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Abstract
Background: This study is about an assessment of plant growth promoter and biocontrol properties of  Trichoderma  harzianum   in onion.
Two isolates  of  T.  harzianum  one originating from Eco-Tâ (South Africa) and the other from a onion field soil (Burkina Faso) were
evaluated for their use as onion growth promoters and their efficiency in protecting onion seedlings against damping-off caused by
Fusarium oxysporum  and F.  solani.  Materials and Methods: Trichoderma  harzianum  was used for coating onion seeds with a conidial
suspension concentrated to 107 spores mLG1 and for directly spraying onion seedbeds with the same conidial suspension. Sowing was
done with coated seeds in trays containing a doubly sterilized substrate inoculated or not with Fusarium  strains. Non-coated seeds were
sowed in the same substrate sprayed with T.  harzianum  conidial suspension and inoculated or not with Fusarium  strains. All trays were
kept  in  greenhouse  for 1 month. Results: Coating  the  seeds  and  spraying  the  seedbeds  with  the  conidial  suspension  of  the  two
T. harzianum  isolates led to a significant increase in the number of living seedlings, seedling length, root length, number of leaves and
fresh weight of seedlings 30 days after sowing in sterilized soils. Sowing the T. harzianum  coated seeds in soils inoculated with Fusarium
led to a significant reduction in seedling damping-off due to the pathogens and improved the growth parameters of seedlings compared
with non-coated seeds. Spraying the conidial suspension of T.  harzianum  isolates on seedbeds inoculated with both Fusarium  strains
produced the same results, but at a lower intensity than was the case with seed coating. Conclusion: These results reveal that the use
of an indigenous isolate of T. harzianum  originated from Burkina Faso could be a novel biocontrol strategy against the damping-off of
onion seeds in an environmentally sustainable way. This study discusses further development of a simple and accessible method for the
mass production and conservation of T. harzianum  and the search for an effective and inexpensive sticker for seed coating. An isolate
of  T.  harzianum  native to Burkina Faso was shown to improve the germination of onion seeds and to protect seedlings against Fusarium
damping-off. This isolate can be exploited in the development of integrated onion crop protection in West Africa.

Key words:  Trichoderma  harzianum,  seed coating, conidial suspension, onion, damping-off

Received: Accepted: Published:

Citation:  T.G. Dabiré, S. Bonzi, I. Somda and A. Legrève, 2016. Evaluation of the potential of Trichoderma  harzianum  as a plant growth promoter and
biocontrol agent against Fusarium  damping-off in onion in Burkina Faso. Asian J. Plant Pathol., CC: CC-CC.

Corresponding Author:  T.G. Dabiré, Institut du Développement Rural, Université Polytechnique de Bobo-Dioulasso, P.O. Box 1091, Bobo-Dioulasso 01,
Burkina Faso

Copyright:  © 2016 T.G. Dabiré et  al.  This is an open access article distributed under the terms of the creative commons attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited. 

Competing Interest:  The authors have declared that no competing interest exists.

Data Availability:  All relevant data are within the paper and its supporting information files.



Asian J. Plant Pathol., 2016

INTRODUCTION

Among the vegetable crops produced in Burkina Faso,
onion bulbs are the most important in terms of international
trade. In 2008, for example,  the  income  produced  by this
trade  was  evaluated  at 24.8  billion  CFA1.  The  level  of
income obtained by onion farmers is estimated2,3 to be about
US$ 5,000. Given this high level of farmer income, onion
production and marketing have become a  powerful  tool in
the fight against poverty and rural unemployment4.  The onion
sector is now a priority in the country’s agricultural policy and
is supported by the World Bank through two major projects,
Programme d’Appui aux Filières Agro-Sylvo-Pastorales
(PAFASP) and Projet de Productivité Agricole en Afrique de
l’Ouest (PPAAO).
As in other countries, however, onion production is

challenged by several diseases occurring in nurseries, in fields
and during storage. Symptoms such as seedling damping-off,
foliar lesions and bulb rot have been observed. These diseases
result in the need to buy seeds (that are very expensive) and
in yield losses that can sometimes5  reach 80%. Fungi are
among the plant pathogens that cause several diseases and
significant yield losses worldwide. Most of these plant
diseases,  including  seedling  damping-off,  blight,  necrosis,
wilt and rot are caused by oomycètes, ascomycetes and
deuteromycetes fungi6,7. In Burkina Faso, Fusarium  oxysporum 
and F.  solani  are associated mainly with the onion seed
damping-off complex8.
Disease control is carried out mainly through the use of

chemicals. Given the limited availability of cheap and effective
fungicides and the risks associated with their use (risks to
farmer’s health, problems caused by chemical residues on
crops and in the environment, pathogen resistance to
chemical), the search for alternative ways of combating plant
pathogens is urgent and of worldwide concern9-13. Biological
control represents an alternative means of controlling plant
disease that reduce dependence on chemicals14.  A wide range
of biological control agents including  bacteria,  yeast  and
fungi have been investigated for use  in  plant  disease
control15-18. Trichoderma  species are common soil saprophytic
ascomycetes fungi from the family of Hypocreaceae; they are
found in all climates throughout the world19,20. Some members
of this genus have been investigated for their antagonism
against various plant pathogens and their growth promotion
potential and have been considered as sources for many
biotechnological applications14,17,21,22. The capacity of
Trichoderma species to control plant pathogens has been
known since 1920; these fungi were first used as commercial
biological   control   agents23   in   1990.   Several   formulations

based on Trichoderma have been patented and are now
commercially available pesticides24. Trichoderma harzianum, 
in particular, has been reported to control damping-off caused
by Fusarium species25. Some formulations based on actively
growing hyphae on bran, wheat-bran-peat or maize perlite
media have been successfully applied to the soil26. Such
formulations, however,  require large amounts of material that
cannot be stored practically and applied because of their bulk.
The use of antagonistic fungi in seed treatments is thought to
be an economical alternative, because only relatively small
amounts of inoculum are needed26. The successful application
of T. harzianum through industrial seed coating against
damping-off  in  sugar beet in the field has been reported by
De Algaba et al.27.  Afterwards,  this  species  became  the
active component in a number of commercially available
products, such as PlantShield® and RootShield® Granules
(Bioworks Inc, New York, USA), developed for root disease
suppression  and  plant  growth  promotion28,29.  The  GHE
Bioponic-Mix is a formulation based on T. harzianum and
marketed as an excellent plant growth promoter by the
Spanish company Growshop Alchimia30.

Velivelli et al.31 observed that, for consistency of
performance in the field, biocontrol agents need to be tested
under different climatic conditions and on different crops
against a range of pathogens in order to evaluate their
potential for broad-spectrum activity. In this study, the
antagonistic    effects    were     tested    of    five    isolates    of
T. harzianum obtained from soil samples from onion
production areas in Burkina Faso (4) and one commercial
product originating from South  Africa  (1)  against Fusarium 
oxysporum  and F. solani in vitro. One isolate from Burkina
Faso and the one from South Africa inhibited the mycelial
growth of the pathogens by more than 80% and exhibited
mycoparasitism on the pathogens32. This study aimed at
assessing the effect of coating onion seeds or spraying onion
seedbed  with an isolate of T. harzianum  native to Burkina
Faso on plant growth promotion and on the control of
Fusarium damping-off under greenhouse conditions, in
comparison with an isolate from a commercial product.

