
Some of the control measures used include
use of fungicides, crop rotation, utilisation of
certified seeds and promotion of resistant
cultivars.

Use of fungicides is effective, but is
characterised by repeated applications (i.e., 5-
7 days intervals), which is costly, and time-
consuming (Momanyi et al., 2019;
Lamichhane ef al., 2020). This is in addition
to development of fungicide resistance and
high virulence of the pathogen, hazardous
residue accumulation in fruits and decline of
useful soil microbes (Heneberg et al., 2018;
White et al., 2019). Harmful effects to
humans, if proper protection is not
administered while spraying, and
environmental pollutions are other associated
problems (Gyawali, 2018; Lamichhane ef al.,
2020).

Plant growth promoting fungi (PGPF), like
Trichoderma harzianum and Tricoderma
asperellum are considered potential biological
control agents (BCA) of soil borne pathogens
such as P. infestans, and therefore, offer an
alternative strategy to use of inorganic
fungicides (Sharma, 2018; Mbuthia er al.,
2019). Other pathogens controlled by
Trichoderma spp. include Fusarium, Pythium,
Sclerotinia, Botrytis and Rhizoctonia (Sharma,
2018).

The modes of action of the BCAs include
antibiosis, mycoparasitism, enzyme activity,
competition and plant defence induction
(Ghorbanpour et al., 2018; Latz et al, 2018;
Kohl et al., 2019). As a result, increased plant
nutrients absorption, increases in biomass of
roots and shoots, increased leaf area as well
as productivity of tomato and other crops have
been observed (Chowdappa et al., 2013; Singh
et al., 2013).

In view of the potential of the BCA to
control soil borne pathogens, most agro-based
industries and suppliers have flooded the
market with a lot commercial BCA-based
products. However, the claim of effectiveness
of quite a number of these commercial
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products have not been substantiated which
may lead to poor quality products sold to
farmers. The objective of this study was,
therefore, to isolate, screen and test the
efficacy of commercial growth promoting 7.
harzianum and T. asperellum used as biocontrol
agents against P. infestans on tomatoes in three
different soil types in Kenya.

MATERIALS AND METHODS

Isolation of Trichoderma. Trianum-P and
Trichotech commercial bioproducts were
obtained by the International Institute of
Tropical Agriculture (IITA), Nairobi, from the
manufacturers and suppliers, respectively. A
total of 18 product samples were purchased,
9 each for Trianum-P and Trichotech. They
were labelled GK1-GK9, which included three
batches (87LV3536, 87TP2423, 87TPP2433)
with three product samples per batch for
Trianum-P® and nine product samples from
one batch (51/013) of Trichotech® that were
GK10-GK18 (Table 1).

Isolation of Trichoderma strains was
carried out as described by Carter (2011), with
modifications. A ten-fold serial dilution
technique was used, whereby 1 g per sample
was suspended in 9 ml of physiological water
(9 g of Nacl dissolved in 1000 ml of distilled
water). A 0.1 ml from10™#, 107, 10°and 1077
dilutions were spread plated on Rose Bengal
agar, supplemented with 1 g L
chloramphenicol (antibiotic), and then
incubated for 4 days in the dark at 28 °C.

To identify the Trichoderma spp., its
distinctive morphological characteristics were
monitored. Microscopic characteristics of
shape, size, arrangement as well as the

development of conidiophores and phialides
were also checked. Furthermore, macroscopic
examination was done by growing T.
harzianum and T. asperellum on Potato
Dextrose Agar (PDA) for 5 days. The mode
of mycelia growth, colour of spores and
changes of medium pigmentation for each
isolate was examined daily. The isolated
Trichoderma spp. on Rose Bengal media were
stored at -20°C in a 10% glycerol for further
analysis.

