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Abstract 13 

Lianas are important components of tropical and subtropical ecosystems, yet their 14 

photosynthetic adaptation and resource-use strategies under stressful karst environments remain 15 

poorly understood. In particular, whether woody and herbaceous lianas exhibit distinct 16 

photosynthetic strategies remains largely unknown. This study investigated the the photosynthetic 17 

characteristics and resource-use strategies of 13 dominant liana species (nine woody and four 18 

herbaceous) from karst rocky mountain area in northern Guangxi, China. Photosynthetic 19 

parameters were derived using the non-rectangular hyperbola model. Growth form differences 20 

were assessed via t-tests and Mann-Whitney U tests. Relationships among traits were explored 21 

using Pearson correlation and principal component analysis (PCA). Results showed considerable 22 

interspecific variation: Amax ranged from 4.00 to 13.39 μmol m-2 s-1 (mean 8.01), AQY from 0.028 23 

to 0.095 (mean 0.070), LSP from 804 to 1538 μmol m-2 s-1 (mean 1098), and LCP from 14.0 to 24 

38.1 μmol m-2 s-1 (mean 25.3). No significant differences were found between woody and 25 

herbaceous lianas for any parameter (Mann-Whitney U, all p > 0.05). PCA resolved two principal 26 

axes—resource acquisition-conservation and light-use-water economy—accounting for 64.3% of 27 

trait variation, but no clear separation by growth form was observed. Hierarchical clustering 28 

identified three clusters not strictly corresponding to growth form. Our findings demonstrate  29 

that photosynthetic differentiation in karst lianas is primarily associated with ecological strategies 30 

rather than growth-form differences. This suggests that selective pressures of the karst 31 



environment may override morphological differences between growth forms. This study provides 32 

valuable baseline data on liana photosynthetic physiology in karst ecosystems. 33 

Keywords: lianas; karst ecosystem; photosynthetic traits; light response; functional strategy; gas exchange 34 

Introduction 35 

Lianas are functionally important in forest ecosystems worldwide, and contributing 36 

significantly to forest biomass, carbon sequestration, nutrient cycling, and food web dynamics 37 

(Schnitzer 2002; Schnitzer 2005).Unlike self-supporting trees, lianas allocate less biomass to 38 

structural support and more to leaf production and canopy expansion, enabling rapid ascent to the 39 

canopy and effective competition for light (Chen el al. 2015). Previous studies have consistently 40 

shown that lianas maintain higher photosynthetic rates per unit leaf area than co-occurring trees, a 41 

pattern attributed to their lower allocation to stem support and higher allocation to leaf production 42 

(Avalos and Mulkey 2014; Slot and Winter 2017). Within climbing plants, woody lianas develop 43 

persistent, secondary-thickened stems, while herbaceous vines have non-woody, usually annual 44 

stems (Allen 2016). This distinction is ecologically important because woody and herbaceous 45 

species may differ in their resource allocation strategies, life history patterns, and responses to 46 

environmental stress (Allen 2016; Luo el al. 2026). Understanding these differences is essential 47 

for predicting the functional diversity of climbing plant communities and their responses to 48 

environmental change. Moreover, increasing evidence suggests that lianas are becoming more 49 

abundant in many tropical and subtropical forests under global environmental change, potentially 50 

altering forest dynamics, carbon cycling, and species interactions. Understanding their 51 

physiological strategies is therefore increasingly important for predicting forest responses to 52 

environmental change (Medina el al. 2022; Rueda el al. 2024; Schnitzer 2018). 53 

Karst landscapes cover approximately 15% of the Earth's land surface and are particularly 54 

extensive in southwestern China (Liao el al. 2018; Li el al. 2021). This ecosystem is characterized 55 

by shallow, discontinuous limestone-derived soils with high calcium content, low water-holding 56 

capacity, and pronounced seasonal drought (Liu el al. 2021; Zhang el al. 2023). These factors 57 

create challenging conditions for plant growth, imposing strong selective pressures on the 58 

physiological traits of resident species (Xu and Zhang 2021). Karst landscapes are characterized 59 



by high habitat heterogeneity, with sharp transitions between exposed rock surfaces, shallow soil 60 

patches, and deeper soil accumulations in fissures and depressions (Wang el al. 2019). The high 61 

environmental heterogeneity characteristic of karst landscapes creates a mosaic of microhabitats 62 

with contrasting resource availability, thereby promoting functional differentiation and diverse 63 

ecological strategies among plant species (Qiao el al. 2021; Valladares el al. 2007). Therefore, the 64 

karst ecosystem in southwestern China provides an ideal natural laboratory for studying the 65 

physiological adaptability and ecological strategies of plants under environmental stress. 66 

