
_____________________________________________________________________________________________________

*Corresponding author: E-mail: kt_kareem@yahoo.com;

British Microbiology Research Journal
16(5): 1-11, 2016, Article no.BMRJ.28208

ISSN: 2231-0886, NLM ID: 101608140

SCIENCEDOMAIN international
www.sciencedomain.org

Biocontrol of Fusarium wilt of cucumber with
Trichoderma longibrachiatum NGJ167 (Rifai)

T. Kehinde Kareem1*, O. Esther Ugoji2 and O. Olusimbo Aboaba2

1Grain Legumes Improvement Programme, Institute of Agricultural Research and Training, Obafemi
Awolowo University, P.M.B. 5029, +234, Moor Plantation, Ibadan, Nigeria.

2Department of Microbiology, University of Lagos, Lagos, Nigeria.

Authors’ contributions

This work was carried out in collaboration between all authors. Author TKK designed the study,
performed the statistical analysis and wrote the first draft of the manuscript. Authors OEU and OOA

supervised the work. All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/BMRJ/2016/28208
Editor(s):

(1) Laleh Naraghi, Plant Disease Research Department, Iranian Research Institute of Plant Protection, Tehran, Iran.
Reviewers:

(1) Aydi Ben Abdallah Rania, University of Sousse, Mariem, Tunisia.
(2) Walid Nosir, Zagazig University, Egypt.

Complete Peer review History: http://www.sciencedomain.org/review-history/15949

Received 9th July 2016
Accepted 13th August 2016

Published 26th August 2016

ABSTRACT

Aim: This research investigated the use of Trichoderma longibrachiatum NGJ167 (Rifai) as a
biocontrol agent of Fusarium wilt in cucumber varieties (Ashley and Marketmoor) both in the
screenhouse and on the field.
Study Design: The screenhouse experiment was laid down in a Completely Randomized Design
(CRD) while Randomized complete block design (RCBD) was used for the field experiment.
Place and Duration of Study: The study was conducted at the National Horticultural Research
Institute, Ibadan between 2012 and 2013.
Methodology: Soils were inoculated with mycelial plugs of T. longibrachiatum NGJ167 before
planting while the control soil was mock-inoculated with agar plugs of Potato dextrose agar (PDA).
Two weeks after planting, F. oxysporum was inoculated into the soils in the screenhouse while
natural infection was allowed to occur on the field. The biocontrol abilities of T. longibrachiatum
NGJ167 on F. oxysporum was observed on disease incidence and severity and the fruit yield. The
presence of T. longibrachiatum NGJ167 genes was detected in the treated cucumber fruits to
ensure consumers’ safety.
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Results: The control plants had higher incidence and severity of F. oxysporum than the T.
longibrachiatum-treated plants. The T. longibrachiatum NGJ167-inoculated Marketmoor had higher
fruit weight value of 200g in the screenhouse when compared with the control which had a fruit
weight value of 133.33 g. On the field, T. longibrachiatum-treated Marketmoor produced the highest
fruit weight of 220 g while the control had a mean weight of 120.6 g. Results also revealed that T.
longibrachiatum DNAs were absent in the inoculated cucumber fruits.
Conclusion: The use of T. longibrachiatum NGJ167 as a biocontrol agent indicates its potentials in
improving plant health in agriculture. The absence of T. longibrachiatum NGJ167 in the treated
cucumber indicated that the consumption of such fruits will have no adverse effect on consumers’
health.

Keywords: Biocontrol; Cucurbitaceae; disease incidence; polymerase chain reaction; yield.

1. INTRODUCTION

Cucumber (Cucumis sativus L.) is a popular
vegetable crop of the family Cucurbitaceae
comprising 70 genera and 750 species [1].  The
nutritional composition of cucumber fruit per 100
g edible portion is 3% carbohydrate, 1% protein,
0.5% total fat and 1% dietary fibre [2]. However,
cucumber is susceptible to many pathogens and
pests [3]. Fusarium oxysporum is one of the most
important phytopathogens causing Fusarium wilt
disease in more than a hundred species of plants
[4]. Cucumber Fusarium wilt disease is one of
the most serious fungal diseases in cucumber
production in the world [5,6]. Generally, it caused
cucumber yield losses of ~10% to 30% and poor
quality products resulting in severe economic
losses [7]. Cucumber Fusarium wilt disease may
occur at all growth periods of the cucumber plant
[8]. The pathogen can survive as durable spores
for many years with or without plant debris in soil,
and it retains the ability to infect cucumber plants
causing pre- or post-emergence damping-off,
vascular discoloration of roots and stems, and
eventually the entire plants wilt or die. The
disease management of Fusarium wilt usually
consists of soil fumigation, seed treatment, use
of disease resistant varieties and biocontrol
bacteria to reduce infection and disease severity
[8,9]. Some antagonists show potential to
suppress this disease, such as mycorrhizal fungi
and Trichoderma [10], Penicillium [11],
Streptomyces [12] and Bacillus [13].