Screening of isolates. DNA was extracted
from three-days old pure cultures of
Trichoderma strains, grown on Rose Bengal
media according to Carter (2011). The DNA
stuff was air-dried in a sterilised fume
chamber; re-suspended in 50 pl sterile double
distilled water and stored at -20 °C for further
analysis.

Amplification of the internal transcribed
spacer (ITS) region of rDNA of fungal isolates
was carried out by polymerase chain reaction
(PCR), with universal primer pair ITS1 (5°-
TCCGTAGGTGAACCTGCGG-3’) and ITS4
(5’-TCCTCCGCTTATTGATATGC-3’
(Gelfand and White, 1990). PCR was
performed in 25 pl and for each run; negative
controls (no template DNA) were used to test
for contamination in the reagents.
Confirmation of the PCR products was done
by electrophoresis on 2% (w/v) agarose gel in
1X Tris Borate-EDTA buffer, and stained with
ethidium bromide (3.4 g) at 150 volts for one
hour. Visualisation and photographing of the
gel was done under UV trans-illumination gel
documentation system, respectively.
Purification of the amplified PCR products
was done using Thermo Scientific Gene Jet

TABLE 1. Characteristic of the three site soil types used for the greenhouse efficacy trial

Source of sample  Soil classification ~ pH(H,0) Org.C(%) N (%) P (mgkg™)
Bungoma Ferralsols 6.0 243 024 350
Chuka Rhodic nitisols 5.8 246 0.16 14.0
Egerton Vitric andosols 6.3 362 021 436
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PCR purification kit K0702, and run on
electrophoresis as described above, to checked
for purity and molecular size (600bp) using a
1000bp ladder. The purified products were
sequenced at Segolip unit of the BeCa hub,
ILRI. The universal primers: ITS1 (5§' TCC-
GTA-GGT-GAA-CCT-GCG-G 3') and ITS4
(5' TCC-TCC-GCT-TAT-TGA-TAT-GC 3")
were used (Gelfand and White, 1990).

The sequences generated were edited and
analysed for phylogenetic relationships, using
the Molecular Evolutionary Genetic Analysis
software (MEGA, version 6.0) (Tamura et al.,
2013). The sequences were submitted to
National Centre for Biotechnology Information
(NCBI) GenBank, New York, USA, for
identification. The similarity coefficients were
subjected to Unweighted Pair Group Method
with Arithmetic mean (UPGMA), to cluster the
isolates based on their overall similarities.
Multiple sequence alignments of the consensus
sequences were performed using clustal W
(Larkin et al., 2007). The maximum-likelihood
(ML) phylogenetic analysis of multiple aligned
sequences with bootstrap values for 1000
bootstrap replicates was performed using Sea-
View software version 4.0 (Galtier et al.,
1996).

Isolation and identification of Phytophthora
infestans. Late blight infected tomato plants
leaves were collected from Field 3 at Egerton
University, Njoro, and used for isolation of P.
infestans. The infected tomato leaves were
surface-sterilised with 70% ethanol for one
minute, then in 5% sodium hypochlorite for
five minutes, and finally washed three times
in sterile water to remove the surface-
sterilants.

A potato tuber was washed with tap water,
peeled off with a knife and surface-sterilised
with 70% ethanol. The tuber was sliced into
pieces of about 0.5 cm thickness. The surface-
disinfected leaves were cut into small pieces
having some infected and some healthy
tissues. The pieces of leaves were placed in
between two potato tuber slices, using

sterilised forceps. The two potato slices with
the late blight affected leaves sandwiched were
put in a petri-dish having a filter paper and
incubated inside an incubator at 19 °C for
seven days for the pathogen to grow.
Thereafter, the mycelia was used in the P.
infestans identification process.

