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ABSTRACT

Biological control is considered an important approach in the recent years for controlling
many plant diseases. Trichoderma spp. is a unique genus with a wide range of activity against
most important plant pathogens. In this investigation, we have evaluated antagonism of four
species of Trichoderma (T. album, T. asperellum, T. hamatum and T. koningii) against root-
knot nematode (Meloidogyne javanica) and Fusarium wilt disease (Fusarium oxysporum f.
sp. cucumerinum) on cucumber plant at two locations (Giza and Sakha) under greenhouse
conditions. Effect of Trichoderma on disease severity of F. oxysporum f. sp. cucumerinum
and mortality of M. javanica (J2) were examined under laboratory conditions. Results indicate
that all tested Trichderma spp. inhibited the mycelial growth of F. oxysporum f. sp.
cucumerinum and gave high mortality % of M. javanica juveniles in vitro. The best antifungal
activity was shown by T. album and T. hamatum against cucumber wilt pathogen. After 24
hours, T. hamatum and T. album had almost 100% nematode mortality. Under greenhouse
conditions, a significant enhancement was found in growth parameters of cucumber treated
with T. album and T. hamatum at two locations. The application of T. hamatum to soil
infected with F. oxysporum and M. javanica resulted in the highest antagonistic effect at Giza
location. All treatments caused a reduction in final population density of M. javanica whether
in the presence of Fusarium or not. At Giza location, the treatment utilizing T. album were
shown to be the most effective in lowering the total number of galls and egg masses on
cucumber roots infected with nematodes. However, in the presence of Fusarium fungus +
nematodes, T. hamatum was the best treatment. At Sakha location, no significant differences
were observed among Trichoderma spp. when nematodes and fungus were used together. T.
koningii with nematode only resulted in a lower number of egg masses. Most treatments were
more effective in reducing M. javanica reproduction factor (RF) when the nematode was
present alone. In both sites, the highest increase in chitinase activity was recorded with
treatment by T. hamatum and Fusarium.

Keywords: Fusarium oxysporum f. sp. cucumerinum; Meloidogyne javanica; Cucumber;
Trichoderma spp., Biological control.

INTRODUCTION

Cucumber (Cucumis sativus L), one of the most significant and commercial crops, is
grown both in open fields and in greenhouses. Cucumber is openly produced in Egypt
in about 10,776 acres, yielding about 99,781 tonnes of fruit, whereas cucumber is
cultivated in greenhouses in about 36,356 acres, yielding about 193,372 tonnes of fruit
(FAOSTAT, 2018). Root-knot nematodes, Meloidogyne spp., are a costly pest that
threatens all types of economic crops around the world (Hussain et al., 2011). These
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nematode species frequently cause damage to tropical and subtropical vegetable crops
(Mukhtar et al., 2013). Meloidogyne arenaria, M. javanica, M. incognita and M.
hapla are the most frequent root-knot nematode species. They can bring about major
economic losses in a number of agricultural crops (Khalil, 2013; Sulaiman and
Shireen, 2020). Cucumber is susceptible to a variety of injuries, primarily caused by
root-knot nematodes (Meloidgyne spp.) and a variety of fungal infections, at all stages
of development, resulting in a significant reduction in the number of cucumber plants
per area and/or yield per plant. The wilt disease caused by the fungal pathogen
Fusarium oxysporum (Schlechtend.:Fr.) f. sp. cucumerinum (Owen) Snyder & Hansen
(FOC) is listed as the most aggressive soil-borne diseases of cucumber (Armstrong
and Armstrong, 1978), causes a very harmful and severe economic damage on
cucumber crops in various regions around the world, including Spain, Canada,
Thailand, China, Japan, England and Greece (Martinez et al., 2003; Vakalounakis et
al.,, 2004 and Afifi, et al.,2017). Phytonematodes can be interacting with other
pathogen in soil. As a result for interaction mode, synergistic and disease severity or
antagonism can be caused. Root-knot nematode and the Fusarium disease complex
are the most damaging or well-known pests in horticultural crops, causing significant
losses all over the world (Akhtar et al., 2005 and Hadian et al., 2011). Synergistic
interaction between Fusarium spp. and Meloidogyne spp. on cucumber increases
disease severity (Patil et al., 2018 and Vijayashanthi et al., 2020).

Therefore, controlling plant-parasitic nematodes and soil-borne diseases is a major
global concern. Managing root-knot nematodes and soil-borne fungi is a major
challenge for playhouse growers all over the world. Several agricultural techniques
have been tested against Meloidogyne spp. (Collange et al., 2011) and Fusarium
oxysporum (Armstrong and Armstrong, 1978). However, these procedures are not
reliable, economical, safe, and harmless to the non-targets. As a result, management
strategies should target the Fusarium wilt disease as well as the root-knot nematodes.
Controlling root-knot nematodes with nematicides is a practical strategy (Giacometti
et al., 2010 and Nicolopoulou-Stamati et al., 2016). Meloidogyne spp. has been
chemically regulated to an economic threshold level. However, due to the
environmental contamination created by the usage of nematicides and the resulting
hazards, attempts have been made to develop alternate nematode management
strategies (Pest Control Products Board. 2017). One feasible alternative to the use of
nematicides is the use of biological control agents (Dutta and Thakur, 2017; Patil et
al., 2021).

Trichoderma is the most extensively grown fungus, which can be found in any soil
(Harman et al., 2004a). Among the plant growth-promoting fungi, Trichoderma
species are probably the most commonly used microorganisms for agricultural crop
promotion (Abdelrahman et al., 2016 and Jogaiah et al., 2013). These species are
well-known for their capacity to inhibit a variety of soil-borne fungal and nematode
diseases, whether in the greenhouse or the open field. Trichoderma spp. is extensively
used to combat plant diseases, particularly nematodes. According to Windham et al.
(1989), egg production of root-knot nematode was reduced after soil treatment with a
Trichoderma spp. conidial solution. Trichoderma spp. can colonize root surfaces and
cortex, as well as promote plant growth (Sharon et al., 2001). Trichoderma harzianum
confers systemic resistance to root-knot nematode invasion (Naserinasab et al., 2011)
and plant diseases (Harman et al., 2008). In mycoparasitism, Trichoderma spp.
prevented root-knot nematode eggs from hatching by releasing fungal metabolites, but
T. viride and T. harzianum removed gravid females by producing hydrolytic enzymes
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(Jegathambigai et al.,, 2011). Trichoderma harzianum was antagonistic to
Phytophthora infestans in dual culture (Kerroum et al.,, 2015), inhibited
Macrophomina phaseolina and F. oxysporum f. sp. lycopersici (Javaid et al., 2014),
and reduced F. graminearum mycelial growth (Foroutan, 2013). It also inhibited the
growth of F. oxysporum f. sp. lycopersici in vitro and effectively repressed it in a
greenhouse setting (Selvakumar et al., 2014). Trichoderma species can use a variety
of actions to achieve their goals (lbrahim et al., 2020), including parasitism,
metabolite production (antifungal compounds and antibiotics), and the creation of
polymers and protein degrading enzymes (glucanases, chitinases, and proteases).
Furthermore, these fungi can boost plant growth (through phytohormone production)
and induce systemic disease resistance, making their application in agricultural
settings even more intriguing (Monte et al., 2019).

The purpose of this study was to compare the effects of four Trichoderma spp. in
reducing M. javanica and F. oxysporum f. sp. cucumerinum, which infect cucumber
plants, as well as their effects on plant growth under greenhouse conditions at two
different locations.

MATERIALS AND METHODS

Plant materials
In this investigation, cucumber cv. Merag was employed. Seeds were procured from
Egypt's Agricultural Research Centre, Horticultural Research Institute.

Source of nematode inoculum

Eggs of the root-knot nematode (M. javanica) were extracted from heavily galled
tomato roots cv. Super Strain taken from a tomato-cultured greenhouse. After being
cleaned with tap water, galled roots were sliced into 1 cm pieces. Sodium
hypochlorite (NaOCI) was employed to separate eggs from their gelatinous matrix,
according to Hussey and Barker (1973). After being agitated violently for 3 minutes,
the suspension was completely washed with tap water through a sieve combination
(60 and 400 mesh) to eliminate the NaOCI. Eggs were collected on a 400 mesh sieve,
rinsed in tap water, and incubated for three days in a beaker. The newly hatched
juveniles (J2s) were collected. The number of juveniles per milliliter was calculated.

Source of cucumber wilt pathogen, F. oxysporum f. sp. cucumerinum (FOC) and
inoculum preparation

The cucumber wilt pathogen F. oxysporum f. sp. cucumerinum (FOC) isolate utilized
in this study was sourced from the Vegetable Diseases Research Department, Plant
Pathology Research Institute, Agricultural Research Centre, Giza, Egypt. (GenBank
accession No. KT461496). For greenhouse experiments, FOC spore suspension was
produced according to Markakis et al. (2016). Conidia were created by culturing the
pathogen in potato dextrose broth (PDB) for 7 days at 160 rpm and 25°C in the dark
in a rotary incubator. The conidia were then, extracted by filtration through three
layers of cheesecloth and centrifuged for 10 minutes at 3,000 g. Spores were re-
suspended in sterile distilled water, with a concentration of 1x10’conidia/ml.