Trichoderma spp. are among the most frequently
isolated soil fungi and present in plant root
ecosystems [14]. These fungi are opportunistic,
avirulent plant symbionts, and function as
parasites and antagonists of many
phytopathogenic fungi, thus protecting plants
from diseases. Depending upon the strain, the
use of Trichoderma in agriculture can provide
numerous advantages: (i) colonization of the

rhizosphere by the fungus (‘‘rhizosphere
competence’’) allowing rapid establishment
within the stable microbial communities in the
rhizosphere (ii) control of pathogenic and
competitive/deleterious microflora by using a
variety of mechanisms (iii) improvement of the
plant health and (iv) stimulation of root growth
[14]. Chemical control agents are implicated in
ecological, environmental and human health
problems and pathogens can develop resistance
to them. However, the use of biological control
agents such as T. longibrachiatum are non-toxic
to human health and once colonized by the plant
roots, may last for several years. Therefore, the
objectives of this work are (1) to determine the
effectiveness of T. longibrachiatum NGJ167 as a
biocontrol agent of F. oxysporum in cucumber
both in the screenhouse and on the field and (2)
to detect the presence of T. longibrachiatum
NGJ167 genes in the cucumber fruits using
Polymerase chain reaction.

2. MATERIALS AND METHODS

2.1 Source of Seeds

Two varieties of Cucumis sativus L. (Cucumber)
seeds; Ashley and Marketmoor were obtained
from the Vegetable Improvement Programme of
National Horticultural Research Institute, Ibadan,
Oyo State, Nigeria.

2.2 Sources of Fungal Isolates

Trichoderma longibrachiatum NGJ167 (Rifai)
was obtained from the Pathology Laboratory of
International Institute of Tropical Agriculture
(IITA), Ibadan while Fusarium oxysporum was
isolated from cucumber plant rhizosphere by
weighing 10g of of soil sample into a conical flask
containing 90 mls of sterile distilled water. The
suspension was shaken vigorously and serially
diluted. Aliquots of 1 ml each from the serial
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dilutions were placed into sterile Petri-dishes and
molten PDA was poured on them. The plates
were swirled to obtain homogenous mixtures on
the inocula and PDA. Plates were incubated at
25ºC for 72 hrs. The plates were observed for the
appearance of Fusarium in the mixed cultures.
Fusarium oxysporum was identified in the
laboratory using cultural, microscopic and
molecular methods. The two organisms were
maintained in the laboratory by periodic transfer
onto PDA slant and kept in the refrigerator at 4ºC
until when required.

2.3 Pathogenicity test for Fusarium
oxysporum

Pathogenicity test was confirmed using dipping
method [15].  Conidial suspension of F.
oxysporum was harvested by flooding the culture
plate with sterile distilled water and gently
scraped with spatula. Thereafter, the conidia
were filtered through three layers of cheese-cloth
and adjusted to a final concentration of 106

microconidia/ml using heamocytometer.
Cucumber leaves were dipped in spore
suspensions for 5 minutes while leaves dipped in
sterile distilled water served as the control. Both
inoculated and control treatments were incubated
for 7 days at room temperature for disease
development. To fulfil Koch’s postulate, re-
isolation of the pathogenic fungus was done and
compared with the original isolate.

2.4 PCR-based Assay for the
Identification of F. oxysporum

Genomic DNA was extracted from 72 h broth
culture of F. oxysporum using Zymo Research
(ZR) fungal/bacterial DNA MiniPrepTM kit. The
total DNA extracted from F. oxysporum was used
as template in polymerase chain reaction (PCR)
using primers, Forward (5`- ATG GGT AAG GAA
GAC AAG AC -3`) and Reverse (5`- GGA GGT
ACC AGT GAT CAT GTT -3`), which have been
designed to amplify approximately 700bp from
the translational elongation factor (TEF) gene
region of F. oxysporum [16].

