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Hydraulic regulation of leaf water content and root water uptake underpins drought resistance in woody plants, yet these processes remain poorly quantified in humid forest shrubs. Here we explored drought vulnerability of two shrubs in a subtropical humid forest based on field measurements of soil water content (SWC), leaf water content (LWC), and isotopic compositions (δ2H and δ18O) of xylem and soil water. The results showed that during the drought in 2022, SWC within the 0–100 cm depth declined sharply, with severe soil water deficiency persisted for more than three months. Consequently, the two shrubs exhibited significant differences in LWC over time. During the drought, LWC declined 22.1% in L. polystachyus versus a more pronounced 35.2% drop in V. negundo compared to wet periods. Meanwhile, LWC was a useful predictor of drought vulnerability and exhibited a threshold-type response that distinguished individual plants at no risk from those at increasing risk of drought-induced canopy damage/dieback. Water stable isotopes revealed that L. polystachyus and V. negundo both mainly rely on shallow (0–30 cm) soil water (accounting for 58.8 and 70.5%, respectively) during wet period. However, it showed fundamentally divergent drought-response strategies during drought period: L. polystachyus enhanced drought resistance through progressive deep-water foraging (from 12.6% to 19.9%), while V. negundo maintained greater reliance on ephemeral shallow resources (accounting for 66.6%) and was thus more vulnerable. In addition, differences in SWC and plant size were important factors influencing plant water status and drought responses. These findings provide a useful framework to evaluate species differences in drought vulnerability regulated by water resource acquisition and plant size.
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1 Introduction

As one of the most devastating natural disasters worldwide, drought imposes profound impacts on ecosystems, agricultural systems, and human societies (Choat et al., 2018; Vadez et al., 2024; Ahmadi Lavin et al., 2025). The phenomenon of forest canopy dieback or mortality caused by drought has been widely reported (Greenwood et al., 2017; Preisler et al., 2019; Britton et al., 2022; Helfenstein et al., 2025). Moreover, under climate change, the frequency and intensity of seasonal droughts in humid regions are also expected to increase (Chen et al., 2021; Zhang Y. et al., 2023). For example, in 2022, a severe summer-autumn drought occurred in southern China, leading to widespread plant wilting and death. This has significantly affected the stability and sustainability of forest productivity and carbon sequestration.

Plant water status is a key trait in response to drought and can be characterized using variables such as water potential, hydraulic conductance, and tissue water content. These variables have their advantages and limitations for revealing plant drought response strategies (Sapes et al., 2019). Water potential in xylem and leaves has been extensively employed to quantify water stress in plants. In particular, the water potential at 50% loss of hydraulic conductivity (P50) and the hydraulic safety margin (HSM) have emerged as critical metrics for assessing plant vulnerability to drought and the associated risk of mortality (Zhu et al., 2017; Choat et al., 2018; Liang et al., 2021). However, obtaining these hydraulic traits is inherently labor-intensive and time-consuming, and such measurements conducted under laboratory conditions may not capture the actual intensity of drought stress experienced by plants in the field. In response to drought, plants primarily adjust their physiological processes to maintain long-term water balance and to avoid excessive dehydration and desiccation of vital tissues (Bartlett et al., 2016; Gupta et al., 2020). Leaf water content (LWC), therefore, serves as a direct indicator of the degree of tissue dehydration. LWC is widely used to detect plant drought responses and predict drought-induced mortality (Sapes et al., 2019; Konings et al., 2021; Zhou et al., 2021; Trifilò et al., 2023), as LWC is generally easy to measure, and integrates hydraulic failure and carbon depletion mechanisms. For example, Sapes et al. (2019) found that plant water content is a good predictor of drought-induced mortality risk at the population scale, and can differentiate between plants at no risk and those with increasing mortality risk. Similarly, Zhou et al. (2021) demonstrated that LWC exhibits three distinct response phases in LWC dynamics under drought progression, with two critical thresholds marking significant shifts in drought response. Furthermore, previous study has found that the relative water content for tropical species ranged from 16% to 61% at the severely wilted state (Kursar et al., 2009). Given the high variability in LWC under drought environments, greater attention must be paid to leveraging its dynamics to uncover the mechanisms underlying plant responses to drought, because LWC is closely linked to atmospheric drought stress, soil water status, and plant drought resistance (Cao et al., 2015; Yamani et al., 2020; Akter et al., 2023). In fact, plant vulnerability to drought stress is largely determined by the availability of root zone water and how plants utilize the available water. However, there are currently few studies systematically revealing the relationship between leaf water content in plants, soil moisture status, and water-use strategies.

Root water uptake is a key factor influencing plant water status and drought survival, revealing plant adaptation strategies to changes in soil moisture. Numerous studies have shown that plants primarily acquire water from shallow soil layers when soil moisture is sufficient, whereas they progressively shift toward deeper water sources as surface soil desiccates (Eggemeyer et al., 2008; Dai et al., 2023; Yin et al., 2024). This hydraulic plasticity is inherently linked to root architecture depth, with deep-rooted species demonstrating enhanced capacity for water source switching. Moreover, Bello et al. (2019) have revealed that during summer drought, two species (Quercus petraea and Pinus sylvestris) in pure stands primarily relied on shallow soil water, whereas oak trees in mixed stands were able to utilize deeper water sources. Another study conducted in a subtropical mixed plantation system demonstrated that although three plant species shifted to deeper water sources during drought periods, they consistently competed for water extracted from similar soil depths during both drought and non-drought conditions (Yang et al., 2015). Thus, increasing the uptake of deeper water sources is an important survival strategy for most plants in response to drought (Wang et al., 2017; Ripullone et al., 2020; Bachofen et al., 2024). However, studies conducted in semi-arid and sub-humid forest ecosystems reveal that increased the proportion of deep soil water uptake does not fully alleviate drought stress, as growth still exhibits significant declines (Yin et al., 2024). Liu et al. (2021) have found that plants relying on shallower water sources exhibit higher drought resistance, while species absorbing water from greater depths show lower drought resistance. These findings suggest that the differences in water uptake depth may explain the vulnerability to drought among species, but they also highlight the need for further investigation into the mechanistic linkages between soil water acquisition strategies and tree drought resistance.