Photosynthetic light-response curves provide an effective framework for evaluating plant 67 

carbon assimilation, light-use efficiency, and physiological adaptation to heterogeneous 68 

environments (Dusenge el al. 2019; Ye el al. 2013). The derived parameters, including apparent 69 

quantum yield (AQY), maximum net photosynthetic rate (Amax), light saturation point (LSP), light 70 

compensation point (LCP), and dark respiration rate (Rd), collectively characterize species-71 

specific strategies of light capture, carbon gain, and resource use (Mejdová el al. 2021). 72 

Combined with gas-exchange traits, such as stomatal conductance (Cond), intercellular CO2 73 

concentration (Ci), transpiration rate (Trmmol), and water-use efficiency (WUE), these 74 

measurements provide mechanistic insights into plant responses to environmental stress (Flexas 75 

el al. 2014; Lemonnier and Lawson 2024). Because photosynthetic performance is strongly 76 

influenced by environmental conditions, light-response analysis has become a widely used tool 77 

for evaluating plant physiological adaptation to resource limitation and environmental stress 78 

(Herrmann el al. 2020). At present, numerous studies have been conducted on the photosynthetic 79 

characteristics of plants in karst regions. The photosynthetic characteristics of Cladrastis 80 

platycarpa (Maxim.) Makino (Jiang el al. 2017), Zanthoxylum bungeanum (Liu el al. 2021), 81 

Coriaria nepalensis Wall (Qin el al. 2022), and Pueraria lobata (P. lobata) (Li el al. 2025) were 82 

studied in karst regions. Furthermore, a previous study have shown that evergreen and deciduous 83 

tree species adopt contrasting photosynthetic strategies in response to karst environmental 84 

conditions (Jiang el al. 2025). However, previous studies have mainly focused on the 85 

photosynthetic traits of mature woody and herbaceous plants in karst forests, whereas those of 86 

lianas remain poorly understood (Jiang el al. 2025; Schnitzer and Bongers 2011). In particular, 87 

whether woody and herbaceous lianas differ significantly in their photosynthetic light-response 88 



characteristics under resource-limited karst conditions remains unclear (Mejdová el al. 2021). To 89 

address this knowledge gap, this study aimed to (1) characterize the photosynthetic performance 90 

and resource-use strategies of karst lianas; (2) identify the physiological trade-offs and functional 91 

dimensions driving interspecific differentiation in photosynthetic strategies; and (3) compare 92 

photosynthetic strategies between woody and herbaceous lianas. The findings will improve our 93 

understanding of the adaptive mechanisms of karst lianas and provide a scientific basis for 94 

selecting suitable species for vegetation restoration in environmentally heterogeneous karst 95 

habitats. 96 

Materials and Methods 97 

Study Site and species selection 98 

The study was conducted in a typical karst rocky mountain area in Gongcheng Yao 99 

Autonomous County (24.8-25.1 N, 110.3-110.6 E), Guangxi Zhuang Autonomous Region, 100 

southwestern China. The region is characterized by a typical subtropical karst mountainous 101 

landscape dominated by limestone hills. The climate is subtropical monsoon, with a mean annual 102 

temperature of 20.0 °C and an average annual precipitation of 1517.5 mm. Karst habitats are 103 

characterized by shallow discontinuous soils, extensive rock exposure, high calcium availability, 104 

and pronounced environmental heterogeneity, leading to frequent seasonal water limitation (Guo 105 

el al. 2022). The vegetation is dominated by secondary shrublands and commercial plum 106 

orchards, with only scattered secondary evergreen-deciduous broadleaf forests, but supports 107 

abundant liana communities. 108 

In 2024, based on the investigation of the original sample plots in the study region,the 109 

importance values of all liana species were calculated, and 13 dominant species were selected for 110 

analysis, including nine woody lianas and four herbaceous lianas (Table 1). Species identification 111 

followed the Flora of China and was confirmed by local botanical experts. One representative 112 

individual per species with healthy mature leaves was selected for measurement. 113 