A hundred and fifty millilitres of clarified
V8 juice was centrifuged at 6000 rpm for 5
minutes. The V8 based media was prepared
using 100 ml of the centrifuged V8 juice
supernatant, mixed with distilled water (900
ml), CaCO, (2 g) and agar (15 g), and
autoclaved at 121°C for 15 minutes (Nourulaini
et al., 2012). A plug of the grown mycelia
was placed on the V8 based media and allowed
to grow for 7 days. Sub-culturing was done
on malt extract (ME) agar, supplemented with
5 g 1" chloramphenicol and incubated at 25 °C
for three weeks. Identification of P. infestans
was done based on morphology (i.e.,
sporangium, sporangiophore, hyphae and the
presence or absence of clamydospores).

Efficacy tests of T. harzianum and T.
asperellum

In vitro antagonistic tests. The antagonism
experiment was arranged in a completely
randomised design (CRD), with three
replications. The antagonistic effects of T.
harzianum and T. asperellum were evaluated
against P. infestans, using the dual culture
method (Fatima et al., 2015).

For the inhibition assays by the
Trichoderma strains, approximately 5 mm
diameter of seven day old agar plug (mycelial
discs) of the pathogen and Trichoderma strains
were cut using a sterilised cork borer and
placed at equal distances from the periphery
on PDA petri dishes. The plates were
incubated at 25°C for eight days and the
diameter growth of the pathogen measured
daily. The mycelial mats of Trichoderma strains
and P. infestans were gently picked with a
needle for hyphal microscopic interaction
examination. The zone of inhibition in the
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diameter of the colony growth was also
calculated using the following Equation
(Perveen and Bokhari, 2012):

(c-1)

Inhibition Percentage I P = x 100

Where:

IP = inhibition percentage; C = mean colony
diameter (mm) of the growth in the control
treatment; and 7 = mean colony diameter
(mm) of the growth in the treatment tested.
Greenhouse study

Soil chemical analysis. The soil from three
sites, namely the Rift valley (Egerton), Eastern
Kenya (Chuka) and Western Kenya (Bungoma)
in Kenya, were air-dried, prepared and
analysed using standard procedures as
described by Okalebo et al. (2002), and the
results are presented in Table 1. Soil pH ranged
from 5.8 to 6.3, which are slightly acidic, with
Eastern Kenya site having lower values.
Nitrogen was lowest in the Nitisols at
0.16%and highest at Ferralsols at 0.24%. Total
carbon was least in Ferralsols (2.43%), but
highest in Andosol (3.62%). Available Pranged
between 14 and 43.6 mg kg' for Nitisols and
Ferralsols, respectively (Table 1).

Establishment of the experiment. Tomato
seedlings nursery bed was established by
sowing tomato seeds in the greenhouse.A
plastic pot (15.5 cm diameter and 35.4 cm
height) was used. The plastic pots were filled
with 5 kg of solar dried soil from the three
sources. The experiment contained five
treatments, namely a negative control (distilled
water-TO0), fungicide (Ridomil® (Metalax1l-M)
- T1) which was used as a standard check, T.
harzianum (Trianum-P®- T2); T. asperellum
(Trichotech®- T3) and mixture of the two
biocontrol agents T1+T2 (T4). The experiment
was arranged in a complete randomised block
design (RCBD), with three replications.
Diammonium phosphate (DAP) (18-46-0)

mineral fertiliser was applied as per the
recommendations (10 g per plant) during
transplanting (Starke Ayres, 2014).

Fourteen day old healthy seedlings were
transplanted into the plastic pots. The
treatments were introduced to the potted
seedlings according to the manufacturers’
recommendations, which was 3.0 g I''. This
was repeated at two weeks interval at half the
initial dosage (1.5 g 1""). Distilled water was
used to maintain the soil moisture content.

The pathogen (P. infestans) spores were
stained using cotton blue and counted using a
haemocytometer. Three days after
transplanting and treatment of the seedling in
the pots, 300 ml suspension (1x10°CFU g')
of P. Infestans was introduced to all the
treatments (Poornima, 2011).

