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Abstract:

Introduction:

Tomato production in Ethiopia is challenged by many pests and diseases. Fusarium wilt is one of the most important diseases of tomato affecting
its productivity.

Methods:

Tomato tissue and soil samples were collected from tomato farmlands around Aksum town to isolate and identify pathogenic Fusarium species and
Trichoderma species with biocontrol efficacy. Samples were processed in the Aksum University Biotechnology laboratory following standard
procedures.

Results and Discussion:

Eight Fusarium and five Trichoderma isolates were obtained. Six of the Fusarium isolates were identified as Fusarium oxysporum, whereas the
remaining two were Fusarium equiseti and Fusarium circinatum. Detached leaf bioassay of the F. oxysporum on tomato leaves showed leaf lesion
on the tomato variety, Melka oda. The isolated Trichoderma strains were screened for biocontrol potential against virulent F. oxysporum in vitro.
The Trichoderma isolate showing the highest biocontrol efficacy against the virulent Fusarium was morphologically identified as Trichoderma
viride. in vitro F. oxysporum-T. viride dual culture assay demonstrated that T. viride inhibits the growth of F. oxysporum f.sp. lycopersici with
76.94% growth inhibition.

Conclusion:

Fusarium oxysporum is prevalent in tomato growing farmlands covered in this study. T. viride identified in this study is an effective biocontrol
agent for the identified F. oxysporum fsp. lycopersici in vitro.
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1. INTRODUCTION

Tomato  is  one  of  the  major  economically  important
vegetables worldwide [1, 2]. In particular, it is a widely grown
vegetable cash crop in Ethiopia [3]. It has been found to be the
most profitable crop to small farmers in the country [4]. While
the productivity of tomato at demonstration sites and research
plots  in  the  country  reached  levels  of  250  and  400  qt/ha,
respectively, productivity in the agricultural farms is very low
(90 qt/ha,) [4] as compared to the productivity level in the rest
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of  the  world,  which  is  between  600-1000  qt/ha  [5].  This  is
because  tomato  production  in  Ethiopia  faces  a  variety  of
constraints,  among  which  are  pests  and  diseases.

Fusarium  wilt  is  one  of  the  most  important  diseases  of
tomatoes  worldwide.  It  is  a  devastating  disease  that  affects
many important food and vegetable crops and a major source
of loss to farmers worldwide [6]. The disease is characterized
by wilted plants, yellowed leaves and reduced or even total loss
of crop yield [7]. There are more than 100 Fusarium vascular
wilt  diseases  worldwide  [8,  9].  Fusarium  wilt  of  tomato  is
commonly caused by the  fungal  pathogens,  F.  oxysporum  or
Fusarium  solani.  Fusarium  equiseti  is  also  becoming  an
emerging tomato wilt pathogen [10]. The most familiar formae
species to tomato is Fusarium oxysporum f.sp. lycopersici [2,
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10]. The pathogen penetrates the plant, colonizing and leaving
the vascular tissue dark brown and the discolouration extends
to the apex, leading to the plants wilting, collapsing and dying.
The initial symptoms of the disease appear in the lower leaves
gradually, trailing to wilting of the plants.

Ethiopian  farmers  apply  chemical  spray  to  protect  their
crops from pests and diseases. In Axum areas, farmers apply
fungicides;  Ridomil  and  Mancozeb.  But  the  use  of  chemical
sprays  on  edible  crops  is  unacceptable  for  human  health
concern  and  from  an  environmental  point  of  view  [11]  and
more  importantly,  as  Fusarium  wilt  disease  is  soil-borne  in
nature, application of fungicides to control this pathogen is not
practical  [12,  13].  Ethiopian GTP II  has planned to establish
stringent testing and certification services regarding chemical
use and resulting residues on agricultural commodities with a
view  to  providing  chemical  free  organic  products  for  the
market [13]. As a result, there is a need for some eco-friendly
biocontrol  systems  that  help  to  mitigate  these  problems.
Biological control of plant pathogens by microorganisms has
been considered a more natural and environmentally acceptable
alternative to the chemical treatment methods [14, 15]. Various
types of biological control agents such as bacteria and fungi are
involved  in  biocontrol  activity  [16,  17].  Among  them,  the
fungal  genus  Trichoderma  plays  a  major  role  in  controlling
plant  diseases  [18].  It  is  one  of  the  best  known  and  well
described  biocontrol  fungi  for  its  antagonistic  properties
against  phytopathogens  [19].  Several  strains  of  Trichoderma
have  been  developed  as  biocontrol  agents  against  fungal
diseases of plants [20, 21]. Most biocontrol agents are from the
species of T. harzianum, T. viride and T. hamatum [20, 15].

