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Investigating functional traits among mountain species with differing altitude requirements is integral to effective conservation practices. Our study aims to investigate the structural and chemical characteristics of Daphniphyllum macropodum leaves at three altitudes (1100 m, 1300 m, and 1500 m) across southern China to provide insight into changes in leaf functional traits (LFT) as well as plant adaptations in response to changing environmental conditions. Leaf structural characteristics include leaf thickness (LT), leaf area (LA), specific leaf area (SLA), and leaf tissue density (LD), respectively, while chemical properties include carbon-nitrogen-phosphorus (C:N:P) contents and ratios, such as C/N, C/P, and N/P. Our findings demonstrated the significant effect of altitude on both structural (LT, SLA, LD) and chemical aspects (N, C/N, N/P) of LFT. In particular, leaves at 1100 and 1300 m differed greatly, with 1300 m having lower SLA values than 1100 m. Observable trends included an initial increase followed by a decline as the altitude rose. Notable among them were the LT, LD, N, and N/P values at both locations. Traits at 1300 m were significantly higher than at 1100 m; SLA and C/N values displayed an inverse trend, with their lowest values occurring at 1300 m. Furthermore, this research demonstrated various degrees of variation among LFT, with structural traits exhibiting greater fluctuation than chemical traits. Robust correlations were observed among certain traits, such as LT, LD, and SLA. Furthermore, the interdependency relationships between N and C/N, as well as P and C/P, demonstrated interconnectedness. Redundancy analysis indicated that soil factors, specifically P content, exerted the strongest impact on LFT. At 1100 m, D. macropodum employed acquisition strategies; however, at 1300 m, conservation strategies emerged, showing a shift from acquisition strategies at lower altitudes to conservative strategies at higher ones.
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1 Introduction

Climate change has caused extreme weather events that threaten plant survival and growth (Hai et al., 2023; Huang et al., 2023; Muhammad et al., 2024). Plant Functional Traits (PFTs) are highly sensitive and adaptable to environmental changes (Madsen-Hepp et al., 2023; Wang J. et al., 2023), such as leaf morphology, photosynthetic properties, nutrient content, water relations, mechanical characteristics, reproductive traits, root characteristics, phenological traits, and flowering time (Wang J. et al., 2023). Leaf functional traits (LFT), an integral component of PFT, can adapt to environmental fluctuations (Morffi-Mestre et al., 2023; Islam et al., 2024). LFT characteristics may serve as useful indicators of plant responses to climate change (Niinemets, 2023; Sandoval-Granillo and Meave, 2023; Shi X. M. et al., 2023). LFT characteristics are closely tied to plant survival strategies and effective resource use (Siefert and Laughlin, 2023). As a result of these changes, LFT characteristics often vary significantly, reflecting genetic diversity and plasticity within individuals (Bai et al., 2023; Haber et al., 2023). Leaf attributes exhibit significant variation both within and among populations, particularly with regards to altitudinal changes; additionally, leaf nutrient concentrations differ among different populations (Chen et al., 2023; Ramesh et al., 2023). As in nature, dissimilar species’ leaves exhibit significant variation depending on their population (Wang X. et al., 2023; Xing et al., 2023). This is apparent in the size, specific leaf area, thickness, leaf tissue density, and leaf weight differences between populations (Wang X. et al., 2023). An additional study by Guo et al. (2023) also demonstrated significant variations in leaf morphology and leaf physiology among and within broad-leaved plant populations. Other studies also demonstrated considerable variance in LFT between populations of broad-leaved plants (Griebel et al., 2023). Most research indicates that more detailed and precise investigations will likely reveal significant variances among populations rather than within them (Kermavnar et al., 2023; Koleszár et al., 2023).