Late blight severity and percentage of
survival of healthy plants were assessed at 30
days after transplanting. The number of
healthy plants and diseased leaves were used
to determine late blight severity. One stem was
randomly selected in every pot and tagged for
assessments, once in a week, for a period of
12 weeks. Disease severity proportion of leaf
area diseased or the percentage leaf area
infected by late blight were estimated from the
five leaves between the 3 and 7" leaf (from
the top) on each of the sampling stem. The
area under disease progress curve (AUDPC)
was calculated using the following formula,
based on percent leaf infection (Haynes and
Weingartner, 2004);

=1 1. 3.
AUDPC = :M

< =1,)

i=l =

Where:

y, = an assessment of a disease (percentage)
at the /™ observation; t, = time (in days) at the
i" observation; and n = the total number of
observations.

The shoot dry weights were determined
by cutting the above ground portion of the
plants and drying them at 65 °C for 72 hours
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and dry weights measured. Analysis of
variance was performed on the data using the
Generalised Linear Model (GLM) of the
Statistical Analysis Software programme, SAS
(SAS Institute, 2014). Treatments means were
compared using Least Significant Differences
(LSD) at P < 0.05.

RESULTS

Morphological characteristics of the
biocontrol agents. The morphological
characteristics of 7. Harzianum consisted of
formation of white concentric rings (Fig. 1A).
Wavy edged colonies of 8-9 cm diameter were
measured across both media, which indicated
a rapid growth rate. After four days, white
mycelia without conidia grew in the PDA
media; while conidia (green spores) were
produced in the Rose Bengal media. The
reverse colony colour was pale yellow. Paired
primary coniodiophore branches and phialides
held in whorls of 2 to 3 at 90° angle, were
observed at x400 under a compound
microscope. In addition, conidiophores with
short side branches, which assumed pyramidal
aspect, short inflated phialides, and smooth and
small conidia patterns were observed.

The morphological characteristics of T.
Asperellum observed on PDA media were the

formation of white concentric ring (Fig. 1B).
Smooth edged colonies of 8-9 cm diameter
were measured, which indicated a rapid
growth rate of the T. Asperellum. Four days
after incubation, white mycelia and conidia
were produced. The reverse colony colour was
also pale yellow. Paired primary conidiophore
branches and phialides held in whorls of 2 to
3 at 90° angle, were observed at x400 under a
compound microscope. Some phialides were
flask-shaped, while others were solitary with
cylindrical and sharply constricted at the tips.
A detached mass of conidia was observed. The
morphological characteristics from each of the
different batches of the commercial products
were similar in all the plates. Hence, molecular
characterisation was done to identify the
different species.

Identification and genetic diversity of
Trichoderma spp. Out of the eighteen isolates
of Trichoderma spp., i.e., GK1-GK9 for T.
harzianum and GK10-GK18 for T asperellum;
only GK2R, GK7R, GK8R, GK9 and GK15
had positive single band on DNA-PCR analysis.
Based on partial or contig alignment blasting
of the ITS1-5.8S-ITS4 DNA, region, GK2 and
GKS, reverse strands were identified as 7.
harzianum with > 90% identity; while GK7
reverse (95%) and GK9 (contig alignment)

Figure 1. Morphological characteristics of the 7. harzanium (A) and T.asperellum (B).
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(92%) identities were classified as Meyerozyma
caribbica. GK15 (contig alignment) was
identified as T. Asperellum with a 90% identity
(Table 2).

For the phylogenetic analysis, only GK9
and GK15 isolates which had shown positive
contig alignment on blasting were used. Further
identification showed that GK15; which had
been identified as 7. Asperellum (Table 2), was
clustered with the other Trichoderma strains.
On the other hand, GK9, which had been
identified as M. caribbica (Table 2) was
confirmed not to be a relative of Trichoderma
spp- All the other strains used in the
phylogenetic tree were outgroups of
Trichoderma spp. (Fig. 2).