Farmers  in  the  surroundings  of  Axum  town  cultivate
tomato.  But  their  tomato  cultivation  is  affected  by  fungal
infections  both  on  the  field  and  after  harvesting,  the
consequences of which are loss of a significant quantity of the
product  (Pers.  Com,  local  agricultural  expert).  Fusarium
species alone accounted for 25% postharvest deterioration of
tomato  fruits  [unpublished].  Therefore,  the  current  research
presented the isolation, identification and development of the
fungal  biocontrol  agent,  Trichoderma  species  against  the
fungal  pathogen  of  tomato,  Fusarium  oxysporum  f.sp.
lycopersici.  The  objective  sought  to  evaluate  the  biocontrol
efficacy of Trichoderma species against F. oxysporum in vitro
by dual culture assay and in vivo by detached leaf bioassay.

2. MATERIALS AND METHODS

2.1. Study Area and Study Period

The  areas  considered  in  this  study  were  the  farmlands
within  a  5  km radius  from Axum town;  Hatsebo  in  the  east,
Dura  in  the  west  and  Medoge  in  the  south  through  the
altitudinal range of 1834-2096 m.a.s.l. Plots of lands cultivated
with tomato were investigated for the occurrence of Fusarium
wilt disease and 20 tomato and 26 soil samples were collected
from the plots using sterile polyethylene plastic sampling bags.
The collected samples were transported to Aksum University,
Biotechnology  Laboratory  for  isolation  and  identification  of
plant  pathogenic  microfungi  and  fungi  with  biocontrol
potential. The study was conducted through the period between
March 2018 to April 2019.

2.2.  Isolation  of  Fusarium  Pathogens  from  Tomato
Vegetative Parts

The Fusarium wilt pathogens were isolated following the
tissue  transplanting  technique  [22].  The  tomato  plant  parts
were washed with running tap water to remove soil  and dust
from the  tissues;  followed  by  the  stem and  root  samples  cut
into 5mm-10mm sized slices using sterile scissors and surface
sterilised  using  96%  ethanol  for  1  minute.  The  surface
disinfected  tissues  are  then  washed  with  three  successive
changes  of  sterile  distilled  water  to  washout  the  ethanol  and
were blot dried using Whatman Number 1 filter  papers.  Blot
dried  tissues  were  placed  onto  10cm  glass  Petri  dishes
containing the solidified Potato Dextrose Agar (PDA) medium.
The plates were then incubated at 25+2 °C for seven days with
periodic checks for the emergence of fungal mycelia from the
transplanted sample tomato tissues.  Fungal  hyphae emerging
on the transplanted tissues were transferred onto the fresh PDA
medium  by  means  of  the  hyphal  tip  transfer  technique  [23].
The cultured fungal isolates were purified by three subsequent
sub-culturing on to PDA. Eight pure fungal cultures inspected
to be Fusarium were maintained in the form of slant culture at
4°C for further study.

2.3. Cultural Characters of Fusarium Isolates

The cultural characters of the isolates on the PDA medium
were  studied  by  culturing  each  isolate  in  three  replicates  at
25+2°C.  Cultural  characteristics  (colony  appearance,  growth
pattern, marginal shape, surface colony colour, reverse colony
colour/pigmentation, radial growth) were examined seven days
after  inoculation  (7DAI)  and  the  growth  rate  was  measured.
Radial  growth  was  evaluated  by  measuring  the  radius  of  the
petri  dish  covered  by  the  colony  culture  using  an  mm-
calibrated  glass  ruler.  Growth  rate  data  was  recorded  by
measuring the radius that the colony covered 24-hour intervals
for seven days. The growth rate value was then calculated by
subtracting  the  radial  growth  value  on  the  first  day  from the
radial growth value of the second day and so on for the seven
days; finally tabulating the mean of all the differences thereby
giving the growth rate of that specific isolate [23].

2.4. Morphological Identification of Fusarium Isolates

A slide culture was prepared for each of the eight isolates
by  taking  a  5mm  bit  from  a  seven-day  old  pure  culture  and
inoculating on to a rectangular cut of the PDA medium. It was
then  placed  on  sterilized  glass  slides  and  covered  with
coverslips. The slides were then placed inside a sterilized Petri
dish underlay with moistened filter paper to provide moisture
for  the  fungi,  and  incubated  at  25±  2°  C  [22].  The  mycelia
developed  on  the  slide  culture  are  then  subjected  to
microscopic examination to morphologically differentiate the
identity  of  the  isolates  to  species  level  at  40X magnification
[23]  using  an  Olympus  Microscope  (Carl  Zeiss  Microscopy,
Germany).

2.5. Isolation of Trichoderma Species
Soil  samples  were  collected  from  rhizosphere  areas  of

referenced garden trees (Mango, Lemon, Orange,  Guava and
Avocado)  within  100cm  cardinal  points  and  10-15cm  deep
[24].  Trichoderma  species  were  isolated  by  a  soil  serial
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dilution-  agar  plating  method  and  stored  at  4oC for  later  use
(Fig.  1).  Culture  purification  was  attained  by  repeated  sub-
culturing through the hyphal tip transfer technique [23].