Stable isotopes of hydrogen and oxygen have been widely applied in research to identify and quantify the spatiotemporal sources of plant water (Wu et al., 2018; Goldsmith et al., 2022; Luo et al., 2023a; Wang et al., 2023). Plant xylem water represents a mixture of water absorbed by roots from different soil depths. Therefore, based on the assumption of negligible isotopic fractionation during root water uptake, the proportional utilization of water sources from various depths can be estimated by analyzing the isotopic compositions of both xylem water and its potential sources. Thus, various approaches have been developed to estimate the vertical distribution of root water uptake, including the empirical models [e.g., IsoSource (Phillips and Gregg, 2003), MixSIR (Moore and Semmens, 2008), SIAR (Parnell et al., 2010), MixSIAR (Stock et al., 2018)] and process-based models [isoRHEA (Yamanaka et al., 2017), EcH2O-iso (Kuppel et al., 2018)]. Among these models, the MixSIAR model is the most widely used due to its simplicity and relatively reliable outcomes. In addition to determining the vertical distribution of root water uptake, isotope-based methods can also track the temporal origin (residence time or water age) of water taken up by plants (Brinkmann et al., 2018; Sprenger et al., 2019; Luo et al., 2023a), shedding light on moisture recharge processes in the root zone and how they respond to precipitation changes. As such, stable isotope analysis of plants and their potential water sources provides strong insights into how plants adapt to environmental changes. Meanwhile, numerous studies have traced shifts in water uptake sources for herbs, shrubs, and trees during drought progression (Prechsl et al., 2015; Ripullone et al., 2020; Liu et al., 2021). However, most research has focused on arid and semi-arid regions, while investigations into the water uptake strategies of shrubs in subtropical humid regions during drought remain limited.

In this study, the soil water dynamics, stable isotope compositions of soil water and xylem water, and plant traits (e.g., size, leaf water content) were observed for two shrubs to investigate their adaptation strategies to drought in the southern China. The main objectives were to (1) compare the differences of leaf water content and root water uptake depth between the two shrubs, and (2) explore the drought vulnerability and its key drivers in two shrub species.




2 Materials and methods



2.1 Study site and plant materials

This study was conducted in a hillslope located in Dongkou county, Hunan Province (26°51’38”-27°22’23”N, 110°8’40”-110°57’10”E, Supplementary Figure S1). This area has a subtropical monsoon climate, with four distinct seasons and abundant heat resources. The average annual air temperature is about 16.6 °C, with an average annual precipitation of 1491 mm. Precipitation is abundant from late spring to early summer, while drought periods frequently occur during mid-summer to early autumn. The predominant soil types in this region are yellow soil, with limestone distributed beneath or on parts of the ground. Vegetation covers almost 80% of the study area, and the dominant plant species comprise trees (Cryptocarya chinensis, Cladrastis platycarpa) and shrubs (Vitex negundo, Lithocarpus polystachyus).

Experiments were performed in June, August and October 2022 on two mature shrub species (V. negundo, L. polystachyus) under field conditions. The selected shrubs are two native and universal species in this area, characterized by distinct root distribution patterns: V. negundo is shallow-rooted, while L. polystachyus is deep-rooted. The observed maximum rooting depth was less than 50 cm for V. negundo and 60–80 cm for L. polystachyus. To compare their drought response patterns, three experimental plots (20 m × 20 m) were established on hillslopes with similar slope positions (mid-slope), approximately 50 m apart from each other. Vegetation surveys, including basic measurements of stem basal diameter, plant height, and crown width, were also conducted within these plots.




2.2 Measurements of leaf water content

Within each plot, six healthy individuals per shrub species were selected as the target sample plants. 5–10 intact leaves from multiple branches in the upper canopy of each plant were collected. The leaves were sealed in zip-lock bags (to prevent water loss), labeled, placed in a cooler box, and quickly transported to the laboratory (about 2 h) for subsequent measurements. To assess drought impact on plants, 27 individuals per shrub species were selected for leaf sampling in October 2022. In addition, we quantified drought-induced canopy damage degree based on the proportion of canopy leaves exhibiting withering or yellowing.

Fresh weight (Wf) measurements of leaves were immediately conducted upon their return to the laboratory. Then, dry weight (Wd) was determined by over-drying samples at 105 °C for 30 min to kill biological activity and then at 80 °C for 48 h to constant weight. Thus, leaf water content (LWC, %) can be calculated as: LWC=(Wf -Wd)/Wf.




2.3 Water samples collection and isotopic analyses

Plant twigs and soil samples were collected on June, August and October in 2022. For each target plant, three parallel samples of twigs were collected from sun-exposed crown using branch shears. The bark and phloem tissue for each twig were immediately removed and cut into 2–3 cm pieces, and put into glass vials (15 ml), sealed with parafilm. Then, these samples were placed in a portable incubator with ice cubes, and brought back to the laboratory for further measurements.

Soil samples were collected near the target plants on the same day. A soil auger was used to obtain the soil cores. Soil samples were taken at 10 cm intervals from 0 to 50 cm depth. For depths greater than 50 cm, only one soil sample mixed from 60 to 80 cm depths was collected, depending on the maximum drilling depth (which varied between 60 and 80 cm). Similarly, part of soil sample from each depth was placed into the glass vials, sealed with parafilm, and then these vials were placed in a cooler box, and brought back to the laboratory for water extraction to measure the hydrogen and oxygen stable isotopic compositions. The remaining soil samples were collected into zip-lock bags for soil water content measurements in the lab.

The twig and soil samples were used to extract water using a cryogenic vacuum distillation system (LI-2100, LICA, Beijing, China). The isotopic compositions (δ2H and δ18O) of xylem water and soil water were measured by a liquid water isotope analyzer (DLT-100, LGR Inc.). The accuracy of the instrument was ±0.6 ‰ for δ2H and ±0.2 ‰ for δ18O. Moreover, organic materials in the extracted water may cause errors in isotopic values, and thus the correction was carried out according to the method used in the literature (Luo et al., 2019).




2.4 Data collection for precipitation and soil water content

To reveal the degree of the drought stress at the study site, monthly precipitation data were downloaded from the data set of 1-km monthly precipitation dataset for China (1901-2023), which is provided by National Tibetan Plateau Data Centre (https://doi.org/10.5281/zenodo.3114194) (Peng et al., 2019; Peng, 2020). Then, monthly precipitation between 2020 and 2023 corresponding to the study site were retrieved from the dataset.

For soil water content (SWC, cm3/cm3), the collected soil samples from the plots at varying depths were measured for soil bulk density and SWC using the oven-drying method (24 h at 105°C). Additionally, to quantify soil moisture stress during drought periods, we obtained daily 0–100 cm volumetric soil water content data of 2022 for the study site from the dataset of a 1 km daily soil moisture dataset over China based on in-situ measurement (2000-2020). This dataset is provided by National Tibetan Plateau Data Centre (https://doi.org/10.11888/Terre.tpdc.272415) (Li et al., 2022; Shangguan et al., 2022). Based on the daily SWC, soil relative extractable water (REW) was further calculated as: REW=(SWC-SWCmin)/(SWCmax-SWCmin). SWCmax and SWCmin is the maximum and minimum soil water content observed at the site in 2022, respectively. When the value of REW is less than 0.4, it usually indicates the presence of significant soil water stress (Breda et al., 1995; Luo et al., 2023b).




