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Fig. 1. Dual culture test of Trichoderma strains and pathogen on potato dextrose agar medium: A) Petri plate
containing Verticillium dahliae alone (control), B) T. harzianum SRV200 vs. V. dahliae and C) T. harzianum
DS303 vs. V. dahliae
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Table 1. Antagonistic potential of Trichoderma strains in mycelial growth inhibition of Verticillium dahliae in
dual culture test

Strain Growth rate Growth inhibition (%) Strain Growth rate Growth inhibition
(mm) (mm) (%)
Control 240a - AD1-3 7.7 efg 67.9
SRV101 11.2b 53.3 SRV106 7.7 fgh 67.9
AS16-1 11.0 bc 54.2 SRV202 7.7 efg 67.9
T15-7 10.5 bc 56.3 SS8-4 7.0 fgh 70.8
T15-10 10.5 bc 56.3 SRV110 7.0 fgh 70.8
SS510-2 9.7 bed 59.6 T15 7.0 fgh 70.8
T15-9 9.7 bed 59.6 AS1-1 6.7 fgh 72.1
SRV102 9.5 cde 60.4 SS1-1 6.7 fgh 721
AS14-1 9.2 cde 61.7 SRV201 6.7 fgh 72.1
SRV103 9.2 cde 61.7 Ag-DG1 6.5gh 72.9
T14-10 9.2 cde 61.7 AS3-5 6.5gh 72.9
T10-12 9.2 cde 61.7 AS15-1 6.2 gh 74.2
RP8-4 8.5 def 64.6 DS801 6.2 gh 74.2
SS10-4 8.5 def 64.6 DS303 55h 77.1
AS12-2 8.0 def 66.7 SRV200 55h 771

35 oSl ga3T bl cdilods o3l OLas Sglie g o b oS Ot o sl 5Kl b oo 5SS Hler ke ealutel
513 LT s sme Bt KuSy bty 6 o

Values are the means of four replications. VValues within a column followed by different letter(s) are statistically
different according to Duncan’s multiple range test (p < 0.01).
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Fig. 2. Viability of Trichoderma harzianum SRV-200 in terms of logl0 CFUs/gram after different incubation
times of formulations (1-6 months) at room temperature (25-30 °C) and in the refrigerator (4-6 °C) (Up HDC
formulation (Trichoderma conidia + Diatomaceous earth + CMC) and (Down HKG formulation (Trichoderma
conidia + Kaoline + Gum Arabic)
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Table 2. Efficacy of Trichoderma-base formulations with different delivery methods in controlling Verticillium
wilt disease and their effect on growth promotion of cucumber

Treatments Disease Plant height  Shoot fresh  Shootdry Root fresh  Rootdry  Root volume
index (%) (cm) weight (g)  weight (9) weight (g) weight (g) (cm®)
HDC-ST 55 52c 2.33 cd 0.31cd 5.40cd 0.94 bc 440
HDC-RD 10 21.0a 5.36 ab 0.75ab 15.34 a 2.32a 13.2a
HDC-SI 20 11.3 abc 3.94 be 0.63 abc 9.90 abc 1.70 ab 8.0ab
HKG-ST 45 9.2 bc 2.58 bed 0.37 bed 5.82 bcd 0.86 bc 58b
HKG-RD 15 16.2 ab 5.02 abc 0.55 abc 14.03a 248 a 13.2a
HKG-SI 25 11.0 abc 4.35 bc 0.66 abc 9.49 abc 1.46 ab 8.2ab
IC 100 3.2c 0.60d 0.07d 1.68d 0.28¢ 2.2b
Non-IC 0 21.8a 8.54a 0.90 a 12.18 ab 2.65a 15.0a

33 oSl ga3T alal y clilodd 0313 0L Sogline g b ST Ot n (sla S0l il o 1SS Sler L ealutel
ShEkS Aoy S sl LoV wa sl LT b Ol KuSs b deys oK
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(VJL.a)
Values are the means of four replications. Values followed by the same letter are not statistically significant
different (p < 0.01) according to Duncan’s multiple range test. All bioformulation containing 1% Trichoderma
harzianum conidia as active ingredient; HDC: powder formulation consists of diatomaceous earth and CMC;

HKG: powder formulation consists of Kaoline and Gum Arabic; ST: delivered as seed treatment; RD: delivered
as root dip; SlI: delivered as soil incorporation; IC: Infected control; Non-IC: Non-inoculated control
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Abstract

Cucumber is the most important greenhouse crop in Iran. Verticillium dahlia is a very dangerous pathogen of
many plants including greenhouse—grown cucumber which causes considerable losses in agricultural crops.
Biological control is a safe and suitable method for management of the disease alongside with reducing chemical
fungicides especially in greenhouses. The aim of the current study was fermentation and formulation of the
selected biocontrol strain of Trichoderma and evaluation of the bio—efficacy of formulations in greenhouse. The
antagonistic potential of 29 Trichoderma strains was studied against the fungal pathogen using dual culture
method. Then, solid—state fermentation of the selected Trichoderma strain was performed on wheat seeds for one
month at room temperature. After drying the colonized substrate in the oven, Trichoderma conidia were
harvested using a mycoharvester device. Conidia were mixed with carriers (kaolin and diatomaceous earth) and
stickers (Carboxymethylcellulose and gum Arabic). Shelf life of the formulations was assessed up to six months
at room temperature as well as refrigerator. Efficacy of formulations with three delivery methods (seed
treatment, root dip and soil incorporation) were evaluated in controlling Verticillium wilt disease and promoting
growth parameters of cucumber in compare to infected and uninfected controls. The results showed that all
Trichoderma strains presented considerable antagonistic potential against V. dahliae with more than 50%
inhibition of mycelial growth of pathogen in dual culture test. Among them, SRV200 and DS303 strains (both
belonged to T. harzianum) with 77.1% growth inhibition were the most effective strains. The shelf life of
formulations was declined after six months at both temperatures and the decrease in fungal population was lower
at refrigerator. Nevertheless, the final population was considerably high at room temperature and refrigerator
(10° and 10'° CFUs/g, respectively). All Trichoderma—based formulations, controlled Verticillium wilt of
cucumber with more than 45% efficacy. Among them, HDC-RD (Harvested spores + Diatomaceous earth +
CMC-Root Dip) with disease index of 10%, showed lowest disease severity and controlled the disease by 90%.
Furthermore, HDC-RD and HKG-RD (Harvested spores + Kaoline + Gum Arabic-Root Dip) treatments caused
significant increase in all growth parameters (except root length) compared to infected control and had no
significant difference with uninfected control. Results of this study confirmed that application of bioformulations
containing Trichoderma have high potential in effectively control Verticillium wilt and promoting cucumber
growth and could be used as reliable alternative for chemical fungicides in concordance with sustainable
agriculture, consumers health and food security.
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