2.6. Identification of the Trichoderma Isolate
The identification of the Trichoderma was made based on

in-depth  observation  of  cultural  characters  and  Microscopic
examination  of  morphological  features  with  reference  to  the
literature  [24].  To  capture  a  photo  of  the  conidia,  a  digital
camera  (SONY  Cyber-shot,  16.1  Mega  pixels)  was  used  by
attaching to the eyepiece of  the microscope.  The photograph
was  captured  by  focussing  the  zoom  adjustment  to  obtain  a
magnified image.

2.7. Radial growth and Growth Rate of Isolates
The radial growth and growth rate evaluation was done for

both  Fusarium  and  Trichoderma  isolates.  Radial  growth  is
recorded  by  measuring  growth  seven-days  post-inoculation
using  an  mm  calibrated  glass  ruler.  The  growth  rate  is  also
recorded by measurements taken every 24 hrs and calculating
the difference. The tabular value was obtained by subtracting
the  radial  growth  of  the  isolate  on  day  one  from  the  radial
growth of the isolate on day two. This is taken as the growth
rate  value,  i.e.  how  fast  does  it  grow  within  24  hours  of
duration  [25].

2.8. Pathogenicity Test for Fusarium Isolates

The  pathogenicity  of  the  isolated  Fusarium  species  was

tested  through  bioassay  on  detached  leaves  of  the  Tomato
cultivar-Melka  oda  grown  on  pots  following  standard
procedure  [26].  Healthy  looking  vigorous  tomato  leaves
cultivated on pots with autoclave sterilized soil were used for
the  bioassay.  Sixty  (60)  days  old  leaves  were  cut  from  the
parent plant and transported to the laboratory. The leaves were
surface sterilised with 70% ethanol for 30 seconds, rinsed with
three  successive  changes  of  sterile  distilled  water  and  blot
dried.  The  leaves  were  placed  in  sterile  plates  and  were
inoculated  with  500µl  spore  suspension  of  Fusarium
oxysporum. The control leaves were inoculated with the same
amount  of  sterile  distilled  water  and  the  treatments  were  in
three replicates. The plates were incubated at 25± 2° C until the
emergence of mould growth was observed on the surface of the
leaves. Observations were taken starting from the second day
where the lesion diameter was recorded.

2.9. Biocontrol Potential of T. Viride against F. Oxysporum
by in vitro Biocontrol Test

Five  Trichoderma  isolates  initially  obtained  from  soil
samples  taken  from  garden  areas  of  Hatsebo  and  Medoge
kebeles were screened through preliminary in vitro bioassay of
dual  culture  with  one  of  the  pathogenic  Fusarium  isolates.
Trichoderma with the better biocontrol potential was used for
the main experiment. The biocontrol potential of T. viride was
evaluated  using  a  dual  culture  assay.  The  percentage  growth
inhibition (PGI) was calculated using the following formula.

Fig. (1). Procedure of isolating and culturing Trichoderma species from rhizosphere soil region.

 

PGI= ( C-T) ×100% Where: C= radial growth of F. oxysporum on the control plate

C T= radial growth of F. oxysporum on the dual culture
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2.10. Data Collection

Qualitative  data  such  as  aerial  mycelium,  colony  colour,
reverse colour and marginal shapes were recorded. Quantitative
data  such  as  radial  growth  and  growth  rate,  percent  growth
inhibition (PGI) were recorded by measurement using metric
system units.

3. RESULTS AND DISCUSSION

3.1. Isolation

Upon  incubation  at  25±  2°  C  for  three  to  seven  days,
mycelial  masses  of  fungi  emerged  on  top  of  the  inoculated
specimen  (Fig.  2).  After  three  subsequent  sub-culturing  and
microscopic  examinations,  eight  pure  cultures  of  Fusarium
were identified. 87.5% (7 isolates) of the Fusarium were found
from the tomato samples collected from Dura plots.12.5% (1
isolate) was found from the tomato samples collected from the
Hatsebo plots. Five Trichoderma isolates are found from soil
samples  taken  from  garden  areas  of  Hatsebo  and  Medoge
kebeles.  To  the  best  of  our  knowledge,  this  is  the  first
investigation conducted on Fusarium and Trichoderma species
from the farmlands around Axum town, the centre of ancient
Axumite  civilization,  where  scientific  studies  are  emerging

following  the  establishment  of  Aksum  University  as  a
governmental higher learning institution. It also begins to fill
gaps at the country level with information on the importance of
Fusarium species. That hitherto, has largely been lacking [27].

3.2.  Detached Leaf  Bioassay Test  of  Fusarium Species  on
Tomato Leaves

Pathogenicity  tests  of  the  isolated  Fusarium  species  on
detached  leaves  of  tomato  are  presented  in  Table  1.  As
indicated in the table, two of the Fusarium isolates (DT1 and
DT2)  caused  100%  leaf  damage  on  the  tomato  leaves.  The
control  leaves  that  received  sterile  distilled  water  were  free
from any mould development, whereas the leaves that received
Fusarium  spore  suspension  showed  mould  growth  on  their
surface and finally became wounded (Fig. 3). This implies that
the  Fusarium  species  isolated  from  the  tomato  tissues  are
pathogenic to the tomato variety, Melka oda used for this test.
F. oxysporum, F. solani, F. equiseti and F. striatum have been
reported  to  affect  tomato  [10].  But  the  finding  that  F.
circinatum causes injury on tomato leaves is a first-time report
by the current investigation. This also strengthens reports that
indicate  new  pathogenic  Fusarium  species  are  continually
evolving  [10].

