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Abstract

:

The carbon cycle within a terrestrial ecosystem is a pivotal functional process that drives ecosystem evolution, and the precipitation pattern variations exert a profound influence on it. To comprehensively assess the response of carbon release in the global terrestrial ecosystem to water variation, we performed a global meta-analysis by extracting data from 144 publications. Additionally, we incorporated various moderators to elucidate the heterogeneity observed in the data. The results showed that soil carbon release was highly sensitive to water variation, with drying and moisturizing treatments responding differently to water variability. Specifically, drought inhibited the soil carbon release of terrestrial ecosystems (24% reduction in effect size), but precipitation promoted it (11% increase in effect size). Moreover, this sensitivity could be affected by other ambient factors, depending on water manipulation (drying or moisturizing treatment). In moisturizing treatment cases, ambient precipitation, altitude, and vegetation type more or less affected the sensitivity of soil carbon release to a water increase. However, in drying treatment cases, these factors had no significant influence on the water sensitivity of soil carbon release. Unlike the above ambient factors, a temperature increase strengthened this sensitivity in both of the treatments. In addition, our study also showed that the response of carbon release to water variation did not depend on the substrate type or the carbon–nitrogen ratio (C/N) of the substrates, revealing that these effect factors on carbon release on the local scale could be overshadowed by water conditions. Overall, water variation positively affected soil carbon release on the global scale. Particularly, drought had a strong controlling effect on carbon release over the other environmental factors. Therefore, the impact of soil water loss on carbon release should be of great concern for the management of ecosystems and the prediction of carbon release models, especially when high temperatures and drought have been occurring more and more frequently on the planet in recent years.
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1. Introduction


In recent decades, the global pattern of precipitation has undergone substantial changes, resulting in the increased variation of precipitation distribution on both spatial and temporal scales [1,2,3]. Extreme precipitation events can directly cause insufficient soil moisture or oversaturation, leading to either soil drought or waterlogging, respectively [4]. Notably, several atmospheric circulation models also predict that the future precipitation variation regime will continue to strengthen globally [5,6]. These variations can sensitively affect terrestrial carbon cycling, which may ultimately impact the ecosystem structure and function [7,8]. As one of the largest fluxes in the global carbon cycle, soil carbon release plays a vitally important role in regulating the atmospheric CO2 concentration and supporting the carbon balance of soil ecosystems [9]. Consequently, investigating the consequences of altered precipitation patterns on soil carbon release will significantly advance our comprehension of the potential impact of global changes on the structure and function of ecosystems.



Changes in precipitation patterns impact not only abiotic soil processes, such as soil water availability, infiltration, and leaching [9,10,11], but also biotic processes, including soil microbial communities, plant growth, and soil enzyme activities. Both abiotic and biotic factors are highly important to soil carbon release [12,13]. Specifically, altered precipitation regimes can noticeably change the effects of the water supply on soil or litter substrate leaching and the activities of microbes and plant roots, as well as indirectly, through effects on the chemical components of the soil or litter [14,15,16]. Though the effect of water content on soil respiration is not always linear, and sometimes is logarithmic, quadratic, or parabolic, it is generally believed that soil respiration is significantly higher in moist soil than in dry soil, and can decrease from wet to dry seasons, because of the water demand of microbe or plant metabolism [17,18]. For example, after precipitation, soil water can stimulate microbes to quickly decompose organic substrates for metabolism, and, thus, lots of carbon dioxide is released from the soil to the air [19,20]. Generally, sufficient soil moisture can accelerate the metabolism rate of microbes and plants, but drought can inhibit this process [4,21,22]. Also, climatic factors can dominate many ecological processes on a global scale [23]. Therefore, we propose our first hypothesis that, despite the frequent occurrence of extreme precipitation events, moisturizing can still positively affect soil carbon release globally, i.e., drought can inhibit carbon release while moisturizing can improve the process. Furthermore, in comparison with moisturizing, drought can generally bring about a stronger lethal effect and stay for longer. Moreover, the latest research highlights that drought stress can induce autophagy and programmed cell death [24]. This impact will permanently and irreversibly shift the succession trend of the microbiome as drought stress is prolonged [25,26,27]. As a result, drought can exert stronger stress on soil carbon release than moisturizing.



Moisture manipulations provide a powerful approach for understanding how water availability affects soil carbon release under in situ field conditions. Up to now, numerous studies have attempted to explain the response of carbon release to water variation from various aspects, such as soil respiration, litter decomposition, and soil organic matter decomposition [28,29,30]. Nevertheless, individual moisture manipulations have shown conflicting responses to carbon release, either for increasing or reducing water treatments. This may be due to ecological heterogeneity that refers to soil texture, microbial composition, vegetation, substrate, climate, etc. [31,32,33]. Hence, it is of utmost importance to conduct a comprehensive and large-scale synthesis of soil carbon cycles to an altered precipitation pattern. Recent research has suggested that the response of soil organic carbon decomposition to intensified water variability is co-determined by the microbial communities and aggregate changes [34], and the biotic and abiotic factors can affect the responses of carbon release to water availability in different ecosystems or at different scales [35]. Therefore, we put forward our second hypothesis that some ambient factors can affect the sensitivity of soil carbon release to water availability on a global scale.