MATERIALS AND METHODS

Fusarium strains and T. harzianum isolates tested: Two
isolates of  T. harzianum, one from Burkina Faso and the other
from South Africa were tested in this study (Table 1). The
isolate ThBFA from the village Tabtenga in Burkina Faso was
isolated from soil sample collected from the rhizosphere of
onion. Its isolation was done by soaking 10 g of  soil in 100 mL
of sterilized water. The homogenate was filtered through cloth
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Table 1: Characteristics and origins of the tested Fusarium  isolates and Trichoderma  harzianum  strains
Fungal species Accession No. Source Variety Provenance Year of recovery
Fusarium oxysporum 8126 (Fo20-013) Bulbs Violet de Galmi Mogtédo 2013

8125 (Fo27-013) Roots Violet de Galmi Solenzo 2013
Fusarium solani 8124 (Fs45-013) Roots Violet de Galmi Sourou/Débé 2013

8127 (Fs44-014) Roots Violet de Galmi Di 2014
Trichoderma harzianum 8129 (ThBFA2-014) Soil - Tabtenga 2014

8128 (ThAFS4-014) Eco-T powder - South Africa 2014

and  the  resulting  aqueous solution  was diluted 100 and
1,000 times. Some droplets of each aliquot were placed in
Petri dishes containing Potato Dextrose Agar (PDA) medium.
The petri dishes were then sealed with parafilm and incubated
at 25EC under an alternative cycle of near ultra-violet light
(NUV) and darkness (12/12 h) for 5 days. The isolate ThAFS was
obtained from a commercial product named Eco-T, developed
by Plant Health Products in South Africa, by placing small
portions of the commercial powder in petri dishes filled with
PDA medium, sealed and incubated. Fungal colonies obtained
were purified in other petri dishes.
Strains of Fusarium  were obtained from naturally infected

onion organs (Table 1). Fragments of infected tissues were
initially disinfected twice with ethanol for 30 sec and then with
hypochlorite of sodium (1%) for 1 min. After disinfection, they
were rinsed three times with distilled water and dried in
aseptic conditions. After drying, they were transferred to petri
dishes filled with potato dextrose agar medium (PDA) and
incubated at 25EC under a light-dark cycle (12/12 h) for 7 days.
The colonies obtained were purified in other petri dishes.
All the tested fungi were identified initially by their

morphological characteristics (colony colours, phialids and
conidia forms). This morphological identification was then
confirmed by molecular identification after PCR amplification
and  sequencing  of  some  relevant/discriminant  genes,
internal transcribed spacers for Trichoderma33  and elongation
factor 1-" for Fusarium34, in the Phytopathology Laboratory of
Université Catholique de Louvain,  Louvain-la-Neuve,  Belgium.

Onion seed sample and seed disinfection: A seed sample
(500 g) of the variety (Violet de Galmi) commercialized by
NANKOSEM LLC, one of the main onion seed suppliers in
Burkina Faso, was used in the study. ‘Violet de Galm’i is the
most widely grown variety in the country because of its flavor
and long shelf life. The disinfection was done by soaking the
seeds in sodium hypochlorite solution (1%) for 5 min. The
soaked seeds were then rinsed three times with sterile water
during 20 min each time.

Seedbed substrate and inoculation with fungal pathogens:
The seedbed substrate was  composed  of  a  mixture  of  sand

and mould (1/5, 4/5) sterilized  twice  with a 24  h  interval  for
20  min  at  120EC.  This  substrate  was  placed  in  nursery
trays, using  1.25  L  trayG1.  Per  nursery  tray, two agar plates
with 7 day old cultures of the tested pathogenic fungi were
mixed with the substrate.

Seed and seedbed treatments with T. harzianum  isolates
and sowing: Trichoderma  harzianum  isolates were applied
on seeds by coating and on the seedbed by spraying. For the
onion seed coating, a sticker solution based on methyl
cellulose (MC) 1% was used. The choice of this sticker solution
was  based  on  the results reported by Bardin and Huang15.
The  MC  solution  was  prepared  by  dissolving 1 g of MC in
100 mL of boiling sterilized water. From a 7 day old culture of
T.  harzianum  isolates grown on Potato Dextrose Agar (PDA),
the conidial suspension was prepared with the MC solution
and the concentration was adjusted to 107 conidia mLG1.
Disinfected onion seeds were immersed in the conidial
suspension at a rate of 3 mL/100 seeds for 15 min and then
dried under a laminar flow cabinet. The number of conidia per
seed was determined by vortexing 10 coated seeds in 10 mL
of sterile water for 1 min. The concentration of the resulting
solution was evaluated three times using a THOMA cell. The
number of conidia per seed was then determined based on
the volume of the solution and the number of seeds soaked.
The number of conidia per coated seed using this method was
3×105 conidia. The total number of conidia on 50 coated
seeds was then estimated to be 1.5×107. The coated seeds
were then sown in nursery trays filled with untreated
substrate. Treatment of seedbed with T. harzianum was
performed by spraying the substrate with 3 mL of a conidial
suspension concentrated to 107 conidia mLG1 trayG1 after the
sowing of non-coated seeds. For both treatments, the seeds
were   individually   sown   in  the  nursery  trays  at  a  rate  of
50 seeds per tray and arranged in 7 rows.

Experimental layout: A total of 26 treatments were
performed (Table 2) in two trials. Each treatment was
conducted in three trays, each tray being a repetition. In the
first  trial, Fusarium  oxysporum  from  Solenzo  (Fo27-013)  and
F.  solani  from  Débé  (Fs45-013)   were   used   as   pathogens.  In
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Table 2:  Experimental design of the study
Substrate inoculation No. of pathogen isolates Trichoderma  harzianum  treatments Attributed codes
Substrate inoculated with Fo27-013 Untreated seeds and substrate Fo27-013 alone
Fusarium oxysporum Seeds coated with T. harzianum  from South Africa Fo27-013 ThAFSenr 

Seeds coated with T. harzianum  from Burkina Faso Fo27-013 ThBFAenr
Substrate sprayed with T. harzianum  from South Africa Fo27-013 ThAFSasp 
Substrate sprayed with T. harzianum  from Burkina Faso Fo27-013 ThBFAasp

Fo20-013 Untreated seeds and substrate Fo20-013 alone
Seeds coated with T. harzianum  from South Africa Fo20-013 ThAFSenr 
Seeds coated with T. harzianum  from Burkina Faso Fo20-013 ThBFAenr
Substrate sprayed with T. harzianum  from South Africa Fo20-013 ThAFSasp 
Substrate sprayed with T. harzianum  from Burkina Faso Fo20-013 ThBFAasp