Fig. (2). Fungal hyphae emerged from tomato tissues transplanted onto PDA medium (A), cultures after primary subculture (B).

Table 1. Pathogenicity test of the Fusarium isolates by detached leaf bioassay.

No. Treatments Isolate code/species Percent leaf damage value
1 Sterile distilled water control 0%
2 Fusarium spore suspension-1 DD1(F. circinatum) 56.56%
3 Fusarium spore suspension-2 DD2w (F. equiseti) 60.46%
4 Fusarium spore suspension-3 DD2 (F. oxysporum) 70.27%
5 Fusarium spore suspension-4 DD5 (F. oxysporum) 68.48%
6 Fusarium spore suspension-5 DT1 (F. oxysporum) 100%
7 Fusarium spore suspension-6 DT2 (F. oxysporum) 100%
8 Fusarium spore suspension-7 DT5 (F. oxysporum) 90.5%
9 Fusarium spore suspension-8 HS1 (F. oxysporum) 92.5%
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Fig. (3). Bioassay of F. oxysporum f. sp. lycopersici on detached tomato leaves.

3.3. Cultural Characteristics of Fusarium Isolates on PDA

The cultural characters of the eight Fusarium isolates are
presented in Table 2. The isolates showed purple tinged white,
white cottony and full pink colony colours (Table 3).  On the
reverse side, the isolates showed various pigmentations (light
reddish purple, gray with a light purple tinge, yellow stained

white, normal purple and intense dark reddish purple) (Fig. 4),
as  reported  in  a  previous  study  [10].  The  growth  rate  of  the
isolates ranged from 4.66mm to 7.28mm which is far less than
that of FOL isolates from Mexico-7cm-12cm [10]. Two of the
isolates  are  rated  as  fast  growing  (DD1  and  DT1)  and  the
remaining  were  medium  growing  (DD2,  DD2w,  DD5,  DT2,
DT5, HS1).

Table 2. Radial growth and growth rate of Fusarium isolates on PDA at 25± 2° C.

No. Isolate Radial growth 7DAI (mm) Mean Growth rate in 24
hrs (mm)

Ratings: Fast/medium/slow Species identity Percentage
occurrence

1 DD1 52.13 7.28 Fast growing Fusarium circinatum 12.5%
3 DD2w 40.5 5.98 medium Fusarium equiseti 12.5%
2 DD2 43.13 6.44 medium Fusarium oxysporum 75%
4 DD5 46.16 6.83 medium Fusarium oxysporum
5 DT1 54.25 8.27 Fast growing Fusarium oxysporum
6 DT2 41.75 5.98 medium Fusarium oxysporum
7 DT5 33.38 4.66 medium Fusarium oxysporum
8 HS1 41.50 6.10 medium Fusarium oxysporum

Abbreviation: DAI= Days after inoculation and the categorization is according to Agriculture and Agrifood Canada, 1996.

Table 3. Cultural and Morphological characters of the identified F. oxysporum.

Character Character descriptor Description
Cultural characters colony color   surface           Pink floccose mycelium

          -Regularly circular
-flattened spreading with concentric circles

  reverse reddish purple
pigmentation Produced Intense reddish purple pigment

Morphological characters macroconidia Single, short, hyaline, appeared in single on PDA medium.
microconidia Ellipsoidal shape and non septated

chlamydospore Abundant pseudochlamydospores
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Fig. (4). colony appearance of F. oxysporum (A) front side, (B) back side/pigmentation.

3.4.  Morphological  Characteristics  of  Fusarium  Isolates
Grown on PDA

The  morphological  character  of  the  Fusarium  isolates  is
presented in appendix 1. Generally, macroconidia are more or
less  abundant,  3-5  septate,  straight  and  with  more  ventral
curvature  than  dorsal  in  F.  oxysporum  (Fig.  5).  In  F.
circinatum,  macroconidia  with  3  septa,  thinner  and  slender
occasionally found in bunch and chlamydospores are absent. In
F.  equiseti,  macroconidia  were  with  prominent  foot  shape,
abundant  on  the  aerial  mycelium  with  the  interwoven  state.
These morphological features are similar to the descriptions of

the respective Fusarium species [23, 25]. Fusarium oxysporum
and  Fusarium  equiseti  are  commonly  isolated  from  soil  and
plant tissue samples in Ethiopia [27]. As to our information, the
isolation of Fusarium circinatum from diseased tomato tissues
in  Ethiopia  is  the  first-time  report  by  this  investigation.
Similarly,  researchers  from Mexico also  identified  Fusarium
circinatum  from  diseased  tomato  that  is  confirmed  by  a
molecular method [10]. From the isolated Fusarium cultures,
F. oxysporum  accounted for 75% of occurrence, whereas the
Fusarium  equiseti  and  Fusarium  circinatum  occurred  each
with 12.5%. The occurrence rate is also similar to a previous
report [10].