2.5 Data analysis

The source contribution of the different soil depths to root water uptake was estimated using the MixSIAR Bayesian mixing model (Stock and Semmens, 2016). This model incorporates uncertainties related to multiple sources and discrimination factors. The isotopic compositions (δ2H and δ18O) of the two shrubs were used as mixture data inputs into MixSIAR. The averages and standard errors of isotopic values of plant xylem water and soil water at various depths (0-10, 10-20, 20-30, 30-40, 40-50, and 50–80 cm) were input into the model as “mixture” and “source”, respectively. Here, soil water was the sole input to the mixing model, given that groundwater was inaccessible to plants within the study plots (groundwater table depth >10 m). The running length of the Markov Chain Monte Carlo was set to “long” (Chain Length=300000, Burn-in=200000, Thin=100, Chains=3). The Gelman-Rubin diagnostics (< 1.05) and Geweke diagnostics (|Z| < 1.96) were employed to evaluate model convergence. This was a prerequisite for accepting the results.

Statistical analyses were conducted using Origin2024 software (OriginLab, USA) to perform the basic statistical data of leaf water content and its influencing factors. One-way ANOVA and independent sample t-tests were employed to detect significant differences of leaf water content between the two shrubs. Linear regression analysis was performed to quantified the relationships between leaf water content, soil water content and basal dimeter. In addition, the nonlinear association between leaf water content and drought-induced canopy damage degree was modeled using a Logistic Function. Goodness-of-fit for all these analyses was evaluated using the coefficient of determination (R2) and root mean squared error. The significance threshold was uniformly set at P < 0.05. All the above statistical analyses were used to explore the links between different water acquisition strategies revealed by the MixSIAR model and plant drought responses (characterized by canopy damage and changes in LWC).





3 Results



3.1 Variations in precipitation, soil water content, and drought stress

For the study area, the average annual precipitation from 2020 to 2023 was about 1393 mm (Figure 1a). Although the annual precipitation in 2022 was approximately 1253 mm, monthly precipitation exhibited pronounced seasonal variability. Specifically, precipitation between August and October was significantly lower than that in the same period of other years, with the total rainfall during these months declining by 72% to 76% compared to that in other years. This seasonal variability in precipitation also drove dis-tinct seasonal fluctuations in soil moisture at different depths, with the surface layer (0–30 cm) exhibiting a stronger response to rainfall than deeper soil layers (Figure 1b). During the study period in 2022, soil moisture ranged from 0.29 to 0.48 cm³/cm³, with slight variations across depth intervals.

[image: Panel (a) shows a bar chart of monthly precipitation from 2020 to 2023, peaking in May and June. Panel (b) depicts soil water content (SWC) across different depths from January to December. Panel (c) displays relative extractable water (REW) fluctuating throughout the year for similar depths. Panel (d) presents a line graph of SWC against depth for June, August, and October, showing variations at different soil depths.]
Figure 1 | Variations in monthly precipitation between 2020 and 2023 (a), daily soil water content [SWC, (b)] and daily relative extractable water [REW, (c)] at different depths in 2022. The comparison of SWC observed at various depths at the study site is shown in (d).

A severe drought event spanning summer and autumn occurred in 2022. Exceptionally low precipitation from August to October caused soil moisture to decline rapidly (Figures 1b, d), triggering acute soil water stress (REW < 0.4, Figure 1c). The entire 0–100 cm soil profile experienced varying degrees of water stress, particularly severe in surface layers. This extreme drought persisted for over three months, with maximum intensity occurring between late October and early November. Although rainfall in November temporarily alleviated water stress in the top 20 cm of soil, moisture deficits below 30 cm depth continued. This indicates that recovery from drought may require additional substantial precipitation.




3.2 Changes in leaf water content and drought response

Figure 2 illustrates different responses of LWC of the two species during the severe drought. The LWC of the two shrubs decreased significantly (P < 0.05) during the drought progression. Specifically, V. negundo exhibited a reduction from 64.2% on June to 41.6% on October, while L. polystachyus declined from 68.9% to 53.7%. Notably, the mean LWC of L. polystachyus was significantly (P < 0.05) higher than that of V. negundo.

[image: Violin plot compares leaf water content percentage of *V. negundo* and *L. polystachyus* in June, August, and October. Key indicates 25-75% range, mean, and median values. *V. negundo* is shown in orange, *L. polystachyus* in green.]
Figure 2 | Violin plots showing the distribution of leaf water content (LWC) and their variations with time. The mean values show significant differences (P< 0.05) both at different times and between the two species.

Changes in LWC effectively reveal different drought responses and damage characteristics (Figure 3). A significant nonlinear relationship (sigmoidal curve) emerged between LWC and canopy damage severity. When LWC exceeded 60%, minimal canopy damage (<10%) occurred. Conversely, when LWC fell below 45%, canopy damage exceeded 70%, with extensive leaf chlorosis and dieback observed. Moreover, V. negundo showed significantly elevated drought-induced canopy damage (P < 0.05) compared to L. polystachyus, with different drought sensitivity between the two shrubs (reflected by the parameters of the fitting equation, Figure 3). This indicates that V. negundo has a higher vulnerability to drought.

[image: Scatter plot with fitted logistic curves showing the relationship between Leaf Water Content (LWC) and canopy damage degree for V. negundo (orange) and L. polystachyus (blue). The y-axis shows canopy damage degree (0-100%), and the x-axis shows LWC (20-80%). Equations and R-squared values for curves are y=96.36/(1+e^0.28(x-49.08)) with R²=0.79 for V. negundo, and y=100.00/(1+e^0.16(x-46.61)) with R²=0.84 for L. polystachyus.]
Figure 3 | The relationship between leaf water content (LWC) and drought-induced canopy damage degree.




3.3 Variations in root water uptakes

The two shrubs exhibited distinct water utilization strategies. During the relatively wet period in June, L. polystachyus derived 58.8%, 28.6%, and 12.6% of its water sources from shallow (0–30 cm), intermediate (30–50 cm), and deep (>50 cm) soil layers, respectively (Figure 4a). In contrast, V. negundo primarily relied on shallow water sources (70.5%), while intermediate layers contributed only 29.6%, and deep-layer water uptake was absent as their maximum rooting depth < 50cm. (Figure 4b).