Environmental influences play a pivotal role in plant development traits, specifically water, radiation, and temperature—three key variables that have a significant bearing on LFT characteristics (Chen et al., 2022). Modifying these conditions and optimizing resource efficiency are both key to plant survival (Arif et al., 2023; Hidalgo-Triana et al., 2023; Rauf et al., 2023). Morphological features (Cox et al., 2023; Liu L. B. et al., 2023; Rius et al., 2023), such as leaf area and shape, play an integral part in water consumption and photosynthesis efficiency. Kermavnar et al. (2023) and Long et al. (2023) provide insight into a plant’s ability to endure physical stress through various mechanical characteristics like leaf dry matter content and carbon content, among other metrics. Economic indicators such as specific leaf area, leaf nitrogen content, and leaf phosphorus content provide a comprehensive picture of a plant’s ability to adapt and respond to environmental conditions as well as nutritional stability and limitations (Wright et al., 2004; Khan et al., 2023; Liu X. R. et al., 2023). Under conditions such as drought or low temperature exposures, leaves often decrease their specific leaf area and leaf nitrogen content (Felix et al., 2023; Nomura et al., 2023; Wang Y. N. et al., 2023). Such adjustments optimize water use and photosynthesis efficiency. These changes could enhance water use efficiency and photosynthesis efficiency by improving both mechanisms simultaneously.

PFT covers essential characteristics that relate to plant colonization, survival, growth, and mortality (Shi X. Z. et al., 2023). PFT data provide valuable insight into the responses and adaptation strategies of individual plants to environmental changes as well as longitudinal variations (Siefert and Laughlin, 2023). LFT encompasses structural (specific leaf area, dry matter content, and leaf carbon content) and chemical traits (leaf carbon content and nitrogen content), both closely associated with biomass production, resource acquisition, and utilization (Manohan et al., 2023). As part of their ability to adapt to shifting climatic conditions, plants dynamically alter LFT (Dong et al., 2023). Altitude-induced variations in environmental factors, including light intensity, temperature, and soil types, can influence PFT and LFT ratios (Manohan et al., 2023). PFTs such as leaf area, specific leaf area, specific leaf weight, and nitrogen content serve as indicators of plant resource allocation for growth or storage (McIntire, 2023). Researchers utilize such indicators extensively when investigating the responses of plants to environmental changes and potential growth strategies. As altitude increases, plants typically adapt by creating defensive tissue structures—reducing leaf area, specific leaf area, and specific leaf weight—while simultaneously increasing specific leaf weight, dry matter content, and nitrogen content—in order to survive high radiation environments and low temperatures (He et al., 2023). Unfortunately, research findings on the relationship between altitude and LFT remain inconclusive.

Melis et al. (2023) have found that specific leaf area increased with altitude while leaf area declined, yet no significant correlation was detected between leaf nitrogen content and altitude gradient. Research by other investigators demonstrated an increase in specific leaf weight with increasing altitude (Xu S. W. et al., 2023). While nitrogen levels showed decreasing trends with altitude increase, phosphorus content and nitrogen-to-phosphorus ratio (N/P) did not significantly change due to altitude change (Zhang X. et al., 2023). Researchers found varying responses of evergreen and deciduous trees as altitude gradients increased (He et al., 2023), thus rendering patterns of LFT changes along altitude gradients inconclusive. Studies on the relationships between soil factors and LFT along altitude gradients in southern China are limited; observing their changing patterns helps develop our knowledge of plant responses to environmental change and adaptive mechanisms (Liu et al., 2022).

Mao’er Mountain Nature Reserve (MMNR), located in Guilin, Guangxi Province, China, presents visitors with a subtropical climate. Here, vegetation varies with altitude gradient and vertical arrangement (Chen et al., 2024). Daphniphyllum macropodum Miq. is found in subtropical broad-leaved forests at altitudes between 600 and 1700 m, where its role in maintaining forest ecosystem stability and function plays an essential part (Gao et al., 2023). Field investigations also suggest that concentrations of D. macropodum within the 1100–1500 m altitude range display “bell-shaped” population distribution patterns (Yang et al., 2022). MMNR and subtropical mountains make excellent experimental sites for studying how elevation affects plant traits. Currently, most research on concatenated D. macropodum concentrates on its photosynthetic traits (Eljounaidi et al., 2024) and population traits (Yoichi et al., 2023). Few studies have examined LFT, altitude variation, or environmental factors that influence their correlations. This makes it challenging to understand how this species adapts to its environment from the perspective of plant functional traits. Therefore, our study investigates the structural and chemical characteristics of D. macropodum leaves at different altitudes within MMNR with the aim of (1) understanding their functional traits and chemical characters across altitudes and (2) investigating any relationships between soil characteristics and LFT.