Fig. (5). Banana shaped Macroconidia with 3 septa (A) and fluorescent microscopy of microconidia of F. oxysporum in chains and in clusters (B) at
400x magnification.
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Fig. (6). front culture appearance of Trichoderma viride with concentric circles (A), back side (B).

3.5.  Cultural  Characteristics  of  the  Trichoderma  Isolate
with Biocontrol Potential

White scanty mycelia in the early 1-3 days; Warty green
concentric rings in 4-5 days; whole warty green culture in 5-7
days  and  yellowish  green  pigment  were  observed  on  the
reverse  side  [28]  (Fig.  6).

3.6.  Radial  Growth  and  Growth  Rate  Data  of  the
Trichoderma Isolate

The isolated Trichoderma species has a mean radial growth
of 100mm 3days after inoculation and a mean growth rate of
31.70mm per 24 hours.  The mean radial  growth value of the
current  Trichoderma  isolate  is  very  high  as  compared  to  a
previous report from Ethiopia, which was 57.67mm, 7DAI on

PDA  and  with  similar  growth  conditions  [29].  The  recorded
growth  rate  is  also  higher  than  a  previous  report  where  the
measurements were 28mm-30mm [30]. The implication of this
is  that  the  current  Trichoderma  isolate  has  better  biocontrol
potential (Table 4).

3.7. Microscopic Features of the Isolated Trichoderma

Microscopic  examination  of  the  morphology  of
Trichoderma  isolates  revealed  dark  green  grossly  warted
conidia conspicuously observed with irregular ornamentations
and  oval  conidia  (Fig.  7).  The  microscopic  features  of  this
Trichoderma  isolate  as  examined  using  the  Olympus  system
microscope is similar to the description of Trichoderma viride
[31].  Accordingly,  the  Trichoderma  isolate  is  identified  as
Trichoderma  viride.

Fig. (7). dark green conidiophores (A) and oval conidia of T. viride (B) at 400x magnification.
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Table 4. Radial growth and Growth rate data of the Trichoderma isolate.

Isolate Mean radial growth record (mm) Mean growth rate/24 hrs (mm)
Trichoderma 1DAI 2DAI 3DAI GR-1 GR-2 Mean GR

36.70 65.90 100 29.20 34.10 31.70
Note: These data are means of five replicates, DAI= Days after inoculation, GR= Growth rate

Table 5. Percent growth inhibition value of T. viride on F. oxysporum.

Mean radial growth of Trichoderma species
in control plate (mm)

Mean radial growth of F. oxysporum in
control plate (mm)

Mean radial growth of F. oxysporum in
dual culture (mm)

Mean %GI

100 100 22.00 76.94%
Abbreviation: %GI= Percent growth inhibition, the data is mean of five replicates

Fig. (8). F. oxysporum fsp lycopercisi. vs T. viride dual culture assay: the top row plates are: T. viride control cultures; the bottom row plates are F.
oxysporum  fsp  lycopercisi  control  culture  and  the  middle  row  of  plates  is  the  dual  culture  assay  showing  T.  viride  dominated  and  invaded  F.
oxysporum.

3.8. In Vitro Biocontrol Experiment
in vitro dual culture assay of the pathogenic F. oxysporum

and  the  biological  control  agent,  Trichoderma  species,  is
presented (Table 5). In the in vitro dual culture experiment, the
Trichoderma isolate showed high biocontrol efficacy (76.94%).
This  PGI  value  is  higher  than  a  previous  report  (61.80%  -
72.05%) [32]. The Trichoderma showed a very fast spread to
cover  the  entire  space  on  the  medium  during  the  first  three
days,  restricting  the  growth  of  the  F.  oxysporum  fsp.
lycopersici  within  a  narrow  cleft.  Later,  the  Trichoderma
started shuttering its conidia on top of its own colonized space.
Finally, the Trichoderma species also shuttered its conidia on
top of the encapsulated F. oxysporum.  F. oxysporum  showed
colony  expansion  until  the  Trichoderma  approached  near  its
vicinity;  then,  the  Fusarium  was  totally  under  control  and
colonized  by  the  shots  of  T.  viride  conidia  resting  and
germinating on its colony, leading to a mycoparasitic activity
on the Fusarium oxysporum. f. sp. lycopersici (Fig. 8).