2.5 Dual Culture of Fusarium oxysporum
and Trichoderma longibrachiatum

The identified F. oxysporum was co-cultured on
duplicate plates of PDA with the T.
longibrachiatum NGJ167 (Rifai) obtained
from IITA, Ibadan in order to determine the
biocontrol ability of T. longibrachiatum. This was
achieved by preparing conidial suspension of

T. longibrachiatum NGJ167 and 1.0 ml (106

microconidia/ml) of this suspension was put into
a sterile Petri-dish. Molten PDA (45 ºC) was
poured into the plate. The plate was swirled to
ensure the mixing of T. longibrachiatum NGJ167
and the agar. After the agar had solidified, 1.0 ml
(106 microconidia/ml) of F. oxysporum conidial
suspension was inoculated into the plate and a
sterile glass spreader was used to spread the
pathogen on the surface of the plate.

2.6 Soil Treatment and Planting
Operations

The experiment was conducted both on the field
and in the screenhouse. The screenhouse
experiment was conducted between July, 2012
and September, 2012. The top soil for planting
was collected from a depth of 3-5cm with a
disinfected hand trowel. The soil was sterilized at
100ºC for 3 h to eliminate pathogenic
microorganisms. Mycelial plugs from actively
growing Trichoderma longibrachiatum NGJ167
on Potato dextrose agar (PDA) were inoculated
into the soil and treatments were carried out as
follows: (i) seedlings and T. longibrachiatum in
the same 3 cm deep hole (T1) (ii) seedlings in 3
cm deep hole with T. longibrachiatum placed 3
cm below the seedlings (T2) (iii) seedlings in 3
cm deep hole with T. longibrachiatum placed on
one side of the seedlings (T3) (iv) seedlings in 3
cm deep hole with T. longibrachiatum placed 3
cm on both sides of the seedlings (T4) (v)
seedlings in 3 cm deep hole with agar plug of
PDA without T. longibrachiatum (control). In the
screenhouse, two weeks after the treatment, 100
ml spore suspension (108 cfuml-1) from 8-day old
F. oxysporum culture was used to inoculate the
soil in which the treated seedlings and the control
were grown. However, F. oxysporum was not
inoculated into the soil on the field; natural
infection was allowed to set in. Plants were
watered regularly. The first data was taken two
weeks after pathogen inoculation and afterwards
data were at 2 weeks interval on fungal incidence,
severity and fruit weight.

2.7 Field Experiment

The field experiment was conducted at the
vegetable field of National Horticultural Research
Institute, Ibadan, Nigeria (Latitude 70 54’N, and
Longitude 30 54’E, 213 meters above the sea
level) between October and December, 2013.
Ibadan is in the rain forest-savanna transition
ecosystem of South-West Nigeria. Randomized
complete block design (RCBD) was used for the
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field experiment. The randomization was
generated on the computer using random table
generator. There were four replicates and each
replicate represented a block. In each block there
were 5 treatments as stated above and each
treatment represented a plot. For the two
varieties, each plot was separated from the
adjacent one by a distance of 1 m while plants
within each plot were spaced 50 cm x 75 cm.
Similar data taken in the screenhouse were also
taken on the field.

2.8 Measurement of Disease Incidence

Disease incidence was estimated by counting the
number of symptomatic plants and expressing it
as a percentage of the total plants sampled.
Recording of disease incidence was carried out 4
weeks after transplanting (WAT). The incidence
of F. oxysporum wilt disease was recorded by
visual symptom observation such as necrosis,
wilting and plant death characteristic of the
infection. The visible symptoms of the disease
were critically observed and the infected plants
were identified according to Givord et al. [17].
Disease incidence was estimated by counting the
number of symptomatic plants and expressed as
a percentage of the total plants sampled.

2.9 Measurement of Disease Severity

Disease severity was assessed using a 1–5
scoring scale, where (1= no visible symptoms; 2=
symptoms on less than 25% of the plant; 3=
symptoms cover 50% leaf area; 4= symptoms on
entire leaf area and 5= stunting, deformation and
death of plant [18]. This was carried out at 4
weeks after planting (WAT).

2.10 Measurement of Fruit Weight

The effect of the different treatments on fruit
weight was determined by using a sensitive
weighing balance (Mettler Toledo) to determine
the weight of fruits in grams (g).

