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Abstract

Arbuscular Mycorrhizal Fungi (AMF) as root symbionts in most terrestrial plants,
not only improve nutrition, but also increase plant resistance to biotic and abiotic
stresses by changing the physiology of the host plant. Viruses are one of the most
important pathogens and limiting factors in plant production. The effects of AMF on
viral infections are contradictory. Some AMFs lead to resistance to viral infection,
while others result in increased susceptibility of the host plant. In this research, the
effect of the symbiosis between tomato plants and the arbuscular mycorrhiza,
Glomus fasciculatum (GF), was investigated in response to tomato mosaic virus
infection. The plant responses were investigated in various characteristics such as
plant height, fresh and dry weights of aerial parts, disease severity, content of total
phenols and photosynthetic pigments, content of nitrogen, phosphorus and
potassium elements, and the activity of antioxidant enzymes. The results showed
that the AMF delayed the emergence of the symptoms and reduced disease severity.
Additionally, AMF caused significant increases in growth traits in both virus- and
mock-inoculated plants. AMF enhanced the content of the photosynthetic pigments
in mock-inoculated plants, but in the virus-inoculated plants, it could not
significantly increase chlorophyll b. Virus and mycorrhizal infections, alone and
simultaneously, resulted in a significant increase in catalase and peroxidase
activities and total phenolic content in the plants. AMF significantly increased the
content of nitrogen, phosphorus and potassium in mock-inoculated plants. However,
no significant increase was seen in the case of phosphorus in virus-infected plants.
In general, it can be concluded that the symbiosis of tomato-GF has led to resistance
to tomato mosaic virus infection.

Keywords: Defence-related compounds, disease severity, chlorophyll, mineral
elements, symbiosis
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Table 1. Treatments and pertaining code to each treatment
Treatment code Description

-GF -V No mycorrhiza and no virus treatment
-GF +V Without mycorrhiza and with virus
+GF -V With mycorrhiza and without virus
+GF +V With mycorrhiza and with virus
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Virus Primer name Product size Ta Position on virus genome
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ToMV  ToMV (F)

421 °C52

5746-5762 CATCTGTATGGGCTGAC

ToMV  ToMV (R)
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Fig.1. Disease symptoms caused by inoculation of ToMV
on tomato plants. There are distinct mosaic and
discoloration symptoms on the leaves.
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Table 3. Mean value of growth characteristics of the plants in different treatments. GF- (treatment without mycorrhiza), GF+
(treatment with mycorrhiza), V- (treatment without virus), V+ (treatment with virus), SEM (Standard error of the mean), M
(mycorrhiza), V (virus) and M*V (interaction effect of mycorrhiza and virus). Letters inside the table represent Duncan
grouping and different letters within a row indicate differences among the treatments at the 5% level of significance.

Parameter GF- GF+ SEM P value

V- V+ V- V+ M \Y% M*V

Height 56.56 ¢ 39.86° 94.56% 50.20¢ 1518 <0.01 <0.01 <0.01

Wet weight 110° 64 ¢ 220.20% 89.60¢ 3.602 <0.01 <0.01 <0.01

Dry weight 12.42¢ 596°¢ 24.36% 8649 0527 <0.01 <0.01 <0.01
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Table 4. Mean value of photosynthetic pigments, including total chlorophyll (ChL.T), chlorophyll a (Chl.a), chlorophyll b
(Chl.b) and carotenoids in different treatments. GF- (treatment without mycorrhiza), GF+ (treatment with mycorrhiza), V-
(treatment without virus), V+ (treatment with virus), SEM (Standard error of the mean), M (mycorrhiza), V (virus) and M*V
(interaction effect of mycorrhiza and virus). Letters inside the table represent Duncan grouping and different letters within a
row indicate differences among the treatments at the 5% level of significance.

Parameter GF- GF+ SEM P value

V- V+ V- V+ M \Y M*V
ChL.T 454°¢ 1817 7992 3659 0.287 <0.01 <0.01 <0.05
Chl.a 3.07¢ 1.29¢ 5322 2449 0191 <0.01 <0.01 <0.05
Chl.b 147 052 267 121 0.104 <0.01 <0.01 0.069
Carotenoids 0.76¢ 0.479¢ 1.872% 0.72¢ 0.053 <0.01 <0.01 <0.01
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Table 5. The mean of activity levels of antioxidant enzymes including catalase (CAT) and ascorbate peroxidase (APX) as well
as the total phenol, nitrogen, phosphorus and potassium contents of the plants in different treatments. GF- (treatment without
mycorrhiza), GF+ (treatment with mycorrhiza), V- (treatment without virus), V+ (treatment with virus), SEM (Standard error
of the mean), M (mycorrhiza), V (virus) and M*V (interaction effect of mycorrhiza and virus). Letters inside the table
represent Duncan grouping and different letters within a row indicate differences among the treatments at the 5% level of
significance.

GF- GF+ P value

Parameter SEM
V- V+ V- V+ M vV M*V
CAT 0.38¢9 055°¢ 0.66° 0.73° 0.020 <0.01 <0.01 <0.05
APX 2789 512°¢ 6.60P 7.34P 0289 <0.01 <0.05 <0.05

Total phenolic content 2.25¢ 3.76¢ 6.58° 8.13% 0.308 <0.01 <0.01 <0.05

N 4299 099f 8362 3.07° 0.151 <0.01 <0.01 <0.01
K 274¢ 1.00° 5402 1759 0.194 <0.01 <0.01 <0.01
P 0.28¢ 0.049 0742 0.12¢ 0.026 <0.01 <0.01 <0.01
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