Inoculum preparation of Trichoderma species:

Four different species of Trichoderma were used: T. album, T. asperellum, T.
hamatum and T. koningii which were all procured from the Vegetable Diseases
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Research Department, Plant Pathology Research Institute, Agricultural Research
Centre, Giza, Egypt. All species were grown and kept at 25°C in an incubator on a
PDA medium. Mycelial plugs of any investigated species of Trichoderma growing on
PDA were collected four days after incubation using a cork borer (0.5-cm diameter)
and transferred to Czapix's Dox broth (Allen, 1950) in a flask 500 ml. The flasks were
incubated for 7-10 days at 25°C in a shaking incubator.

In vitro evaluation of Trichoderma species against:

A- Root-knot nematode, M. javanica.

At three concentrations (1x10°, 2x10°, and 4x10°) of the used spore suspension, four
species of Trichoderma were evaluated against root-knot nematode, M. javanica. One
ml of each strain was transferred to one hundred freshly hatched M. javanica juveniles
(J2s) in vials. Each treatment was repeated five times. Five vials of nematodes only
were left without treatment as a control, following Demeure and Freckman's approach
(1981). The fatality percentages for each concentration were calculated after 24, 48,
and 72 hours at 25+2°C. The following formula was used to compute the revised
mortality percentages (Schneider and Orelli1947)

Number of dead juveniles in treatment— Number of dead juveniles in controly

Nematode mortality % = ( )x100

100 -Number of dead juveniles in control

B —Fusarium wilt disease, F. oxysporum f. sp. cucumerinum

This experiment employed pure cultures of F. oxysporum f. sp. cucumerinum and four
Trichoderma species that were seven days-old. Five mm discs were taken from each
species and placed in fresh Petri plates (9-cm in diameter) with PDA medium and
grown in the dark at 25£2°C for the in vitro test. To measure linear growth of the
studied Trichoderma spp. against F. oxysporum f. sp. cucumerinum, the confronting
method was utilized. Two discs, one from the pathogen and the other from the bio-
agent, were placed 7 cm apart in each Petri dish. The following formula was used to
compute pathogen reduction (inhibition) percentages:

The linear growth in control freatment — The linear growth of treated fungus
Fungal inhibition % = ( )x’l[][l

The linear growth in control treatment

In vivo evaluation of Trichoderma species in greenhouse

Spore suspension concentration (4X10°) of four Trichoderma species was prepared to
measure their effect on F. oxysporum. f. sp. cucumerinum (FOC) and M. javanica-
second stage juveniles (J2s) parasitizing cucumber plant under greenhouse conditions
during spring season 2021 in two different locations, Giza and Sakha. Three seedlings
of cucumber cv. Merag were planted in 20- cm diameter plastic pots containing a 3 kg
mixture of clay and sandy soils (1:1 w/w). After two weeks, the cucumber seedlings
were inoculated with 1000 newly hatched juveniles (J2s) of M. javanica for each 1kg
soil, so each pot contained 3000 newly hatched M. javanica (J2) and FOC spores
suspension was added as in Table (1) by drenching pots with 20-ml of 1.0 x 10’
conidia/ml.

A week after inoculation with nematode and Fusarium, Trichoderma spp. were
inoculated. Each Trichoderma species was tested against only fungus, only nematode,
and fungus + nematode inoculation at the same time. The nematicide Oxamyl was
applied at rate of 0.5 g/pot in five pots (replicates) with nematode only. Uniform
(fungicide) was applied at a recommended dose (2 ml/l) in five pots with Fusarium
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only. Another five pots were treated with both Oxamyl and Uniform as well as were
inoculated with nematode and Fusarium. Five inoculated pots by root-knot nematodes
were left without adding any material (Trichoderma spp.). Also, five inoculated pots
by Fusarium were left without adding Trichoderma spp. in addition to other five
replicates of inoculated pots by Fusarium and nematode together were remained
without Trichoderma spp. Five pots with healthy seedlings (without inoculation with
nematodes, Fusarium or any treatments) were served as control. The trial was
repeated twice at Giza governorate (25£4°C) and Sakha county (22+4°C).

Table 1: Various treatments used in the current study

1  F.oxysporum + T. album 2 M. javanica + T. album
3  F.oxysporum + M. javanica + T. aloum 4  F. oxysporum + T. asperellum
5 M. javanica + T. asperellum 6 F.oxysporum + M. javanica + T. asperellum
7  F.oxysporum + T. hamatum 8 M. javanica + T. hamatum
9  F. oxysporum + M. javanica + T. 10 F. oxysporum + T. koningii
hamatum
11 F. oxysporum + T. koningii 12 F. oxysporum + M. javanica + T. koningii
13 F. oxysporum 14 M. javanica
15 F. oxysporum + M. javanica 16 Oxamyl + M. javanica
17 Uniform+ F. oxysporum 18 Oxamyl and Uniform + F. oxysporum + M.

javanica
19 Untreated plant (uninoculated)

All pots were arranged in the greenhouse in a randomized block design. After
sixty days of inoculation by nematode and Fusarium, the plants were harvested.
Juveniles of M. javanica were extracted from one kg soil per pot by sieving and
modified Baermann techniques (Goodey, 1963). According to Byrd et al. (1983),
roots were dyed with acid fuchsine in lactic acid and microscopically inspected for
counting nematode developmental stages and egg masses. Root galls and egg masses
were also recorded using the root gall and egg mass index scales for 0-5 where 0=no
galls, 1=1:2, 2=3:10, 3=11:30, 4=31:100 and 5>100 per root system (Taylor and
Sasser, 1978). In addition, the following formula to compute disease incidence and
severity were used:

100

Number of infected plants
U Disease incidence = ( ]

Total number of plants

According to Liu et al. (1995), disease severity of infected plants was assessed using a
scale rating from 0 to 5 based on leaf wilt symptoms: 0 indicates no symptoms; 1
indicates plants with up to 25% of leaves with symptoms; 2 indicates plants with >25-
50% of leaves with symptoms; 3 indicates plants with >50-75% of leaves with
symptoms; 4 indicates plants with >75-100% of leaves with symptoms; and 5
indicates plants with complete death. The following formula was used to calculate
percentage disease severity:

. . Enr
toDisease severity — (H)xlﬂﬂ

Where n is the number of plants in each category, r represents the rating category, N
represents the total number of plants, and 5 represents the highest rating category.
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Determination of soil chitinase activity

Ten grams of soil around roots in each pot for each treatment were collected and
mixed well (each treatment alone), Twenty grams were taken as a sample from each
treatment in two different locations, Giza and Sakha at the end of experiment, soil
samples allowed to dry at 25°C and stored in the dark at 4°C until used. The chitinase
enzyme activity in soil samples was assayed according to the method described by
Rodriguez-Kabana et al. (1983).

Analytical Statistics
Each experiment was examined separately. Duncan's Multiple Range Test (DMRT)
was used to compare the treatment means (Gomez and Gomez 1984). WASP1 was
employed for the analysis, with the crucial difference set at P < 0.05 and the results
were interpreted.

RESULTS

Trichoderma species efficacy (in vitro):

A-Fusarium oxysporum f. sp. cucumerinum

The findings (Table 2 and Fig. 1) clearly demonstrated that T. album, followed by
T. hamatum, and T. koningii, were the best in terms of influencing the linear growth
development of F. oxysporum f. sp. cucumerinum. Growth of the fungal pathogen was
completely filled the Petri dishes (9- cm diameter) at seven days after inoculation in
check treatment. Petri dishes were left 15 days after inoculation and linear growths
were measured where the same trend of data appeared. For the increase percentage of
liner growth between seven and fifteen days, T. hamatum gave the lowest percentage
of increase (25.75%) followed by T. koningii and T. album (35.65 and 36.86%,
respectively) whereas, T. asperellum gave the highest percentage of increase
(42.81%).

Table 2: Effect of four species of Trichoderma on linear growth of F.
oxysporum f. sp. cucumerinum after 7 and 15 days of exposure in vitro.

Bioagents Linear growth of Fusarium after Increase
7 days 15 days percentage
. R . — of linear

Linear Inhibition Linear Inhibition growth
growth growth

T. album 2572 71.44 4,072 54.78 36.86

T. asperellum 3.30° 63.33 5.77° 35.89 42.81

T. hamatum 2.97° 67.00 4.002 48.11 25.75

T. koningii 3.03° 66.33 4.67° 55.56 35.65

Control 9.00° 9.00¢

LSD at 0.05 0.060 0.248

According to Duncan's multiple range test, the means in each column followed by the same letter(s) did
not significantly differ at P <0.05.
Linear growth at 15 days — linear growth at 7 days J )

X

I fli thit = (
nerease of linear growth% Linear growth at 15 days
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Figure 1: Inhibition of F. oxysporum f. sp. cucumerinum growth by biological control agents:
(A) F. oxysporum f. sp. cucumerinum alone, (B) Trichoderma koningii, (C) T. album, (D) T.
asperellum and (E) T. hamatum.

