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Abstract

Crown and root rot is one of the most prevalent diseases affecting pistachio trees in Iran, primarily caused by
various species of the genus Phytophthora. This study investigated the effects of chitosan, copper nanoparti-
cles, chitosan-copper nanoparticles, and registered fungicides including copper oxychloride, fosetyl-alumi-
num, and metalaxyl-mancozeb at concentrations of 0, 10, 50, 100, 500, 1000, and 2000 ppm on radial growth,
sporangium production, and zoospore formation of two pathogenic species: Phytophthora drechsleri (Pd) and
Ph. citrophthora (Pc) under in vitro conditions. Radial growth was assessed using V8 agar medium, while spo-
rangium production was evaluated on LBA medium. The results revealed that increasing fungicide concentra-
tions significantly reduced radial growth, sporangium production, and zoospore formation in both species. The
lowest radial growth of Pd was observed with copper oxychloride treatment, whereas the highest was recorded
with chitosan and chitosan-copper nanoparticle treatments. The minimum sporangium counts for Pd occurred
at 1000 and 2000 ppm. For Pc, the lowest radial growth was found in fosetyl-aluminum treatment, while the
highest was in copper and copper-chitosan nanoparticle treatments. Zoospore production was lowest in treat- il
ments with chitosan, copper nanoparticles, and copper-chitosan nanoparticles at concentrations ranging from

500 to 2000 ppm. Based on these findings, copper oxychloride demonstrated the most effective inhibition of

vegetative growth, sporangium production, and zoospore formation in both Pd and Pc, suggesting its potential

as a promising agent for managing pistachio crown and root rot disease.
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Extended Abstract
Introduction

Crown and root rot is one of the most prevalent and economically damaging diseases affecting pista-
chio trees in Iran. The disease is primarily caused by various species of the genus Phytophthora, with
Phytophthora drechsleri (Pd) and Ph. citrophthora (Pc) being the most aggressive and widespread
pathogens in pistachio orchards. Traditional chemical fungicides have been widely used to manage this
disease, but concerns regarding environmental safety, pathogen resistance, and sustainability have led
researchers to explore alternative control strategies. Biocompatible compounds such as chitosan and
nanomaterials like copper nanoparticles (CuNPs) have shown promising antimicrobial properties and
potential for eco-friendly disease management. This study aimed to evaluate the effects of chitosan,
CuNPs, chitosan—copper nanocomposites, and registered fungicides—including copper oxychloride,
fosetyl-aluminum, and metalaxyl-mancozeb—on the radial growth, sporangium production, and zoo-
spore formation of Pd and Pc under in vitro conditions.

Materials and Methods

The experiment was conducted under laboratory conditions using two pathogenic Phytophthora spe-
cies: Pd and Pc. Treatments included chitosan, copper nanoparticles, chitosan—copper nanocomposites,
and three registered fungicides: copper oxychloride, fosetyl-aluminum, and metalaxyl-mancozeb. Each
compound was tested at concentrations of 0 (control), 10, 50, 100, 500, 1000, and 2000 ppm. Radial
growth was assessed using V8 agar medium, while sporangium production was evaluated on LBA me-
dium. Zoospore formation was quantified through microscopic examination after incubation in sterile
distilled water. All treatments were applied to fungal cultures, and measurements were taken at defined
intervals. Each experiment was performed in triplicate, and data were analyzed using ANOVA to deter-
mine significant differences among treatments and concentrations.

Results and Discussion

The results revealed that increasing concentrations of fungicides and nanoparticle-based treatments
significantly reduced radial growth, sporangium production, and zoospore formation in both Pd and
Pc. For Pd, the lowest radial growth was observed with copper oxychloride treatment, while the high-
est was recorded with chitosan and chitosan—copper nanoparticle treatments. Sporangium production
in Pd was most effectively suppressed at 1000 and 2000 ppm, particularly with copper oxychloride.
For Pc, the lowest radial growth was found in fosetyl-aluminum treatment, whereas the highest was
observed in copper and copper—chitosan nanoparticle treatments. Zoospore production was lowest in
treatments with chitosan, copper nanoparticles, and chitosan—copper nanocomposites at concentrations
ranging from 500 to 2000 ppm. These findings suggest that while nanomaterials may have moderate
effects on mycelial growth, they significantly interfere with reproductive structures, which are critical
for disease dissemination. Overall, copper oxychloride emerged as the most effective treatment across
both species, demonstrating strong antifungal activity in suppressing vegetative growth and reproduc-
tive capacity. Chitosan and nanoparticle-based treatments also showed promising results, particularly
in reducing zoospore formation. These results support the potential integration of nanomaterials and
biocompatible agents into pistachio disease management programs, offering sustainable alternatives to
conventional fungicides.



Conclusion

This study demonstrated that copper oxychloride is the most effective agent in inhibiting the growth and
sporulation of Ph. drechsleri and Ph. citrophthora under in vitro conditions. Chitosan, copper nanopar-
ticles, and chitosan—copper nanocomposites also exhibited significant antifungal activity, especially in
suppressing zoospore formation at higher concentrations. The integration of conventional fungicides
with nanotechnology-based treatments could enhance disease control strategies in pistachio orchards.
Such approaches may lead to more sustainable and efficient management of crown and root rot, min-
imizing environmental risks and improving crop health. Further research is recommended to evaluate
field performance, formulation stability, and long-term safety of these treatments.
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