2.11 Evaluation of Cucumber for the
Presence of Trichoderma
longibrachiatum (Rifai)  Genes

The extraction of T. longibrachiatum DNAs from
cucumber fruits was achieved by using the
cetyltrimethylammonium bromide (CTAB)
procedure as described by Abarshi et al. [19].
The total DNAs extracted from the fruits were
used as templates in PCR using the following
universal PCR primers: Forward (5`- TCC GTA

GGT GAA CCT GCG G -3`) and Reverse (TCC
TCC GCT TAT TGA TAT GC -3`) [20] for the
amplification of the internal transcribed spacer
(ITS1 and ITS2) regions of T. longibrachiatum
[20].

2.12 Statistical Analyses

Data obtained were subjected to Analysis of
Variance (ANOVA) using the Statistical Package
for Social Scientists (SPSS) version 16.0 and
means were compared using Duncan’s Multiple
Range Test at P<0.05.

3. RESULTS

3.1 Characteristics of Isolated Fusarium
oxysporum

Mixed fungal culture was obtained during the
isolation of F. oxyporum. The fungi that were
present in the mixed culture include Fusarium
oxysporum, Aspergillus niger, A. flavus,
Penicillium chrysogenum, P. notatum and
Rhizopus spp. The 5-day old pure culture of F.
oxysporum obtained from the mixed fungal
culture revealed that the colonies had pink colour
with cottony surface texture. The reverse side of
the agar had pink pigmentation. The colony
margin was smooth with semi raised elevation
(Fig. 1). The morphological characteristics
revealed that the hyphae were septate. They had
conidiophores which were not well differentiated
from the hyphae. Both macro- and micro-conidia
were present. They had brown chlamydospores
which were solitary (Fig. 2). The isolate was
identified as Fusarium oxysporum after further
identification using PCR.

3.2 Pathogenicity Test

When the isolated F. oxysporum was inoculated
into cucumber leaves, necrotic lesions were
observed indicating the presence of F.
oxysporum in the plant. However, the cucumber
leaves inoculated with sterile distilled water did
not show any symptom.

3.3 PCR-based Assay for the
Identification of F. oxysporum

The gel electrophoresis result of the F.
oxysporum Translation Elongation Factor (TEF)
gene showed that the gene responsible for
Fusarium wilt disease in plants was extracted
from the isolate identified as F. oxysporum. The
PCR amplification product of the TEF gene gave
a product size of 650 bp (Fig. 3).
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Fig. 1. Pure culture of Fusarium oxysporum
on Potato Dextrose Agar

Fig. 2. Micrograph of Fusarium oxysporum
showing the spores

Fig. 3. Agarose gel electrophoresis of PCR
products of the TEF gene in F. oxysporum
using species-specific primer Lane 1; DNA
sizer marker; Lane 2; F. oxysporum band

3.4 Dual culture of Fusarium oxysporum
and Trichoderma longibrachiatum

The antagonistic T. longibrachiatum suspension
was able to grow faster than Fusarium
oxysporum and made contact with colonies of F.
oxysporum after 48 h of co-culturing.

Trichoderma longibrachiatum overgrew colonies
of the pathogen and formed green clusters on F.
oxysporum (Fig. 4).

Fig. 4. Dual culture of Trichoderma
longibrachiatum and Fusarium oxysporum

3.5 Incidence of Fusarium oxysporum in
Cucumber Grown in the
Screenhouse

The control of the Ashley cucumber had the
highest incidence of 68.33% while T2 had a
value of 53.37% and the lowest incidence in
Ashley was recorded in T1 with a value of
38.58%. However, 63% was the highest
incidence recorded for the Marketmoor cucumber
and this value was from the control plant. In the
T. longibrachiatum-treated Marketmoor
cucumber, T2 had an incidence value of 44.29%
while it was less in T4 with a value of 25% (Fig.
5).

3.6 Severity of Fusarium oxysporum in
Cucumber Grown in the Screenhouse

The control of Ashley had a severity score of 4
indicating that the plants were severely infected
with F. oxysporum while the T. longibrachiatum-
treated plants were moderately infected with
severity score of 2. With the exception of T1
which had a score of 3. The severity of infection
of F. oxysporum on the control of Marketmoor
was high with a score of 4.5 which indicated that
the plants had combinations of leaf yellowing,
necrosis and wilting.  The T. longibrachiatum-
treated Marketmoor had severity scores which
varied from 2.5 to 3 with T1 and T4 having the
least score (Fig. 6).
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Fig. 5. Incidence of Fusarium oxysporum infected cucumber grown in the screenhouse
For each variety, bars sharing the same letter are not significantly different according to the Duncan multiple

range test (P ≤ 0.05).
C- control; T1- seedling and T. longibrachiatum in the same 3 cm deep hole; T2- seedling in 3 cm deep hole with
T. longibrachiatum placed 3 cm below the seedlings; T3- seedling in 3 cm deep hole with T. longibrachiatum on
one side of the seedlings; T4- seedling in 3 cm deep hole with T. longibrachiatum on both sides of the seedlings.