CONCLUSION

Isolation  and  morphological  identification  revealed
Fusarium  oxyporum,  Fusarium  equiseti,  and  Fusarium

circinatum  in  the  tomato  growing  farmlands  around  Axum
town.  Fusarium  oxysporum  fsp.  lycopersici  is  the  dominant
isolate in its occurrence. The isolates were consistent in their
cultural characters across different batch cultures on the PDA
medium. Detached leaves bioassay is  a  good indicator  for  in
vivo  pathogenicity  of  Fusarium  oxysporum  on  tomato.  The
Trichoderma  viride  identified  in  this  study  is  an  effective
antagonist for identified F. oxysporum fsp. lycopersici in vitro.
It  showed  competition  for  space  and  nutrients  as  well  as
mycoparasitism  against  the  phytopathogen,  Fusarium
oxysporum.
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APPENDIX

Appendix 1. Cultural and Morphological characteristics of the Fusarium isolates on PDA medium.

Cultural characters of isolates on PDA Morphological characters on PDA Species
identity

No Isolate
code

Colony color Pigmentation macroconidia microconidia chlamydospores identified as
surface color reverse color

1 DD1 Purple tinged
white with furry
aerial mycelium.

Regularly
circular radial

growth

Light reddish
purple

Light reddish
purple

Mostly 3-septated,
slender narrow

Arranged in bunch
formed on the aerial

mycelium.
Not abundant

Berry looking
phialides arranged in
clusters, chains and

in single are
abundantly observed

Not seen Fusarium
circinatum

2 DD2 -Purple tinged
white aerial
mycelium
-Regularly

circular radial
growth

-no concentric
circles

Gray with
light purple

tinge

light red tinged
pigment

Short stout
macroconidia with 3-5
septa arranged in bunch

were
Abundant

Short monophialides
were more frequently

observed.
Ellipsoidal

Microconidia

Pseudo
chlamydospores were
abundantly observed

Fusarium
oxysporum

3 DD2w -White cottony
aerial mycelium

-irregular in
marginal growth
with in and out

curvatures on the
outside

-no concentric
circles

Yellow
stained white

light Highly abundant
macroconidia formed

on the aerial mycelium
in bunch form. Highly
twisted and interwoven

absent Chlamydospores
rarely observed

Fusarium
equiseti

4 DD5 -Purple tinged
white colony

with furry
mycelium
_regularly

circular radial
growth pattern

Gray with
light purple

tinge

-No
pigmentation

Abundant macroconidia
in bunch; 3-5 septated,

shorter and straight

Elliptical
microconidia in rare

presence
Short phialides

present Fusarium
oxysporum

5 DT1 Whitish purple,
furry aerial
mycelium
Dense and

spreading growth
-Regularly

circular
Radial growth

With no
concentric circles

normal
purple

Pigment: light
red tinged purple

Long non septated
hyaline; straight and
pointed on both ends

Large ball looking
monophialides

formed on the aerial
mycelium

present Fusarium
oxysporum
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No.

Cultural characters of isolates on PDA Morphological characters on PDA Species
identity

Isolate
code

Colony color Pigmentation macroconidia microconidia chlamydospores identified as
surface color reverse

color
6 DT2 -Purple tinged

white aerial
mycelium with

furry appearance
-Regularly

circular growth
Spreading

growth

Gray with
light purple

tinge

No macroconidia with 3-5
septa arranged in bunch

abundantly seen

Ellipsoidal
microconidia

Abundant pseudo
chlamydospores

Fusarium
oxysporum

7 DT5 -Pink floccose
mycelium
-Regularly

circular
-flattened

spreading with
concentric circles

Intense dark
reddish
purple;

yellowish
bright at the

margin
Golden

bright on the
margin

Intense reddish
purple pigment

macroconidia with 3-5
septa arranged in bunch

abundantly seen

Mostly ellipsoidal in
shape; non septated,
hyaline; inside the

agar. Dark ballus and
branched short

phialides.

Abundant pseudo
chlamydospores

Fusarium
oxysporum

8 HS1 White fluffy
aerial mycelium
Irregular lobed
radial growth
No concentric

circles

Yellow
tinged white

light yellowish
pigment

Septated macroconidia
curved from both ends.
Narrow in the middle.

Formed on the
mycelium and also
detached. Mostly in

single; fusiform.

Spherical to elliptical
microconidia

Abundantly seen in
pairs, in chains and

in cluster at
intercalary and apex

position.