[image: Two stacked bar charts compare the contribution proportions of different soil depths for two plant species, L. polystachyus and V. negundo, from June to October. Each color represents a specific soil depth range, with varying proportions shown across the dates. Error bars indicate variability in the data.]
Figure 4 | Variations in the relative contribution proportions of potential water sources from different soil depths for L. polystachyus (a) and V. negundo (b).

During the early drought period (August), as shallow soil moisture decreased significantly (Figure 1), both species substantially reduced shallow water exploitation while markedly increasing water uptake from intermediate soil layers (34% and 39.8% respectively). Meanwhile, L. polystachyus elevated deep-layer water utilization to 18.1%. During the severe drought in October, L. polystachyus further increased intermediate (39%) and deep-layer (19.9%) water exploitation (Figure 4). However, V. negundo relied predominantly on shallow soil water (66.6%). The above results indicate that (soil) drought obviously influences the proportion of water uptake by roots, and such different water use strategies of the two shrubs were closely related to their drought vulnerability, where increasing the proportion of deep water use contributes to their drought tolerance.




3.4 The influencing factors on drought vulnerability

Variations in LWC were primarily mediated through modification of plant-available moisture conditions. Figure 5a demonstrates a statistically significant positive correlation between LWC and soil water content (SWC) (P < 0.05), accounting for 51% and 69% of LWC variability for L. polystachyus and V. negundo, respectively. Overall, LWC exhibited a significant positive relationship with stem basal diameter (P < 0.05). However, the responses of LWC to basal diameter showed significant different sensitivity between the two species. Such difference is likely related to their water use strategies. Generally, for a given species, larger individuals tend to access water from deeper and more extensive soil layers. However, for V. negundo, the majority of its fine roots are concentrated in shallow soil layer. As a result, V. negundo, which relies more on shallow water sources (Figure 4), inevitably experienced greater water stress during drought periods. A significant negative correlation was observed in V. negundo (Figure 5b). This indicates that larger individuals of V. negundo may exhibit lower LWC under drought stress, thereby exhibiting greater drought vulnerability.

[image: Two scatter plots depict relationships for V. negundo (orange) and L. polystachyus (green). Plot (a) shows Leaf Water Content (LWC) vs. Soil Water Content (SWC) with LWC increasing with SWC. Equations: y=127.3x+12.6, R²=0.51; y=179.5x-15.9, R²=0.69. Plot (b) shows LWC vs. Basal Diameter. Equations: y=0.3x+44.9, R²=0.1; y=-0.6x+59.3, R²=0.2. Both plots include data points and trend lines.]
Figure 5 | The relationship of leaf water content (LWC) and soil water content [SWC, (a)], LWC and basal dimeter (b) for the two species during drought period.





4 Discussion



4.1 Responses of LWC to soil water availability

Our findings confirm that LWC serves as a sensitive integrator of plant water status responding to drought stress. In this study, LWC showed a significant linear relationship with SWC (Figure 5). Such results are consistent with previous studies (Zhou et al., 2021). However, other studies have found that there is a significant nonlinear relationship between the LWC and SWC (Yan et al., 2017; Sun et al., 2024). This is consistent with the theory of nonequivalence, which states that there are significant differences in the effects of soil water on plant growth during drought period (Kramer, 1994). In this study, the relationship between LWC and SWC was linear rather than showing a threshold-type relationship. The observed linear relationship likely reflects the specific soil moisture gradient captured during our monitoring period, and extrapolation beyond this range should be made with caution. Anyway, these studies demonstrate that soil water conditions exert a significant controlling influence on plant water status.

Soil water availability often exhibits significant temporal and spatial variations. Interspecific variations in leaf water content are largely governed by vertical heterogeneity in root-zone soil moisture and species-specific root water uptake capacities (Zhou et al., 2021; Trifilò et al., 2023; Li et al., 2025). In this study, when soil moisture at various depths was generally sufficient, the difference in leaf water content between the two shrubs remained minimal due to adequate water accessibility. However, during drought periods, as topsoil moisture decreased drastically, the LWC of L. polystachyus (reliant on deep-layer water sources) was significantly higher than that of V. negundo (depended on shallow soil water). Recent study on Pinus massoniana in subtropical humid regions had found that the reliance on shallow water positively correlated with water-use efficiency via negatively influencing LWC and stomatal conductance (Li et al., 2025). Furthermore, on a larger scale, Wang R. et al. (2021) have examined the LWC variations of 5641 plant species across diverse climatic zones in China, revealed considerable variability in LWC among plants from different soil conditions. Notably, they observed a decrease in LWC in humid regions and an increase in dry environments. This variation in LWC across species and climatic zones reflects long-term evolutionary adaptations of plants to their specific soil water conditions.




4.2 Influence of plant size on its responses to drought stress

For decades, plant size has been linked to differential drought tolerance (Casper, 1996; Blum and Sullivan, 1997; Wang N. et al., 2021; Deng et al., 2025). In this study, the relationship between plant LWC and drought for the two species was regulated by plant size (basal dimeter in this study), with smaller plants for L. polystachyus exhibiting greater vulnerability to drought stress than larger plants. This result aligns with the findings of Wang et al. (Wang N. et al., 2021), suggesting that larger plants possess superior drought resistance capabilities. This advantage may be attributed to their deeper root systems and higher water use efficiency (de Ollas et al., 2023). On the contrary, some studies indicate that larger plants may be more vulnerable to drought stress than smaller ones during drought events (Blum and Sullivan, 1997; Carrer and Urbinati, 2004; Deng et al., 2025). This is in line with the results observed on V. negundo in this study. Generally, larger plants possess greater demand for root-zone soil moisture, which may intensify water competition under drought conditions. In addition, larger plants may face greater hydraulic challenges. They possess longer hydraulic pathways from roots to leaves, increasing resistance and the risk of xylem cavitation under water stress (Midgley, 2003; Salguero-Gomez and Casper, 2011). This can contribute to the earlier onset of LWC decline. Therefore, the capacity of larger plants to cope with drought is context-dependent. They may be more resistant to mild or moderate stress due to their adaptations, but can become more vulnerable under extreme stress due to their high resource demands. Over all, the relationship between plant size and drought tolerance is not monolithic but varies with drought intensity and duration.

Furthermore, our results revealed that although the base diameter was similar, V. negundo displayed higher drought sensitivity than L. polystachyus. This finding is not surprising, as the root water uptake strategies between the two species were significantly different. Thus, this further leads to the fact that they actually experienced different levels of drought stress. Of course, this study focused exclusively on two shrubs. It is evident that divergent physiological adaptations-such as variations in root distribution depth and stomatal regulation capacity-likely lead to species-specific responses to drought stress (Kühnhammer et al., 2023; Luo et al., 2023a). Further investigation is required to determine whether analogous patterns of drought response are observed in other plant species.