Substrate inoculated with Fs45-013 Untreated seeds and substrate Fs45-013 alone
Fusarium solani Seeds coated with T. harzianum  from South Africa Fs45-013 ThAFSenr 

Seeds coated with T. harzianum  from Burkina Faso Fs45-013 ThBFAenr
Substrate sprayed with T. harzianum  from South Africa Fs45-013 ThAFSasp 
Substrate sprayed with T. harzianum  from Burkina Faso Fs45-013 ThBFAasp

Fs44-014 Untreated seeds and substrate Fs44-014 alone
Seeds coated with T. harzianum  from South Africa Fs44-014 ThAFSenr 
Seeds coated with T. harzianum  from Burkina Faso Fs44-014 ThBFAenr
Substrate sprayed with T. harzianum  of South Africa Fs44-014 ThAFSasp 
Substrate sprayed with T. harzianum  from Burkina Faso Fs44-014 ThBFAasp

Uninoculated - Untreated seeds and substrate Blanco
substrate Seeds coated in methyl cellulose (MC) solution MC (1%)

Seeds coated with T. harzianum  from South Africa ThAFSenr
Seeds coated with T. harzianum  from Burkina Faso ThBFAenr
Substrate sprayed with T. harzianum  from South Africa ThAFSasp
Substrate sprayed with T. harzianum  from Burkina Faso ThBFAasp

-: Not applicable

the  second  trial, F.  oxysporum  from  Mogtédo (Fo20-013) and
F. solani from Di (Fs44-014) were used. The other treatments
were the same in the two trials.

Test monitoring, data collection and statistical analyses:
The sown trays were placed in completely randomized blocks
in a greenhouse with at 20-25EC, relative  humidity  50% and
16 h photoperiod. The trays were watered daily for 30 days.
From the date of the first appearance of the coleoptiles, the
number of emerged seedlings was counted  every 2 days  for
2 weeks. The final evaluation was conducted 30 days after
sowing (30 DAS) and involved:

C Counting the total number of surviving and normal
seedlings per nursery tray

C Evaluating the total length, the root length and the
number of leaves on 10 seedlings randomly chosen in
each nursery tray

C Evaluating the total weight of seedlings from each
nursery tray

Data obtained from substrate that had not been
inoculated with pathogens were used to assess the plant
growth promoting properties of  T. harzianum.  Data obtained

from substrate inoculated with pathogens were used to show
the degree to which the onion seedlings were protected
against attacks by Fusarium species.
Collecting the data every 2 days made it possible to trace

the curves of seedling emergence over time for all the
treatments. Those from the final evaluation were used to
calculate the different seedling growth parameters.
The number of seedlings emerged 30 DAS allowed the

general damping-off rate (GDR) to be calculated as follows:

50-NLS
GDR = 

50 100

Where:
50 = The No. of sown seeds
NLS = The No. of living seedlings

From the GDR, the damping-off rate due to the action of
pathogens (DRP) of the treatments was calculated by
subtracting from the GDR of each treatment, the GDR of
uninoculated substrate being considered as due to another
factor:

DRP (%) = GDRtreat-GDRBlanco
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Where:
DRP = Damping-off rate due to pathogens
GDRtreat = General damping-off rate of a treatment
GDRBlanco = General damping-off of the uninoculated

substrate

All the means were compared by one-way analysis of
variance (ANOVA) using the Duncan range test at 5%,
performed with IBM SPSS Stat.23 software.

RESULTS

Growth promoter effect of T. harzianum isolates
Speed of seedling emergence: The number of emerged
seedlings according to the T. harzianum treatment method
and the sowing date are shown in Fig. 1 and 2. For all
treatments, the seedling emergence speed curve consisted of
four phases:

C A lag phase characterized by low daily emergence; this
phase lasted from 0-5 DAS

C An exponential growth phase where the daily emergence
was highest between 5 and 10 DAS

C A regression phase where the emergence gradually
dropped between 10 and 14 DAS

C A seedling mortality phase from 15 DAS (Fig. 1 and 2)

All the treatments reached a maximum of emerged
seedlings 12-14 DAS. Beyond 14-15 DAS, the number of
emerged seedlings dropped (Fig. 1, 2). In terms of treatments
containing T. harzianum  isolates, the emergence speed and
the number of surviving seedlings were often greater than in
the treatments without T.  harzianum.  In addition, the
seedling mortality phase was far shorter than in the control
treatments.
The T. harzianum isolate from Burkina Faso provided a

higher seedling emergence speed than the isolate from South
Africa (Fig. 1, 2). Depending on the treatment methods used,
seed coating with T. harzianum had a greater effect on the
speed of seedling emergence than spraying the seedbed with
a conidial suspension of T. harzianum (Fig. 1, 2).

Effect of T. harzianum  on seedling growth: The growth
parameters  of  seedlings  (surviving  seedlings,  seedling
length, seedling root length, number of leaves and fresh
weight of seedlings), 30 days after sowing in the presence or
not of T. harzianum are shown in Table 3. Coating the seeds
and spraying the seedbeds with the  conidial  suspension  of
the two T.  harzianum  isolates significantly increased all these

growth parameters compared to the controls, except for the
number of leaves where the differences among treatments
were  not  significant  (Table  3).  Seed  coating  was  found  to
be   more   effective   than  seedbed  spraying  (Table 3).  The
T. harzianum  isolate from Burkina Faso was more effective in
promoting seedling emergence than the isolate from South
Africa whatever the treatment method used (Table 3).

Protective effect of T. harzianum isolates on onion
seedlings
Effect of pathogens on seedling emergence speed: Two
onion pathogens, F. oxysporum  and F. solani  (two strains for
each) were used as inoculums and mixed in the substrates
where seeds were sown. Results of emergence of seedlings
grown on these inoculated seedbeds from coated seeds and
on sprayed seedbeds with T.  harzianum  isolates are shown in

Fig. 1: Seedling emergence speed on sprayed substrates with
Trichoderma  harzianum

Fig. 2: Seedling emergence speed of coated seeds with
Trichoderma  harzianum
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Fig. 3 and 4.  The  presence  of  each  pathogen  strain  alone
led  to  a  sharp  reduction in seedling emergence speed. The
F.  oxysporum  strains were more active in this reduction than
the F. solani  strains (Fig.  3, 4). The seedling emergence ceiling
was reached at 13 DAS for the control (38 emerged seedlings),

Fig. 3: Emergence of seedling grown on inoculated substrates
with Fusarium oxysporum

Fig. 4: Emergence of seedling grown on inoculated substrates
with Fusarium solani

between 9 and 10  DAS with the F.  oxysporum  strains (17 and
25 emerged seedlings) (Fig. 3) and between 10 and 12 DAS
with  the F.  solani  strains  (25  and  28  emerged  seedlings)
(Fig. 4). The number of emerged seedlings dropped
significantly between the ceiling dates and 30 DAS. This drop
was more pronounced with the F. oxysporum  strains (Fig. 3). 
Among F.  oxysporum  strains, the action of FO27-013 on
seedling emergence  speed  was  more  negative  than  the 
action  of FO20-013 until 16 DAS. Beyond 16 DAS, the opposite
effect occurred (Fig. 3). Among the F. solani  strains, the same
phenomenon occurred at the tenth DAS (Fig. 4).