2 Materials and methods


2.1 Study area

The sampled sites are located within MMNR (Figure 1), in the northern part of Guilin, Guangxi, China (110°20′ ∼ 110°35′ E, 25°48′ ∼ 25°58′ N). Located in South China, Mao’er Mountain has an elevation of 2,141.5 m and is the highest peak in the region. The subtropical mountain climate is prevalent in the region, with average annual temperatures ranging from 16.4 to 18.1 °C and 2600 mm of precipitation. The study area features an expansive elevation drop, creating an altitude gradient with varied vegetation types at every elevation level. Some of these ecosystems include evergreen broad-leaved forest, evergreen and deciduous broad-leaved mixed forest, evergreen coniferous and broad-leaved mixed forest, and hilltop coppice forest (Yang et al., 2022; Gao et al., 2023). This area consists of mountainous red and yellow soils formed by granite.
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FIGURE 1
Location (A–C) of sample sites (D) across different altitudes (E) in southern mountainous regions of China.




2.2 Sampling measurements

In order to determine whether the functional traits of D. macropodum leaves were different at different elevations, we chose 27 plots, 9 of which were at 1100 m, 1300 m, and 1500 m, as shown in Table 1. These plots were used to demonstrate any differences in functional traits between those growing at higher and lower altitudes of this species. During the peak growth season of D. macropodu in July 2022, we performed leaf sampling on 20 m × 20 m quadrats with relatively high concentrations in middle-aged forests at each altitude plot. The sampling was conducted at 9 quadrats per altitude plot, with an average of 5–8 trees per quadrat. The sample collection included 40 healthy and undamaged leaves from various parts of the upper, middle, and lower crowns of adjacent plants to collect samples free of pests and diseases. This was intended to eliminate neighborly effects within a population. Our team selected 40 leaves from the southeast, northwest, and east parts of the canopy of other non-adjacent plants. We mixed the harvested leaves, selected 10 leaves using the quarter method, and then transported them back to the laboratory for analysis. At each sample plot site, 27 locations were randomly chosen for obtaining soil samples using the five-point sampling method of plum blossom. After removing the litter and humus layers, we extracted topsoil (0–10 cm) with a 100 cm3 ring knife. Once collected, soil samples were mixed thoroughly to form repeat samples. These samples were labeled and packaged into self-sealing bags before being transported back to the laboratory at a low temperature for further study. We collected 27 soil samples in total.


TABLE 1 The basic characteristics of sampled plots.
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2.3 Determining leaf functional traits and soil characteristic variables

LFT were determined by measuring leaf thickness (LT/mm) at 27 random locations with a 1% thickness variance and then calculating the average value as an indication of leaf thickness (Hai et al., 2023; Shi X. Z. et al., 2023). A scanner was used to scan the leaves, and MATLAB image analysis software (MathWorks, USA) was used to calculate the leaf area (LA/cm2). We determined the leaf saturated fresh weight (SFW/g) and leaf dry weight (DW/g) using a 1/1000 electronic balance. The potassium dichromate high-temperature external heating method was employed to determine the leaf carbon content (LC/mg⋅g–1) and soil organic carbon (SOC/mg⋅g–1). Leaf nitrogen content (LN/mg⋅g–1), leaf phosphorus content (LP/mg⋅g–1), soil total nitrogen (LN/mg⋅g–1), and soil total phosphorus (STP/mg⋅g–1) were conducted using continuous flow analyzers. The soil pH was determined using a pH meter. The formula for calculating the LFT is as follows:
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2.4 Statistical analysis

The effect of altitude on LFT was assessed by using a one-way analysis of variance (ANOVA), with the least significant difference (LSD) applied to examine differences in the same trait across altitudes. In order to determine whether LFT are correlated, Pearson correlation analysis was used. A redundancy analysis (RDA) was also performed to determine the relationship between LFT and soil nutrient factors. We conducted the RDA analysis using Canoco 5.0 (Biometris & Petr Šmilauer) and performed the one-way ANOVA and LSD multiple comparative analysis using SPSS 24.0 (IBM, USA).




