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Hyrcanian boxwood (Buxus hyrcana Pojark.) is a valuable relict species from the Tertiary

period in the Hyrcanian forests, playing an important role in the stability of this ecosystem.
Over the past two decades, widespread decline of boxwood stands, particularly due to the
box tree moth and blight disease caused by the fungus Calonectria pseudonaviculata, has
become a serious crisis. Despite the importance of the issue, no comprehensive study has
been conducted to map the distribution and conservation prioritization of the remaining
stands. The present study was designed to map the distribution of remaining B.
hyrcana stands using Sentinel-2 imagery and to prioritize conservation in three key habitats
(Cheshmeh-Bolbol, Sisangan, and Shafaroud). Field sampling was conducted in summer
2025, and fungal isolates were purified on MEA culture medium. Pathogenicity was
confirmed through greenhouse tests, and the fungal species was identified using ITS region
sequencing. Distribution maps of the stands were prepared using supervised classification
of Sentinel-2 images with Support Vector Machine (SVM) algorithm and NDVI
calculation. The results showed all isolates were identified as Calonectria
pseudonaviculata with 99-100% similarity. The area of restorable stands was estimated at
78 ha (mean NDVI= 0.55) in Cheshmeh-Bolbol, 105 ha (mean NDVI= 0.38) in Shafaroud,
and 4.2 ha (mean NDVI= 0.23) in Sisangan. Conservation priorities were assigned to
Cheshmeh-Bolbol, Shafaroud, and Sisangan, respectively. Overall classification accuracy
ranged from 86.5% to 91.6%. This study presents, for the first time, the distribution map of
remaining B. hyrcana stands and determines conservation priorities. The proposed
methodology can be generalized to other habitats and provides a basis for restoration
planning and in situ conservation of this valuable species.
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Introduction

Hyrcanian boxwood (Buxus hyrcana Pojark.) is one of the evergreen relict species from the Tertiary
period in the Hyrcanian forests of northern Iran, typically establishing dense pure or mixed stands in
the understory of broadleaf trees. This long-lived species, with a lifespan of several hundred years,
plays an important role in the structural and functional stability of forest ecosystems, soil stabilization,
moisture retention, and the creation of diverse microhabitats. However, over the past two decades, the
widespread decline of Hyrcanian boxwood stands has become one of the most serious ecological
crises in the northern forests of the country. Among the threatening factors, the invasive box tree moth
(Cydalima perspectalis) has played a dominant role, while boxwood blight disease caused by the
fungus Calonectria pseudonaviculata acts as a synergistic agent. Despite scattered reports on the
reduction of these habitats, no integrated study has yet been conducted with the aim of mapping the
distribution of remaining stands and their conservation prioritization. The present study was designed
and implemented to map the distribution of remaining Hyrcanian boxwood stands using Sentinel-2
imagery for conservation prioritization in three representative habitats, including Cheshmeh-Bolbol
Forest Reserve in Bandar Gaz (Golestan Province), Sisangan Forest Park in Nowshahr (Mazandaran
Province), and Shafarood Forest (Gilan Province). These sites were selected to cover the eastern,
central, and western distribution range of boxwood in the Hyrcanian forests.

Material and Methods

To collect ground truth data and identify the causal agent, field surveys were conducted in summer
2025 (1404 Persian calendar) during the peak expression of disease symptoms, including leaf spots,
stem cankers, and shoot blight. Sampling was performed using a systematic linear transect method
(three 500-m transects with 200 m spacing, sampling every 50 m) from trees with visible disease
symptoms. At least ten infected trees were selected from each site, and samples were collected from
infected leaves and shoots. After transfer to the mycology laboratory, samples were surface-sterilized,
and tissue fragments were cultured on malt extract agar (MEA) medium. Fungal isolates were purified
using hyphal tip and single-spore techniques. To confirm pathogenicity, a greenhouse test was
performed on healthy Hyrcanian boxwood seedlings. A spore suspension (10® spores mL~ 1) prepared
from purified isolates was sprayed onto leaves, while control plants were treated with sterile distilled
water. The appearance of typical blight symptoms, including leaf spots and shoot blight, in inoculated
seedlings within 7 to 10 days, followed by successful re-isolation of the fungus from infected tissues,
fulfilled Koch’s postulates. For molecular identification, genomic DNA was extracted from 10-14-
day-old mycelium using the 2% CTAB method. The ITS1-5.8S5-1TS2 region of nuclear ribosomal
DNA was amplified using universal primers 1TS4 and ITS5. PCR products of approximately 550 bp
were visualized on agarose gel. Edited sequences were compared with the NCBI GenBank database
using BLASTn. To map the distribution of remaining stands at the regional scale, Sentinel-2 L2A
satellite imagery from 2015 and 2025 was used. After preprocessing including geometric correction
and band stacking, the Normalized Difference Vegetation Index (NDVI) was calculated. Supervised
classification using the Support Vector Machine (SVM) algorithm was performed with four land cover
classes: healthy boxwood (remaining stands with restoration potential), dried boxwood (stands without
restoration potential), other forest cover, and non-forest areas. Classification accuracy was assessed
using confusion matrices, overall accuracy, and the Kappa coefficient.

Results

Pathological assessments revealed a relatively consistent symptom pattern across all three sites.
Uniform fungal colonies were obtained from all cultured samples, and pathogenicity tests reproduced
typical blight symptoms in inoculated seedlings within 7 to 10 days. For molecular identification, all
isolates produced a fragment of approximately 550 bp in the ITS region. Sequence comparisons
showed that the Iranian isolates had the highest similarity (99-100%) with validated sequences
of Calonectria pseudonaviculata. Phylogenetic analysis also placed the isolates from this study
alongside reference isolates of this species in a distinct clade with 100% bootstrap support. The results
of Sentinel-2 image analysis showed that the area of remaining boxwood stands with restoration
potential (crown dieback less than 30% and NDVI greater than 0.4) was 78 ha in Cheshmeh-Bolbol
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(mean NDVI = 0.55), 105 ha in Shafarood (mean NDVI = 0.38), and 4.2 ha in Sisangan (mean NDVI
= 0.23). Accordingly, conservation priority one was assigned to Cheshmeh-Bolbol (genetic reserve),
priority two to Shafarood (continuous monitoring and gradual restoration), and priority three to
Sisangan (ex-situ conservation). The overall classification accuracy ranged from 86.5% to 91.6%, and
the Kappa coefficient was above 0.84 in all three regions.

Discussion and Conclusion

Overall, the results of this study for the first time provide a map of the distribution of remaining
Hyrcanian boxwood stands in three key habitats and determine their conservation prioritization. The
presence of the fungus Calonectria pseudonaviculata was conclusively confirmed in all three study
sites. The integration of field pathology data, molecular tests, and satellite image analysis provides a
precise and reliable framework for mapping the distribution of remaining Hyrcanian boxwood stands
and conservation prioritization. The presented methodology is extendable to other boxwood habitats in
the Hyrcanian forests and can serve as a basis for restoration planning and in situ conservation of this
valuable species.
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Table 1. Area of remaining Buxus hyrcana stands with rehabilitation potential and conservation prioritization in the
studied habitats (2025)
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Figure 3. Distribution map of remaining Buxus hyrcana stands in the three studied habitats (2025)
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Table 2. Descriptive statistics of NDVI in the studied habitats (2025)
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Figure 4. Comparison of NDVI maps extracted from 2025 imagery across the studied habitats
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Table 3. Classification accuracy assessment criteria for the studied habitats
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