Effect of T. harzianum  on seedling damping-off: The effects
of T. harzianum on the biocontrol of F. oxysporum and
Fusarium  solani  are shown in Table 4 and 5. For the
substrates inoculated with F. oxysporum  strains, the general
damping-off of seedlings (GDR)  varied  from  44.7-91.3%
(Table  4) according to  the  treatments  and  for  the 
substrates   inoculated   with F.  solani  strains  it  varied  from
13.3-85.3% (Table 5). The substrates inoculated with the
pathogens alone had the highest damping-off rates which
were significantly different from those of the uninoculated
substrates. The seedling damping-off due to F. oxysporum
strains was slightly more severe  than  to F. solani.  Among  the
F. oxysporum strains, Fo20-013 from Mogtédo was more
pathogenic than Fo27-013  from Solenzo (Table 4) and among
the F. solani strains Fs45-013 from Débé was the most
pathogenic  (Table  5).  As  in  the  case  of  seedbed  spraying,
the addition of T. harzianum isolates through seed coating
significantly improved the number of emerged and surviving
seedlings and reduced the GDR of the seedlings 30 DAS
compared with the pathogen-alone treatment (Table 4, 5). The
portion of damping-off due to pathogens action varied from
-7.3-36.0% for the substrates inoculated with F. oxysporum
and  from  -42-30%  for  those  inoculated  with  F.  solani
(Table 4, 5).  All  the  treatments  with T. harzianum
significantly   reduced   seedling  damping-off  caused  by  the

Table 3: Effect of Trichoderma  harzianum  on onion seedlings (in the absence of inoculated pathogens)
Seedlings growth parameters
-----------------------------------------------------------------------------------------------------------------------------

Trichoderma  harzianum  inoculum Codes SN SL (cm) RL (cm) NL SW (g)
No T. harzianum Blanco 22.3a 20.4a 4.2a 2.9a 0.1a

MC (1%) 21.8a 19.0a 3.2a 2.9a 0.1a

T. harzianum  in substrate spraying ThAFSasp 35.2b 25.3 b 5.6b 2.9a 0.2b

ThBFAasp 36.0bc 27.3b 6.2b 3.0a 0.2b

T. harzianum  in seed coating ThAFSenr 39.8bc 33.4c 12.4c 3.0a 0.4c

ThBFAenr 41.5c 33.6c 12.8c 2.9a 0.4c

Statistics F-values 19.254 59.943 67.607 1.195 174.236
p-values 0.000 0.000 0.000 0.335 0.000

Means followed by the same letter in each column are not significantly different at the 0.05 level using the Duncan range test, SN:  Seedling number, SL:  Seedling
length, RL: Root length, NL: No. of leaves, SW: Seedling weight
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pathogen action (Table 4, 5). For all the parameters evaluated,
the     efficiency    of    the    T.    harzianum    treatment    varied

Fig.  5: Seedling protection by Trichoderma  harzianum
against Fusarium oxysporum. The bars affected with
the same letter(s) in each series are not significantly
different  at  the  0.05  level using the Duncan range
test

depending on the application method, isolate and pathogen.
The  F.  solani   strains  were  more  sensitive  to  the  action  of 
T. harzianum  than  the F. oxysporum  strains  (Table  4,  5).
Seed coating  with T. harzianum  isolates  was  more  effective
in   reducing   seedling   damping-off   due   to   pathogens
than   seedbed   spraying   with  T.   harzianum   isolates.   The
T.  harzianum  isolate from Burkina Faso was more effective
than the one from South Africa.

Seedlings protection by T. harzianum  isolates: The
difference between seedling damping-off due to pathogens
alone and when a T. harzianum treatment was present,
considered as the rate of seedling protection by T. harzianum,
is  shown  in  Fig.  5  and  6, respectively for F.  oxysporum  and
F. solani. Considering F. oxysporum, the T. harzianum
treatment was more effective in protecting the seedlings
against Fo20-013 than Fo27-013 but no significant difference
between the modes of application of T. harzianum was
observed   (Fig.  5).   Considering  F.   solani,   treatment   with
T. harzianum  was more effective in protecting the seedlings
against Fs45-013 than Fs44-014.
In general some differences of protection were observed

depending on the mode of application but no clear tendency
was observed (Fig. 5, 6).

Table 4: Effect of Trichoderma  harzianum  sprayed on the substrate or applied by seed coating, on the biocontrol of Fusarium  oxysporum  on onion seedlings
Trichoderma  harzianum  inoculum Codes No. of surviving seedlings General damping-off rates (%) Seedling damping-off due to pathogens (%)
No T. harzianum Blanco 22.3cde 55.3bcd 00.0bcd

Fo27-013 alone 5.7a 88.7f 33.3f

Fo20-013 alone 4.3a 91.3f 36.0f

T. harzianum  in substrate Fo27-013 ThAFSasp 16.0bc 68.0de 12.7de

spraying Fo27-013 ThBFAasp 18.0cd 64.0cd 8.7cd

Fo20-013 ThAFSasp 24.0de 52.0bc -3.3bc

Fo20-013 ThBFAasp 27.7e 44.7B -10.7b

T. harzianum  in seed Fo27-013 ThAFSenr 17.0bcd 66.0cde 10.7 cde

coating Fo27-013 ThBFAenr 21.3cde 57.3bcd 2.0bcd

Fo20-013 ThAFSenr 25.7e 48.7b -6.7b

Fo20-013 ThBFAenr 26.0e 48.0b -7.3b

Statistics F-values 19.198 19.198 19.289
p-values 0.000 0.000 0.000

Means followed by the same letter in each column are not significantly different at the 0.05 level using the Duncan range test

Table 5: Effect of Trichoderma  harzianum,  sprayed on the substrate or applied by seed coating, on the biocontrol of Fusarium solani  on onion seedlings
Trichoderma  harzianum  inoculum Codes No. of surviving seedlings General damping-off rates (%) Seedling damping-off due to pathogens (%)
No T. harzianum Blanco 22.3cde 55.3bcd 00.0bcd

