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An experiment with nine constant temperatures (5, 10, 15, 20, 25, 30, 35, 40, and 45°C)
was conducted in 2019 at the Agricultural Sciences and Natural Resources University of
Khuzestan based on a completely randomized design (CRD) with 8 replications to
investigate germination and determine the cardinal temperature of Physorhynchus
chamaerapistrum (Boiss.) Boiss. The highest seed germination was 86% at 25°C.
Germination percentages at temperatures of 10, 15, 20, 30, 35, and 40°C were 77%, 83%,
85%, 85%, 34%, and 13%, respectively. No germination was observed at 5 and 45°C.
The relationship between imbibition time and cumulative germination percentage was
described by a three-parameter sigmoid equation. According to this equation, the results
indicated that the shortest time required to reach 50% germination (Tso0) was observed at
25 and 30°C (33 and 34 hours), and the longest at 10 and 40°C (106 and 141 hours). Tso
for temperatures of 15, 20, and 35°C was predicted to be 76, 37, and 51 hours,
respectively. According to the dent-like model, the base temperature, lower optimal
temperature, upper optimal temperature, and ceiling temperature were predicted to be
16.5,22.91, 29.52, and 43.45°C, respectively. The results of this study showed that this
plant could have the highest germination percentage from November to January,
considering the growth conditions. Therefore, during these months, plans for managing
this rangeland plant (seed dispersal and rangeland restoration) and issues related to
grazing management should be considered.

Cite this article: Zare, A., Moosavi, S.A. (2025). Evaluation of Different Temperatures on Germination and Determination of Cardinal
Temperatures of the Rangeland Plant Physorhynchus chamaerapistrum (Boiss.) Boiss as the First Report in Iran. Journal of
Range & Watershed Management, 78 (3), 399-414. DOL: http//doi.org/10.22059/jrwm.2025.390691.1805

© The Author(s).

Publisher: University of Tehran Press



mailto:ahmadzare@asnrukh.ac.ir
mailto:ahmadzare@asnrukh.ac.ir
https://orcid.org/0000-0003-2505-6134

Journal of Range & Watershed Management, 87 (3), 2025

EXTENDED ABSTRACT

Introduction: Rangelands are vibrant, life-sustaining landscapes where hardy grasses, shrubs, and wildflowers have learned
to thrive against the odds in deserts, dry plains, and semi-arid regions. These ecosystems aren’t just scenic backdrops; they’re
quiet champions of our planet. Their plants act like nature’s engineers: deep-rooted grasses anchor the soil, preventing
erosion; shrubs like sagebrush create shelter for wildlife; and entire plant communities work together to trap carbon and
purify water. But their superpowers do not stop there, as rangelands also feed livestock, sustain traditional herding cultures,
and quietly fight climate change by locking away carbon. Seed germination is a critical stage in the plant life cycle, influenced
by various environmental factors, particularly temperature. Understanding the cardinal temperatures (base, optimum, and
ceiling) for germination is essential for ecological restoration, rangeland management, and predicting plant establishment
under changing climatic conditions. Physorhynchus chamaerapistrum (Boiss.) Boiss., a member of the Brassicaceae family,
is a valuable medicinal and rangeland species native to regions of Iran, including Behbahan, Gachsaran, and Bandar
Hormozgan. Despite its ecological and economic significance, limited research exists on its germination ecology. This study
aimed to investigate the effects of different temperatures on seed germination and determine the cardinal temperatures for P.

chamaerapistrum, providing foundational data for its rangeland rehabilitation and grazing management.

Materials and Methods: The experiment was conducted in 2019 at the Agricultural Sciences and Natural Resources
University of Khuzestan, Iran (Mollasani), using a completely randomized design (CRD) with nine replications. Seeds
were collected from Gachsaran (50°43'51.88"E, 30°21'56.07"N) and subjected to nine constant temperatures (5, 10, 15,
20, 25, 30, 35, 40, and 45°C). For each treatment, 25 seeds were placed on filter paper in Petri dishes, and germination
was monitored daily. Germination percentage and the time to 50% germination (T50) were recorded using standardized
protocols. A three-parameter logistic sigmoidal model was fitted to cumulative germination (%) data over imbibition time
(hours) using nonlinear regression to estimate Tso. Cardinal temperatures (base, lower optimum, upper optimum, and
ceiling) were estimated using four models, including segmented, dent-like, beta four-parameter, and beta five-parameter
models. Two statistical measures, Root Mean Square Error (RMSE) and Akaike Information Criterion (AIC), were used

to assess and select the best-performing model.

Results and Discussion: The highest germination percentage (86%) was observed at 25°C, followed by 85% at 20 and
30°C, 83% at 15°C, 77% at 10°C, and 34% at 35°C. Germination was significantly reduced to 13% at 40°C, while no
germination occurred at 5°C or 45°C. The T50 values were shortest at 25 and 30°C (33 and 34 hours, respectively) and
longest at 10 and 40°C (106 and 141 hours, respectively). Intermediate T50 values were recorded at 15°C (76 hours),
20°C (37 hours), and 35°C (51 hours). Based on the dent-like model, the estimated cardinal temperatures were: base
temperature (Tb): 5.16°C, lower optimum temperature (Tol): 22.91°C, upper optimum temperature (To2): 29.52°C, and
ceiling temperature (Tc): 45.43°C. These findings suggest that P. chamaerapistrum exhibits optimal germination under
moderate temperatures (20-30°C), with reduced germination at extreme temperatures. The absence of germination at 5°C
and 45°C indicates thermal limits for this species, consistent with adaptations to its native semi-arid habitats. The rapid
germination at 25-30°C suggests that autumn and winter (November—January) are the most suitable periods for seed
dispersal and rangeland rehabilitation in Gachsaran, where temperatures align with the optimal range. The study highlights
the importance of temperature in seed germination ecology, particularly for rangeland species subjected to climatic stress.
The estimated cardinal temperatures provide a basis for predicting germination timing under rangeland conditions, aiding
restoration planning and grazing management. Furthermore, the variability in germination responses underscores the need

for species-specific studies to optimize management strategies. Results advocate prioritizing seed dispersal and restoration
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efforts between November and January, coinciding with natural temperature suitability in the region. Integrating these
insights into rangeland management, particularly grazing schedules and reseeding protocols, can enhance ecosystem

recovery and sustainable land use.

Conclusion: This study is the first comprehensive report on the germination ecology of P. chamaerapistrum in Iran. The
findings demonstrate that germination is highly temperature-dependent, with optimal performance between 20 and 30°C and
inhibition at extreme temperatures. The estimated cardinal temperatures can guide rangeland management, particularly in
timing seed sowing for maximum establishment success. Future research should investigate the interactions between
temperature and other environmental factors (e.g., moisture, light) to enhance restoration efforts for this ecologically

significant species.
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