Fig. 6. Severity of Fusarium oxysporum infected cucumber grown in the screenhouse
For each variety, bars sharing the same letter are not significantly different according to the Duncan multiple

range test (P ≤ 0.05).
C- control; T1- seedling and T. longibrachiatum in the same 3 cm deep hole; T2- seedling in 3 cm deep hole with
T. longibrachiatum placed 3 cm below the seedlings; T3- seedling in 3cm deep hole with T. longibrachiatum on

one side of the seedlings; T4- seedling in 3 cm deep hole with T. longibrachiatum on both sides of the seedlings.

3.7 Incidence of Fusarium oxysporum
Infected Cucumber Grown on the
Field

The incidence of F. oxysporum in the control of
Ashley cucumber was 63% and this was highest

incidence. Of all the T. longibrachiatum-treated
Ashley cucumber, T2 had an incidence of 50%
while T4 had an incidence of 40.95% (Fig. 7).
The result obtained from Marketmoor cucumber
revealed that 53.3% of the control plants were
susceptible to Fusarium wilt infection.
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The infection of the T. longibrachiatum-treated
Marketmoor cucumber ranged between 18.3%
and 26.7% (Fig. 7).

3.8 Severity of Fusarium oxysporum
Infected Cucumber Grown on the
Field

The severity of F. oxysporum in the control of
Ashley cucumber was 3.33 which was the
highest while the least score was 1.33 by T4. In
Marketmoor cucumber, the control had a severity
score of 3. Apart from T2 which had a severity
score of 2, the other T. longibrachiatum-treated
plants had severity score of 2.33 (Fig. 8).

3.9 Effect of Fusarium oxysporum and
Trichoderma longibrachiatum on Fruit
Weight of Cucumber Varieties

The control of Ashley cucumber variety grown in
the screenhouse had mean fruit weight value of
75 g which was significantly different (P < 0.05)
from the mean values of the T. longibrachiatum-
treated plants. Treatments T1 and T2 had the
highest significant values of 201 g and 190 g
respectively followed by T4 and then T3.
Similarly, the control of Marketmoor cucumber
grown in the screenhouse had the least
significant fruit weight value of 133.33 g while the

treated plants had higher values with T2 having
the highest value of 200 g (Table 1).

The fruit weights of Ashley cucumber grown on
the field showed that the control had the least
fruit weight of 76.67 g. The fruit weights of the T.
longibrachiatum-treated Ashley were not
significantly different at (P < 0.05) with mean
values ranging between 120 g and 128.33 g,
except T2, which had an average fruit weight of
106.67 g. The highest significant fruit weight of
Marketmoor cucumber grown on the field was
observed in T2 with an average weight of 220 g
while the least weight of 120.6 g was observed in
the control (Table 1).

3.10 Evaluation of Plants for the
Presence of Trichoderma
longibrachiatum (Rifai) Genes

The result of the agarose gel electrophoresis
indicated that T. longibrachiatum DNAs were not
present in the plant materials (Fig. 9). This
implies that T. longibrachiatum-treated crops are
safe for consumption.

4. DISCUSSION

In this study, Fusarium oxysporum was isolated
from the rhizosphere of cucumber plant. The
presence of this pathogen in the soil can be

Fig. 7. Incidence of Fusarium oxysporum infected cucumber grown on the field
For each variety, bars sharing the same letter are not significantly different according to the Duncan multiple

range test (P ≤ 0.05).
C- control; T1- seedling and T. longibrachiatum in the same 3 cm deep hole; T2- seedling in 3 cm deep hole with
T. longibrachiatum placed 3 cm below the seedlings; T3- seedling in 3cm deep hole with T. longibrachiatum on

one side of the seedlings; T4- seedling in 3 cm deep hole with T. longibrachiatum on both sides of the seedlings.
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Fig. 8. Severity of Fusarium oxysporum infected cucumber grown on the field
For each variety, bars sharing the same letter are not significantly different according to the Duncan multiple

range test (P ≤ 0.05)
C- control; T1- seedling and T. longibrachiatum in the same 3 cm deep hole; T2- seedling in 3 cm deep hole with
T. longibrachiatum placed 3 cm below the seedlings; T3- seedling in 3cm deep hole with T. longibrachiatum on

one side of the seedlings; T4- seedling in 3 cm deep hole with T. longibrachiatum on both sides of the seedlings.