4.3 Implications and limitations

Our results emphasize that variations in root water uptake depth and leaf water content can well explain the differences in drought vulnerability of the two shrubs, which provides a useful framework to evaluate belowground constraints on water resource acquisition and plant water status for drought responses. In the context of climate change-induced increases in the frequency and intensity of droughts, the drought response of trees in forest ecosystems and their mortality patterns are of wide interest (Allen et al., 2010; Luo et al., 2016; Greenwood et al., 2017; Cheng et al., 2024), probably due to the importance of tall trees in forest systems and the ease with which tree mortality over larger areas can be captured by remote sensing-based methods (Liu et al., 2022). Shrubs, on the other hand, are often scattered between the tree layers or under the canopy, and it is difficult to investigate responses of shrub to drought based on remote sensing methods. However, shrubs play an important role in forest diversity, as species diversity has been found to significantly increase the drought tolerance of forests (Fichtner et al., 2020; Zhang, T. et al., 2023; Bazzichetto et al., 2024). Therefore, our study calls for the need to pay more attention to the drought vulnerability of shrubs in the future to lay the foundation for a complete understanding of drought response mechanisms in forest ecosystems.

However, there are some limitations in our study. Firstly, this study only investigated two typical shrubs at the study site, and thus the number of species studied was limited. Although the results of this study help us to understand the response mechanism of plants to drought, future studies should focus on a wider range of plant species to reveal community-level drought response characteristics. Secondly, soil texture was not explicitly measured across plots, and its specific effect remains uncertain. However, the core effects of soil texture on plant available water are mediated through soil moisture. By directly monitoring soil water content, our study design captured this critical variable, meaning the functional implications of soil texture were already accounted for in our analysis of drought response. Thirdly, we found that both species increased the proportion of water utilization in the middle soil layer at the beginning of the drought, which may increase the competition for water in this layer. Although we estimated the proportion of water uptake at different depths, we have not yet quantified the amount of water uptake at different depths in this study, which constrained our quantitative characterization of interspecies water competition relationships. This is a common challenge associated with the widely used stable isotope approach. Water competition among species may directly affect their drought vulnerability (Pérez-Anta et al., 2024; Jiang et al., 2025), especially in forest ecosystems with high species diversity. Investigating of water competition or sharing relationships among species is an important and urgent research topic in this field. However, since quantitatively analyzing interspecific water competition was not a primary objective of this study, this limitation does not undermine the credibility of our core findings regarding the divergent water use strategies and drought vulnerability of the two species.





5 Conclusions

This study examined the interspecific differences in the leaf water content and root water uptake patterns during the extreme drought in 2022. LWC serves as a robust drought indicator, capturing the integrated effects of meteorological drought, soil water supply capacity, and plant water uptake strategy. Our findings demonstrate that root water uptake depth governs the LWC variability and drought vulnerability between the two shrubs. During the wet period (June), both shrubs utilized water primarily from shallow soil layers (0–30 cm), with contributions of 58.8% for L. polystachyus and 70.5% for V. negundo. The belowground niche partitioning of the two shrubs in water uptake existed during the drought period. L. polystachyus was able to shift water uptake toward intermediate (39%) and deep soil layers (19.9%), while V. negundo relied more on water sources in shallow soil layers (66.6%).

Meanwhile, the relationship between canopy damage severity and LWC for the two species exhibited a significantly fitted sigmoidal curve (R2 > 0.8, P < 0.05). When LWC fell below 45%, canopy damage exceeded 70%, with extensive leaf chlorosis and dieback observed for V. negundo. In addition, larger individuals of V. negundo showed greater drought vulnerability (linked to reliance on shallow soil water), their higher soil moisture demand and hydraulic limitations may increase vulnerability during prolonged drought. In the context of climate change, plants in subtropical humid forests are increasingly compromised by extreme drought. The findings in this study may provide mechanistic basis for monitoring and prediction of plant water status and drought vulnerability under water stress conditions.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Author contributions

WP: Data curation, Formal Analysis, Investigation, Writing – original draft. BJ: Formal Analysis, Writing – review & editing. LC: Data curation, Investigation, Writing – review & editing. ZL: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This study was supported by the Natural Science Foundation of Hunan Province, China (Grant No. 2025JJ50151) and the Guangxi Natural Science Foundation, China (Grant No. 2023GXNSFBA026193).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpls.2025.1684521/full#supplementary-material




References

	 Ahmadi Lavin J., Sadeghfam S., Sharafati A., Neshat A. (2025). A formulation for assessing the risk of anthropogenic drought based on drought characteristics and socioeconomic and physical factors. Vadose Zone J. 24, e70014. doi: 10.1002/vzj2.70014


	 Akter N., Brishty T. A., Karim M. A., Ahmed M. J. U., Islam M. R. (2023). Leaf water status and biochemical adjustments as a mechanism of drought tolerance in two contrasting wheat (triticum aestivum l.) Varieties. Acta Physiol. Plantarum 45, 50. doi: 10.1007/s11738-023-03530-x


	 Allen C. D., Macalady A. K., Chenchouni H., Bachelet D., McDowell N., Vennetier M., et al. (2010). A global overview of drought and heat-induced tree mortality reveals emerging climate change risks for forests. For. Ecol. Manage. 259, 660–684. doi: 10.1016/j.foreco.2009.09.001


	 Bachofen C., Tumber-Davila S. J., Mackay D. S., McDowell N. G., Carminati A., Klein T., et al. (2024). Tree water uptake patterns across the globe. New Phytol. 242, 1891–1910. doi: 10.1111/nph.19762, PMID: 38649790


	 Bartlett M. K., Klein T., Jansen S., Choat B., Sack L. (2016). The correlations and sequence of plant stomatal, hydraulic, and wilting responses to drought. Proc. Natl. Acad. Sci. 113, 13098–13103. doi: 10.1073/pnas.1604088113, PMID: 27807136


	 Bazzichetto M., Sperandii M. G., Penone C., Keil P., Allan E., Lepš J., et al. (2024). Biodiversity promotes resistance but dominant species shape recovery of grasslands under extreme drought. J. Ecol. 112, 1087–1100. doi: 10.1111/1365-2745.14288


	 Bello J., Hasselquist N. J., Vallet P., Kahmen A., Perot T., Korboulewsky N. (2019). Complementary water uptake depth of quercus petraea and pinus sylvestris in mixed stands during an extreme drought. Plant Soil 437, 93–115. doi: 10.1007/s11104-019-03951-z


	 Blum A., Sullivan C. Y. (1997). The effect of plant size on wheat response to agents of drought stress. I. Root drying. Funct. Plant Biol. 24, 35. doi: 10.1071/PP96022