B- Meloidogyne javanica

As shown in Table (3) and Fig (2), the inhibitory effect of the four Trichoderma
species on the mortality or activity of nematode juveniles was dependent on
concentration i.e. the nematode's mortality increase as the spore suspension
concentration and exposure time increased. T. album and T. hamatum (100%) had the
highest proportion of juvenile death after 24 hours of exposure time. On the other
hand, both T. koningii and T. asperellum had a high mortality rate after 72 hours of
exposure, with percentages of 99.6 and 92.6%, respectively. After treatment with
Trichoderma spp., M. javanica juveniles were observed to be lifeless with stiff and
straight bodies, but the J2s in the untreated control were actively moving (Fig. 2). In
the intestinal tracts of nematodes treated with Trichoderma, several unusual patch-like
formations were visible, which were freshly produced vacuoles following the
destruction of internal organs by Trichoderma's nematicidal activity.

Table 3: Effect of four species of Trichoderma on the mortality percentages of
second-stage juveniles of Meloidogyne javanica after 24, 48, and 72 hours of
exposure.

Nematode mortality %

Treatments Concentration of

Spore suspension 24h 48h 72h
T. album 1X1068 12.5 28.5 40.4
2X108 36.6 57.0 71.3
4 X108 100.0 100.0 100.0
T. asperellum 1X1068 25.9 41.8 56.5
2X108 39.2 55.7 73.1
4 X108 80.3 83.7 92.6
T. hamatum 1X10° 42.1 51.2 64.6
2X108 57.5 76.7 94.8
4 X108 100.0 100.0 100.0
T. koningii 1X1068 25.7 36.0 80.7
2X108 37.2 51.8 60.1
4 x10° 90.3 97.4 99.6

Control - -

Number of dead juveniles in treatment— Number of dead juveniles in mntm1~] 100
100 -Number of dead juveniles in control J¥

Nematode mortality % = (
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Figure 2. Effects of Trichoderma spp. on second-stage juveniles of Meloidogyne javanica
where: A= Control (sterilized distilled water), B= Trichoderma spp. at a concentration of
1x105, C= Trichoderma spp. at a concentration of 2x10° and D= Trichoderma spp. at a
concentration of 4x10°.

Evaluation of different species of Trichoderma against F. oxysporum f. sp.
cucumerinum and M. javanica at two different locations under greenhouse
conditions:

A - The effects of Trichoderma spp. on the growth variables of infected cucumber
plants in Giza governorate

At the Giza site, the effect of Trichoderma species (T. album, T. asperellum, T.
hamatum, and T. koningii) on cucumber plant growth development response infected
with M. javanica or/and F. oxysporum f. sp. cucumerinum is shown (Tables 4&5). All
of the treatments enhanced plant growth metrics, with variable degrees. Among the
Trichoderma treatments, T. hamatum and T. koningii demonstrated the largest
improvement in shoot length, whether with nematode, fungus, or both. T. koningii and
T. album also caused the greatest induction of root length in M. javanica-infected
plants. Cucumber plants infected with F. oxysporum f. sp. cucumerinum and treated
with T. hamatum had the longest roots. All Trichoderma treatments substantially
increased the length of cucumber roots infected with M. javanica and F. oxysporum f.
sp. cucumerinum as compared to untreated inoculated plants. On the other hand,
treatment with T. album and T. hamatum resulted in the highest reduction in shoot
weight in nematode-treated plants (Table 5). T. album and T. koningii also performed
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the best and considerably enhanced the shoot weight of pathogenic fungus-infected
cucumber plants. T. album also reached on top when it boosted the shoot weight of
plants treated with both M. javanica and F. oxysporum f. sp. cucumerinum.

Table 4: Effect of Trichoderma spp. on plant length of cucumber infected with
Meloidogyne javanica or/and Fusarium oxysporum f. sp. cucumerinum at Giza
governorate under greenhouse conditions.

Treatments Shoot length (cm) Root length (cm)

Nematode Fungus Nematode Nematode Fungus Nematode

+ Fungus + Fungus

T. album 39.0° 44.8° 41.3° 10.3% 11.0b¢ 8.7
T. asperellum 32.0¢ 38.0¢ 33.7¢ 7.3 9.7¢ 7.7°
T. hamatum 54.02 63.02 44,70 8.0 18.0? 10.7°
T. koningii 50.7% 54.0° 42.7%¢ 13.72 7.7% 11.0°
Oxamy! or/and 48.3° 46.5° 47.2° 9.7% 6.7% 10.7°
uniform

29.1¢ 31.6° 28.5¢ 8.0 5.7¢ 4.5
Untreated plant
(inoculated)

54.02 54.0 54.02 13.72 13.7° 13.72
Untreated
plant(uninoculated)
LSD 4.49 4.26 491 4.27 3.02 2.36

According to Duncan's multiple range test, the means in each column followed by the same letter(s) did not differ at P< 0.05.

Trichoderma album and T. koningii also performed the best and considerably
enhanced the shoot weight of pathogenic fungus-infected cucumber plants (Table 5).
Trichoderma album also reached on top when it boosted the shoot weight of plants
treated with both M. javanica and F. oxysporum f. sp. cucumerinum. Also, it showed a
similar tendency, where it had the highest results in boosting root weight in plants
treated with fungus, nematodes, or both. In terms of shoot dry weight, most
Trichoderma species showed a considerable rise in the dry weight of plants that were
infected with the nematode only. Treatment with T. album and T. koningii was shown
to be the most effective in raising the plant's shoot dry weight when plants were
exclusively treated with fungus. Treatments with T. album, T. asperellum, and T.
koningii, on the other hand, increased the dry weight of cucumber shoots in plants
infected with nematodes and fungus. It was found that using Oxamyl or/and Uniform
resulted in a significant increase in cucumber shoot dry weight (Table 5).
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Table 5: Impact of Trichoderma spp. on fresh and dry weights of cucumber plants infected with Meloidogyne javanica or Fusarium
oxysporum f. sp. cucumerinum or both at Giza governorate under greenhouse conditions.

Shoot weight (g) Root weight (g) Shoot dry weight (g)
o _
T. album 25.52 25.82 18.8% 7.472 5.632 6.22 3.972 4.42 2.6

T. hamatum 23.6% 22.0° 15.8« 6.46° 3.37d 5.8° 3.372 2.7° 1.4°

Oxamyl or/and

d 23.5% 18.8°¢ 14.99% 4.13f 4,03¢ 2.9d 2.932b 4.12 4,12
Uniform

Untreated plant

] 19.4¢d 19.4° 19.42 4.83¢ 4.83° 4.8° 3.8 3.8% 3.8
(uninoculated)

According to Duncan's multiple range test, the means in each column followed by the same letter(s) did not differ at P<0.05.
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B-The effect of Trichoderma spp. on the growth of variables of infected cucumber
plants in Sakha county.

The effect of the same previous species of Trichoderma on cucumber growth
parameters infection with M. javanica or/and F. oxysporum f. sp. cucumerinum at
Sakha county location is shown in Tables (6&7). The results showed that T. hamatum
was the most effective at lengthening the shoots of cucumber plants infected with
nematodes, fungus, or both. The root length of cucumber plants infected with M.
javanica was significantly improved by T. hamatum and T. koningii. Also, T. koningii
reached on top with regard to extending the root length of plants that had been harmed
by fungus. Trichoderma hamatum, on the other hand, improved the root length of
plants treated with fungus and nematode. In comparison to untreated inoculated
plants, conventional Oxamyl increased the shoot weight of cucumber infected with M.
javanica (Table 7). Treatment with T. asperellum, on the other hand, resulted in the
smallest percentage rise in shoot weight of nematode-infected plants. Trichoderma
album was the first to increase shoot weight in plants infected with pathogenic fungus
F. oxysporum f. sp. cucumerinum. Trichoderma album was the first to increase shoot
weight in plants infected with pathogenic fungus F. oxysporum f. sp. cucumerinum.
All treatments of Trichoderma spp. substantially enhanced the shoot weight of
cucumber infected with M. javanica and F. oxysporum f. sp. cucumerinum (P < 0.05)
compared to the untreated inoculated plant.

Table 6: Influence of Trichoderma spp. on plant length of cucumber plant infected with
Meloidogyne javanica or/and Fusarium oxysporum f. sp. cucumerinum at Sakha County
under greenhouse conditions.