Fs44-014 alone 10.7ab 78.7ef 23.3ef

Fs45-013 alone 7.3a 85.3f 30.0f

T. harzianum  in substrate Fs44-014 ThAFSasp 27.0d 46.0b -9.3b

spraying Fs44-014 ThBFAasp 27.3d 45.3b -10.0b

Fs45-013 ThAFSasp 37.3f 25.3a -30.0a

Fs45-013 ThBFAasp 36.7f 26.7a -28.7a

T. harzianum  in seed Fs44-014 ThAFSenr 21.3cde 57.3bcd 2.0bcd

coating Fs44-014 ThBFAenr 23.3cde 53.3bcd -2.0bcd

Fs45-013 ThAFSenr 26.3e 47.3b -8.0b

Fs45-013 ThBFAenr 43.3f 13.3a -42.0a

Statistics F-values  19.198 19.198 19.289
p-values 0.000 0.000 0.000

Means followed by the same letter in each column are not significantly different at the 0.05 level using the Duncan range test
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Effect of T. harzianum  on seedling growth parameters in
the presence of pathogens: The application of T. harzianum
treatment significantly improved the number of emerged
seedlings but also the seedling and root length compared to
the treatments with all tested pathogens alone.
In the trays inoculated with F. oxysporum strains, the

application of  T.  harzianum  by seed coating didn’t improved
significantly the number of formed leaves compared to strains
alone. However, by spraying, the treatment of T. harzianum
significantly increased the number of leaves (Table 6). In the
trays  inoculated  with  F.  solani  strains,  the   application   of

Fig.  6: Seedling protection by Trichoderma harzianum 
against Fusarium solani. The bars affected with the
same letter(s) in each series are not significantly
different  at  the  0.05  level  using the Duncan range
test

T. harzianum by the two modes significantly improved the
number  of  leaves  at  the   level   of   one   strain  (FS44-014)
(Table 7).
Considering  the  weight  of  seedlings,  the  application of

T. harzianum by seed coating significantly increased it
compared to the others treatments. No significant difference
was observed by substrate spraying (Table 6, 7).

DISCUSSION

Fusarium oxysporum and F. solani are deeply implicated
in seed rot and seedling damping-off in onion35,36. Fusarium
oxysporum is also reported to be responsible for onion basal
rot in many production areas35. These fungi were the main
pathogens  found  in  the  onion  seed  samples  used  in
Burkina Faso according to a previous study. Some species of
the genus Trichoderma  are commonly used as biocontrol
agents against plant pathogenic fungi and some isolates of
these species produce   metabolites  that  improve  plant 
growth37.  Using T.  harzianum  in onion-growing areas might
greatly reduce seedling damping-off, increase seedling
growth and vigor, prevent diseases appearing in fields and
prevent the wastage of  seeds. Such  biological  control 
method  could  also be cheap, locally available and
environmentally friendly for resource-poor famers in Burkina
Faso. The overall aim of this study was to evaluate the
efficiency of  two T.  harzianum  isolates  in  controlling
seedling damping-off and promoting seedling growth.

Growth promotion properties of T. harzianum: Spraying
substrates   in  onion  nurseries   with  a  conidial  suspension
of   T.   harzianum   and    coating    seeds    with   T.   harzianum

Table 6: Effect of Trichoderma  harzianum  on onion seedlings (in the presence of Fusarium  oxysporum)
Seedling growth parameters
-------------------------------------------------------------------------------------------------------------------------------

Trichoderma  harzianum inoculum Codes SN SL (cm) RL (cm) NL SW (g)
No. T. harzianum Blanco 22.3de 20.4fg 4.2f 2.9de 0.10a

Fo27-013 alone 05.7a 08.5ab 0.4a 1.9a 0.02a

Fo20-013 alone 04.3a 06.7a 0.8ab 2.5abcde 0.20a

T. harzianum in substrate spraying Fo27-013 ThAFSasp 16.0ab 14.0cd 3.1de 2.1ab 0.09a

Fo27-013 ThBFAasp 18.0cd 12.6c 2.4cd 2.1ab 0.05a

Fo20-013 ThAFSasp 24.0de 15.6d 3.1de 2.8cde 0.06a

Fo20-013 ThBFAasp 27.7e 16.5de 2.4cd 2.7bcde 0.07a

T. harzianum in seed coating Fo27-013 ThAFSenr 17.0cd 21.9fgh 3.2de 2.0a 0.72de

Fo27-013 ThBFAenr 21.3cde 24.1h 3.4def 2.0a 0.59bcde

Fo20-013 ThAFSenr 25.7e 23.4gh 3.5ef 2.2abc 0.3abc

Fo20-013 ThBFAenr 26.0e 20.7fg 3.5ef 2.2abc 0.23ab

Statistics F-values  19.339 48.390 12.432 3.619 4.589
p-values 0.000 0.000 0.000 0.000 0.000

Means followed by the same letter in each column are not significantly different at the 0.05 level using the Duncan range test, SN:  Seedling  number, SL:  Seedling
length, RL: Root length, NL: No. of leaves, SW: Seedling weight
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Table 7: Effect of Trichoderma  harzianum  on onion seedlings (in the presence of Fusarium  solani)
Seedling growth parameters
------------------------------------------------------------------------- ---------------------------------------------------

Trichoderma  harzianum  inoculum Codes SN SL (cm) RL (cm) NL SW (g)
No T. harzianum Blanco 22.3de 20.4fg 4.2f 2.9de 0.10a

Fs44-014 alone 10.7ab 09.5ab 1.5bc 2.1ab 0.17a

Fs45-013 alone 07.3a 09.7b 1.9bc 3.0e 0.31abc

T. harzianum in substrate spraying Fs44-014 ThAFSasp 27.0e 19.1ef 3.1de 2.4abcde 0.08a

Fs44-014 ThBFAasp 27.3e 20.7fg 3.6ef 2.7bcde 0.11a

Fs45-013 ThAFSasp 37.3f 23.1gh 3.9ef 2.9de 0.18a

Fs45-013 ThBFAasp 36.7f 21.7fgh 3.0de 3.0e 0.16a

T. harzianum in seed coating Fs44-014 ThAFSenr 21.3cde 23.9h 4.3f 2.5abcde 0.58bcde

Fs44-014 ThBFAenr 23.3cde 22.2fgh 4.4f 2.3abcd 0.82e

Fs45-013 ThAFSenr 26.3e 29.2i 4.0ef 3.0e 0.40abcd

Fs45-013 ThBFAenr 43.3f 28.9i 4.3f 3.0e 0.64cde

Statistics F-values  19.339 48.390 12.432 3.619 4.589
p-values 0.000 0.000 0.000 0.000 0.000

Means followed by the same letter in each column are not significantly different at the 0.05 level using the Duncan range test, SN:  Seedling  number,  SL:  Seedling
length, RL: Root length, NL: No. of leaves, SW: Seedling weight