 114 

 115 



Table 1. List of the 13 studied liana species. 116 

No. Species Family Genus Growth Form 

1 Causonis japonica Vitaceae Causonis Herbaceous 

2 Phanera championii Fabaceae Phanera Woody 

3 Trichosanthes kirilowii Cucurbitaceae Trichosanthes Herbaceous 

4 Parthenocissus dalzielii Vitaceae Parthenocissus Woody 

5 Smilax glaucochina Smilacaceae Smilax Woody 

6 Trachelospermum jasminoides Apocynaceae Trachelospermum Woody 

7 Kadsura heteroclita Schisandraceae Kadsura Woody 

8 Dioscorea polystachya Dioscoreaceae Dioscorea Herbaceous 

9 Ipomoea obscura Convolvulaceae Ipomoea Herbaceous 

10 Akebia trifoliata Lardizabalaceae Akebia Woody 

11 Lonicera japonica Caprifoliaceae Lonicera Woody 

12 Vitis amurensis Vitaceae Vitis Woody 

13 Mallotus repandus Euphorbiaceae Mallotus Woody 

Light Response Curve Measurements 117 

Photosynthetic light-response curves were measured using a LI-6400XT portable 118 

photosynthesis system (LI-COR Biosciences, Lincoln, NE, USA) during the peak growing season 119 

(July–August 2024). Measurements were conducted between 08:00 and 11:30 on clear days using 120 

fully expanded mature leaves or leaflets. Photosynthetically active radiation (PAR) was 121 

sequentially decreased from 1800 to 0 μmol m-2 s-1 at 12 irradiance levels (1800, 1500, 1200, 122 

1000, 800, 600, 400, 200, 100, 50, 20, and 0 μmol m-2 s-1). Chamber CO2 concentration was 123 

maintained at 400 μmol m-2 s-1, leaf temperature at 26 ± 2℃, and relative humidity at 50–70%. 124 

Before measurements, leaves were acclimated under saturating light (1000–1200 μmol m-2 s-1) 125 

until photosynthetic rates stabilized (Okamoto el al. 2022). Three healthy individuals were 126 

selected for each species, and one fully expanded leaf was measured per individual. Each 127 

measurement was repeated three times, and the mean value was used for subsequent analyses. 128 

Curve Fitting 129 

Light-response curves were fitted using the non-rectangular hyperbola model, which is 130 

widely used to describe plant photosynthetic responses under different irradiance conditions (Ye 131 

el al. 2013). By incorporating a curvature parameter (θ), this model provides a biologically 132 



realistic representation of the transition from light limitation to light saturation and allows the 133 

estimation of key photosynthetic parameters, including AQY, Amax, Rd, LCP, and LSP (Ye el al. 134 

2013; Yang el al. 2025).The non-rectangular hyperbola model is expressed as follow: 135 𝑃௡ = ܴܣ𝑃ߙ + maxܣ ܴܣ𝑃ߙ)√− + max)2ܣ − ߠ2ܴܣmax𝑃ܣߙߠ4 − ܴௗ 136 

 where α represents AQY and θ represents the curvature parameter, which was fixed at 0.8 137 

according to previous studies. LSP was defined as the PAR value corresponding to 95% of Amax, 138 

whereas LCP was determined as the PAR value at which net photosynthesis equals zero. Model 139 

parameters were estimated using nonlinear least-squares regression implemented in Python 140 

3.14(SciPy). 141 

Gas Exchange and Chlorophyll 142 

Steady-state gas exchange measurements were conducted using the LI-6400XT system 143 

under saturating light conditions (PAR = 1200 μmol m-2 s-1). Measurements were recorded after 144 

photosynthetic parameters stabilized, with coefficients of variation for net photosynthetic rate 145 

(Pn), stomatal conductance (gs), and intercellular CO₂ concentration (Ci) maintained below 0.5% 146 

for at least 30 s before data logging. Leaf temperature was maintained at 26 ± 2℃, and leaf-to-air 147 

vapor pressure deficit (VPD) was maintained below 2.0 kPa to minimize stomatal limitation (Liu 148 

el al. 2025).Gas exchange parameters including Pn, gs, Ci, and transpiration rate (E) were 149 

recorded. Water-use efficiency (WUE) was calculated as Pn/E. Leaf chlorophyll content was 150 

measured using a SPAD-502 Plus meter (Konica Minolta, Japan), with five readings averaged per 151 

leaf. 152 

Statistical Analysis 153 

All statistical analyses were performed using Python with relevant statistical and 154 

visualization packages. Descriptive statistics, including mean, standard deviation, and coefficient 155 

of variation, were calculated for each photosynthetic trait. Normality and homogeneity of 156 

variance were assessed using the Shapiro–Wilk and Levene tests, respectively. Differences in 157 

photosynthetic traits between woody and herbaceous lianas were evaluated using the Mann–158 