Treatments Shoot length (cm) Root length (cm)

Nematode Fungus Nematode Nematode Fungus Nematode

+ Fungus + Fungus
51.2¢ 58.2¢ 51.7¢ 8.6¢ 11.7¢ 8.4¢
T. album
4359 48.0¢ 48.2¢ 8.5¢ 9.7 8.7¢
T. asperellum
67.42 75.28 56.3b 14.28 6.7¢f 12.5°
T. hamatum
. 61.3° 63.4° 52.1° 11.58 17.12 11.5°
T. koningii
Oxamy| or/and Uniform 603b 56.1¢ 591b 108b 7.7¢ 103d
Untreated plant 36.3° 31.4¢ 29.3° 4.5¢ 5.6f 3.5f
(inoculated)
Untreated plant 66.0°  66.0°  66.0° 1520 1520 1520
(uninoculated)
LSD 4.49 4.26 491 4.27 3.02 236

According to Duncan's multiple range test, the means in each column followed by the same letter(s) did not significantly differ at
P<0.05.
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Trichoderma album showed the highest root weight of plants infected with M.
javanica or F. oxysporum f. sp. cucumerinum. Trichoderma album, as well as T.
asperellum and T. hamatum, were found to increase root weight in cucumber plants
infected with root-knot nematode and Fusarium wilt was the most effective at
lengthening the shoots of cucumber plants infected with nematodes, fungus, or both.
The root length of cucumber plants infected with M. javanica was significantly
improved by T. hamatum and T. koningii. Also, T. koningii reached on top with regard
to extending the root length of plants that had been harmed by fungus. Trichoderma
hamatum, on the other hand, improved the root length of plants treated with fungus
and nematode. In comparison to untreated inoculated plants, conventional Oxamyl
increased the shoot weight of cucumber infected with M. javanica (Table 7).
Treatment with T. asperellum, on the other hand, was resulted in the smallest
percentage rise in shoot weight of nematode-infected plants. Trichoderma album was
the first to increase shoot weight in plants infected with pathogenic fungus F.
oxysporum f. sp. cucumerinum. Trichoderma album was the first to increase shoot
weight in plants infected with pathogenic fungus F. oxysporum f. sp. cucumerinum.
All treatments of Trichoderma spp. substantially enhanced the shoot weight of
cucumber infected with M. javanica and F. oxysporum f. sp. cucumerinum (P < 0.05)
compared to the untreated inoculated plant. Trichoderma album showed the highest
root weight of plants infected with M. javanica or F. oxysporum f. sp. cucumerinum.
Trichoderma album, as well as T. asperellum and T. hamatum, were found to increase
root weight in cucumber plants infected with root-knot nematode and Fusarium wilt
disease. In terms of plant dry weight, T. album was observed to enhance the dry
weight of plants infected with nematode or fungus. There was no significant
difference among the different Trichoderma species in raising the dry weight of
cucumber plants in those infected with both pathogens.

C-Greenhouse evaluations of Trichoderma spp. against Fusarium wilt of
cucumber at Giza governorate and Sakha county.
This experiment looked at the impact of four Trichoderma species on the occurrence
and severity of wilt disease on cucumber plants inoculated with F. oxysporum f. sp.
cucumerinum and M. javanica at Giza and Sakha localities under greenhouse
conditions. Table (8) revealed that treating F. oxysporum f. sp. cucumerinum with
root-knot nematode increased the incidence of wilt disease as compared to infecting
the plant with the fungal pathogen alone, with or without Trichoderma inoculation.
The application of T. hamatum to soil infected with F. oxysporum and soil infected
with F. oxysporum and M. javanica resulted in the highest antagonistic effect, with
26.7 and 33.3% disease incidences and low disease severities reaching 4.6 and 8.3%,
respectively, with significant differences among all treatments. Trichoderma koningii
recorded 33.3 and 40% illness incidence with 15.7 and 18.4% percent disease
severities when the soil was infested by F. oxysporum and M. javanica, respectively.
At the Giza location, high disease incidences were found when plants were
inoculated with F. oxysporum and M. javanica or F. oxysporum only, with 86.7 and
80.0%, with high disease severity percentages of 52.6 and 45.2% respectively.
Whereas, T. hamatum and T. koningii induced the same lowest disease incidences.
percentages of 20 and 33%, respectively when the soil was infested by F. oxysporum
alone or with M. javanica at the Sakha location. Disease severities differed with T.
hamatum treatment recording 5.8 and 10.1%, when the soil was infected by
F.oxysporum alone or with M. javanica, respectively. Untreated inoculated treatment
with either F. oxysporum alone or with M. javanica, on the other hand, had the highest
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Table 7: Impact of Trichoderma spp. on fresh and dry weights of cucumber plants infected with Meloidogyne javanica, Fusarium oxysporum f. sp. cucumerinum or both at Sakha county
under greenhouse conditions.

Shoot weight (g) Root weight (g) Shoot dry weight (g)

Treatments

T. album 33.3® 36.3? 29.2° 7.4% 7.9 6.7 5.32 6.06° 2.9°

T. hamatum 33.1%® 30.6° 26.8¢ 5.54 5.90¢ 6.3? 3.9¢ 3.4% 2.2bcd

Oxamylorfand 4, g 26.8¢ 27.7% g.12 3.5 4.7b 3.9¢ 4.13° 2.13¢
Uniform

Untreated plant 5 /i 30.4° 30.4° 6.4c 6.4b 6.42 5.2 5,25 5,08
(uninoculated)

According to Duncan's multiple range test, the means in each column followed by the same letter(s) did not significantly differ at P < 0.05.
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Table 8: Effect of four Trichoderma species on wilt disease incidence and severity
percentage on cucumber plants inoculated with Fusarium oxysporum f. sp.
cucumerinum (FOC) and nematode under greenhouse conditions at Giza governorate.

Bioagents Disease Incidence % Disease Severity %
FOC FOC+Nematode FOC FOC+Nematode

T. album 33.3% 46.7° 10.8°¢ 16.4°
T. asperellum 40.0° 60.0° 12.3¢ 17.1°
T. hamatum 26.7° 33.3¢ 4.6¢ 8.3°
T. koningii 33.3% 40.0% 15.7° 18.4°
Uniform 6.7¢ 13.3¢ 0.34¢ 1.42¢
Untreated 80.0? 86.7¢ 45.22 52.62

plant(inoculated)

Untreated plant 0.0° 0.0f 0.0f 0.0°
(uninoculated)

LSD 6.62 7.38 1.71 1.78

According to Duncan's multiple range test, the means in each column followed by the same letter(s) did
not significantly differ at P <0.05.

Table 9: Effect of four Trichoderma species on wilt disease incidence and severity
percentage on cucumber plants inoculated with Fusarium oxysporum f. sp.
cucumerinum (FOC) and Meloidogyne javanica under greenhouse conditions at Sakha
county.

Bioagents Disease Incidence % Disease Severity %
FOC FOC+Nematode FOC FOC+Nematode

T. album 33.3° 40.0% 9.8¢ 19.3°
T. asperellum 26.7°¢ 53.3° 10.3¢ 15.7°
T. hamatum 20.0° 33.3¢ 5.8¢ 10.1¢
T. koningii 20.0° 33.3° 12.5° 20.4°
Uniform 6.7¢ 6.7¢ 1.12¢ 2.31¢
Untreated 86.72 93.32 48.92 55.82

plant(inoculated)

Untreated 0.0° 0.0° 0.0f 0.0f
plant(uninoculated)

LSD at 0.05 7.50 9.19 1.53 131

According to Duncan's multiple range test, the means in each column followed by the same letter(s) did not
significantly differ at P< 0.05.

Egypt. J. Agronematol., Vol. 21, No.1 (2022)



Potentiality of Trichoderma Species against Fusarium oxysporum ... 48

percentages of 20 and 33%, respectively when the soil was infested by F. oxysporum
alone or with M. javanica at the Sakha location. Disease severities differed with T.
hamatum treatment recording 5.8 and 10.1%, when the soil was infected by
F.oxysporum alone or with M. javanica, respectively. Untreated inoculated treatment
with either F. oxysporum alone or with M. javanica, on the other hand, had the highest
disease incidences and severities, with 86.7 and 93.3% disease incidence and 48.9 and
55.8% disease severity, respectively (Table 9).

D — Effect of Trichoderma spp. on population density of M. javanica at Giza
governorate and Sakha county.

With or without Fusarium, all treatments utilizing different species of Trichoderma
resulted in a reduction in the total number of nematodes infecting cucumber at Giza
location (Table 10). The T. album treatment resulted in the greatest reduction in the
total number of nematodes. There were no substantial differences in the presence of
the fungus with nematodes among the various Trichoderma species. The treatments
utilizing T. album and T. koningii were shown to be the most effective in lowering the
total number of galls (67.8 and 66.6 galls /plant, respectively) on cucumber roots
infected with nematodes. However, in the presence of Fusarium fungus and
nematodes, T. hamatum which induced 81.8 galls per plant with a root gall index (4.0)
was the best treatment. In the case of nematode alone with egg mass index (4.0), the
treatment using T album, T. asperellum and T. koningii produced the best results in
reducing the number of egg masses (38.4, 45 and 36.8 egg masses/plant, respectively),
but there were no significant differences between Trichoderma species in reducing the
number of egg masses in case of nematodes with fungus.