Table 1. Effect of Fusarium oxysporum and Trichoderma longibrachiatum on the fruit weight of
cucumber varieties

Treatment Screenhouse cucumber Field cucumber
Weight of ashley
(g)

Weight of
marketmoor (g)

Weight of ashley
(g)

Weight of
marketmoor (g)

Control 75.00±  5.00d 133.33± 16.67b 76.67± 8.82b 120.60± 25.14b

T1 201.00± 1.53a 193.90± 26.10ab 128.33± 12.41a 168.30± 16.92ab

T2 190.00± 10.00a 200.00± 17.32a 106.67± 13.02ab 220.00± 28.16a

T3 100.00± 0.00c 160.00± 5.77ab 126.67± 17.64a 176.67± 14.53ab

T4 124.67± 12.78b 195.00± 13.23ab 120.00±  7.64a 141.66± 10.14b

Means ± S.E.M followed by the same letter along the column are not significantly different (P < 0.05) according to
Duncan’s Multiple Range Test.

T1- seedling and Trichoderma in the same 3 cm deep hole; T2- seedling in 3 cm deep hole with Trichoderma put
3 cm below the seedlings; T3- seedling in 3 cm deep hole with Trichoderma put 3 cm below the seedlings and in
other 3 cm hole on one side of the seedlings; T4- seedling in 3 cm deep hole with Trichoderma placed in hole 3

cm below and 3cm on both sides of the seedlings.

linked to the fact that plant rhizospheres are rich
in photosynthates which are utilized by
microorganisms. There are several studies on
the isolation of F. oxysporum from agricultural
soils. Leslie and Summerell [21] reported that the
genus Fusarium is a ubiquitous soil saprophyte
and has been isolated from debris and roots,
stems and seeds of a wide variety of plants.

The pathogenicity tests carried out between F.
oxysporum and cucumber revealed that Koch’s
postulate was established. This is because of
the necrotic lesions and yellowing induced on the
healthy plant after inoculation with F. oxysporum.
Boughalleb and El Mahjoub [22]

confirmed Koch’s postulate by re-isolating
F. oxysporum from watermelon seed and
confirming it to be responsible for vascular wilt of
the seedlings.

The genomic DNA extracted from the
morphologically identified F. oxysporum was
identified to be F. oxysporum using PCR. The
result obtained proved that the primer pair
allowed a fast, reliable and specific identification
of Fusarium oxysporum isolate and could be
suitable for early diagnosis of Fusarium wilt of in
soil. The use of species specific primers for the
identification of Fusarium species has been
described in many literatures [23,24].
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Fig. 9. Agarose gel electrophoresis of PCR
products of the ITS1 and ITS2 genes of T.
longibrachiatum using universal primer to

detect the presence of T. longibrachiatum in
cucumber fruits

Lane 1=DNA sizer marker, Lane 2= T1- seedling and
Trichoderma longibrachiatum in the same 3 cm deep

hole; Lane 3=T2- seedling in 3 cm deep hole with
Trichoderma longibrachiatum put 3 cm below the

seedlings; Lane 4=T3- seedling in 3 cm deep hole with
Trichoderma longibrachiatum placed on one side of

the seedlings; Lane 5=T4- seedling in 3 cm deep hole
with Trichoderma longibrachiatum placed on both

sides of the seedlings; Lane 6=control

When T. longibrachiatum cell suspension was
grown in dual culture with F. oxysporum, the
growth of the pathogen was inhibited by T.
longibrachiatum. This could be attributed to the
antagonistic ability of T. longibrachiatum, thereby
inhibiting the growth of F. oxysporum. Also,
competition between the two microorganisms for
space and nutrients could be responsible for the
growth inhibition of the pathogen. Viterbo et al.
[25] reported that T. harzianum IT-35 was able to
control Fusarium species on various crops via
competition for nutrients and rhizosphere
colonization.

The incidence and severity of F. oxysporum were
reduced in the T. longibrachiatum NGJ167-
inoculated cucumber plants when compared with
the control plants. This could be attributed to the
ability of Trichoderma species to induce systemic
resistance in plants. It is well documented that
the interaction of Trichoderma strains with the
plant may promote growth, improves crop yield,
increase nutrient availability and enhance
disease resistance [26]. Smolińska et al. [27] in
their experiments conducted in a greenhouse
reported that T. harzianum strain PBG decreased
incidence of damping-off of cucumber caused by
R. solani.