	 Breda N., Granier A., Aussenac G. (1995). Effects of thinning on soil and tree water relations, transpiration and growth in an oak forest (quercus petraea (matt.) Liebl. Tree Physiol. 15, 295–306. doi: 10.1093/treephys/15.5.295, PMID: 14965953


	 Brinkmann N., Seeger S., Weiler M., Buchmann N., Eugster W., Kahmen A. (2018). Employing stable isotopes to determine the residence times of soil water and the temporal origin of water taken up by fagus sylvatica and picea abies in a temperate forest. New Phytol. 219, 1300–1313. doi: 10.1111/nph.15255, PMID: 29888480


	 Britton T. G., Brodribb T. J., Richards S. A., Ridley C., Hovenden M. J. (2022). Canopy damage during a natural drought depends on species identity, physiology and stand composition. New Phytol. 233, 2058–2070. doi: 10.1111/nph.17888, PMID: 34850394


	 Cao Z., Wang Q., Zheng C. (2015). Best hyperspectral indices for tracing leaf water status as determined from leaf dehydration experiments. Ecol. Indic. 54, 96–107. doi: 10.1016/j.ecolind.2015.02.027


	 Carrer M., Urbinati C. (2004). Age-dependent tree-ring growth responses to climate in larix decidua and pinus cembra. Ecology 85, 730–740. doi: 10.1890/02-0478


	 Casper B. B. (1996). Demographic consequences of drought in the herbaceous perennial cryptantha flava: effects of density, associations with shrubs, and plant size. Oecologia 106, 144–152. doi: 10.1007/BF00328593, PMID: 28307638


	 Chen L., Wang G., Miao L., Gnyawali K. R., Li S., Amankwah S. O. Y., et al. (2021). Future drought in cmip6 projections and the socioeconomic impacts in China. Int. J. Climatol. 41, 4151–4170. doi: 10.1002/joc.7064


	 Cheng Y., Oehmcke S., Brandt M., Rosenthal L., Das A., Vrieling A., et al. (2024). Scattered tree death contributes to substantial forest loss in california. Nat. Commun. 15, 641. doi: 10.1038/s41467-024-44991-z, PMID: 38245523


	 Choat B., Brodribb T. J., Brodersen C. R., Duursma R. A., López R., Medlyn B. E. (2018). Triggers of tree mortality under drought. Nature 558, 531–539. doi: 10.1038/s41586-018-0240-x, PMID: 29950621


	 Dai J., Zhang X., Wang L., Wang R., Luo Z., He X., et al. (2023). Water stable isotope characteristics and water use strategies of co-occurring plants in ecological and economic forests in subtropical monsoon regions. J. Hydrol. 621, 129565. doi: 10.1016/j.jhydrol.2023.129565


	 Deng R., Liao J., Rademacher T., Xu Z., Du M., Zheng J., et al. (2025). Species-specific influences of competition and tree size on drought sensitivity and resistance for three planted conifers in northern China. For. Ecosyst. 13, 100295. doi: 10.1016/j.fecs.2025.100295


	 de Ollas C., Segarra C., Blázquez M. A., Agustí J., Gómez Cadenas A. (2023). Plant size directly correlates with water use efficiency in arabidopsis. Plant Cell Environ. 46, 2711–2725. doi: 10.1111/pce.14663, PMID: 37427824


	 Eggemeyer K. D., Awada T., Harvey F. E., Wedin D. A., Zhou X., Zanner C. W., et al. (2008). Seasonal changes in depth of water uptake for encroaching trees juniperus virginiana and pinus ponderosa and two dominant c4 grasses in a semiarid grassland. Tree Physiol. 29, 157–169. doi: 10.1093/treephys/tpn019, PMID: 19203941


	 Fichtner A., Schnabel F., Bruelheide H., Kunz M., Mausolf K., Schuldt A., et al. (2020). Neighbourhood diversity mitigates drought impacts on tree growth. J. Ecol. 108, 865–875. doi: 10.1111/1365-2745.13353


	 Goldsmith G. R., Allen S. T., Braun S., Siegwolf R. T. W., Kirchner J. W. (2022). Climatic influences on summer use of winter precipitation by trees. Geophysical Res. Lett. 49, e2022GL098323. doi: 10.1029/2022GL098323


	 Greenwood S., Ruiz Benito P., Martínez Vilalta J., Lloret F., Kitzberger T., Allen C. D., et al. (2017). Tree mortality across biomes is promoted by drought intensity, lower wood density and higher specific leaf area. Ecol. Lett. 20, 539–553. doi: 10.1111/ele.12748, PMID: 28220612


	 Gupta A., Rico-Medina A., Caño-Delgado A. I. (2020). The physiology of plant responses to drought. Science 368, 266–269. doi: 10.1126/science.aaz7614, PMID: 32299946


	 Helfenstein I. S., Sturm J. T., Schmid B., Damm A., Schuman M. C., Morsdorf F. (2025). Satellite observations reveal a positive relationship between trait-based diversity and drought response in temperate forests. Global Change Biol. 31, e70054. doi: 10.1111/gcb.70059, PMID: 39898424


	 Jiang S., Liang H., Zhao P., Kang J., Ma Q., Zhang S. (2025). The response of trees’ radial growth to dry-season drought modified by neighborhood competition in humid chinese subtropical forests. Agric. For. Meteorol. 368, 110552. doi: 10.1016/j.agrformet.2025.110552


	 Konings A. G., Saatchi S. S., Frankenberg C., Keller M., Leshyk V., Anderegg W. R. L., et al. (2021). Detecting forest response to droughts with global observations of vegetation water content. Global Change Biol. 27, 6005–6024. doi: 10.1111/gcb.15872, PMID: 34478589


	 Kramer P. J. (1994). Soil moisture in relation to plant growth. Bot. Rev. 10, 525–559. doi: 10.1007/BF02861165


	 Kühnhammer K., van Haren J., Kübert A., Bailey K., Dubbert M., Hu J., et al. (2023). Deep roots mitigate drought impacts on tropical trees despite limited quantitative contribution to transpiration. Sci. Total Environ. 893, 164763. doi: 10.1016/j.scitotenv.2023.164763, PMID: 37308023


	 Kuppel S., Tetzlaff D., Maneta M. P., Soulsby C. (2018). EcH2o-iso 1.0: water isotopes and age tracking in a process-based, distributed ecohydrological model. Geosci. Model. Dev. 11, 3045–3069. doi: 10.5194/gmd-11-3045-2018


	 Kursar T. A., Engelbrecht B. M. J., Burke A., Tyree M. T., Omari EI B., Giraldo J. P., et al. (2009). Tolerance to low leaf water status of tropical tree seedlings is related to drought performance and distribution. Functional Ecology 23, 93–102. doi: 10.1111/j.1365-2435.2008.01483.x