Identification of P. infestans. A lemon-shaped
sporangia, which is semi-papillae type which
produces zoospores, was observed. It also
had profusely branching mycelia which were
aseptate.

In vitro evaluation of antagonists.
Trichoderma harzianum and T. asperellum
significantly reduced P. infestans growth
under the in vitro conditions (Table 3). The
interactions between the antagonists and the
pathogen were further observed (Fig. 3 and
Table 3). Once the antagonist (Trichoderma
spp.) came into contact with the pathogen, it
attached itself, coiled and strangulated the host
hyphae (pathogen) on the surface in a
Trichoderma-Phytophthora interrelationship

(Fig. 4). Both Trichoderma spp. grew faster
and occupied more space than P. infestans.

The biocontrol isolates and the time period
of growth had a significant effect on radial
growth and percent growth inhibition of P.
infestans (Fig. 4). The growth of the P.
Infestans was significantly lower when co-
cultured with 7. harzanium, than with T.
asperellum. Growth of the pathogen was
highest in the control treatment. Growth
inhibition of the pathogen was highest when
co-cultured with the T harzanium compared
to T. asperellum; while the control treatment
showed no significant growth inhibition (Table
3).

In terms of radial growth of the pathogen,
there was a general increase in growth over
time, for all the treatments. Growth was
significantly higher in the control treatment
from the start of growth, up to the eighth day.
Between the two Trichoderma isolates, T
Harzanium had significantly higher radial
growth than T. asperellum, over the growth
period of study (Fig. 5). Regarding the percent
growth inhibition, the control did not inhibit
growth of the pathogen from the day of
culturing up to eighth day of growth.

For the Trichoderma isolates, the percent
growth inhibition was higher during the initial
days of growth, which then reduced and finally
increased on the eighth day. At the end of the
study period (day 8), growth inhibition was
significantly, higher with T. harzanium than
T. asperellum (Fig. 6). The laboratory assay

TABLE 2. Cultural and molecular characteristics of 7. harzianum and T. asperellum isolated from the

commercial products
Strain no. Expected Sequence Accessionno.  Description Identity (%)
bioagent length

GK2(R) T. harzianum 630 KP064225.1 Trichoderma harzianum 95
GK7([R) T. harzianum 633 KU200440.1 Meyerozyma caribbica 95
GK8(R) T. harzianum 600 JK518925.1 T. harzianum 91
GK9 T. harzianum 610 JN255499.1 Meyerozyma caribbica 92
GK15 T. asperellum 698 LN846676.1 T. asperellum 20

R =the reverse primer (ITS4) of the DNA region
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NI 488 sites 1L 100 replication 0.05

GED (M. caribbica)
GRS (T asperelium)
KF255396 T asperellum strain T 289
KM277355 Tasperelium strain T-1
FI2326897 T.atroviride strain STE-1U63135
i £31019 Tlongibrachionm
'-4‘.-\‘1"3314{!43 Tlongibrachiatum steain ATCC 208859
AFS0331 Tlengibrachictum strain CBS126.65
ELSIE148 T plewvariceda stran CPR 3272
AF443922 T afreharzianum isolate

AF2ZTETIN Toharzianum strain CECT T-95

AFZTRTYS Toharzianum strain T-12
AF2TRTO2 T harzianwm stram CECT T-22

Figure 2. Phylogenetic tree of the Trichoderma harzianum and Trichoderma asperellum based on

ITS-rDNA gene sequences.

TABLE 3. Invitro inhibition of Phytophthora infestans by Trichoderma harzianum and Trichoderma

asperellum by dual culture method

Isolate Radial growth (mm) Growth inhibition (%)
Trichodermaharzianum 16.4c 36.9a
Trichodermaasperellum 18.5b 30.7b
Control 38.0a 0.0c

LSD (<0.05) 0.7 0.8

showed variations in pattern and time duration
of parasitism depending upon the pathogen
encountered.