3 Results


3.1 Alterations in leaf structure characteristics along an elevation gradient

In addition to leaf area, altitude exerted a highly significant influence on leaf thickness, specific leaf area, leaf dry matter content, and leaf tissue density (Figure 2, P < 0.01). Across the altitude gradients examined, leaf thickness, leaf dry matter content, and leaf tissue density exhibited an initial increase followed by a subsequent decrease with increasing elevation. Specific leaf areas displayed a trend of an initial decrease followed by an increase with elevation. Notably, at 1300 m, leaf thickness, leaf dry matter content, and leaf tissue density were significantly higher than those at 1100 m (P < 0.05). Conversely, the specific leaf area at 1100 m was significantly higher than that at 1300 m (P < 0.05).
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FIGURE 2
Leaf structural traits (A–E) of Daphniphyllum macropodum at different altitudes within sampled sites. Different letters (a, b, and c) indicate significant differences in leaf structural traits among different altitudes (P < 0.05). The y-axis denotes the mean scores, and the vertical line represents the standard error.


Except for specific leaf area at 1300 m, both leaf area and specific leaf area exhibited a coefficient of variation greater than 10% at different altitudes, indicating a higher degree of variation compared to other structural traits (Figure 3). The overall degree of variation in leaf structural traits was ranked from large to small as follows: leaf area > specific leaf area > leaf tissue density > leaf dry matter content > leaf thickness.
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FIGURE 3
The coefficient of variation of leaf structural traits of Daphniphyllum macropodum at different altitudes within sampled sites. Abbreviations in the figure define leaf thickness (LT), leaf area (LA), specific leaf area (SLA), leaf dry matter content (LDMC), and leaf tissue density (LD).


The interaction among leaf structural traits was robust (Figure 4, P < 0.01** and P < 0.001***). Leaf thickness exhibited a negative correlation with specific leaf area (r = −0.60***). Specific leaf area demonstrated a significant negative correlation with leaf dry matter content (r = −0.62***) and leaf tissue density (r = −0.91***). Meanwhile, leaf dry matter content showed a positive correlation with leaf tissue density (r = 0.78***).
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FIGURE 4
Heat map of Pearson’s correlation between leaf structural traits of Daphniphyllum macropodum. A dark color indicates a strong relationship, whereas a light color represents a weak relationship. Abbreviations in the figure define leaf thickness (LT), leaf area (LA), specific leaf area (SLA), leaf dry matter content (LDMC), and leaf tissue density (LD). *** Correlation is significant at the 0.001 level (two-tailed); ** Correlation is significant at the 0.01 level (two-tailed).




3.2 Changes in chemical characteristics of leaves along an elevation gradient

Altitude exerted significant effects on nitrogen content, C/N ratio, and N/P ratio (Figure 5, P < 0.05). As altitude increased, leaf nitrogen and N/P exhibited a trend of initial increases followed by a subsequent decrease. Leaf nitrogen at 1300 m was significantly higher than at 1100 m and 1500 m (P < 0.05), while N/P at 1300 m was considerably higher than at 1500 m (P < 0.05). Conversely, the leaf C/N ratio showed a trend of initial decrease followed by an increase with increasing elevation, with the C/N ratio at 1300 m significantly lower than at 1100 m and 1500 m (P < 0.05).


[image: image]

FIGURE 5
Leaf chemical traits (A–F) of Daphniphyllum macropodum at different altitudes within sampled sites. Different letters (a, b, and c) indicate significant differences in leaf chemical traits among different altitudes (P < 0.05). The y-axis denotes the mean scores, and the vertical line represents the standard error.