Whitney U test due to the small and unequal sample sizes between growth forms. Pearson 159 

correlation analysis was conducted to examine relationships among photosynthetic parameters. 160 



Principal component analysis (PCA) was performed using standardized variables (zero mean 161 

and unit variance) to identify major axes of variation in photosynthetic strategies. The number of 162 

retained components was determined based on eigenvalues >1 (Kaiser criterion) and further 163 

evaluated using scree plots. Hierarchical clustering was conducted using Ward’s minimum 164 

variance method with Euclidean distance, and cluster separation was assessed using silhouette 165 

coefficients. All statistical tests were two-tailed with a significance threshold of P < 0.05. 166 

Results 167 

Light Response Characteristics and Interspecific Variation 168 

The fitted light-response curves (Figure 1) revealed a typical photosynthetic response pattern 169 

among the karst lianas, characterized by a rapid increase in net photosynthetic rate under low 170 

irradiance followed by gradual saturation at higher light levels. However, considerable 171 

interspecific differences were observed across the entire irradiance gradient. Vitis amurensis 172 

exhibited the highest photosynthetic performance, with the highest curve plateau and maximum 173 

net photosynthetic rate, whereas Trachelospermum jasminoides and Dioscorea polystachya 174 

maintained relatively lower photosynthetic rates throughout the light gradient. 175 

The significant variation in photosynthetic parameters among the 13 liana species (Figure 2) 176 

further indicates diverse photosynthetic strategies and adaptive mechanisms in response to 177 

heterogeneous karst environments. Among the woody lianas, Vitis amurensis (Amax = 13.39 μmol 178 

m-2 s-1) and Akebia trifoliata (Amax = 11.25 μmol m-2 s-1) exhibited the highest photosynthetic 179 

capacities, indicating adaptation to high-light environments such as bare rock, forest edges and 180 

canopy gaps. These species also showed high Rd values (2.18 and 1.76 μmol m-2 s-1 respectively), 181 

suggesting substantial metabolic investment in photosynthetic machinery. In contrast, 182 

Trachelospermum jasminoides (Amax = 4.26 μmol m-2 s-1) and Mallotus repandus (Amax = 5.87 183 

μmol m-2 s-1) showed the lowest Amax values among woody lianas, consistent with a shade-tolerant 184 

strategy. Among herbaceous lianas, Causonis japonica (Amax = 10.60 μmol m-2 s-1) and Ipomoea 185 

obscura (Amax = 10.55 μmol m-2 s-1) showed relatively high photosynthetic capacities, comparable 186 

to the high-performing woody species, while Dioscorea polystachya showed the lowest Amax of 187 



all 13 species (3.99 μmol m-2 s-1). The range of AQY values (0.028-0.095 μmol m-2 s-1) spans 188 

most of the expected range for C3 plants, with the exceptionally low AQY of T. jasminoides 189 

(0.028) suggesting possible photosynthetic down-regulation under the low-light conditions of its 190 

typical karst habitat. 191 

 Photosynthetic light-response parameters differed markedly among the 13 dominant liana 192 

species (Figure 2). Mean Amax was 8.01 ± 2.80 μmol m-2 s-1, ranging from 3.99 μmol m-2 s-1 in 193 

Dioscorea polystachya to 13.39 μmol m-2 s-1 in Vitis amurensis. Among all parameters, Amax 194 

showed the greatest interspecific variation (CV = 34.9%), whereas LSP was the least variable 195 

(CV = 15.6%). AQY, LCP, and Rd also exhibited considerable interspecific variation (CV = 27.2–196 

28.6%). 197 

Figure 1. Light response curves of 13 liana species fitted with the non-rectangular hyperbola model. 



Figure 2. Variation in photosynthetic light-response parameters among 13 liana species. 

Note: CV represents the coefficient of variation between species. 

