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Abstract

Introduction: Wilt caused by the soil-borne fungus Fusarium oxysporum f. sp.

lycopersici is one of the most common and harmful diseases in most tomato growing

areas. The disease damage is reported up to 27% of the yield in Iran. Biological control
of the disease is an effective, environmentally friendly, and consumer health management
method. The ability of arbuscular mycorrhizal fungi to reduce many soil-borne diseases

has been demonstrated, so this study was conducted to investigate the effect of a

commercially available arbuscular mycorrhizal fungus on disease severity in three tomato

cultivars. Materials and Methods: The commercial inoculum of arbuscular mycorrhizal
fungus Glomus geosprum was obtained from the market. The experiment was performed
in a completely randomized statistical design with four replicates for each treatment.

Inoculum of G. geosprum was added to sterile soil in pots and then seeds of Super-Strain,

Chef, and Super-Falat tomato cultivars were sown. Seedling roots were inoculated at the

three to the six-leaf stage with a spore suspension of a hypervirulent isolate of F.

oxysporum f. sp. lycopersici. Data on the severity of the disease, stem height, root length

were collected after the appearance of wilting symptoms and analyzed with the SPSS 20

software and the means values were compared. Results: The severity of the disease was

significantly reduced in all cultivars treated with arbuscular mycorrhizal fungus, and the
stem height and root length were higher than those with no mycorrhizal fungus.

Conclusion: The ability of G. geosporum, to reduce the severity of Fusarium wilt disease

and increase the growth of tomato plants is reported for the first time.
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Introduction dodde

Wilt caused by the soil-borne fungus Fusarium oxysporum Schitdl. f. sp. lycopersici W.C.
Snyder & H.N. Hansen is one of the most important and common diseases of tomato
(Solanum lycopersicum L.) in the world. The first symptoms of the disease appear in the
form of vein clearing of young leaves, curling of the petals, and drying and falling of the
old leaves. Diseased plants are shorter, eventually turning yellow, wilting, and dying
before producing flowers and fruit. The disease is common in greenhouses or areas with
hot climates and slightly acidic soils. The best temperature for disease outbreaks is 28°C,
and temperatures above 34°C and between 17 and 20°C reduce the spread of the disease
(Gordon 2019).

F. oxysporum f. sp. lycopersici has a pink-white colony and produces three types of
spores called microconidia, macroconidia, and chlamydospores (Rahimizadeh and
Sadravi 2020). The disease was first reported from England in 1895 and has been reported
from 32 countries on five continents. In the United States of America, the disease causes
about 3 to 10 percent damage, and in some parts of France, it kills 40 to 60 percent of the
tomato crop in greenhouses (Srinivas et al. 2019). The disease was first reported in Iran
from Hormozgan Province, then from the Varamin region in Tehran Province with a
maximum infection rate of 27.3%. So far, there have also been reports from Isfahan, Fars,
Kohgiluyeh and Boyer-Ahmad Provinces (Rahimizadeh and Sadravi 2020, Amini et al.
2014, Etebarian 1992, Fasihiyani 1985).

Controlling the disease through the use of chemical fungicides can result in soil and water
pollution, reduce the number of beneficial soil microorganisms, increase the risk of
pathogen resistance, and have adverse impacts on consumer health and the environment.
Biological control is an environmentally safe and healthy way to manage the disease
(McGovern 2015). Arbuscular mycorrhizal fungi (Phylum: Glomeromycota) are obligate
symbionts of plant roots that, in addition to spreading their hyphae around the plant roots,
after penetrating the root tissues, exchange mineral nutrients such as phosphorus with
carbohydrates through their arbuscules, in endodermal cells. These fungi have a
symbiosis with the roots of more than 80% of plants such as wheat, barley, corn, sorghum,
legumes, soybean, sunflower, alfalfa, apple, olive tree, aromatic and medicinal plants
(Avazzadeh-Mehrian and Sadravi 2017, Btaszkowski et al. 2010, Sadravi 2002, 2003,
2004, 2006a, 2006b, 2006¢c, 2006d, 2007, Sadravi and Gharacheh 2015, Sadravi et al.
1999, 2000, Sadravi and Moshiri Rezvany 2019, Sadravi and Seifi 2002). Arbuscular
mycorrhizal fungi help plants cope with fungi and fungal-like pathogens,
phytopathogenic nematodes, bacteria, phytoplasma, and the physiological diseases of
plants by increasing water and nutrient uptake for plants, altering plant tissue chemicals,
competing with pathogens for habitat and nutrients, changing of root structure, reducing
environmental pollution and increasing the population of beneficial bacteria (Sadravi
2012). Inoculation of the arbuscular mycorrhizal fungus Glomus caledonium (T.H.
Nicolson & Gerd.) Trappe & Gerd. on cucumber root in a greenhouse increased plant
growth and reduced the Fusarium wilt (Bidellaoui et al. 2019). Inoculation of a mixture
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of several arbuscular mycorrhizal fungi into cucumber roots in the greenhouse enhanced
their growth and reduced wilt disease caused by Fusarium oxysporum f. sp. cucumerinum
J. H. Owen (Hu et al. 2010). Inoculation of an arbuscular mycorrhizal fungus,
Trichoderma harzianum Rifai, and Pseudomonas fluorescens (Fligge,1886)
Migula,1895, alone or in combination, reduced the severity of Fusarium wilt of tomato
under greenhouse conditions (Srivastava et al. 2010).

This investigation was conducted based on the occurrence of Fusarium wilt in tomatoes
in Kohgiluyeh and Boyer-Ahmad Province (southwestern Iran), and the above reports on
the effectiveness of arbuscular mycorrhizal fungi in reducing the severity of Fusarium
wilt in plants using a commercially available arbuscular mycorrhizal fungus.