The coefficient of variation for leaf phosphorus and C/P ratio at all altitudes exceeded 10%, indicating a higher degree of variation, while the coefficient of variation for leaf carbon was the smallest, remaining below 5%. The overall degree of variation in leaf chemical traits was ranked as follows: C/P > leaf phosphorus > N/P > leaf nitrogen > C/N > leaf carbon (Figure 6).
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FIGURE 6
The coefficient of variation of leaf chemical traits of Daphniphyllum macropodum at different altitudes within sampled sites. Abbreviations in the figure define leaf carbon content (LC), leaf nitrogen content (LN), leaf phosphorus content (LP), carbon/nitrogen ratio (C/N), carbon/phosphorus ratio (C/P), and nitrogen/phosphorus ratio (N/P).


Correlation analysis revealed a negative correlation (r = −0.98***) between leaf nitrogen and C/N, and leaf phosphorus exhibited a negative correlation (r = −0.99***) with C/P (Figure 7, P < 0.001***). Apart from these two associations, others exhibited correlation strength but lacked statistical significance.
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FIGURE 7
Heat map of Pearson’s correlation between leaf chemical traits of Daphniphyllum macropodum. A dark color indicates a strong relationship, whereas a light color represents a weak relationship. Abbreviations in the figure define leaf carbon content (LC), leaf nitrogen content (LN), leaf phosphorus content (LP), carbon/nitrogen ratio (C/N), carbon/phosphorus ratio (C/P), and nitrogen/phosphorus ratio (N/P). *** Correlation is significant at the 0.001 level (two-tailed).




3.3 Correlation between leaf functional traits and soil factors

Based on the RDA analysis, the interpretation of the relationship between functional leaf traits and soil factors in the first two axes accounted for 50.94% (refer to Figure 8). Notably, soil phosphorus emerged as the primary determinant, explaining LFT variation. Specifically, soil phosphorus exhibited positive correlations with leaf thickness, leaf dry matter content, and leaf tissue density of leaf structural traits. In addition, soil total phosphorus exhibited positive correlations with leaf nitrogen, leaf phosphorus, and the N/P of leaf chemical traits. Conversely, it demonstrated negative correlations with leaf area and specific leaf area of leaf structural traits and leaf carbon, C/N, and C/P of leaf chemical traits. This analysis provides valuable insights into the intricate connections between soil factors and the diverse functional traits exhibited by leaves.
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FIGURE 8
Redundancy analysis (RDA) with a two-dimensional ordination diagram of the relationship between leaf functional traits and the soil factors for Daphniphyllum macropodum. RDA axes 1 and 2 factor loadings explained 50.94% of the total variance. Abbreviations in the figure are defined as leaf thickness (LT), leaf area (LA), specific leaf area (SLA), leaf dry matter content (LDMC), leaf tissue density (LD), leaf carbon content (LC), leaf nitrogen content (LN), leaf phosphorus content (LP), carbon/nitrogen ratio (C/N), carbon/phosphorus ratio (C/P), and nitrogen/phosphorus ratio (N/P).





4 Discussion


4.1 The impact of altitude on leaf structure traits at various elevations

Specific leaf area is a key leaf structural trait that reflects the ability of a plant to intercept light and is related to environmental acclimation strategies and resource allocation (Xu R. J. et al., 2023). Temperature has clear positive effects on leaf area changes and variation of specific leaf area with increasing temperature. Specific leaf areas tend to increase slightly under high temperature conditions (Peguero et al., 2023; Xu R. J. et al., 2023; Wang et al., 2024). Based on our study, we observed that the specific leaf area of D. macropodum had a higher value at the lower altitude (at 1100 m) compared to the middle altitude (at 1300 m) and high altitude (at 1500 m). The smallest specific leaf area was at middle altitude (Figure 2). This finding is consistent with other research on various mountain ecosystems (e.g., Yang et al., 2022; Gao et al., 2023), where specific leaf areas tended to first decrease and then increase with altitude. In another study for another species, the specific leaf area initially increases and subsequently decreases with elevation (Yu et al., 2023); however, this stands in contrast to our conclusion in this study. Leaf area response to temperature and altitude is usually very complicated and differs among plant species and ecotypes under varied growth conditions. Therefore, its effect can be variable in different places due to environmental conditions.