Comparison Between Growth Forms 198 

No statistically significant differences were found between woody and herbaceous lianas for 199 

any of the 11 measured parameters based on Mann–Whitney U tests (all P > 0.05; Table 2). P-200 

values ranged from 0.260 (for Ci) to 1.000 (for LSP). Woody lianas exhibited slightly higher 201 

mean values for LSP , Rd and WUE , whereas herbaceous lianas had marginally higher means for 202 

AQY, Cond and Ci. 203 

The boxplot comparisons (Figure 3) and mean light‑response curves with 95% bootstrap 204 

confidence intervals (Figure 4) visually confirm the extensive overlap between the two growth 205 

forms. Notably,woody lianas slightly greater interspecific variation than herbaceous lianas, with 206 

higher coefficients of variation for most measured traits, particularly LSP and Rd. Overall, within-207 

group variation among species exceeded the differences between growth forms, indicating that 208 

photosynthetic trait variation was not clearly separated by woody versus herbaceous growth 209 

habits. This pattern was further supported by the largely overlapping light-response curves 210 

between the two growth forms (Figure 4). 211 

Table 2. Descriptive statistics and Mann-Whitney U test results. 212 

Parameter Woody Mean ± SD Woody CV Herb Mean ± SD Herb CV U p 

AQY 0.069 ± 0.018 26.68% 0.074 ± 0.025 34.05% 14.0 0.604 

Amax 8.02 ± 2.81 35.10% 8.01 ± 3.19 39.83% 19.0 0.940 

LSP 1108.6 ± 204.3 18.43% 1074.9 ± 72.1 6.71% 18.0 1.000 

LCP 25.47 ± 6.54 25.68% 24.84 ± 9.74 39.23% 20.0 0.825 

Rd 1.51 ± 0.49 32.24% 1.45 ± 0.15 10.54% 24.0 0.414 



Photo 7.77 ± 2.75 35.45% 7.73 ± 3.11 40.21% 19.0 0.940 

Cond 0.211 ± 0.066 35.88% 0.232 ± 0.097 41.91% 15.0 0.711 

Ci 239.6 ± 15.5 6.47% 249.3 ± 17.0 6.81% 10.0 0.260 

Trmmol 3.76 ± 1.43 38.00% 4.08 ± 1.40 34.24% 15.0 0.711 

WUE 2.22 ± 0.64 28.42% 1.90 ± 0.43 22.33% 24.0 0.414 

Chl 26.98 ± 7.76 28.77% 25.25 ± 2.67 10.56% 19.0 0.940 

Mean - 28.27% - 26.02% - - 

Note: All p-values from Mann-Whitney U tests. None significant at alpha = 0.05. 213 

 

Figure 3. The boxplot comparison of photosynthetic parameters between woody and herbaceous lianas. 



 

Figure 4. Mean light response curves with 95% bootstrap confidence intervals for woody and herbaceous lianas. 

Correlation Analysis 214 

Pearson correlation analysis revealed several significant relationships among photosynthetic 215 

traits (Figure 5). The strong positive correlation between Amax and Rd is a well-documented 216 

relationship in plant physiology, reflecting the metabolic cost of maintaining photosynthetic 217 

capacity. Amax was positively correlated with Rd and Trmmol, indicating that higher 218 

photosynthetic capacity is associated with higher maintenance respiration and transpiration rates. 219 

Stomatal conductance (Cond) showed strong positive correlations with Ci, Trmmol, and Photo, 220 

highlighting the central role of stomatal regulation in coupling CO2 supply, water loss and carbon 221 

gain. AQY was positively correlated with Amax and negatively with LCP, suggesting that species 222 

with higher quantum efficiency tend to have higher photosynthetic capacity and lower light 223 

compensation points, consistent with adaptation to low‑light environments. WUE exhibited 224 

negative correlations with Ci and Cond, though these were not statistically significant, reflecting 225 

the expected trade‑off between carbon gain and water conservation. Chlorophyll showed 226 

generally weak correlations with other parameters. 227 



 

Figure 5. Pearson correlation matrix of photosynthetic parameters. 

