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Abstract
Introduction
Drought stress is considered as a global challenge that has many adverse effects on society, the

economy, and the environment. Ectomycorrhizal fungi can enhance plants to cope with such stress
through physiological and biochemical mechanisms. However, comprehensive information
regarding the activity of antioxidant enzymes in ectomycorrhizal symbiosis, especially in truffle
fungi, remains limited. The present study aimed to investigate the effect of the ectomycorrhizal
fungus of black summer truffle (Tuber aestivum Vittad.) on the activity of two antioxidant enzymes
(catalase and peroxidase) in the leaves of hazelnut (Corylus avellana L.) and ginkgo (Ginkgo biloba
L.) under water deficit stress conditions.

Materials and Methods

This study was carried out between 2020 and to 2022 at Gorgan University of Agricultural Sciences
and Natural Resources in a completely randomized design with two treatments (seedlings
inoculated with fungus and non-inoculated controls. For seedling inoculation, the powdered
inoculum was suspended in distilled water according to the manufacturer’s instructions, with each
15 g package of Tuber aestivum fungal spores dissolved in 3.5 liters of distilled water. Then, 250
mL of this suspension was added to each pot. During three inoculation stages, one gram of
inoculum with a concentration of 10® spores per gram was added to the soil around each seedling,
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and the colonization rate was evaluated using both the visual method and the grid line intersection
method. Water deficit stress was imposed by withholding irrigation until the inoculated
seedlings reached near the wilting point, while the control group was fully irrigated throughout the
experiment. After applying stress, the effect of fungal inoculation on drought tolerance
was investigated by measuring the activity of antioxidant enzymes in the leaves.

Results and Discussion

The results indicated that ginkgo and hazelnut seedlings were able to tolerate water deficit stress
for 14 and 13 days, respectively. In visual evaluation, the colonization rate was estimated at 69%
for hazelnut and 63% for ginkgo, while the grid line intersection method showed these values of
58% and 55%, respectively. The study also revealed that catalase (CAT) enzyme activity in
seedlings inoculated with Tuber aestivum under water deficit stress was significantly higher (P <
0.001) compared to non-inoculated controls, with increases of 27% in G. biloba and 143% in C.
avellana. Similarly, peroxidase enzyme activity also showed a significant increase (P < 0.001) in
inoculated seedlings of both species; showing a 67% increase in G.biloba and 58% in C.avellana.
This dramatic increase in the activity of antioxidant enzymes in the presence of T. aestivum
suggests that this symbiotic fungus can stimulate and strengthen the host plant’s defense
mechanisms under water deficit conditions. These results confirm that T. aestivum plays an
effective role in mitigating oxidative stress and improving plant tolerance to adverse environmental
conditions, highlighting its potential as an effective biological agent for managing abiotic stresses.

Conclusion

To ensure the performance of this symbiosis on a larger scale and under natural conditions, further
research at the molecular level is required, including investigation into the expression pattern of
enzymes and genetic changes in different plant species. The present study provides a suitable
theoretical framework for a better understanding of the physiological and biochemical mechanisms
underlying plant-fungus interaction in response to water deficit stress.
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Figure 1. (a) Roots of Corylus avellana without Tuber aestivum. (b) Roots of C. avellana with T. aestivum. (c, d)
Uncolored roots of ectomycorrhizae C. avellana under the microscope. (e, f) Colored roots of ectomycorrhizae of

C. avellana with T. aestivum under the microscope, illustrating the morphological changes and potential benefits
of mycorrhizal colonization.
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Figure 2. (a) Roots of Ginkgo biloba without T. aestivum. (b) Roots of G. biloba with T. aestivum. (c, d, ¢, f)
Microscopic images of the colored ectomycorrhizal roots of G. biloba associated with T. aestivum, illustrating the
morphological changes and potential benefits of mycorrhizal colonization.
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Table 2. Independent t-test results for comparing the catalase activity in inoculated seedlings
(under water deficit stress) and control Ginkgo and Corylus

Species t-statistic (df) Sig. (2- tailed)
Ginkgo -5.964 18 <™0.001
Corylus -15.784 20 <"0.001

**: Significant at the probability level of 1 %
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Figure 3. Mean comparison for catalase activity in inoculated seedlings (under water deficit stress) and control.
Corylus avellana (A) and Ginkgo biloba (B)
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Table 3. Independent t-test results for the peroxidase activity in inoculated seedlings (under water deficit
stress) and control Ginkgo and Corylus

Species t-statistic (df) Sig. (2- tailed)
Ginkgo - 4.461 18 <™0.001
Corylus -7.012 20 <0.001

** :Significant at the probability level of 1 %
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Figure 4. Mean comparision for peroxidase activity in inoculated seedlings (under water deficit stress) and
control. Corylus avellana (A) and Ginkgo biloba (B)
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