Table 10: Efficiency of Trichoderma spp. on population density of Meloidogyne
javanica alone or interacted with Fusarium wilt disease at Giza governorate under
greenhouse conditions.

Final nematode

N Galls Egg masses
population (RGI) (EN)
Treatments (soil and roots)
Nematode Nematode Nematode Nematode + Nematode Nematode
+ fungus fungus + fungus
67.8° 102.4° 38.4° 54.6"
d b
T. aloum 1306.8 2515.6 (4.0) (5.0) (4.0) (4.0)
98.8° 93.2% 45¢ 50.4°
b b
T. asperellum 3461 2546.8 (4.0) (4.0) (4.0) (4.0)
90.2° 81.8° 71.4° 42.6°
c b
T. hamatum 2393.6 2489 (4.0) (4.0) (4.0) (4.0)
N 66.6° 86.8 36.8¢ 46.4°
c b
T. koningii 2373.6 2592.4 (4.0) (4.0) (4.0) (4.0)
22.4¢ 32.44 12¢ 16.8°
e C
Oxamyl 337.4 426.8 (3.0) (4.0) (3.0) (3.0)
229.6° 2012 1652 133.22
a a
Control 6492.6 6647.8 (5.0) (5.0) (5.0) (5.0)
LSD 96.4 425.6 18.8 17.5 11.6 15.9

Each value is the mean of five replicates. Final population of nematodes = No.nematodes in 1kg soil +
No.nematodes in 1g plant root.According to Duncan's multiple range test, the means in each column followed by
the same letter(s) did not significantly differ at P < 0.05. Numbers between parentheses represent the root galls
and egg masses indices where 0= no galls or egg masses, 1= 1:2, 2= 3:10, 3= 11:30, 4= 31:100 and 5= more than
100 galls or egg masses / root system.
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Figure 3. Effect of Trichoderma spp. on reproduction factor of M. javanica alone or with
Fusarium oxysporum f. sp. cucumerinum infecting cucumber plants under greenhouse
conditions at Giza governorate.

Figure (3) showed the effect of treatments on reducing the reproduction factor of
nematodes. A decrease in the reproduction factor was observed in the case of
nematode alone using Trichoderma spp. except for treatment with T. asperellum,
where a lower reproduction factor (RF= 2.5) was found in the presence of fungus with
nematodes than nematode alone (RF= 3.4).

At Sakha location, all employed treatments greatly reduced the number of
nematodes in the soil and roots (Table 11). However, T. asperellum treatment had the
least effect in reducing the number of nematodes in the soil and roots when plant
infected with M. javanica alone, but there were no significant differences among
Trichoderma spp., when nematodes and fungus were used together. Furthermore, with
pots infected just with M. javanica, no significant variations (P < 0.05) in the number
of galls were found among different species of Trichoderma. Only T. koningii with
nematode resulted in a lower number of egg masses (31.8 egg masses/ plant).
However, in the case of Fusarium with nematode, T. asperellum, T. hamatum, and T.
koningii had the lowest number of egg masses index (4.0). It is clear that all
Trichoderma treatments lowered the M. javanica-reproduction factor when compared
to untreated inoculated plants (Fig. 4). Moreover, most treatments were more effective
when M. javanica was present alone rather than when M. javanica was present with F.
oxysporum f. sp. cucumerinum.

E- Chitinase activity in soil at Giza governorate and Sakha county

Enzyme which acts in soil (Chitinase activity) was studied during screening of T.
album, T. asperellum, T. hamatum, and T. koningii against Fusarium wilt and M.
javanica in the rhizosphere of cucumber plants at two locations (Giza and Sakha)
under greenhouse conditions. Data presented in Figure (5) showed that all treatments
have different chitinase activities in soil. In all treatments, chitinase enzyme activity
in soil was greater in Sakha than in Giza. Treatment by T. hamatum with F.
oxysporum f. sp. cucumerinum had the greatest activity of chitinase enzyme in soil
(9.1 and 8.7 N-acetyl-B—D-glucosamine (NAGA) mg/g soil/hour) in both areas (Sakha
and Giza), respectively followed by the comparative treatment, fungus combined with
nematode (6.4 and 5.8 NAGAmMg/g soil/hour). While, chitinase activity in soil treated
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by T. koningii with Fusarium and nematode united together gave 4.5 and 3.9
NAGAmg/g soil/hour.

Table 11: Influence of Trichoderma spp. on population density of Meloidogyne
javanica alone or interacted with Fusarium oxysporum f. sp. cucumerinum infecting
cucumber plants under greenhouse conditions at Sakha county.

Final nematode

. No. of Galls No. of Egg masses
population (RGI) EN)
Treatments (soil and roots)
Nematode Nematode Nematode Nematode + Nematode Nematode
+ fungus fungus + fungus
. R 82.6 96° 50.4b 63°
T. album 2435.4 2802.8 (4.0) (4.0) (4.0) (4.0)
86P 76.8¢ 52.2b 41¢
T. asperellum 3468.4° 2633.4P
: @) @) @) @
70.6 81.40c 33¢ 33.4¢
T. hamatum 2525.2¢ 2818.8°
(4)b 4) (4)d 4)
. 68 77.6° 31.8 44.8°
T. koningii 2717.8° 2691.8°
g (@) ) (@) )
19.6° 23.8 10.4¢ 14.2
Oxamyl 343.8¢ 394.8°¢
y (3) (3) (2) (3)
2222 2042 149.22 114.62
Control 68272 71192
®) ®) ®) ®)
LSD 463.03 4241 26.1 17.9 17.7 15.3

Each value is the mean of five replicates. Final population of nematodes = Number of nematodes in 1kg soil +
Number of nematodes in 1g plant root. According to Duncan's multiple range test, the means in each column
followed by the same letter(s) did not significantly differ at P< 0.05. Numbers between parentheses represent the
root galls (RGI) and egg masses index (EI) where 0= no galls or egg masses, 1= 1-2, 2= 3-10, 3= 11-30, 4= 31-100
and 5= more than 100 galls or egg masses / root system.
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Figure 4: Effect of Trichoderma spp. on the reproduction factor of M. javanica alone
or in combination with F. oxysporum f. sp. cucumerinum infecting cucumber under
greenhouse conditions in Sakha county.
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Figure 5: Chitinase enzyme activity in farmed soil infected with F. oxysporum f. sp.
cucumerinum (FOC) and Meloidogyne javanica (MJ) alone or in combination, and
treated with Trichoderma spp. in Giza governorate and Sakha county under
greenhouse conditions.

With regard to treatments of nematode with different species of Trichoderma, it
was noted that soil treated with T. hamatam showed an increment in chitinase enzyme
in two locations Sakha and Giza (4 and 3.4 NAGAmg/g soil/hour, respectively).
However, T. koningii was the most effective in boosting the rate of chitinase enzyme
in soil in the conjugated treatment with this fungus and nematode (4.5 and 3.9
NAGAmMg/g soil/hour) at Sakha and Giza locations, respectively.

DISCUSSION

It was noticed that all Trichoderma spp. inhibited the growth of the pathogenic fungus
F. oxysporum f. sp. cucumerinum. Activation for in vitro effectiveness of
Trichoderma species against Fusarium had been reported by Kamel et al. (2020).
Saravanakumar et al. (2016) findings back up the present data on the fungicidal
activity of 10 Trichoderma isolates, which showed an inhibition rate of more than
85% for F. oxysporum f. sp. cucumerinum. The competition for nutrients and space,
mycoparasitism, and the synthesis of antibiotic compounds and hydrolytic enzymes,
according to Harman et al. (2004b) are the key processes involved in Trichoderma
antagonistic activity.

Higher concentrations of Trichoderma spp. appeared to have a great influence on
nematode mortality. After 24 hours, T. hamatum and T. album caused almost 100%
nematodes mortality. These findings were comparable with those of Migunova et al.
(2018), who found that the three different Trichoderma species induced 100%
juvenile mortality in M. javanica and 94.1 to 100% juvenile mortality in M. incognita.
Costa et al. (2001) showed that all Trichoderma spp. filtrates were toxic to M.
incognita, resulting in 98% immobilized and dead J2. Balardin et al. (2021),
hypothesized that the mortality of Meloidogyne species-J> by various isolates of
Trichoderma could be linked to the presence of enzymes called proteases and
chitinases, which are involved in the degradation of the nematode cuticle, which is a
strong covering consisting of proteins and chitin.
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The incidence and severity percentages of illness were considerably greater in the
treatment where M. javanica was inoculated with F. oxysporum f.sp. cucumerinum in
the control (inoculated) and all treatments in the pot experiment. A similar result was
reported in the protected cucumber culture, where the nematode M. incognita was
infected 7 days prior to the fungus F. oxysporum f. sp. cucumerinum, which has a
greater disease incidence, followed by simultaneous nematode and fungus inoculation
than the control (Patil et al., 2018). On the other hand, regardless of whether
nematode or pathogenic fungus was present or both, all treatments of Trichoderma
spp. significantly improved plant growth metrics. This conclusion was in line with
previous researches (Sahebani and Hadavi, 2008; Affokpon et al., 2011; Radwan et
al., 2012; Jamshidnejad et al., 2013 and Elgorban et al., 2014), who found that
different Trichoderma isolates boosted shoot weight, and reduced root knot galling
and reproduction. According to Cutler et al. (1986), secondary metabolites generated
by Trichoderma spp., such as koningin A (T. koningii) and 6-pentyl-alpha-pyrone (T.
harzianum), are plant growth regulators. Trichoderma species were also reported to
boost plant growth (through phytohormone synthesis) and induce systemic disease
resistance, making them even more tempting for usage in agricultural settings (Monte
etal., 2019).