Principal Component Analysis 228 

Principal component analysis (PCA) was performed on the 11 standardized photosynthetic 229 

parameters (Figure 6). The first two principal components had eigenvalues > 1.0 and 230 

cumulatively explained 64.3% of the total variance (PC1: 38.6%, PC2: 25.7%). PC1 was mainly 231 

associated with Amax, Photo, Rd, Trmmol and Cond, representing an axis of overall photosynthetic 232 

capacity and gas exchange activity. PC2 was primarily related to variation in AQY, LCP, and 233 

WUE, reflecting differences in light-use efficiency and water-use characteristics. 234 

The PCA biplot showed a continuous distribution of the 13 liana species along the two 235 

functional axes, with extensive overlap between woody and herbaceous lianas and no clear 236 

separation by growth form. Species with high PC1 scores, such as Vitis amurensis and Adenia 237 

trifoliata, were associated with greater photosynthetic capacity and gas exchange activity, 238 

whereas species with low PC1 scores, such as Trachelospermum jasminoides and Dioscorea 239 

polystachya, exhibited relatively lower photosynthetic performance. Ipomoea obscura was 240 



positioned at the positive end of PC2, consistent with its high AQY and efficient light utilization 241 

capacity. The result revealed continuous variation in photosynthetic trait combinations among 242 

karst lianas, suggesting diverse ecological strategies rather than distinct functional separation 243 

between woody and herbaceous growth forms. 244 

 

Figure 6. PCA biplot of photosynthetic parameters for 13 liana species. 

Note:Ellipses represent 95% confidence intervals for woody and herbaceous lianas. 

Clustering Analysis 245 

Hierarchical clustering based on Ward’s method and Euclidean distance classified the 13 246 

liana species into three clusters according to their photosynthetic trait profiles (Figure 8).The 247 

cophenetic correlation coefficient of the three-cluster solution was 0.85, indicating a good fit 248 

between the clustering structure and the original distance matrix. 249 

Ward clustering grouped the 13 species into three clusters. Cluster 1 contained four woody 250 

and three herbaceous species, and showed intermediate values for most photosynthetic traits.  251 

Cluster 2 included four woody and one herbaceous species, and was characterized by relatively 252 

higher photosynthetic capacity and gas-exchange parameters. Cluster 3 contained only T. 253 



jasminoides, which exhibited the lowest AQY, low Amax and Rd, but relatively high chlorophyll 254 

content. The three clusters contained species from both woody and herbaceous growth forms, 255 

showing no clear correspondence with growth-form classification. 256 

 

Figure 7. Cluster Analysis of 13 liana Species based on photosynthetic traits. 

Discussion 257 

Photosynthetic Characteristics and Strategies of Karst Lianas 258 

The mean maximum net photosynthetic rate (Amax) of karst lianas was 8.01 μmol m-2 s-1, 259 

which was comparable to values reported for lianas in other tropical and subtropical forests. Chen 260 

et al. reported Amax of 5-10 μmol m-2 s-1 for lianas in Xishuangbanna (Chen el al. 2015), while Slot 261 

and Winter reported comparable Amax values for tropical lianas in lowland rainforest 262 

environments (Slot el al. 2024). This comparability with more mesic environments is notable 263 

given the additional edaphic constraints of the karst habitat-shallow discontinuous soils, high 264 

CaCO3 content, alkaline pH and pronounced seasonal drought (Li el al. 2021; Liu el al. 2021; 265 

Zhang el al. 2023), and confirms that lianas maintain competitive carbon gain across diverse 266 

conditions, consistent with their strategy of prioritizing leaf production over stem structural 267 

investment (Avalos and Mulkey 2014; Rueda 2024). The mean apparent quantum yield (AQY) of 268 



0.070 μmol umol-1 falls within the typical C3 plant range of 0.04-0.09 (Yang el al. 2025) and is 269 

comparable to values reported for tropical lianas (Chen el al. 2015). The relatively high LSP(1098 270 

μmol m-2 s-1) and low LCP(25.3 μmol m-2 s-1) suggest that karst lianas possess broad light 271 

adaptability, allowing efficient carbon gain across contrasting light environments and promoting 272 

their persistence in heterogeneous karst landscapes (Yan el al. 2025; Zhang el al. 2020). The 273 

mean Rd of 1.49 μmol m-2 s-1 is comparable to tropical liana values (Santiago and Wright 2007). 274 

Notably, the mean WUE of karst lianas (2.12 μmol mol⁻¹) was lower than values reported for 275 

tropical lianas and woody plants, suggesting a relatively less conservative water-use strategy 276 

characterized by greater investment in carbon gain rather than strict water conservation (Slot el al. 277 

2024). This may be associated with frequent agricultural activities (fertilization and irrigation). 278 