As the altitude increases and the temperature drops, UV rays reach higher levels. Plants also tend to increase the density of leaf mesophyll cells to form leaves with a higher thickness and a smaller surface area to cope with low temperatures and strong UV radiation (Zheng et al., 2023). The findings reinforced this hypothesis, showing an increase in plant quality (e.g., tissue composition) at middle (1300 m) and high (1500 m) altitudes compared to low (1100 m) altitudes in terms of leaf thickness, tissue density, and leaf area. Given its direct correlation with plant resource acquisition, the specific leaf area could serve as a crucial functional trait. This could offer insights into plant acquisition mechanisms. Existing and conservative strategies divide resource acquisition modes, with a specific leaf zone serving as the concealment area. Plants will have many leaves, which capture a lot of light energy used in photosynthesis. They have high acquisition speed, rapid growth, and a high acquisition-type resource utilization strategy (Cao et al., 2023). According to Melis et al. (2023) and Poggiato et al. (2023), plants with the lowest specific leaf area tend to prioritize structural protection, such as building new cell walls, over life-growth, adopting a “conservative” resource use strategy that balances growth and resource conservation in the harsh conditions of an arid climate. This study speculated that an “accommodative” strategy may have been adopted in response to relatively wet and cold environmental conditions at middle and higher altitudes by increasing leaf thickness and tissue density while simultaneously decreasing leaf area and specific leaf area in order to adapt.

Plants adapt to their environment through PFTs and combinations thereof, such as specific leaf area, specific leaf weight, and dry matter content (Yao et al., 2023). Together, these measures demonstrate their strategies for resource acquisition and conservation (Yao et al., 2023). Our study revealed a strong negative correlation between specific leaf area, and dry matter content. Therefore, as specific leaf area increased, dry matter content and weight also rose. This result was in line with other studies (Rahman et al., 2023). Leaf dry matter content can serve as an indicator of environmental resource use and plant water content in their natural state. In addition, there has been an inverse relationship between leaf dry matter content and specific leaf areas. Altitude increases leaf dry matter and allows plants to adjust to habitat changes by decreasing leaf area per plant and reinforcing structural organization. The LFT coefficient demonstrates a plant’s adaptation potential in relation to environmental conditions (Zhao et al., 2023). Studies showed varying degrees of variation among leaf structure traits at various altitudes, suggesting that functional traits adapt differently to altitude changes. Overall, the variation coefficients and degrees for leaf area at various altitudes were the highest (Figure 3), reflecting strong plasticity. Meanwhile, leaf thickness and leaf dry matter content varied under 10%, indicating strong internal stability.



4.2 The variation in chemical properties of leaves at different altitudes

Leaf carbon, nitrogen, and phosphorus and their stoichiometric ratios play a crucial role in plant growth and metabolism, providing valuable insights into plant adaptability to the environment and the impact of environmental changes (Pulido et al., 2023). Except for leaf nitrogen content, C/N and N/P ratios, and N/P ratios, we observed no significant variations between altitudes for any other chemical traits (Figure 5). Leaf nitrogen and C/N, as well as leaf phosphorus and C/P, exhibited a highly significant negative correlation, while no significant correlation was observed for other leaf chemical traits (Figure 7). Although leaf carbon and leaf phosphorus content did not show significant differences, leaf nitrogen and its stoichiometric ratios, L:C and L:P, were more sensitive to altitude changes. Leaf nitrogen initially increased and then decreased with elevation, consistent with prior research findings (Raymundo et al., 2023; Sánchez-Bermejo et al., 2023). Our results support the temperature-plant physiology hypothesis, which holds that temperature governs plant growth and metabolic rates while necessitating higher nitrogen and phosphorus content to offset decreased physiological efficiency under low temperature conditions.