All Trichoderma spp. utilized in our study lowered disease incidence and severity
percentages compared to control (inoculated). T. hamatum and T. koningii caused the
lowest symptom incidence and severity percentages. Cucumber farming is plagued by
the fungal-nematode complex. It was a major threat in East China, where 67.6% of
symptoms has been documented (Dong et al., 2004). Trichoderma asperellum was
found to be effective against the cucumber vascular wilt pathogen, according to
Saravanakumar et al. (2016). Trichoderma koningii was successful in suppressing F.
oxysporum. f. sp. Phaseoli, according to Otadoh et al. (2010).

The quantity of nematodes in the soil and on the roots was considerably decreased
by all of the treatments evaluated. Among the tested treatments, T. album at the Giza
location reduced the total final nematode population. According to Radwan et al.
(2012), T. album was shown to be beneficial in controlling M. incognita by lowering
the quantity of galls on tomato roots and Jz in the soil. When pathogenic fungus was
found with nematode, T. hamatum reduced the number of egg masses. To protect a
plant from disease damage, T. hamatum colonizes the roots and causes systemic
alterations in plants (Alfano et al., 2007). Trichoderma asperellum, also, caused a
significant reduction in the amount of egg masses on cucumber roots. According to
Kiriga et al. (2018), T. asperellum M2RT4 was the most effective isolate for
decreasing M. javanica galls, egg masses, and deposited eggs. Trichoderma
asperellum has two unique genes that code for phenylalanine and hydroperoxide
lyase, which promote systematic resistance and phytoalexin accumulation to give
cucumber resistance against Pseudomonas syringae PV. Lachrymans (Yedidia et al.
2003). In comparison to other species at the Sakha site, T. asperellum treatment had
the least effect on nematode counts in the soil and on the roots. This finding was
supported by Hajji, et al. (2016), who found that T. viride and T. harzianum exhibited
greater and similar nematicide effects than T. asperellum.

Trichoderma species manufacture chitinases in a variety of ways. In our study, T.
hamatum exhibited the highest rate of enzyme activity, whether with nematode or
fungus separately. According to Sayed et al. (2019), T. asperelloides and T. hamatum
have strong chitinase activity. Elad and Henis (1982) and Haran et al. (1996)
established that the biological control of the Trichoderma genus against plant pests
and diseases is mostly due to the release of hydrolytic enzymes such as -1, 3-
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glucanase, chitinase, protease, and lipase, which are responsible for antagonism.
Furthermore, the gelatinous matrices of root-knot nematode egg masses have been
found to stimulate the development of proteolytic and chitinolytic enzymes by the
fungus (Sharon et al., 2007; Gonzalez et al., 2012).

Depending on where they are present, Trichoderma species have different effects
on plant, fungus, and nematode. Varying environmental variables, microorganisms on
our planet may have unique adaptations to different environments, e.g., soil, climate,
plant cover, etc. (Louzada et al., 2009). As a result, a Trichoderma species antifungal
efficacy likely differed depending on the climate in which the fungus is used.

CONCLUSION

The Fusarium wilt-root knot nematode complex disease is one of the most well-
known and economically significant maladies in the world, since they both influence
root system functions (water and mineral uptake). The importance of applying
biocontrol agents, Trichoderma spp., in minimizing the damage caused by this fungi-
nematodes complex in order to manage the disease on commercial crops was proven
in this study. Treatment with Trichoderma species decreased the fungal-nematode
disease complex and enhanced plant growth parameters.

REFERENCES

Abdelrahman, M.; Abdel-Motaal, F.; EI-Sayed, M; Jogaiah, S., Shigyo, M.; Ito, S.I.
and Tran, L.S. (2016). Dissection of Trichoderma longibrachiatum-induced
defense in onion (Allium cepa L.) against Fusarium oxysporum f. sp. cepa by
target metabolite profiling. Plant Sci. 246: 128-138.

Affokpon, A.; Coyne, D. L.; Htay, C. C.; Agbedé, R. D.; Lawouin, L. and
Coosemans, J. (2011). Biocontrol potential of native Trichoderma isolates
against root-knot nematodes in West African vegetable production systems. Soil
Biol. Biochem. 43:600-608.

Afifi, M.M.L.; Ismail, A.M.; Kamel, S.M. and Essa, T.A. (2017). Humic substances: a
powerful tool for controlling Fusarium wilt disease and improving the growth of
cucumber plants. J. Plant Pathol.99(1): 61-67.

Akhtar, H.; Anita, S.; Kumar, S.P. (2005). Studies on the management of root-knot
nematode, Meloidogyne incognita-wilt fungus, Fusarium oxysporum disease
complex of green gram, Vigna radiata cv ML-1108. J. Zhejiang Univ. Sci. 6
(8): 736-742.

Alfano, G.; Ivey, M.L.; Cakir, C.; Bos, J.I1.B.; Miller, S.A.; Madden, L.V. and Hoitink,
H.AJ. (2007). Systemic modulation of gene expression in tomato by
Trichoderma hamatum 382. Phytopathology. 97:429-437

Allen, O. N. (1950). Experiments in soil bacteriology. Burgess publishing, Co., USA.
Pp. 252.

Armstrong, G.M. and Armstrong, J.K. (1978). Formae speciales and races of
Fusarium oxysporum causing wilt diseases of the Cucurbitaceae.
Phytopathology. 68: 19-28.

Balardin, R. R.; Bell¢, C.; Nora, D. D.; Ramos, R. F. Rodriguez, Jose Carlos V.; and
Antoniolli, Z. 1. (2021). Molecular Characterization and Pathogenicity of
Trichoderma Isolates to Meloidogyne javanica. http//
doi:10.5772/intechopen.99035.

Byrd, D.W.; Kirapatrick, T. and Barker, K. (1983). An improved technique for
clearing and staining plant tissues for detection nematodes. J. Nematol. 15(3):

Egypt. J. Agronematol., Vol. 21, No.1 (2022)



Potentiality of Trichoderma Species against Fusarium oxysporum ... 54

142-143.

Collange, B.; Navarrete, M.; Peyre, G.; Mateille, T. and Tchamitchian, M. (2011).
Root-knot nematode (Meloidogyne sp.) management in vegetable crop
production: The challenge of an agronomic system analysis. Crop Prot. 30 (10):
1251-1262.

Costa M.J.; Campos, V..P; Pfenning, L.H., and Oliveira, D.F. (2001).Toxicidade de
filtrados fungicos a Meloidogyne incognita. Fitopatol. Brasil. 26:749-755.
Cutler H.G.; Cox, R.H.; Crumley, F.G. and Cole, P.D. (1986). 6-Pentyl-a-pyrone
from Trichoderma harzianum: its plant growth inhibitory and antimicrobial

properties. Agric. Biol. Chem. 50:2943-2945.

Demeure, Y. and Freckman, D.W. (1981). Recent advances in the study of
anhydrobiotic nematodes. Pp. 205-226. In: Zuckerman, B.M. and Rohde, R.A.
(Eds.) Plant parasitic nematodes, vol. 3. New York: Academic Press.

Dong, W.; Shi, Y.; Li R.; Jiang, R.; Zhao Z. and Li, Q. (2004). Species identification
and occurrence investigation of vegetable root-knot nematodes under protected
cultivation in Shandong province. J. Lai. Agric. Col. 21(2):106-108

Dutta, J. and Thakur, D. (2017). Evaluation of multifarious plant growth promoting
traits, antagonistic potential and phylogenetic affiliation of rhizobacteria
associated with commercial tea plants grown in Darjeeling. India. PloS one 12,
(8) e0182302.

Elad, Y. and Henis, Y. (1982). Degradation of plant pathogenic fungi by Trichoderma
harzianum. Can. J. Microbiol. 28(7): 719-725.