On one hand, adequate water supply maintains high stomatal conductance and transpiration, 279 

reducing instantaneous WUE; on the other hand, agricultural practices alter soil properties and 280 

promote vegetative growth and leaf expansion, further exacerbating transpirational water loss 281 

(Liu el al. 2026; White el al. 2016). 282 

Species-level variation revealed divergent photosynthetic strategies among karst lianas. Vitis 283 

amurensis exhibited a high carbon-acquisition strategy, characterized by greater photosynthetic 284 

capacity and respiratory investment, consistent with the fast end of the plant economics spectrum, 285 

while Trachelospermum jasminoides (Amax = 4.23) and Dioscorea polystachya (Amax = 3.99) adopt 286 

strategies that prioritize light capture efficiency over maximum photosynthetic rate (Givnish 2015; 287 

Reich 2014). Lonicera japonica displays the highest LSP (1538 μmol m-2 s-1) and LCP (14.0 288 

μmol m-2 s-1), suggesting broad ecological amplitude with tolerance of both shaded and high-light 289 

microsites. This diversity of photosynthetic strategies within a single growth form community is 290 

consistent with niche differentiation along light gradients as a mechanism for species coexistence 291 

(Kraft el al. 2015). Particularly in karst landscapes, heterogeneous light environments may 292 

promote the coexistence of liana species exhibiting divergent photosynthetic strategies 293 

(Valladares el al. 2007). Notably, the relatively high coefficients of variation among 294 

photosynthetic parameters across the 13 liana species (CV = 15.6%–34.9%) reveal pronounced 295 

interspecific differentiation in photosynthetic traits. Similar patterns have been reported for karst 296 



adapted plants, where functional trait variation reflects diverse strategies for coping with 297 

heterogeneous and resource-limited environments (Pang el al. 2023). These variations suggest 298 

that karst lianas occupy different positions along a photosynthetic strategy continuum, ranging 299 

from rapid carbon acquisition to conservative resource-use strategies (Reich 2014). Such 300 

differentiation may enhance species coexistence by allowing lianas to exploit distinct 301 

microhabitats within the heterogeneous karst landscape (Medina el al. 2021). 302 

Photosynthetic Trait Coordination and Strategy Differentiation 303 

Photosynthetic traits are often coordinated rather than independently regulated, and their 304 

covariation reflects fundamental trade-offs underlying plant resource-use strategies (Onoda el al. 305 

2017). In this study, the significant positive correlation between Amax and Rd indicates a 306 

physiological trade-off between carbon gain and metabolic maintenance costs, and consistent 307 

with the global leaf economics spectrum (Reich 2014). The positive relationship between Amax 308 

and transpiration rate (Trmmol) reflects the coupling between carbon gain and water loss, as 309 

higher photosynthetic capacity usually requires greater stomatal opening and transpirational 310 

investment (Anderegg el al. 2018). The negative correlation between AQY and LCP indicates a 311 

trade-off between low-light carbon acquisition efficiency and light requirements (Flexas el al. 312 

2004). Similarly, the significant correlations between stomatal conductance and gas exchange 313 

traits (Cond–Ci and Cond–Trmmol) demonstrate the central role of stomatal regulation in 314 

coordinating CO2 uptake and water loss (Buckley 2019). However, the negative relationships 315 

between WUE and Ci and between WUE and Cond indicate that enhanced carbon assimilation is 316 

accompanied by increased water consumption (Xiong el al. 2017). Such carbon–water trade-offs 317 

are particularly important for karst lianas, where shallow soils and low water retention capacity 318 

impose seasonal drought constraints, promoting diverse strategies from rapid carbon acquisition 319 

to conservative water use (Ding el al. 2021; Wu el al. 2021). 320 

The two strategy axes identified by PCA correspond well with established plant functional 321 

frameworks, representing gradients of resource acquisition–conservation and light–use–water 322 

economy (Díaz el al. 2016). Similar multidimensional strategy spaces have been reported in 323 



other liana studies. For instance, Liu et al. identified three functional spectra among tropical 324 

lianas, including tissue toughness, water use, and nutrient–carbon acquisition, which correspond 325 

well with the metabolic capacity and light–water economy axes observed in our study (Liu el al. 326 

