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Abstract

Mycorrhizal fungi, particularly arbuscular mycorrhizal fungi (AMF), serve as key
symbionts for terrestrial plants, playing a crucial role in enhancing nutrient uptake,
promoting growth, and inducing resistance against biotic and abiotic stresses. One
of the most complex biological interactions involves the tripartite interaction among
plants, viruses, and mycorrhizal fungi, which has diverse effects on plant health and
the dynamics of viral diseases. This study aimed to investigate the effect of the
AMF species, Gigaspora margarita (GM), on the disease severity caused by
Tomato mosaic virus (ToMV) in tomato plants under greenhouse conditions. The
impact of mycorrhizal colonization on the reduction of viral disease severity and on
traits such as plant height, aerial biomass, content of photosynthetic pigments,
antioxidant enzyme activities (catalase and ascorbate peroxidase), content of total
phenolic and nutrient elements (nitrogen, phosphorus, and potassium) was assessed.
Results indicated that interaction with GM significantly improved growth traits and
increased chlorophyll a and b contents, while no significant effect was observed on
carotenoid levels. Additionally, antioxidant enzyme activities were enhanced
significantly in mycorrhizal plants as well as in GM-ToMV inoculated plants . The
contents of nitrogen, phosphorus, and potassium also showed significant increases
in GM-inoculated plants both in the presence and absence of the virus. Disease
severity was reduced in plants treated with the fungus. However, studies have
shown that the effect of AMF on plant—virus interactions is not always beneficial
and, under certain conditions, may lead to increased plant susceptibility to viral
infections, a phenomenon known as mycorrhiza-induced susceptibility (MIS). These
findings highlight the complexity of these biological interactions and underscore the
necessity for context-specific investigations to optimize the application of AMF in
managing plant viral diseases.

Keywords: arbuscular mycorrhiza, tomato mosaic virus, induced resistance, defense
compounds
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Table 2. Mean values of growth characteristics of plants under different treatment conditions. GM—: treatment without mycorrhiza; GM+:
treatment with mycorrhiza; V—: treatment without virus; V+: treatment with virus. SEM: standard error of the mean; M: main effect of

mycorrhiza; V: main effect of virus; MxV: interaction effect between mycorrhiza and virus. Values within a row followed by different letters
indicate statistically significant differences among treatments based on Duncan’s multiple range test at the 5% significance level.

Parameter GM- GM+ SEM P value

V- V+ V- V+ M \4 M*V
Height (cm) 56.56° 39.86° 68.68* 60.26° 1.518 <0.01 <0.01 <0.01
Wet weight (g) 110" 64 9 17242 112.8° 3.602 <0.01 <0.01 <0.01

Dry weight (g) 12.42° 596¢ 16.74* 13.22% 0.527 <0.01 <0.01 <0.01
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Table 3. Mean values of photosynthetic pigments (mg/gFW), including total chlorophyll (ChL.T), chlorophyll a (Chl.a), chlorophyll b
(Chl.b), and carotenoids under different treatment conditions. GM—: treatment without mycorrhiza; GM+: treatment with mycorrhiza; V—:
treatment without virus; V+: treatment with virus. SEM: standard error of the mean; M: main effect of mycorrhiza; V: main effect of virus;

MxV: interaction effect between mycorrhiza and virus. Values within a row followed by different letters indicate statistically significant
differences among treatments based on Duncan’s multiple range test at the 5% significance level.

Parameter GM- GM+ SEM P value

V- V+ V- V+ M \% M*V
ChL T 4.54° 1.81¢ 6.79 2 2.72°¢ 0.287 <0.01 <0.01 <0.05
Chl. a 3.07° 1.29¢ 4552 1.81°¢ 0.191 <0.01 <0.01 <0.05
Chl. b 1.47° 0.52¢ 2.26° 0.91°¢ 0.104 <0.01 <0.01 <0.01

Carotenoids 0.76 0.47 0.99 0.59 0.053 <0.01 <0.01 0.06
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Table 4. Mean activity levels of antioxidant enzymes (unit/min- mgFW) —catalase (CAT) and ascorbate peroxidase (APX)—along with
total phenolic content (TPC) (mg/gFW) and concentrations of nitrogen, phosphorus, and potassium (% dry matter) in plants under different
treatments. GM— refers to the treatment without mycorrhizal inoculation, while GM+ indicates the treatment with mycorrhiza. V— and V+
represent treatments without and with viral infection, respectively. SEM denotes the standard error of the mean. M represents the main effect
of mycorrhiza, V the main effect of virus, and MxV their interaction effect. Different letters within a row indicate statistically significant
differences among treatments based on Duncan's multiple range test at the 5% significance level.

GM- GM+ P value
Parameter SEM

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

CAT 0.384 0.55¢ 0.72° 0.902 0.020 <0.01 <0.01 <0.05

APX 2.78 4 5.12¢ 7.24° 8.72¢ 0.289 <0.01 <0.05 <0.05

Total

phenolic 2254 3.76 ¢ 5.06° 8.48 2 0.308 <0.01 <0.01 <0.05
content

N 429¢ 0.994 5982 4950 0.151 <0.01 <0.01 <0.01

K 2.74° 1.00 ¢ 4012 2.52° 0.194 <0.01 <0.01 <0.01

P 0.28° 0.04 ¢ 0412 023" 0.026 <0.01 <0.01 <0.01
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