The fruit weights were higher in the T.
longibrachiatum NGJ167-inoculated cucumber

plants. This is because Trichoderma species was
able to increase nutrient uptake in roots through
maximum exploitation of soils. This conforms to
the report of Altintas and Bal [28] who stated that
T. harzianum significantly increased yield both in
leafy vegetable crops and fruit bearing
vegetables such as cucumbers. Moreso, Harman
[29] demonstrated that Trichoderma increased
root development and crop yield, the proliferation
of secondary roots, and seedling fresh weight
and foliar area.

The result on the safety of T. longibrachiatum-
treated food showed that T. longibrachiatum was
not present in the cucumber fruits obtained from
the T. longibrachiatum-treated crops. The reason
for this is that Trichoderma was not transported
to the aerial parts of the plant. It was the
hormones and chemicals that were
communicated to the aerial parts. Benitez et al.
[26] reported that the use of microorganisms that
antagonize plant pathogens (biological control) is
risk-free when it results in enhancement of
resident antagonists.

5. CONCLUSION

The use of T. longibrachiatum as a biocontrol
agent is promising in agricultural setting as it
increases crop yield and improves plant health
with no adverse effect on the environment and
the consumers at large. The use of biocontrol
agents should be a suitable alternative because
of the adverse effects associated with chemical
control agents.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Best K. Adaptation of cabbage varieties.
ARP training reports. AVRDC-AFRICA.
Regional Programme, Arusha, Tanzania.
2000;10.

2. United States Department of Agriculture,
agricultural research service, Nutrient data
laboratory. USDA National Nutrient
Database for Standard Reference, 2014;
Release 27.128.

3. Lebeda A, Ryder EJ, Grube R, DoleŽalovÁ
I, KŘÍstkovÁ E. Lettuce (Asteraceae;
Lactuca spp.). In: Singh RJ (ed.), Genetic
Resources, chromosome engineering, and
crop improvement, vol. 3, vegetable crops.



Kareem et al.; BMRJ, 16(5): 1-11, 2016; Article no.BMRJ.28208

10

Boca Raton, CRC Press, Tailor and
Francis Group. 2007;377-472.

4. Liu B, Zhu YQ, Zhou HT, Zhang SQ, Xie
GL, Zhang SS. Advances in crop wilt
disease. Journal of Xiamen University (in
Chinese). 2004;43:47-58.

5. Martinez R, Aguilar MI, Guirado ML,
Alvarez A, Gomez J. First report of
Fusarium wilt of cucumber caused by
Fusarium oxysporum in Spain. Plant
Pathology. 2003;52(3):410.

6. Yang XH, Lu GZ, Zhao ZH, Liu LL, Yao
XM. Isolation and identification of Fusarium
species from cucumber wilt diseased
plants in vegetable greenhouses in
northeastern China. Journal of Shenyang
Agricultural University. 2007;38(3):308-
311.

7. Li J, Yang Q, Zhang SM, Wang YX, Zhao
XY. Evaluation of biocontrol efficiency and
security of a Bacillus subtilis strain B29
against cucumber Fusarium wilt in field.
China Vegetables. 2009;2:30-33.

8. Celetti M. Fusarium wilt in cucumber; 2007.
Accessed; 18 Sep 2014.
Available:http://www.omafra.gov.on.ca/eng
lish/crops/hort/news/vegnews/2007/vg0907
a4.htm.

9. Zhang SS, Raza W, Yang XM, Hu J,
Huang QW, Xu YC, et al. Control of
Fusarium wilt disease of cucumber plants
with the application of a bioorganic fertilizer.
Biology and Fertility of Soils. 2008;
44(8):1073-1080.

10. Chen LH, Huang QX, Zhang FG, Zhao DK,
Yang XM, Shen QR. Application of
Trichoderma harzianum SQR-T037 bio-
organic fertilizer significantly controls
Fusarium wilt and affects the microbial
communities of continuously cropped soil
of cucumber. Journal of Science and Food
Agriculture. 2012;92:2415-2470.

11. De Cal A, Sztejnberg A, Sabuquillo P,
Melgarejo P. Management of Fusarium wilt
on melon and watermelon by Penicillium
oxalicum. Biological Control. 2009;51:480-
486.