accelerated seedling emergence speeds and significantly
increased seedling emergence rates, seedling length and
weight and root length compared to untreated substrate and
uncoated seeds. These results are in accordance with a lot of
studies, such as Gasoni et al.38, who reported an improvement
in the seedling number and fresh weight of table beet by
sowing beet seeds coated with a T. harzianum isolate.
Bioplastic coatings containing spores of T. harzianum,
significantly stimulated the germination of corn and canola
seeds and enhanced their seedlings shoot and root lengths in
relation to uncoated seeds39. Hoyos-Carvajal et al.37 reported
similar results for beans when using T. harzianum. Plant
growth promotion by Trichoderma  species was also reported
in   several   studies.   Contreras-Cornejo  et  al.40   found   that
T. virens increased the lateral root formation and biomass
production of Arabidopsis.  The ability of some Trichoderma 
isolates   to   act   as   plant   growth   promoters   is   attributed
to      several       mechanisms:       The       production       of
auxin-related compounds,  such as  indole-3-acetic  acid,
indole-3-acetaldehyde and indole-3-ethanol, that affect the
growth parameters of the plants40, conversion of insoluble
phosphates into phosphate that is directly usable by plants37,
production of metabolites resulting in the synthesis of
phytoalexins, PR proteins and other compounds in plants41,42.
Some authors, however, reported that Trichoderma  isolates
and their enzymes can be very sensitive to environmental
changes such as temperature and  pH43.  This  needs  to  be 
taken  into  account  in  future trials in order to better work out
the conditions   for   using   both   T.   harzianum   isolates   in
Burkina Faso. A comparison of the results of the coating and
spraying using T. harzianum isolates indicated that seed
coating   was   significantly   more   effective    than   substrate

spraying. Butt and Copping14 suggested that the efficiency of
Trichoderma  was related to the use shape. Therefore, if seed
coating is to be promoted, the challenge is to experiment a
cheap and available sticker under Burkina Faso conditions.
Another possibility would be to create seed treatment centers
where seeds are coated with T.  harzianum  isolates and sold
to farmers.

Seedling protection by T. harzianum: The inoculation of
seedbeds with Fusarium strains alone significantly modified
emergence speed and reduced the number of emerged and
surviving seedlings compared with the untreated substrates.
That confirms the pathogenic action of the strains used in the
study. Indeed, Fusarium species are reported to be causal
agents of seed rot and seedling damping-off in several
crops35,44,45.  Dissanayake et  al.46   reported   that   shallot
(Allium   fistulosum)    seeds,    inoculated    with    strains    of
F. oxysporum, F. solani and F. moniliforme, lost their
germinative power at rates 50-65%. The results of studies by
Ozer et al.47 showed that seed rot and seedling mortality
caused by Fusarium species were due to an abundant
secretion  of  polygalacturonase  by  the  fungi.  The
polygalacturonase caused rapid damage in the seed tissues
and was the main factor of seed death.
The addition of the two T. harzianum isolates through

seed coating or seedbed spraying with conidial suspension
greatly alleviated the damage caused by Fusarium species.
Numerous examples of favorable effects of seed treatment
with T. harzianum are reported. Carvalho et al.25  showed that
conidial suspension of two isolates of T. harzianum used in
common bean seed treatment, significantly reduced the
damping-off caused by F. oxysporum f. sp. phaseoli and
enhanced  seed  germination.  In  a  greenhouse  experiment,
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Dal Bello et al.16  used coated wheat seeds with a solution of
sodium carboxymethyl cellulose (CMC) and found that a
isolate of  T.  harzianum  significantly  favored  the  plant stand,
increased the percentage of emerging seedlings, the plant
height and dry weight of wheat 3 weeks after sowing in
substrate inoculated with F. graminearum. Rojo et al.48

reported  that  coating  seeds  with   conidial   suspension   of
T. harzianum  reduced root rot in peanuts caused by F. solani.
This study is the first one revealing the positive effect of a
strain of  T.  harzianum,  native to onion crop in Burkina Faso,
on onion growth and on Fusarium damping off, a major
constraint in this area.
The mycoparasitic activity of T. harzianum against

Fusarium species is usually attributed to a combination of
successful nutrient and rhizosphere colonization competition,
production  of  cell  wall-degrading  enzymes  such as
harzianic       acid,       alamethicins,       tricholin,       peptaibols,
6-penthyl-alpha-pyrone, massoilactone, viridin, gliovirin,
glisoprenins, heptelidic acid and antibiosis41,49-51. Therefore,
several Trichoderma isolates are being tested as alternatives
to chemical fungicides. The use of  Trichoderma  for the
biological control of plant pathogens, however, is not yet
widespread.
The  results  of  this  study  confirm  the  efficacy  of  both

T.  harzianum  isolates in using both treatment methods. These
two isolates can be used for onion seed coating or seedbed
spraying in order to enhance seedling emergence and growth
and to prevent seed rot and seedling damping-off caused by
Fusarium  species. Although seed coating exhibited
sometimes the best results, they were not always significantly
different from those obtained by spraying substrates with
conidial suspension. Given the cost and availability of stickers
for coating seeds with T. harzianum  conidia, the direct
spraying of seedbeds with conidial suspension is probably a
more accessible method for producers in Burkina Faso. An
issue that will arise with this method is finding a simple and
efficient way for  mass  production  of  conidia  by  farmers 
themselves.  In this respect, agro-industrial by-products,
accessible    for    resource-poor    farmers    could   be   tested
as   potential   carrier   material   for  the  mass  production  of
T. harzianum.  Seed coating using available stickers such as
clay  powder  could also been explored. Another option for the
appropriate use of T. harzianum  in field conditions would be
to produce enriched compost with the fungus conidia.

CONCLUSION

This    study    concluded    that    the    two    isolates    of
T.  harzianum  originating from Burkina Faso and  South  Africa

showed  strong  properties   in   onion   growth   promotion
and   seedling   protection   against   damping-off   caused   by
F. oxysporum  and F. solani.  The use of an indigenous isolate
of T. harzianum  originated  from  Burkina Faso could be a
novel biocontrol strategy against the damping-off of onion
seeds in an environmentally sustainable way. Given these
findings, it is important to work  out  a  simple  and  accessible
method  of  mass  production  of  the  indigenous  isolate  of
T. harzianum  by farmers and to conduct experimental assays
under different agro-ecological conditions of Burkina Faso.

SIGNIFICANCE STATEMENTS

C Trichoderma harzianum native to Burkina Faso was
isolated  from  a  soil  in  the  rhizosphere   of   onion
(Allium cepa  L.) crop

C This isolate significantly improved the germination and
growth of onion on sterilized substrate under greenhouse
conditions

C This isolate also alleviated the damage caused on onion
by Fusarium  oxysporum  and F. solani,  major pathogens
of onion in tropical areas

C The  onion  growth  promotion  and  its  protection
against  Fusarium  damping-off were higher when sowing
T. harzianum coated seeds than spraying seedbed
substrate and sowing untreated seeds

C The use of native T.  harzianum  can be a novel biocontrol
strategy against the damping off of onion in an
environmentally sustainable way,  adapted  to  West
African ecosystems

ACKNOWLEDGMENTS

The  researchers  would  like  to thank everyone in the
Plant Health unit at the SY.NA.I.E Laboratory in the Rural
Development  Institute  at  the  Polytechnic  University  of
Bobo-Dioulasso, Burkina Faso and in the laboratory of
Phytopathology in the Earth and Life Institute at the Université
Catholique de Louvain (UCL), Belgium. They are also grateful
to ARES-Programmes PIC, in Belgium for financial support.

REFERENCES

1. Guissou, R., K. Cisse and T. Pouya, 2012. Analysis of incentives
and penalties for onion in Burkina Faso. Technical Notes
Series, SPAAA, FAO., Rome, pp: 41.