Elgorban, A.M.; Abdel-Wahab M.A.; Bahkali, A.H. and Al-Sum, B.A. (2014).
Biocontrol of Meloidogyne javanica on tomato plants by Hypocrea lixii (the
teleomorph of Trichoderma harzianum). CLEAN-Soil, Air, Water. 42:1464-
1469.

FAOSTAT. Retrieved 2020-02-15. Countries - Select All; Regions - World + (Total);
Elements - Production Quantity; Items - Cucumbers and gherkins; Year — 2018.

Foroutan, A. (2013). Evaluation of Trichoderma isolates for biological control of
wheat Fusarium foot and root rot. Romanian Agric. Res. 30; 334-342.

Giacometti, R.; d’Errico, G. and d’Errico, F.P. (2010). In vitro nematicidal activity of
the experimental formulation tequil against Meloidogyne incognita and
Heterodera daverti. Nematropica. 40 (2): 263-268.

Gomez, K.A. and Gomez, A.A. (1984). Statistical Procedures for Agricultural
Research. 2" Ed., John Wiley & Sons. Inc. New York.

Gonzélez, 1.; Infante, D.; Martinez, B.; Arias, Y.; Gonzéalez, N.; Miranda, I.
and Peteira, B. (2012). Induction of chitinases and glucanases in Trichoderma
spp. Biotecnol. Aplicada. 29(1): 12-16.

Goodey, J.B. (1963). Laboratory methods for work with plant and soil
nematodes. Technical Bull., Min. Agric., Fisch. Food.No. 2. 4%edn. London ,72
Pp.

Hadian, S.; Rahnama, K.; Jamali, S. and Eskandari, A. (2011). Comparing neem
extract with chemical control on Fusarium oxysporum and Meloidogyne
incognita complex of tomato. Adv. Environ. Biol. 5 (8), 2052-2057.

Hajji, Lobna ; Chattaoui, Mayssa.; Regaieg, Hajer; M'Hamdi-Boughalleb, Naima
Rhouma, A. and Horrigue-Raouani, N. (2016). Biocontrol effectiveness of
indigenous Trichoderma species against Meloidogyne javanica and Fusarium
oxysporum f. sp. radicis lycopersici on tomato. World Academy of Science,
Engineering and Technology, Int. J. Agric. Biosyst. Eng. 10: 609-613.

Haran, S.; Schickler, H. and Chet, 1. (1996). Molecular mechanisms of lytic enzymes

Egypt. J. Agronematol., Vol. 21, No.1 (2022):



El-Deriny et al. 55

involved in the biocontrol activity of Trichoderma harzianum. Microbiol.
142: 2321-2331.

Harman, G.E.; Lorito M. and Lynch J.M. (2004a) Uses of Trichoderma spp. to
alleviate or remediate soil and water pollution. Adv. Appl. Microbiol. 56:313-
330.

Harman, G.E.; Howell, C.R.; Viterbo, A.; Chet, I. and Lorito, M.
(2004b). "Trichoderma species opportunistic a virulent plant symbionts”. Nature
Rev. Microbiol. 2 (1): 43-56. https// doi:10.1038/nrmicro797. PMID 15035008.

Harman, G.E.; Bjorkman, T.; Ondik, K. and Shoresh, M. (2008). Changing paradigms
on the mode of action and uses of Trichoderma spp. for biocontrol. Outlooks on
Pest Manag. 1-6.

Hussain, M.A; Mukhtar, T. and Kayani, M.Z.(2011). Assessment of the damage
caused by Meloidygne incognita on Okra (Abelmoschus esculentus). J. Animal
and plant Sci, 21(4):857-861.

Hussey, R.S. and Barker, K.R. (1973). Comparison of methods of collecting inocula
of Meloidogyne spp. including a new technique. Plant Dis. Reptr. 57: 1925-
1928.

Ibrahim, D.S.S.; Elderiny M.M.; Ansari R.A.; Rizvi R.; Sumbul A. and Mahmood I.
(2020). Role of Trichodermaspp. in the Management of Plant-Parasitic
Nematodes Infesting Important Crops. In: Ansari R., Rizvim R. and Mahmood,
I. (eds) Management of Phytonematodes: Recent Advances and Future
Challenges. Springer, Singapore. https://doi.org/10.1007/978-981-15-4087-5 11

Jamshidnejad, V.; Sahebani, N. and Etebarian H. (2013). Potential biocontrol activity
of Arthrobotrys oligospora and Trichoderma harzianum Bl against
Meloidogyne javanica on tomato in the greenhouse and laboratory studies.
Arch. Phytopathol. Plant Prot. 46:1632-1640.

Javaid, A.; Afzal, L.; Bashir, A. and Shoaib, A. (2014). In vitro screening of
Trichoderma species against Macrophomina. Pak. J. Phytopathol. 26(1); 37-41.

Jegathambigai, V.; Wijeratnam, R.S.W. and Wijesundera, R.L.C. (2011). Effect of
Trichoderma viride strain NRRL 6418 and Trichoderma harzianum (Hypocrea
lixii TWC1) on Livistona rotundifolia root knot nematode M. incognita. J.
Entomol. 8(4); 229.

Jogaiah, S.; Abdelrahman, M.; Tran, L.S. and Ito, S.I. (2013). Characterization of
rhizosphere fungi that mediate resistance in tomato against bacterial wilt
disease. J. Exp. Bot. 64: 3829-3842

Kamel, S.M.; Farag, F.M.; Arafa, R.A., and Essa, T.A. (2020). Bio-control potentials
of Trichoderma spp. against Sclerotium rolfsii the causative of root and crown
rot in tomato, common bean and cabbage. Egypt. J. Phytopathol. 48(1): 122-
136.

Kerroum, Fatima; Noureddine, K., Jamal, E., Henni, J. E. and Mebrouk, K. (2015).
Antagonistic effect of Trichoderma harzianum against Phytophthora infestans
in the North-West of Algeria. Intern. J. Agron. Agric. Res. 6 (4); 44- 53.

Khalil, M.S. (2013). The potential of five eco-biorational products on the reproduction
of root-knot nematode and plant growth. J. Phytopathol. 2(2): 84-91.

Kiriga, A.W.; Haukeland, S.; Kariuki, G.M.; Coyne, D.L., and Beek, N.V. (2018).
Effect of Trichoderma spp. and Purpureocillium lilacinum on Meloidogyne
javanica in commercial pineapple production in Kenya. Biol. Control. 119:27-
32.

Liu, L.; Kloepper, J.W. and Tuzun, S. (1995). Introduction of systemic resistance in

Egypt. J. Agronematol., Vol. 21, No.1 (2022)


https://naldc-legacy.nal.usda.gov/naldc/download.xhtml?id=25508&content=PDF
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fnrmicro797
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/15035008
https://doi.org/10.1007/978-981-15-4087-5_11

Potentiality of Trichoderma Species against Fusarium oxysporum ... 56

cucumber against Fusarium wilt by plant growth-promoting rhizobacteria.
Phytopathology. 85: 695-698.

Louzada, G.A.D.S.; Carvalho, D.D.C.; Mello, S.C.M., Lobo Jonior, M.; Martins, I,
and Braona, LM. (2009). Potencial antagbnico de Trichoderma spp. originrios
de diferentes agroecossistemas contra Sclerotinia sclerotiorum e Fusarium
solani. Biota Neotrop. 9(3):145-149.

Martinez, R.; Aguilar, M.1.; Guirado, M.L.; Alvarez, A. and Gomez, J. (2003). First
report of Fusarium wilt of cucumber caused by Fusarium oxysporum in Spain.
Plant Pathol. 52(3): 410-410. http//d0i:10.1046/j.1365-3059.2003.00832.x

Migunova, V.; Sasanelli, N, and Kurakov, A. (2018). Effect of microscopic fungi on
larval mortality of the root-knot nematodes Meloidogyne incognita and
Meloidogyne javanica. Biological and integrated control of plant pathogens
IOBC-WPRS Bull. 133:27-31.

Monte, E., Bettiol, W. and Hermosa, R. (2019). Trichoderma e seus mecanismos de
acdo para o controle de doengas de plantas. In: Meyer, M.C., Mazaro, S.M. and
Silva, JC. (eds) Trichoderma uso na agricultura. Embrapa, Brasilia, pp. 181-
199.

Mukhtar,T.; Asrshad,l.; Kayani, M.Z.; Hussain,M.A.; Kayani, S.B.; Rahoo,A.M., and
Ashfag, M. (2013). Estimation of damage to okra (Abelmoschus esculentus) by
root-knot disease incited by Meloidygne incognita. Pak. J. Bot. 45(3): 1023-
1027.

Naserinasab, F.; Sahebani, N. and Etebarian, H.R. (2011). Biological control of
Meloidogyne javanica by Trichoderma harzianum Bl and salicylic acid on
tomato. Afri. J. Food Sci. 5(3); 276 - 280.

Nicolopoulou-Stamati, P.; Maipas, S.; Kotampasi, C.; Stamatis, P. and Hens, L.
(2016). Chemical pesticides and human health: the urgent need for a new
concept in agriculture. Front. Public Health. 4: 148.