	 Li L., Ren W., Tian L. (2025). Temporal patterns in root water uptake and intrinsic water-use efficiency of overstory and understory tree species in a subtropical humid pine forest. Agric. For. Meteorol. 371, 110626. doi: 10.1016/j.agrformet.2025.110626


	 Li Q., Shi G., Shangguan W., Nourani V., Li J., Li L., et al. (2022). A 1 km daily soil moisture dataset over China using in situ measurement and machine learning. Earth Syst. Sci. Data 14, 5267–5286. doi: 10.5194/essd-14-5267-2022


	 Liang X., Ye Q., Liu H., Brodribb T. J. (2021). Wood density predicts mortality threshold for diverse trees. New Phytol. 229, 3053–3057. doi: 10.1111/nph.17117, PMID: 33251581


	 Liu W., Chen H., Zou Q., Nie Y. (2021). Divergent root water uptake depth and coordinated hydraulic traits among typical karst plantations of subtropical China: implication for plant water adaptation under precipitation changes. Agric. Water Manage. 249, 106798. doi: 10.1016/j.agwat.2021.106798


	 Liu D., Wang T., Peñuelas J., Piao S. (2022). Drought resistance enhanced by tree species diversity in global forests. Nat. Geosci. 15, 800–804. doi: 10.1038/s41561-022-01026-w


	 Luo Z., Guan H., Zhang X., Xu X., Dai J., Hua M. (2019). Examination of the ecohydrological separation hypothesis in a humid subtropical area: comparison of three methods. J. Hydrol. 571, 642–650. doi: 10.1016/j.jhydrol.2019.02.019


	 Luo Z., Guan H., Zhang X., Zhang C., Liu N., Li G. (2016). Responses of plant water use to a severe summer drought for two subtropical tree species in the central southern China. J. Hydrol.: Reg. Stud. 8, 1–9. doi: 10.1016/j.ejrh.2016.08.001


	 Luo Z., Nie Y., Chen H., Guan H., Zhang X., Wang K, et al. (2023a). Water age dynamics in plant transpiration: the effects of climate patterns and rooting depth. Water Resour. Res. 59, e2022WR033566. doi: 10.1029/2022WR033566


	 Luo Z., Wang D., Nie Y., Guan H., Dai J., Zhang X., et al. (2023b). Spatiotemporal patterns of soil water replenishment and their seasonal origins in a subtropical red soil critical zone. J. Hydrol. 627, 130392. doi: 10.1016/j.jhydrol.2023.130392


	 Midgley J. J. (2003). Is bigger better in plants? The hydraulic costs of increasing size in trees. Trends Ecol. Evol. (Amsterdam) 18, 5–6. doi: 10.1016/S0169-5347(02)00016-2


	 Moore J. W., Semmens B. X. (2008). Incorporating uncertainty and prior information into stable isotope mixing models. Ecol. Lett. 11, 470–480. doi: 10.1111/j.1461-0248.2008.01163.x, PMID: 18294213


	 Parnell A. C., Inger R., Bearhop S., Jackson A. L. (2010). Source partitioning using stable isotopes: coping with too much variation. PloS One 5, e9672. doi: 10.1371/journal.pone.0009672, PMID: 20300637


	 Peng S. (2020). 1-km monthly precipitation dataset for China, (1901-2023). National Tibetan Plateau / Third Pole Environment Data Center. doi: 10.5281/zenodo.3114194


	 Peng S., Ding Y., Liu W., Li Z. (2019). 1 km monthly temperature and precipitation dataset for China from 1901 to 2017. Earth Syst. Sci. Data 11, 1931–1946. doi: 10.5194/essd-11-1931-2019


	 Pérez-Anta I., Rubio E., López-Serrano F. R., Garcés D., Andrés-Abellán M., Picazo M., et al. (2024). Transpiration dynamics of esparto grass (macrochloa tenacissima (l.) Kunth) in a semi-arid mediterranean climate: unraveling the impacts of pine competition. Plants 13, 661. doi: 10.3390/plants13050661, PMID: 38475507


	 Phillips D. L., Gregg J. W. (2003). Source partitioning using stable isotopes: coping with too many sources. Oecologia 136, 261–269. doi: 10.1007/s00442-003-1218-3, PMID: 12759813


	 Prechsl U. E., Burri S., Gilgen A. K., Kahmen A., Buchmann N. (2015). No shift to a deeper water uptake depth in response to summer drought of two lowland and sub-alpine c3-grasslands in Switzerland. Oecologia 177, 97–111. doi: 10.1007/s00442-014-3092-6, PMID: 25273953


	 Preisler Y., Tatarinov F., Grünzweig J. M., Bert D., Ogée J., Wingate L., et al. (2019). Mortality versus survival in drought-affected aleppo pine forest depends on the extent of rock cover and soil stoniness. Funct. Ecol. 33, 901–912. doi: 10.1111/1365-2435.13302


	 Ripullone F., Camarero J. J., Colangelo M., Voltas J. (2020). Variation in the access to deep soil water pools explains tree-to-tree differences in drought-triggered dieback of mediterranean oaks. Tree Physiol. 40, 591–604. doi: 10.1093/treephys/tpaa026, PMID: 32159804


	 Salguero-Gomez R., Casper B. B. (2011). A hydraulic explanation for size-specific plant shrinkage: developmental hydraulic sectoriality. New Phytol. 189, 229–240. doi: 10.1111/j.1469-8137.2010.03447.x, PMID: 20831647


	 Sapes G., Roskilly B., Dobrowski S., Maneta M., Anderegg W. R. L., Martinez-Vilalta J., et al. (2019). Plant water content integrates hydraulics and carbon depletion to predict drought-induced seedling mortality. Tree Physiol. 39, 1300–1312. doi: 10.1093/treephys/tpz062, PMID: 31135927


	 Shangguan W., Li Q., Shi G. (2022). A 1 km daily soil moisture dataset over China based on in-situ measurement (2000-2022). National Tibetan Plateau / Third Pole Environment Data Center. doi: 10.11888/Terre.tpdc.272415


	 Sprenger M., Stumpp C., Weiler M., Aeschbach W., Allen S. T., Benettin P., et al. (2019). The demographics of water: a review of water ages in the critical zone. Rev. Geophysics 57, 800–834. doi: 10.1029/2018RG000633


	 Stock B. C., Jackson A. L., Ward E. J., Parnell A. C., Phillips D. L., Semmens B. X. (2018). Analyzing mixing systems using a new generation of bayesian tracer mixing models. PeerJ 6, e5096. doi: 10.7717/peerj.5096, PMID: 29942712