Efficacy of antagonists in the greenhouse
trial

Interactions between antagonists and the
pathogen. Disease severity across the soil
types was significantly reduced by the
combination of Trianum-P® (T, harzianum) and
Trichotech® (T. asperellum) (T4), and the
single applications of the biocontrol agents (T2
or T3) (P <.0001) (Fig. 7). Trichotech® (T.
asperellum) (T3) significantly reduced disease

severity compared to 7. harzianum (Trianum-
P®) (T2) (P <.0001), but was not significantly
different from their combination (T4) (P
<.0001). Disease severity in all soil types was
highest in the control treatment (T0). Use of
the chemical fungicide (T1) significantly
reduced disease severity compared to the
control (T0) (P <.0001). However, T1 had
significantly higher disease severity than the
biocontrol agents (T4, T2 and T3) (P <.0001)
(Fig. 7).

Bungoma soil had the highest biomass;
while Chuka soil showed the least biomass
values (Fig. 8). In Bungoma, a combination
of T. harzianum and T. asperellum revealed
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Figure 3. Effects of the antagonists on P. infestans. A = inhibition of growth of P. infestans (P.I) by T.
asperellum (T. A) on replicated plates of dual cultures of P.I and T.A; B = inhibition of growth of P.

infestans (P.1) by T. harzianum (T. H).

TH
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TA
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Figure 4. Hyphal interaction of antagonists with the pathogen. A =T. Harzianum (T.H) parasitizing
P. infestans (P.1); B=T. Asperellum (T.A) parasitizing P. Infestans (P.1).

significantly higher biomass compared to all
other treatments (P <.0001). In Chuka soils,
T. asperellum showed significantly higher
biomass than other treatments; while T.
harzianum had significantly low values
compared to the rest of the treatments.

In Egerton soil, single application of T.
harzianum and T. asperellum had significantly

higher biomass than the other treatments
(P<.0001). The combination of the biocontrol
agents (T4) revealed significantly lower
biomass values compared to all other
treatments including the controls in Egerton
soil (P <.0001) (Fig. 8).
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DISCUSSION

Based onmorphological characteristics of the
Trichoderma species, this study has confirmed
that both the biocontrol commercial products
under study contained both 7. harzianum and
T. asperellum. However, use of molecular
characterisation only identified a few of the
isolates as T. harzianum and T. asperellum.
This discrepancy between the two

characterisation is evidence that molecular
characteristics are potentially superior
diagnostic tools in identifying the Trichoderma
Ssp.

In the dual culture tests, the 7. harzianum
and 7. asperellum isolates grew substantially
faster than the P. infestans isolates, and
speedily overcame the P. infestans isolates.All
of the tested isolates of T. harzianum and T.
asperellum significantly reduced radial growth
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and inhibited growth of the pathogen. These
isolates overgrew and sporulated on the
pathogen colonies. This observation might be
attributed to the rapid growth ability of the
Trichoderma species, giving it an added
advantage in competing for nutrients and
space with the pathogen (Pandey et al., 2016;
O’Brien, 2017; Adnan et al., 2019; Dukare et
al., 2019). Faruk and Rahman (2015) also
reported that the Trichoderma sp. were able

to suppress the pathogen’s colony by rapid
growth of the Trichoderma sp. This may have
led to starvation of the pathogen due to the
competition for the limited resources resulting
to the death of the P. infestans (Sempere and
Santamarina, 2007). In the region of
interaction, the antagonists coiled and
strangulated the pathogen, resulting into an
abnormal morphology of the pathogen mycelia,
which suggests the existence of strong
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mycoparasitism between the Trichoderma
(antagonist) and the pathogen (Ghorbanpour
et al., 2018).