2. D’Alessandro, S. and S. Alseny, 2008. Sub-regional assessment
of onion/shallot chain values in West Africa. Project ATP., Abt
Associates Inc., Bethesda, MD.

10



Asian J. Plant Pathol., 2016

3. MAHRH., 2011. National inventory of agriculture, phase 2
(RGA): 2006-2010, General report of gardening module.
Ministry of Agriculture, Water and Fisheries Resources,
Ouagadougou, Burkina Faso.

4. Tarpaga, V.W., 2012. Contribution to the study of premature
flowering of  tropical  onion  varieties  (Allium  cepa  L.): Case
of the variety Violet de Galmi, produced in the North of
Burkina Faso. Ph.D. Thesis, University of Ouagadougou,
Burkina Faso.

5. Ouedraogo, L. and A. Rouamba, 1997. Identification of two
bacteria causing onion bulbs rot in storage in Burkina Faso.
Ann. Ouagadougou Univ. Series B, 5: 198-204.

6. Bouziane, Z., L.  Dehimat,  W.A.  Aziz,  M.  Benabdelkader  and
N. Kacem Chaouche, 2011. The antagonism between
Trichoderma viride  and other pathogenic fungal strains in
Zea mays. Agric. Biol. J. North Am., 2: 584-590.

7. Chang, C.W., Y.H. Hwang, Z.C. Chen, C.K. Ho and M.Y. Chen,
2007. Characteristics of fungal flora in onion farmlands with
potential link to human mycotic keratitis. Toxicol. Environ.
Chem., 89: 381-389.

8. Dabire, T.G., S. Bonzi, I. Somda and A. Legreve, 2016.
Identification of seed-borne fungi of onion (Allium  cepa  L.)
in Burkina Faso. Int. J. Innov. Sci. Res., 25: 562-571.

9. Shafii,   S.,   G.H.B.   Shahidi,   P.F.   Rashid,   S.    Aghighi    and
A. Aghelizadeh, 2005. Biological control of Fusarium
oxysporum  f.  sp.  melonis, the causal agent of root rot
disease of greenhouse cucurbits in Kerman province of Iran.
Am. J. Biochem. Biotechnol., 1: 22-26.

10. Bennett, A.J., C. Leifert and J.M. Whipps, 2006. Effect of
combined treatment of pasteurisation and Coniothyrium
minitans on  Sclerotia of Sclerotinia  sclerotiorum  in soil. Eur.
J. Plant Pathol., 113: 197-209.

11. Illy, L., J. Belem, N. Sangare and M. Kabore, 2007. Contribution
of dry season crops in reducing poverty and improving food
security. Study Report. CAPES., Burkina Faso, pp: 120.

12. Oyono Ele, M.E.A., 2008. Environmental and health risks
associated with pesticide use in vegetable gardening in
Burkina. Cases of Tanghin, Boulmiougou and Yitenga Sites.
Engineering in Rural Equipment Thesis. International Institute
for Water and Environmental Engineering, Ouagadougou,
Burkina Faso, pp: 101.

13. Spiers, T.M., P.A.G. Elmer, P.N. Wood, T. Reglinski and K.G. Tate,
2005.   Multiple  strategies  for  effective  pathogen  control.
N. Z. Plant Prot., 58: 62-67.

14. Butt, T.M. and L.G. Copping, 2000. Fungal biological control
agents-their  future  in  crop  protection.  Pesticide  Outlook,
11: 186-191.

15. Bardin, S.D. and H.C. Huang, 2003. Efficacy of stickers for seed
treatment with organic matter or microbial agents for the
control  of  damping-off  of  sugar  beet.  Plant  Pathol.  Bul.,
12: 19-26.

16. Dal  Bello,  G.M.,  C.I.  Monaco  and  M.R.  Simon,  2002.
Biological control of seedling blight of wheat caused by
Fusarium graminearum with beneficial rhizosphere
microorganisms. World J. Microbiol. Biotechnol., 18: 627-636.

17. Verma, M., S.K. Brar, R.D. Tyagi, R.Y. Surampalli and J.R. Valero,
2007. Antagonistic fungi, Trichoderma spp.: Panoply of
biological control. Biochem. Eng. J., 37: 1-20.

18. Trebicka,  A.,  R.  Oelmuller,  I.  Sherameti,  P.L.  Nongbri  and
J.M. Johnson, 2012. Utilization of root-colon izing fungi for
improved performance of agricultural crops. Albanian J. Agric.
Sci., 11: 9-16.

19. Bacon, C.W., I.E. Yates, D.M. Hinton and F. Meredith, 2001.
Biological  control  of  Fusarium  moniliforme  in Maize.
Environ. Health Perspect., 109: 325-332.

20. Mishra, N., S.S. Khan and S.K. Sundari, 2016. Native isolate of
Trichoderma: A biocontrol agent with unique stress tolerance
properties. World J. Microbiol. Biotechnol., 32: 130-130.

21. Abdel-Monaim,  M.F.,  M.A.  Abdel-Gaid,  S.A.  Zayan  and
D.M.T. Nassef, 2014.  Enhancement of  growth  parameters
and yield components in eggplant using antagonism of
Trichoderma   spp.   against   Fusarium    wilt    disease.    Int.
J. Phytopathol., 3: 33-40.

22. Johna, R.P., R.D. Tyagia, D. Prevostb, S.K. Brara, S. Pouleurb and
R.Y. Surampalli, 2010. Mycoparasitic Trichoderma  viride as a
biocontrol agent against Fusarium oxysporum  f. sp. adzuki
and Pythium arrhenomanes and as a growth promoter of
soybean. Crop Protect., 29: 1452-1459.

23. Lepoivre, P., 2003. Phytopathology: Molecular and Biological
Bases of Pathosystems and Foundations of Control Strategies.
De  Boeck   Superieur,  Bruxelles,  ISBN: 9782804141158,
Pages: 432.

24. McLean,  K.L.,  J.  Swaminathan,  C.M.  Frampton,  J.S.  Hunt,
H.J. Ridgway and A. Stewart, 2005. Effect of formulation on
the rhizosphere competence and biocontrol ability of
Trichoderma atroviride C52. Plant Pathol., 54: 212-218.

25. Carvalho, D.D.C., M.L.  Junior,  I.  Martins,  P.W.  Inglis  and
S.C.M.  Mello,  2014.  Biological  control of Fusarium
oxysporum  f.  Sp. Phaseoli by Trichoderma  harzianum  and
its use for common bean seed treatment. Trop. Plant Pathol.,
39: 384-391.

26. Cliquet, S. and R.J. Scheffer, 1996. Biological control of
damping-off caused by Pythium ultimum and Rhizoctonia
solani using Trichoderma sp. applied as industrial film
coatings on seeds Eur. J. Plant Pathol., 102: 247-255.

27. De  Algaba,  A.P.,  I.  Grondona,  P.G. Benavides, E. Monte and
I. Garcia-Acha, 1993. Biological control of seedling
dampingoff caused by soil-borne fungi in sugarbeet crops.
Proceedings of the 6th International Congress of Plant
Pathology, July 28-August 6, 1993, Montreal, Canada, pp: 293.