12. Zhao S, Du CM, Tian CY. Suppression of
Fusarium oxysporum and induced
resistance of plants involved in the
biocontrol of cucumber Fusarium wilt
Strptomyces bikiniensis HD-087. World
Journal of Microbiology and Biotechnology.
2012;28:2919-2927.

13. Chen F, Wang M, Zhang Y, Luo JM, Yang
XL, Wang X. Quantitative changes of plant
defense enzymes and phytohormone in

biocontrol of cucumber Fusarium wilt by
Bacillus subtilis B579. World Journal of
Microbiology and Biotechnology. 2010;
26:675-684.

14. Harman GE, Howell CR, Viterbo A, Chet I,
Lorito M. Trichoderma species-
opportunistic avirulent plant symbionts.
Nature Reviews Microbiology. 2004;2:43-
56.

15. Marlatt ML, Correll JC, Kaufmann P. Two
genetically distinct populations of Fusarium
oxysporum f. sp. lycopersici Race 3 in the
United States. Plant Disease. 1996;80:
1336-1342.

16. Geiser DM, del Mar Jimenez-Gasco M,
Kang S, Makalowska I, Veerarahavan N,
Ward TJ, et al. Fusarium-ID v. 1.0: a DNA
sequence database for identifying
Fusarium. European Journal on Plant
Pathology. 2004;110:473-479.

17. Givord L, Pfeiffler P, Hirth L. A new virus of
the turnip yellow mosaic group: Okra
(Hibiscus esculentus L.) mosaic virus.
University noueau virus dunavet: Le virus
de La mosaque due gombo (Hibiscus
esculentus L.) comptes Rendus
Hebdomadaire, des science de I.
Academic Desses Science. 1972;
275:1563-1566.

18. Kumar L. Methods for the diagnosis of
plant virus diseases, Laboratory Manual,
IITA. 2009;94.

19. Abarshi MM, Mohammed IU, Wasswa P,
Hillocks RJ, Holt J, Legg JP, et al.
Optimization of diagnostic RT-PCR
protocols and sampling procedures for the
reliable and cost-effective detection of
Cassava brown streak virus. Journal of
Virological Methods. 2010;163:353-359.

20. Freeman S, Minz D, Jurkevitch E, Maymon
M, Shabi E. Molecular analyses of
Colletotrichum species from almond and
other fruits. Phytopathology. 2000;90:608-
614.

21. Leslie J, Summerell BA. The Fusarium
Laboratory Manual. In: Practical
Approaches to Identification. Blackwell.
2006;11:101-110.

22. Boughalleb N, El Mahjoub M. In-vitro
determination of Fusarium spp. infection
on watermelon seeds and their localization.
Plant Pathology Journal. 2006;5:178-182.

23. Hussain MZ, Rahman M, Islam MN, Latif
M, Bashar M. Morphological and molecular
identification of Fusarium oxysporum Sch.
isolated from guava wilt in Bangladesh.



Kareem et al.; BMRJ, 16(5): 1-11, 2016; Article no.BMRJ.28208

11

Bangladesh Journal of Botany. 2012;
41(1):49-54.

24. Hafizi R, Salleh B, Latiffah Z.
Morphological and molecular
characterization of Fusarium solani and F.
oxysporum associated with crown disease
of oil palm. Brazilian Journal of
Microbiology. 2013;44(3):959-968.

25. Viterbo A, Inbar J, Hadar Y, Chet I. Plant
disease biocontrol and induced  resistance
via fungal mycoparasites. In: Kubicek CP,
Druzhinina IS, editors. Environmental and
Microbial Relationships, 2nd ed. The
Mycota IV Springer-Verlag Berlin
Heidelberg. 2007;127-146.

26. Benítez T, Rincón MA, Limón MC, Codón
CA. Biocontrol mechanisms of

Trichoderma strains. International
Microbiology. 2004;7:249-260.

27. Smolińska U, Kowalska B, Oskiera M. The
effectivity of Trichoderma strains in the
protection of cucumber and lettuce against
Rhizoctonia solani. Vegetable Crops
Research Bulletin. 2007;67:81-93.

28. Altintas S, Bal U. Application of
Trichoderma harzianum increases yield in
cucumber (Cucumis sativus) grown in an
unheated glasshouse. Journal of Applied
Horticulture. 2005;7:25-28.

29. Harman GE. Myths and dogmas of
biocontrol: Changes in perceptions derived
from research on Trichoderma harzianum
T-22. Plant Disease. 2000;84:377-393.

_________________________________________________________________________________
© 2016 Kareem et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://sciencedomain.org/review-history/15949


