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Phenotypic Plasticity of Qualitative Leaf Traits in Cinnamon (Cinnamomum Verum) Accessions Across Two Agroclimatic Zones in Sri Lanka.
Introduction
Cinnamomum verum, commonly known as true cinnamon, contributes to the 90% of the global demand bark production (Abeysinghe et al., 2009).  Despite this export economy, cinnamon represents a key agricultural commodity and serves as a primary source of livelihood for a significant proportion of smallholder farmers, supporting its strategic importance to the national economy (Suriyagoda et al., 2021). The industry currently sustains over 350,000 households and ranks as the second largest agricultural export in the country (Suriyagoda et al., 2021; Hewavitharana et al., 2022).  Cultivated Cinnamomum verum is in Sri Lanka shows extensive variation in morphological trait largely because its flower undergoes protogynous dichotomy that promotes cross-pollination and leads to the high morphological diversity among accessions (Azad et al., 2019). Moreover, the country currently cultivates only two selected cinnamon accessions, “Sri Gemunu” and “Sri Wijaya”, limiting the available genetic diversity for commercial production (Weerasuriya and Senarath, 2020). Nevertheless, there has been a lack of research focused on identifying the qualitative leaf traits that vary when the similar genetic accessions are grown under different environmental conditions. Expansion of cinnamon cultivation and introducing of new high yielding cinnamon accession at commercial level holds substantial potential to strengthen Sri Lanka’s local and export economy. Therefore, this study aimed to compare qualitative leaf morphological traits of the identical cinnamon accessions grown under two contrasting environments.
Materials and Methodology
Vegetatively propagated Cinnamomum verum of 20 accessions were collected from Mid Country Research Station (MRS) based on the survival percentage at least minimum 30% within the first 5 months and planted in a nursery at the University of Ruhuna, Mapalana, Matara, until field transplanting. When the plants reached eight months old as a considerable maturity, they were transplanted to the Thalgampola experimental site in Galle, Sri Lanka (GPS: 6.0874808 N, 80.3042749 E), located in the Low Country Wet Zone (WL2). The field experiment was laid out in a Randomized Complete Block Design (RCBD) statistical design with three blocks according to the land slope
When the plants reached approximately 1 year and 6 months, leaf morphological characterization included quantitative and qualitative traits, was performed. Quantitative data included Leaf Width (LW), Leaf Length (LL), and Petiole Length (PL) and qualitative data consisted of Leaf Shape (LS), Leaf Apex (LAP), Leaf Arrangement (LA), Leaf Margin (LM), Leaf Venation (LV), and Leaf Base (LB), assessed using standardized descriptors. Leaf sampling was standardized by selecting leaves located between the 5th and 6th nodes below the apical shoot tip on healthy branch and three healthy, mature and fully expanded leaves were selected from each accession to minimize the developmental variation. In addition, to evaluate phenotypic plasticity, qualitative leaf morphological data of accessions at Thalgampola were compared with those of their corresponding mother plant. Associations between selected traits and environmental factors were assessed using Chi-square tests and Cramér’s V coefficients in R software (version 4.5.2).
Result and Discussion
The qualitative morphological leaf traits of cinnamon were analyzed across two sites, Thalgampola and MRS, to assess environmental stability and phenotypic plasticity.  The combined application of Chi-square tests to assess statistical significance and Cramér’s V to evaluate the strength of associations provides an informative framework for interpreting trait environment interactions. The results revealed contrasts between environmentally stable traits and highly plastic traits, highlighting trait specific phenotypic responses across sites.

Leaf arrangement, leaf apex, leaf base, and leaf venation showed no significant association with site, indicating high environmental stability. Leaf arrangement exhibited a p-value of 1.000 and a very low Cramér’s V value (0.060), suggesting negligible environmental influence. Similarly, leaf venation showed complete stability across environments, with a p-value of 1.000 and a Cramér’s V of 0.000, reflecting an absence of phenotypic variation attributable to site differences. Leaf apex and leaf base traits also demonstrated no significant associations with environment (p = 0.324 and p = 0.438), accompanied by low to moderate Cramér’s V values (0.374 and 0.360) respectively. The environmental stability of these traits is particularly important in germplasm characterization and taxonomic studies, as such traits can serve as reliable morphological markers across diverse agro ecological zones. Stable traits are also advantageous in breeding programs, where consistent expression across environments is essential for accurate selection and varietal identification.
In contrast, leaf shape and leaf margin exhibited significant associations with environmental conditions, indicating pronounced phenotypic plasticity. Leaf shape showed a significant result (p = 0.033) with a Cramér’s V value of 0.579, representing a moderate to strong association with site. Leaf margin demonstrated the highest level of environmental responsiveness among the traits studied. The Chi square test revealed a highly significant association with site (p < 0.001), and the corresponding Cramér’s V value (0.951) indicated a very strong association. This exceptionally high V value reflects substantial phenotypic plasticity, suggesting that leaf margin is highly sensitive to environmental variation. Such plasticity may represent an adaptive response, enabling plants to optimize physiological performance under different ecological conditions.
Conclusion
Leaf arrangement, leaf apex, leaf base, and leaf venation were identified as environmentally stable traits, indicating strong genetic control and consistent expression across sites. In contrast, leaf shape and leaf margin exhibited significant associations with site, reflecting pronounced phenotypic plasticity across the two selected sites.
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