Treatments with the Trichoderma spp.,
either as single applications or a combination
of T. harzianum and T. Asperellum had
significantly reduced disease severity
compared to the absolute control and the
chemical fungicide. The reduced disease
severity could be attributed to the
Trichoderma’s rhizosphere competence and
competitive ability (Tsahouridou and
Thanassoulopoulos, 2002); and induction of
plant defence mechanisms (Sharma, 2017).

These results corroborate numerous
studies, where T. harzianum and T.
asper-ellumisolates showed high capabilities
for being wuseful biocontrol agents
(Saravanakumar et al., 2016; Amira et al.,
2017, Pascale et al., 2017).

Results from this study have shown that
growth of tomato is enhanced by the
application of the biocontrol agents. The
increased growth in terms of tomato biomass
may be as a result of production of growth
hormones (Contreras-Cornejo et al., 2014),
increased uptake of nutrients or enhancement
of root growth (Viterbo et al., 2002).
Menezes-Blackburn et al. (2014), while
working on Trichoderma spp., reported an
increase in plant growth due to the ability of
the microbe to help in bioavailability of different
mineral nutrients via solubilisation or chelation.
Therefore, these growth promotion attributes
of the Trichoderma spp. may have led to the
enhanced tomato growth in the present study.

Although no significant interactions were
observed between soil type and the antagonists,
variations between different soil types in terms
of soil characteristics has been shown
elsewhere to influence the antagonists’ effects
on the growth parameters of the tomato (Van
Agtmaal et al., 2018). For example, in the
Feralsols, a combination of biocontrol agents
increased tomato biomass and had the least
disease severity values over all other

treatments. This site (Bungoma) had been
characterized with the highest N and P in
comparison to the other two sites (Table 1).
Chuka site (Rhodic Nitisols) characterised by
the least soil pH and plant available P, of the
three on the other hand, had least effect of
treatments on the growth parameters.

Trichoderma asperellum was most effective
in promoting the tomato biomass compared
to T. harzianum or the combination of both.
This implies that the T. asperellum isolates
could be more tolerant to lower soil pH and
that acidic soil conditions compared to T.
harzianum. This could also be the reason why
the combination of the two biocontrol agents
performed poorer than the latter alone in the
same soil. Abiotic factors such as pH have
adverse effects on bio-efficacy of Trichoderma
spp. (Zehra et al., 2017).

Egerton soil (Vitric Andosols) characterised
by the highest carbon contents had a moderate
promotion effect on tomato biomass by the
biocontrol agents. Here, the single applications
of the biocontrol agents and the chemical
fungicide performed better than the
combinations.

Soil type with diverse nutrient status on
the stimulatory effectiveness of microbial
inoculants has been shown to be key for
effective root inoculation and stimulation of
plant growth (de Souza et al., 2015). The
chemical composition of soil controls the
survival and biological activity of
microorganisms (Wang et al., 2017; Van
Agtmaal et al., 2018). Trichoderma spp.
efficiency, therefore, is determined by
environmental health that could affect not only
their survival in the soil, but also their ability
to maintain bio-control capacity (Nieto-Jacobo
et al.,2017). It appears that in soils where the
abiotic environment is not greatly limiting, the
factors of primary importance are those
involving competition, antagonism and
synergism (O’Brien, 2017). This therefore
underscores the importance of providing the
optimal soil conditions such as the correct
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nutrients and pH ranges that will boost the
performance of the BCA in the management
of the P. infestans in tomato production.

CONCLUSION

Isolated Trichoderma harzianum and T.
asperellum strain from Trianum-P® and
Trichotech®, respectively have the ability to
antagonise Phytophthora infestans in tomato.
It can beconcluded from the present study
that, although both the Trichoderma strains
applied individually reduce disease severity,
combining 7. harzianum and T. asperellum
shows greater protective effects on tomato
that are exposed to P. infestans under
greenhouse conditions as shown by the
AUDPC results. Soil type also influences the
response of tomato to application of the
biocontrol. Tomato biomass is higher and
disease severity less in Ferralsol compared to
other soil types.
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