28. Alabouvette, C., C. Olivain and C. Steinberg, 2006. Biological
control of plant diseases: The European situation. Eur. J. Plant
Pathol., 114: 329-341.

11



Asian J. Plant Pathol., 2016

29. Woo, S.L., F. Scala, M. Ruocco and M. Lorito, 2006. The
molecular  biology  of  the  interactions  between
Trichoderma spp., phytopathogenic fungi and plants.
Phytopathology, 96: 181-185.

30. Growshop Alchimia, 2016. GHE bioponic mix-Trichoderma
Harzianum. https://www.alchimiaweb.com/fr/ghe-bioponic-
mix-10gr-trichoderma-harzianum-product-286.php

31. Velivelli,   S.L.S.,   P.  de  Vos,  P.  Kromann,  S.  Declerck  and
B.D.  Prestwich,  2014.  Biological  control  agents:  From  field
to  market,  problems  and  challenges.  Trends  Biotechnol.,
32: 493-496.

32. Dabire, T.G., S. Bonzi, I. Somda and A. Legreve, 2016. In  vitro
evaluation of antagonistic activity of  Trichoderma  harzianum
Pers. Isolates against three fungal species pathogens of onion
in Burkina Faso. Tropicultura, 34: 313-322.

33. Legreve, A., P. Delfosse and H. Maraite, 2002. Phylogenetic
analysis of Polymyxa species based on nuclear 5•8S and
internal transcribed spacers ribosomal DNA sequences.
Mycol. Res., 106: 138-147.

34. Hellin, P., G.  Dedeurwaerder,  M.  Duvivier,  J.  Scauflaire  and
B.  Huybrechts et  al.,   2016.   Relationship   between
Fusarium  spp. diversity and mycotoxin contents of mature
grains  in  southern  Belgium.  Food  Addit.  Contam.:  Part  A,
33: 1228-1240.

35. Ozer, N. and N.D. Koycu, 2004.  Seed-Borne  Fungal  Diseases
of Onion and their  Control.  In:  Disease  Management  of
Fruits  and  Vegetables,  Volume  1,  Mukerji,  K.G.  (Ed.).
Kluwer  Academic  Publishers,  Dordrecht,  The  Netherlands,
pp: 281-306.

36. Schwartz,  H.F.  and  K.S.  Mohan,  2008.  Basal  Rot  of  Onion.
In: Compendium  of  Onion   and   Garlic   Diseases,   Schwartz,
H.F. and K.S. Mohan (Eds.). 2nd Edn., American
Phytopahological Society Press, USA., ISBN: 9780890543573.

37. Hoyos-Carvajal, L., S. Ordua and J. Bissett, 2009. Growth
stimulation in bean (Phaseolus vulgaris  L.) by Trichoderma.
Biol. Control, 51: 409-416.

38. Gasoni, L., N. Kahn, V. Yossen, J. Cozzi and K. Kobayashi et al.,
2008. Effect of soil solarization and biocontrol agents on plant
stand and yield on table beet in Cordoba (Argentina). Crop
Protect., 27: 337-342.

39. Accinelli, C., H.K. Abbas, N.S. Little, J.K. Kotowicz, M. Mencarelli
and W.T. Shier, 2016. A liquid bioplastic formulation for film
coating of agronomic seeds. Crop Protect., 89: 123-128.

40. Contreras-Cornejo,         H.A.,          L.           Macias-Rodriguez,
C. Cortes-Penagos and J. Lopez-Bucio, 2009. Trichoderma
virens, a plant beneficial fungus, enhances biomass
production and promotes lateral root growth through an
auxin-dependent mechanism in Arabidopsis.  Plant Physiol.,
149: 1579-1592.

41. Sharma, P., 2011. Complexity of Trichoderma-fusarium
interaction  and  manifestation  of  biological  control.  Austr.
J. Crop Sci., 5: 1027-1038.

42. Ortega-Garcia, J.G., R. Montes-Belmont, M. Rodriguez-Monroy,
J.A. Ramirez-Trujillo and R. Suarez-Rodriguez, 2015. Effect of
Trichoderma  asperellum  applications  and  mineral
fertilization on growth promotion and the content of
phenolic compounds and flavonoids in onions. Sci. Hortic.,
195: 8-16.

43. Yedidia, I., A.K. Srivastva, Y. Kapulnik and I. Chet, 2001. Effect
of  Trichoderma  harzianum  on  microelement
concentrations and increased growth of cucumber plants.
Plant Soil, 235: 235-242.

44. Sharma, R., 2012. Pathogenecity of Aspergillus  niger  in
plants. CIBTech J. Microbiol., 1: 47-51.

45. Taylor, A., V.  Vagany,  D.J.  Barbara,  B.  Thomas,  D.A.C.  Pink,
J.E. Jones and J.P. Clarkson, 2013. Identification of differential
resistance to six Fusarium  oxysporum  f. sp. cepae isolates in
commercial onion cultivars through the development of a
rapid seedling assay. Plant Pathol., 62: 103-111.

46. Dissanayake, M.L.M.C., R. Kashima, S. Tanaka and S.I. Ito, 2009.
Pathogenic variation and molecular characterization of
Fusarium species isolated from wilted Welsh onion in Japan.
J. Gen. Plant Pathol., 75: 37-45.

47. Ozer,  N.,  D.  Koycu, G. Chilosi, P.H. Pizzuolo, A. Coskuntuna
and P. Magro, 2003. Pectolytic isoenzymes by Fusarium
oxysporum  f. sp. cepae and antifungal compounds in onion
cultivars as a response to pathogen infection. Can. J. Plant
Pathol., 25: 249-257.

48. Rojo,   F.G.,   M.M.   Reynoso,   M.   Ferez,   S.N.   Chulze   and
A.M. Torres, 2007. Biological control by Trichoderma  species
of  Fusarium  solani  causing peanut brown root rot under
field conditions. Crop Protect., 26: 549-555.

49. Brunner,  K.,  S.  Zeilinger,  R.  Ciliento,   S.L.  Woo,  M.  Lorito,
C.P. Kubicek and R.L. Mach, 2005. Improvement of the fungal
biocontrol agent Trichoderma atroviride to enhance both
antagonism and induction of plant systemic disease
resistance. Applied Environ. Microbiol., 71: 3959-3965.

50. Zhang, F., X. Yang, W. Ran and Q. Shen, 2014. Fusarium
oxysporum  induces the production of proteins and volatile
organic compounds by Trichoderma  harzianum  T-E5. FEMS
Microbiol. Lett., 359: 116-123.

51. Al-Naemi, F.A., T.A. Ahmed, R. Nishad and O. Radwan, 2016.
Antagonistic effects of Trichoderma harzianum isolates
against Ceratocystis radicicola: Pioneering a biocontrol
strategy  against  black  scorch  disease  in  date  palm  trees.
J. Phytopathol., 164: 464-475.

12