Fusarium
oxysporum

REFERENCES

Bezabih E, Afari-Sefa V, Nenguwo N, Amsalu A, Dereje K, Hedija M.[1]
Characterization of Pre- and postharvest losses of tomato supply chain
in ethiopia. Agric Food Secur 2017; 6(93): 1-11.
Srinivas C, Nirmala Devi D, Narasimha Murthy K, et  al.  Fusarium[2]
oxysporum f. sp. lycopersici causal agent of vascular wilt disease of
tomato: Biology to diversity- A review. Saudi J Biol Sci 2019; 26(7):
1315-24.
[http://dx.doi.org/10.1016/j.sjbs.2019.06.002] [PMID: 31762590]
Zebene L, Wubit D, Mulugeta N, Ashenafi C, Thangavel S, Girma G.[3]
Identification of post-harvest rotting microorganisms from tomato fruit
(Solanum esculentum Mill) in toke kutaye district of west shoa zone,
Ethiopia. J. Sto. Prod. Post harv. Res 2014; 5(3): 14-9.
Lemma D. Tomatoes: Research experience and production prospects[4]
Research Report 43. Addis Ababa: Ethiopian Agricultural Research
Organization 2002.
Ethiopian Investment Agency. Investment opportunity profile for the[5]
production  of  fruits  and  vegetables  in  Ethiopia,  Report.  In:  Addis
Ababa. 2012.
Ajilogba  CF,  Babalola  OO.  Integrated  management  strategies  for[6]
tomato Fusarium wilt. Biocontrol Sci 2013; 18(3): 117-27.
[http://dx.doi.org/10.4265/bio.18.117] [PMID: 24077535]
Bawa  I.  Management  strategies  of  fusarium  wilt  disease  of  tomato[7]
incited by Fusarium oxysporum f. sp. lycopersici (Sacc.): A Review.
Int J Adv Acad Res 2016; 2: 32-42.
Burgess LW, Knight TE, Tesoriero L, Phan HT. Diagnostic Manual[8]
for  plant  diseases  in  Vietnam.  Canberra:  Australian  Centre  for
International  Agricultural  Research  2008.
Asma A, Shaukat H, Zahoor A, Khansa J. Germplasm evaluation of[9]
tomato for resistance to the emerging wilt pathogen Fusarium equiseti.
J Agric Stud 2018; 6: 174-89.
Micah R, Santos G, Jaime S, Kamila C, Juan M, Juan E. Occurrence,[10]
identification,  and  pathogenicity  of  Fusarium  spp.  associated  with
tomato wilt in Mexico. Not Bot Horti Agrobot Cluj-Napoca 2018; 46:
484-93.
[http://dx.doi.org/10.15835/nbha46211095]
Charoenporn  C,  Kanokmedhakul  S,  Lin  C,  Poeaim  S,  Soytong  K.[11]
Evaluation  of  bio-agent  formulations  to  control  Fusarium  wilt  of
tomato. Afri J Biot 2010; 9(36): 5836-44.
Sundaramoorthy S, Balabaskar P. Biocontrol efficacy of Trichoderma[12]
spp.  against  wilt  of  Tomato  caused  by  Fusarium  oxysporum  f.  sp.

lycopersici. J App Biol Biot 2013; 1: 36-40.
Sheridan  L,  Michelina  R,  Francesco  V,  et  al.  Trichoderma-based[13]
products  and  their  widespread  use  in  agriculture.  The  Op.  Myco  J
2014; 8: 71-126.
Ethiopian Agricultural Transformation Agency (ATA). Ethiopia GTP-[14]
II Agenda, website www.ata.gov
Pandya  JR,  Sabalpara  AN,  Chawda  SK.  Trichoderma:  A  particular[15]
weapon for biological control of phytopathogens. J Agri Techno 2011;
7: 1187-91.
Kushawaha M, Verma AK. Antagonistic activity of Trichoderma sp. (a[16]
biocontrol agent) against isolated and identified plant pathogens. Int. J.
Chemical. Biol Sci Res 2014; 1: 1-6.
Monda EO. Biological control of fusarium wilt of tomato – A Review.[17]
J Trop Microbiol 2002; 1: 74-8.
Alwathnani HA, Perveen K. Biological control of Fusarium  wilt  of[18]
tomato by antagonist fungi and cyanobacteria. Afr J Biotechnol 2012;
11: 1100-5.
[http://dx.doi.org/10.5897/AJB11.3361]
Sharma P,  Kumar  PV,  Saravanan KR,  et  al.  Biocontrol  genes  from[19]
Trichoderma  species:  A  review.  Afr  J  Biotechnol  2011;  10:
19898-907.
Devi SI, Kamala TH. Biocontrol properties of indigenous Trichoderma[20]
isolates  from  North-east  India  against  Fusarium  oxysporum  and
Rhizoctonia  solani.  Afr  J  Biotechnol  2012;  11:  8491-9.
Laila N, Nur S, Nor A, Afiqah B, Kamarudin S. Trichoderma species[21]
diversity in rhizosphere soils and potential antagonism with Fusarium
oxysporum. Biosci J 2019; 35(1): 13-26.
Tsegaye  M,  Tesfaye  A.  Morphological  and  molecular  diversity  of[22]
Fusarium species causing wilt disease in ginger (Zingiber officinale
Roscoe)  in  South  Western  Ethiopia.  Singap  J  Sci  Res  2020;  10:
342-56.
[http://dx.doi.org/10.3923/sjsres.2020.342.356]
Leslie  J  F,  Summerell  B  A.  The  fusarium  laboratory  manual.[23]
Blackwell publishing, IOWA 2006.
[http://dx.doi.org/10.1002/9780470278376]
Siddiquee S. Collection and processing for trichoderma specimen In:[24]
Gupta Vijai Kumar, Tuohy Gallego, E, Eds. Practical Handbook of the
biology  and  Molecular  Diversity  of  Trichoderma  species  from
Tropical  Regions.  Kinabalu:  Springer  2017;  pp.  17-28.
Lazreg  F,  Belabid  L,  Sanchez  J,  Gallego  E,  Garrido-Cardenas  JA,[25]
Elhaitoum A. First  report  of  fusarium equiseti  causing damping-off
disease on aleppo pine in algeria. Plant Dis 2014; 98(9): 1268.