Materials and Methods Ly 9 Olge

Commercial inoculum of the arbuscular mycorrhizal fungus, Glomus geosporum (TH
Nicolson & Gerd.) C. Walker (= Funneliformis geosporus (TH Nicolson & Gerd.) C.
Walker & A. Schiipler), manufactured by Turan Biotechnology Company
(https://turanbiotech .com) has been provided. Seeds of tomato cultivars Super-Strain,
Chef, and Super-Falat were planted in pots containing sterile soil. Seedlings were
removed from the pots at the three to the six-leaf stage, taking care not to damage the
roots, and the roots were incubated for three minutes in a spore suspension containing 10°
spores of a hypervirulent isolate of Fusarium oxysporum f. sp. lycopersici collected from
one of the tomato production greenhouses in Kohgiluyeh and Boyer-Ahmad Province
(Rahimizadeh and Sadravi 2020). Infected seedlings were transplanted into pots with
G. geosporum inoculum according to the manufacturer's recommendations (100 g per
pot) and pots without G. geosporum inoculum. All pots were placed in a greenhouse at
24-26°C with 70% humidity with 16 hours light and 8 hours dark. After the appearance
of yellowing and wilting in plants, disease severity was determined based on the
percentage of yellowed and wilted leaves (Larkin and Fravel 1998). Stem height and root
length were also measured. The experiment was conducted as a fully randomized design
with four replicates. The data collected were analyzed for variance using SPSS20
software and the means were compared using Tukey's test.

Results and Discussion Eory g aazdly

Yellowing of leaves and wilting of plants were observed as symptoms of the disease (Fig.
1). The comparison of the mean of these treatments is shown in Table 1. Analysis of the
experimental data variance showed that G. geosporum caused a significant reduction in
the severity of Fusarium wilt and an increase in stem height and root length in all three
tomato cultivars.

This study showed that inoculation of G. geosporum on the root of tomatoes significantly
reduced the severity of Fusarium wilt disease and increased stem height and root length
of the plant. Inoculation of the arbuscular mycorrhizal fungus Glomus intraradices NC
Schenck & GS Sm. alone or in combination with T. harzianum and P. fluorescens on
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Figure 1. A. Yellowing signs of tomato plants inoculated with Fusarium oxysporum f.
sp. lycopersici., B. The three pots on the right are the diseased tomato plants in the
presence of Glomus geosporum, and the three pots on the left are the diseased tomato
plants without the presence of G. geosporum.

Fusarium oxysporum f.sp. lycopersici (Fol) ;| oib o ,l568 (S5 0% (6 ko s N Jgaz
;o Glomus geosporum JsSwes )1 5,550 7,6 jea pac gy ;0 s, Job g 48lo lis)l

(K Baz S 18 dw
Table 1. Fusarium wilt disease severity caused by Fusarium oxysporum f. sp. lycopersici
(Fol), stem height and root length in the presence and absence of an arbuscular
mycorrhizal fungus Glomus geosporum in three tomato cultivars*.

Treatment Disease Stem Root
severity height length
(%) (Cm) (Cm)
Super-Falat x Fol 21 a 18.20 ¢ 16.83 ¢
Super-Strain x Fol 2la 18.23 ¢ 17.38¢c
Chef x Fol 19a 19.25¢ 17.05¢
(Super-Strain + G. geosporum) x Fol 14b 26.98 b 25.15Db
(Super-Falat + G. geosporum) x Fol 13b 27.05b 25.08 b
(Chef + G. geosporum) x Fol 12b 29.03 a 26.60 a

WGl a0 ) a8 (ghls e BB wileals sols lis Alise B x> b e G 0 AT golacl
* The numbers shown in a column with the same letter do not differ significantly at the
1% level.

tomato also reduced the severity of Fusarium wilt (Srivastava et al. 2010). Inoculation
of G. geosporum on cowpea roots also reduced the number of galls produced by the
nematode Meloidogyne incognita Kofoid & White, 1919 and increased nodule formation
by the nitrogen-fixing bacterium Rhizobium sp. (Ugwuoke and Eze 2010). Experiments
on the effect of eight arbuscular mycorrhizal fungi on marigold growth have shown that
G. geosporum can significantly increase stem height, number of flowering
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branches, number of flowers, and dry flower weight (Kheyri et al. 2020). Combined
inoculation of G. geosporum, Azotobacter chroococcum Beijerinck,1901 and Bacillus
coagulans Hammer, 1915, increased plant biomass, uptake of N, P, zinc, copper, and
quality index of Chinaberry seedlings Melia azedarach L. (Rajeshkumar et al. 2009).
Experiments on the effect of G. geosporum on cucumber yield under 100% NPK
fertilizers and 50% of these fertilizers showed that this fungus produces a yield equivalent
to 100% fertilizers when 50% of the required fertilizers were applied to the plant
(Puspitasari et al. 2016).

Conclusion S S Az

Wilt caused by the soil-borne fungus Fusarium oxysporum f. sp. lycopersici is one of the
most important and common diseases of tomato in the world. Biological control of
diseases is an environmentally friendly and healthy method for consumers of plants
products. The results of this study showed that for the first time the arbuscular
mycorrhizal fungus G. geosporum is able to significantly reduce the disease severity and
maintain normal plant growth in three tomato cultivars. Therefore, as a bioproduct, it can
be used in the control of Fusarium wilt in tomatoes, in soils contaminated with the
pathogen, and in the production of organic yield.
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