The ratio of carbon, nitrogen, and phosphorus elements strongly correlates with plant growth rate. Plant C/N and C/P ratios reflect plant nitrogen and phosphorus utilization efficiency (Chen et al., 2022). In this study, C/N and C/P at medium and high altitudes were higher than those at low altitudes. This indicates lower photosynthetic and growth rates at middle and high altitudes. This result is in line with specific leaf area results, which indicate that more resources are devoted to building defensive tissue structures at middle and high altitudes to adapt to low-temperature environments (Rauf et al., 2023). The N/P ratio is also used to infer the nutrient availability (especially N and P) of plants in the environment. When the N/P ratio is less than 14, nitrogen plays a role in controlling plant growth; when the N/P ratio is greater than 16, phosphorus dominates in limiting plant growth; and when the N/P ratio is between 14 and 16, nitrogen and phosphorus are both limiting factors for plant growth (Chen et al., 2022). However, the N/P ratios of leaves at all three elevations are between 11 and 14 (all are < 14, Figure 5). This indicated that N was probably limiting tree growth in the study area. The coefficient of variation for leaf chemical characteristics at different altitudes demonstrated changes in leaf chemical traits with elevation, in contrast to the coefficient of variation for plant resources at various elevations, which varied based on the chemical properties of different chemicals (Figure 6). The ecological stoichiometric ratio coefficient of variation for leaf phosphorus was much higher than those for leaf nitrogen content, carbon content, and C/N. This showed that it changed more quickly in response to changes in elevation and was more adaptable to changes in elevation than structural traits (Zhang X. et al., 2023). Contrary to chemical traits, structural traits exhibited less variance, suggesting that they are more susceptible to environmental changes.



4.3 Influence of soil factors on functional traits of leaves

Peguero et al. (2023) and Chen et al. (2024) have shown the importance of soil environments as sources of nutrients for plants. Changes in nutrient availability can also impact the PFT and, consequently, its performance (Zhang H. et al., 2023). The RDA demonstrated that soil phosphorus content played a critical role in explaining LFT score variations. The variance partitioning analysis revealed that soil phosphorus explained 50.94% of LFT variation, making it the key soil factor that affected LFT (Figure 7). A study by Zhang X. et al. (2023), however, demonstrated a positive correlation between soil phosphorus levels and leaf phosphorus concentration. Most of these traits are rate traits that change in magnitude over a plant’s life cycle. As we know, plants absorb nutrients from the soil through their roots. Soil phosphorus fluctuations can affect plant leaf phosphorus. It is an essential constituent of plant organs and tissues (Yang et al., 2023). Results showed that soil phosphorus enrichment at middle and high altitudes is an important factor in determining leaf phosphorus content. As a result, leaf thickness increased, dry matter in leaves increased, and leaf tissue density and specific weight increased. However, D. macropodum gained eco-safety by increasing soil phosphorus concentrations (higher leaf thickness and higher dry matter content). This adaptation makes it possible for the plant to grow under environmental conditions at middle and high altitudes.




5 Conclusion

At various altitudes, D. macropodum leaves displayed distinct structural and chemical characteristics. Significant variations were identified in key structural traits (specific leaf area, leaf area, thickness, dry matter content, and tissue density) and chemical attributes of leaves such as nitrogen content, C/N ratio, and N/P ratio. D. macropodum in this region demonstrated remarkable adaptation to changing environmental conditions linked to elevation gain by adjusting leaf structure and chemical composition. Results demonstrated that soil factors explained 50.94% of LFT variation. Particularly notable was that changes in soil phosphorus content variations emerged as potential drivers of LFT variations, providing adaptation strategies against elevation-induced environmental changes. Leaves at mid (1300 m) and high (1500 m) elevations appeared to prefer resource conservation strategies, while those at 1100 m elevations appeared to adopt resource acquisition ones. Our study focused only on LFT changing with altitude; further investigation should explore their effects on other organs (branches, roots, or combinations) at various altitudes and how these organs interplay physiologically with one another. Understanding this relationship will shed light on plants’ mechanisms for adapting to altitude-induced changes.
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