(APPENDIX Table 1) contd.....

http://dx.doi.org/10.1016/j.sjbs.2019.06.002
http://www.ncbi.nlm.nih.gov/pubmed/31762590
http://dx.doi.org/10.4265/bio.18.117
http://www.ncbi.nlm.nih.gov/pubmed/24077535
http://dx.doi.org/10.15835/nbha46211095
http://www.ata.gov
http://dx.doi.org/10.5897/AJB11.3361
http://dx.doi.org/10.3923/sjsres.2020.342.356
http://dx.doi.org/10.1002/9780470278376


20   The Open Agriculture Journal, 2021, Volume 15 Ayele et al.

[http://dx.doi.org/10.1094/PDIS-02-13-0194-PDN] [PMID: 30699642]
Meenakshi  SS,  Mohandas  RM.  Comparison  of  detached  leaf[26]
evaluations  in  different  age  of  transgenic  tomato  expressing
antimicrobial peptide gene (ace-amp1) resistant to early blight disease
caused  by  Alternaria  solani.  Int.  J.  Innov.  Res.  in  Science,  Engin.
Techno 2014; 3: 16273-6.
Mesfin Bogale molecular characterization of fusarium isolates from[27]
Ethiopia PhD desertation. Pretoria: University of Pretoria 2006.
Loekas  S,  Darini  S,  Ruth  F.  Morphological  characteristics  of  four[28]
Trichoderma isolates and two endophytic Fusarium isolates. Canadian
J Sci Indust Res 2011; 2: 294-306.
Takele W, Tesfaye A, Fassil A. Evaluation of antagonistic activities of[29]
Trichoderma isolates against Fusarium wilt (Fusarium oxysporum) of

Tomato  (lycopersicon  esculentum  Mill.)  Isolates.  Ethiop  J  Biol  Sci
2015; 14: 129-45.
Sekhar  YC,  Ahammed  SK,  Prasad  TN,  Devi  RS.  Identification  of[30]
trichoderma species based on morphological characters isolated from
rhizosphere  of  groundnut  (Arachis  hypogaea  L).  Int  J  Sci  Env’t
Techno 2017; 6: 2056-63.
Lieckfeld E, Samuels GJ, Nirenberg H, Petrini O. Morphological and[31]
molecular perspective of trichoderma viride: Is it one or two species.
App Env Micro boil 1999; 65: 2418-28.
Rai  S,  Kashyap  PL,  Kumar  S,  Srivastava  AK,  Ramteke  PW.[32]
Identification, characterization and phylogenetic analysis of antifungal
Trichoderma from tomato rhizosphere. Springerplus 2016; 5(1): 1939.
[http://dx.doi.org/10.1186/s40064-016-3657-4] [PMID: 27917337]

© 2021 Ayele et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

http://dx.doi.org/10.1094/PDIS-02-13-0194-PDN
http://www.ncbi.nlm.nih.gov/pubmed/30699642
http://dx.doi.org/10.1186/s40064-016-3657-4
http://www.ncbi.nlm.nih.gov/pubmed/27917337
https://creativecommons.org/licenses/by/4.0/legalcode

	Isolation, Identification and In Vitro Test for the Biocontrol Potential of Trichoderma viride on Fusarium oxysporum f. sp. Lycopersici 
	[Introduction:]
	Introduction:
	Methods:
	Results and Discussion:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Study Area and Study Period
	2.2. Isolation of Fusarium Pathogens from Tomato Vegetative Parts
	2.3. Cultural Characters of Fusarium Isolates
	2.4. Morphological Identification of Fusarium Isolates
	2.5. Isolation of Trichoderma Species
	2.6. Identification of the Trichoderma Isolate
	2.7. Radial growth and Growth Rate of Isolates
	2.8. Pathogenicity Test for Fusarium Isolates
	2.9. Biocontrol Potential of T. Viride against F. Oxysporum by in vitro Biocontrol Test
	2.10. Data Collection

	3. RESULTS AND DISCUSSION
	3.1. Isolation
	3.2. Detached Leaf Bioassay Test of Fusarium Species on Tomato Leaves
	3.3. Cultural Characteristics of Fusarium Isolates on PDA
	3.4. Morphological Characteristics of Fusarium Isolates Grown on PDA
	3.5. Cultural Characteristics of the Trichoderma Isolate with Biocontrol Potential
	3.6. Radial Growth and Growth Rate Data of the Trichoderma Isolate
	3.7. Microscopic Features of the Isolated Trichoderma
	3.8. In Vitro Biocontrol Experiment

	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTI-CIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	APPENDIX
	REFERENCES