	 Stock B. C., Semmens B. X. (2016). Unifying error structures in commonly used biotracer mixing models. Ecology 97, 2562–2569. doi: 10.1002/ecy.1517, PMID: 27859126


	 Sun X., Zhang B., Dai M., Jing C., Ma K., Tang B., et al. (2024). Accurate irrigation decision-making of winter wheat at the filling stage based on uav hyperspectral inversion of leaf water content. Agric. Water Manage. 306, 109171. doi: 10.1016/j.agwat.2024.109171


	 Trifilò P., Abate E., Petruzzellis F., Azzarà M., Nardini A. (2023). Critical water contents at leaf, stem and root level leading to irreversible drought-induced damage in two woody and one herbaceous species. Plant Cell Environ. 46, 119–132. doi: 10.1111/pce.14469, PMID: 36266962


	 Vadez V., Grondin A., Chenu K., Henry A., Laplaze L., Millet E.J., et al. (2024). Crop traits and production under drought. Nat. Rev. Earth Environ. 5, 211–225. doi: 10.1038/s43017-023-00514-w


	 Wang J., Fu B., Lu N., Zhang L. (2017). Seasonal variation in water uptake patterns of three plant species based on stable isotopes in the semi-arid loess plateau. Sci. Total Environ. 609, 27–37. doi: 10.1016/i.scitotenv.2017.07.133, PMID: 28734247


	 Wang R., He N., Li S., Xu L., Li M. (2021). Variation and adaptation of leaf water content among species, communities, and biomes. Environ. Res. Lett. 16, 124038. doi: 10.1088/1748-9326/ac38da


	 Wang N., Li Q., Liu X., Yi S., Zhao M., Sun X., et al. (2021). Plant size plays an important role in plant responses to low water availability and defoliation in two woody leguminosae species. Front. Plant Sci. 12. doi: 10.3389/fpls.2021.643143, PMID: 33897734


	 Wang B., Yan C., Shi Z., Ding J., Zhang T., Qin L., et al. (2023). Seasonal variation in water uptake patterns of two greening species and their responses to rainfall events in a subtropical megacity of China. J. Hydrol. 618, 129262. doi: 10.1016/j.jhydrol.2023.129262


	 Wu H., Li J., Zhang C., He B., Zhang H., Wu X., et al. (2018). Determining root water uptake of two alpine crops in a rainfed cropland in the qinghai lake watershed: first assessment using stable isotopes analysis. Field Crops Res. 215, 113–121. doi: 10.1016/j.fcr.2017.10.011


	 Yamanaka T., Kimura T., Sun X., Kato H., Onda Y. (2017). Comparing root water uptake profile estimations from an isotope-calibrated mechanistic model and a mixing model. Hydrol. Res. Lett. 11, 161–167. doi: 10.3178/hrl.11.161


	 Yamani M. E., Sakar E. H., Boussakouran A., Rharrabti Y. (2020). Leaf water status, physiological behavior and biochemical mechanism involved in young olive plants under water deficit. Sci. Hortic. 261, 108906. doi: 10.1016/j.scienta.2019.108906


	 Yan W., Zhong Y., Shangguan Z. (2017). Responses of different physiological parameter thresholds to soil water availability in four plant species during prolonged drought. Agric. For. Meteorol. 247, 311–319. doi: 10.1016/j.agrformet.2017.08.017


	 Yang B., Wen X., Sun X. (2015). Seasonal variations in depth of water uptake for a subtropical coniferous plantation subjected to drought in an east asian monsoon region. Agric. For. Meteorol. 201, 218–228. doi: 10.1016/j.agrformet.2014.11.020


	 Yin D., Gou X., Liu J., Zhang D., Wang K., Yang H. (2024). Increasing deep soil water uptake during drought does not indicate higher drought resistance. J. Hydrol. 630, 130694. doi: 10.1016/j.jhydrol.2024.130694


	 Zhang T., Di D., Liao X., Shi W. (2023). Response of forest plant diversity to drought: a review. Water 15, 3486. doi: 10.3390/w15193486


	 Zhang Y., You Q., Ullah S., Chen C., Shen L., Liu Z. (2023). Substantial increase in abrupt shifts between drought and flood events in China based on observations and model simulations. Sci. Total Environ. 876, 162822. doi: 10.1016/j.scitotenv.2023.162822, PMID: 36921874


	 Zhou H., Zhou G., He Q., Zhou L., Ji Y., Lv X. (2021). Capability of leaf water content and its threshold values in reflection of soil–plant water status in maize during prolonged drought. Ecol. Indic. 124, 107395. doi: 10.1016/j.ecolind.2021.107395


	 Zhu S., Chen Y., Fu P., Cao K. (2017). Different hydraulic traits of woody plants from tropical forests with contrasting soil water availability. Tree Physiol. 37, 1469–1477. doi: 10.1093/treephys/tpx094, PMID: 28985366







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Peng, Jiang, Chang and Luo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpls-16-1684521-g002.jpg
V. negundo

L. polystachyus

B 259~75%
- Mean value
Median value

June August October





OEBPS/Images/cover.jpg
& frontiers | Frontiers in Plant Science

Leaf water content and water source
partitioning reveal species-specific drought
vulnerabilities in subtropical shrubs





OEBPS/Images/fpls-16-1684521-g004.jpg
Contribution proportion(%o)

100

80

60

40

20

| ]0-10cm - 10-20cm Ezo 30cm | ]30-40cm | ]40-50cm | |50-80cm

(a) L. polystachyus (b) V. negundo

100

80

60

40

20

June August October June August October





OEBPS/Images/fpls-16-1684521-g005.jpg
® V. negundo
O L. polystachyus

0.25 0.30 0.35 0.40 0.45 0.50
SWC (cm’/cm?)

® V. negundo
® L. polystachyus

Basal dimeter (mm)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpls-16-1684521-g001.jpg
400

1.0
300 0.8 4,
l
0.6
200 é

Monthly Precipitation (mm)

100 H
0

0.0 .
01/01 03/01 05/01 07/01 09/01 11/01 01/01

Date Date (MM/dd)

—@— June
—@— August
—@— October

01/01 03/01 05/01 07/01 09/01 11/01 01/01 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Date (MM/dd) SWC (cm’/cm?)





OEBPS/Images/fpls-16-1684521-g003.jpg
Canopy damage degree (%)

100

80

60

40

20

y= 1 OO.OO/(1_|_CO.16(X-46.61)

R*=0.84

20 25

30 35

/o
)

40 45 50 55
LWC (%)

® V. negundo
O L. polystachyus

y:9636/( 1 +eO.28(X-49.08))
R*=0.79

60 65 70 75

80