2021). Zhang et al. further demonstrated that PCA clearly separated savanna lianas from tropical 327 

rainforest lianas along a resource acquisition–conservation axis, with savanna species exhibiting 328 

more conservative strategies (Zhang el al. 2022). In karst environments specifically, PCA based 329 

studies have also classified plants into quick-gain (herb and liana), slow-gain (arbor), and 330 

transitional (shrub) types (Zhang el al. 2020). Consistently, our hierarchical clustering further 331 

identified three ecological function groups among karst lianas, including intermediate, acquisitive, 332 

and shade-adapted types. This further demonstrates that liana communities also exhibit 333 

comparable differentiation in resource-use strategies. 334 

Functional Convergence between Growth Forms and Ecological Implications 335 

However, unlike the clear functional divergence often observed between herbaceous and 336 

woody plants(Lou el al. 2026), woody and herbaceous lianas in this study showed no distinct 337 

separation in PCA space, with extensive overlap between the two groups. This pattern was further 338 

supported by the largely overlapping light-response curves of the two growth forms, which 339 

exhibited comparable photosynthetic responses across the irradiance gradient, indicating 340 

convergence in leaf-level photosynthetic strategies. This suggests that growth form differences 341 

were not the primary determinant of photosynthetic strategies in karst lianas (Díaz el al. 2016; 342 

Kunstler el al. 2016). Under strong environmental filtering imposed by shallow soils, seasonal 343 

drought, and high irradiance, both woody and herbaceous lianas may converge toward similar 344 

leaf-level physiological solutions to maintain carbon balance (Kraft el al. 2015; Laughlin el al. 345 

2014; Liu el al. 2024). Moreover, because both growth forms share a climbing strategy that 346 

reduces structural investment and enhances leaf carbon acquisition, stem morphological 347 

differences may exert weaker effects on leaf-level photosynthetic differentiation than 348 

environmental constraints (Givnish 2015). The lack of strict correspondence between functional 349 

clusters and growth forms further suggests that (Figure7), under the strong environmental 350 

constraints of karst habitats, environment factors such as heterogeneous light availability, shallow 351 



soils, and seasonal water limitation may exert stronger influences than stem morphology in 352 

shaping photosynthetic differentiation and leaf trait variation (Wyka el al. 2013; Zhang el al. 353 

2020).  354 

Together, these analyses indicate that photosynthetic variation in karst lianas reflects 355 

ecological strategy differentiation along a resource acquisition and light-use continuum rather 356 

than growth form divergence. Such functional diversity may be maintained by the heterogeneous 357 

light, soil, and water conditions characteristic of karst habitats, which create diverse ecological 358 

niches for species with contrasting resource-use strategies (Wu el al. 2021). The coexistence of 359 

high carbon-acquisition and conservative strategies within the liana community may facilitate 360 

species coexistence by enabling different species to exploit contrasting light and water conditions 361 

in karst habitats (Liu el al. 2021; Zhou el al. 2022). In highly heterogeneous karst habitat, this 362 

functional differentiation may contribute to community stability by buffering environmental 363 

fluctuations and increasing ecosystem resilience under recurrent drought and resource limitations 364 

(Liu el al. 2021; Zhou el al. 2022). Therefore, the maintenance of diverse photosynthetic 365 

strategies among karst lianas represents an important mechanism supporting species coexistence 366 

and vegetation persistence in stressful karst ecosystems. 367 

Conclusions 368 

This study examined the photosynthetic traits and ecological strategies of 13 liana species 369 

from in a karst region of northern Guangxi. Despite shallow alkaline soils and seasonal drought, 370 

these lianas maintained effective carbon assimilation, with trait trade-offs evident between carbon 371 

gain, metabolic cost, light use, and water regulation. Woody and herbaceous lianas showed 372 

convergent photosynthetic responses, indicating that strong environmental filtering overrides 373 

growth-form differences at the leaf level. Conversely, substantial interspecific variation 374 

positioned species along a continuous resource-use spectrum—from acquisitive to conservative—375 

likely reflecting niche partitioning driven by heterogeneous light, soil, and moisture conditions. 376 

Overall, our findings demonstrate that both environmental filtering and habitat heterogeneity 377 

jointly shape functional adaptation and diversity in karst liana communities. Future work 378 



integrating seasonal dynamics, intraspecific trait plasticity, and additional functional traits will 379 

further advance our understanding of liana adaptation and support vegetation management in 380 

these ecologically fragile karst landscapes. 381 
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