Otadoh, J.; Okoth, S.; Ochanda, J. and Kahindi, J. (2010). Assessment of Trichoderma
isolates for virulence efficacy on Fusarium oxysporum f.sp. phaseoli. Trop.
Subtrop. Agroecosys. 13(1):99-107.

Patil, J.; Goel. S.R. and Yadav. S. (2018). Effect of Meloidogyne incognita and
Fusarium oxysporum f. sp. cucumerinum on cucumber grown under protected
cultivation. J.Entomol. Zool. Stud. 6(1):1004-1007.

Patil, J.A.; Yadav, S. and Kumar, A. (2021). Management of root-knot nematode,
Meloidogyne incognita and soil borne fungus, Fusarium oxysporum in
cucumber using three bioagents under polyhouse conditions, Saudi J. Biol. Sci.
https://doi.org/10.1016/j.sjbs.2021.07.081

Pest Control  Products Board. (2017). Full List of Registered
Products.www.pcp.or.ke.accessed on 20" Jan. 2018.

Radwan, M.A.; Farrag, S.A.A.; Abu-Elamayem, M.M.and Ahmed, N.S. (2012).
Biological control of the root-knot nematode, Meloidogyne incognita on tomato
using bioproducts of microbial origin. Appl. Soil Ecol. 56:58-62.

Rodriguez-Kabana, R.; Godoy, G.; Morgan-Jones, G. and Shelby, R.A. (1983). The
determination of soil chitinase activity: conditions for assay and ecological
studies. Plant Soil. 75(1): 95-106.

Sahebani, N. and Hadavi, N. (2008). Biological control of the root-knot nematode
Meloidogyne javanica by Trichoderma harzianum. Soil Biol. Biochem.
40:2016-2020.

Saravanakumar, K.; Yu, C.; Dou, K.; Wang, M.; Li, Y. and Chen, J. (2016).
Synergistic effect of Trichoderma-derived antifungal metabolites and cell wall

Egypt. J. Agronematol., Vol. 21, No.1 (2022):


http://dx.doi.org/10.1046/j.1365-3059.2003.00832.x
https://doi.org/10.1016/j.sjbs.2021.07.081
http://www.pcp.or.ke.accessed/
http://www.pcp.or.ke.accessed/

El-Deriny et al. 57

degrading enzymes on enhanced biocontrol of Fusarium oxysporum f. sp.
cucumerinum. Biol. Control. 94: 37-46.

Sayed, M.A.; Abdel-rahman, T.M,A.; Ragab, A.A. and Abdellatif, A.A.M. (2019).
Biocontrol of root-knot nematode Meloidogyne incognita by Chitinolytic
Trichoderma spp. Egypt. J. Agronematol. 18(1):30-47.

Schneider, P. and Orelli, O. (1947). Entomologisches praktikum [Entomological
internship]. Verlag. H. R. Sauerlander Co., Aarau, Switzerland, 237 pp.

Selvakumar, V.; Ramamurti, A.; Vijayakumar, N.; Gerold, A.; Kumar, K.R. and
Panneerselvam, A. (2014). Biological suppression of Fusarium oxysporum f. sp.
lycopersici (Sacc.) Synder and Hans using antagonistic fungus Trichoderma
harzianum (Rifai) in tomato (Lycopersicon esculentum (Mill). Intern. J. Current
Res. 6(2): 4962-4964.

Sharon, E.; Bar-Eyal, M.; Chet, I.; Herrera-Estrella, A.; Kleifeld, O. and Spiegel, Y.
(2001). Biological control of the root-knot nematode Meloidogyne javanica by
Trichoderma harzianum. Phytopathology. 91(7):687-93. doi:
10.1094/PHYTO0.2001.91.7.687. PMID: 18942999.

Sharon, E.; Chet, I.; Viterbo, A.; Meira, B.E.; and Harel, N. (2007). Parasitism
of Trichoderma on Meloidogyne javanica and role of the gelatinous matrix.Eur.
J. Plant Pathol. 118: 247-258.

Sulaiman, A.N. and Shireen, G.A.S.(2020). Pathogenicity of root-knot nematode
Meloidygne javanica on cucumber plants at different inoculum levels under
greenhouse conditions. J. life Bio- Sci. Res. 1(2):76-81.

Taylor, A.L. and Sasser, J.N. (1978). Biology, identification and control of root-knot
nematodes (Meloidogyne spp.) Coop. Pub. Dept. Plant Pathol., North Carolina
State Univ. and U.S. Agency Int. Dev. Raleigh, N.C. 111 pp.

Vakalounakis, D.J.; Wang, Z.; Fragkiadakis, G.A.; Skaracis, G.N. and Li, D.B.
(2004). Characterization of Fusarium oxysporum f. sp. radices-cucumerinum
isolates obtained from cucumber in China by pathogenicity, VCGs and RAPD.
Plant Dis. 88: 645- 649.

Vijayashanthi, S.; Shanthi, A.; Raguchander, T.and Kavitha, P.G. (2020). Interaction
effect of root knot nematode, Meloidogyne incognita and wilt fungus, Fusarium
solani in cucumber. J. Entomol. Zool. Stud. 8: 721-725.

Windham, G.L.; Windham, M.T. and William, W.P. (1989). Effect of Trichoderma
spp. on maize growth and Meloidogyne arenaria reproduction. Plant Dis. 73;
493-495.

Yedidia, I.; Shoresh M.; Kerem Z.; Benhamou, N; Kapulnik, Y. and Chet, I. (2003).
Concomitant induction of systemic resistance to Pseudomonas syringae pv.
lachrymans in cucumber by Trichoderma asperellum (T-203) and accumulation
of phytoalexins. Appl. Environ. Microbiol. 69:7343-7353.

Egypt. J. Agronematol., Vol. 21, No.1 (2022)



Potentiality of Trichoderma Species against Fusarium oxysporum ... 58

) padlal)

i 13 gl 9 (52155l Jaadll (1da e dada La 55 1) had (e £ gl Al
Sl ald Je ) gdal)

Yo aniall ae (g Ua ¢ Malea ) Glal ¢ A sall 3 gana 0 9 44

— ol — Lo )53 Eisadl S pe — il (al el G gay agma - Ao silesil) (ml eI Cgag o
) 3 3
— o el — L0 G sadl 58 e — LAl (yal sl i gay dgae - il Gal pal Eigag s
s

ouin s Al Gl 5e¥) (e el AadSa 5 AN ol il b daled) ORI aa) A o)) ASESA i
laa & Al ol Y Gl (.A\ 2 Lalaill (e a9 SUad Al 4e g3 (e 2 % uis 54 Trichoderma
(T. album, T. asperellum, T. hamatum , s Trichoderma s g1l Gz ili ani 23 Canl
Fusarium sl sdll Jsdll Melmdogyne javanica_saall a3 s silas 2a T, koningii)

Avpall Gyl Gnt (B 0 30a) (paige S LAl @l e oxysporum f. sp. cucumerinum
<l Cises Fusarium kil el sai e Trichoderma e )51 o2 il dul 50 23 Lyl
sad ol ) <ol 4e2iiud) Trichoderma gl Ko CJ.’uS\ Canaa gl Jarall Cagyla cant 1o gilanl)
cagk @i M, javanica 1 slel) cld pl Adlle Gge dad ilae) SIS Fysarium shdl s galesal)
X Fusarium _hdl abeas Llis Jad) T, hamatums T. album aladiol S3lbeall & jedal | Jazall
@ Aldlaall LAY Gl sal A (g gine uuad dag Aclu Y E 2y 1 gilal) S 1 04 v ga A Giac )
Aldaadl ) o juald) dahaie = Apall Cagyln Cand el gl AUS «* T. hamatums T. album
e Gnd e R glall g hadlly Alalaall 4 g8l A lae 6 el ) T, hamatum pladiub
Alabaall S Fusarium shd 2sa g ade gl 3gag (3 o) g 12 gilaill Apaaall A8UKH add ) cOllaal)
la silanlly Abadll JLAl s Je Ganll B all e (mid 8 OOl Juzdl T, album plasiul
AJAL’.AM‘;Q i laleall Juad) cil<a 1 gilanil) & Fusarium )ksqudu‘;uﬁj a}g\m‘;m
adiaall Trichoderma g!si) om & giea 338 3935 p2e Jaa ol i ddhaia A& T, hamatum alasiuly
& @l Jumdl T, koningii plaaiuly dlabeall cilae) (1 1o siladill e Fusarium hbd asa s s 3
dsasalla 8o gllell FSH Jelae (add i) il Juad) ColS el alara  Gand) (IS 220 (s
T. plaaiul dabaall die 35 a8l A 50l e 31 L) 80k ) Javw ¢ sall DS A5 e jiay 12 gilanil)
Fusarium _ké ~« hamatum

Egypt. J. Agronematol., Vol. 21, No.1 (2022):