In this study, we addressed the following questions using meta-analysis techniques to integrate the currently available global data on the above information: (1) Is soil carbon release sensitive to drought or moisturizing on the global scale? and (2) How do ambient factors affect the sensitivity of carbon release to water variation? This work will provide strong data support for evaluating the effect of water variation on the carbon cycle of terrestrial ecosystems and will also provide valuable information for improving the predictions of carbon cycle models.




2. Materials and Methods


2.1. Data Collection and Selection


We searched published articles before May 2023 using China National Knowledge Infrastructure (CNKI, https://www.cnki.net/, accessed on 12 May 2023), Web of Science (https://www.webofscience.com/, accessed on 12 May 2023), Google Scholar (https://scholar.google.com/, accessed on 12 May 2023), Springer (https://www.springer.com/cn, accessed on 12 May 2023), Wiley (https://onlinelibrary.wiley.com/, accessed on 12 May 2023), Elsevier (https://service.elsevier.com/, accessed on 12 May 2023), and other Chinese or English databases. The keywords and phrases for searching the literature were as follows: rainfall/water/moisture changes, drying, watering, moisturizing, enhance/exclude/reduce rainfall (precipitation), alter/change rainfall (precipitation), litter decomposition, soil respiration, and soil carbon release/flux/efflux/emission. Finally, we retrieved 2304 related studies and identified 144 published studies. The study selection process (flow diagram) is shown in Figure S1. All of the articles were selected based on the following criteria: (1) the experiments included the data of a treatment group (simulated drying/moisturizing) and control group; (2) the experiments were carried out only in field sites; (3) the target variables were measured under a drying or moisturizing treatment and compared to the same control; and (4) the means, standard deviations, and sample sizes were reported or could be determined.



Then, we extracted the means, standard deviations, and sample sizes for each target variable from the selected articles. The data presented in figures were digitized using Web Plot Digitizer [36]. We also recorded the longitude, latitude, altitude, and mean annual precipitation (MAP) and mean annual temperature (MAT) of each experiment site, vegetation type, and carbon–nitrogen ratio (C/N) of substrates. When the information on climate data of the experimental site were not provided in a study case, we retrieved them through the global climate database (https://www.worldclim.org/, accessed on 29 May 2023) according to the longitude and latitude coordinate information of the experimental sites.



According to the experimental design, we grouped the studies into drying or moisturizing treatments, and a meta-analysis was conducted for them, respectively. Among them, there are 379 cases for drying treatment and 328 cases for moisturizing treatment (Supplementary Information Table S1). The distribution of selected field sites is shown in Figure 1.



At the same time, for analyzing the difference in effect size among rainbands, the arid, semi-arid, semi-humid, and humid zones were distinguished from the study cases according to the mean annual precipitation (Table S2) [37,38].




2.2. Statistical Analyses


We used a meta-analysis to determine the effect of precipitation on the carbon release from terrestrial ecosystems [39,40,41]. A response ratio (RR) was used to estimate the effect magnitude for each individual observation, in which RR and its variance (Vi) were calculated as follows:


   RR = ln   (        X  e   ¯   /      X  c   ¯     )   



(1)






    V  i  =     S  e 2      N  e         X  e   ¯    2    +     S  c 2      N  c         X  c   ¯    2     



(2)




where       X   e    ¯    and       X   c    ¯    represent the mean value of the experimental group and the control group, respectively.     S   e     and     S   c     represent the standard deviation of the experimental group and the control group, respectively.     N   e     and     N   c     represent the sample size of the experimental group and the control group, respectively.



The random effects model was used to analyze the data, and the total variance of a single study case (    V   *    ) was calculated as follows:


    V  *  =   V  i  +   τ  2   



(3)




where     τ   2     is the inter-study variance caused by different study cases.



The weight of a single study case (    w   i   *    ) was calculated as follows:


    w  i *  =  1    V  i *     



(4)







The cumulative effect size (   y ¯   ) was calculated as follows:


   y ¯  =     ∑  i = 1  k     w  i *    y  i        ∑  i = 1  k     w  i *       



(5)







The overall standard error (SE) was calculated as follows:


  S E =    1    ∑  i = 1  k     w  i *         



(6)







The confidence interval (CI, 95%) of the cumulative effect size was calculated as follows:


   CI =  y ¯      ±   1.96   ×    S E  



(7)







The effect of a treatment was deemed significant if the 95% CI did not overlap with zero. It showed a positive effect when it was greater than zero.



We used the R 4.0.2 with “metafor” [42], “ggplot2” [43], “glmulti” [44], and “piecewiseSEM” [45] packages to perform the statistical analyses and graphical presentation. First, we calculated the cumulative effect size by response ratio and identified the overall heterogeneity of the effect size by the random effect model with 95% CI. If the heterogeneity was very strong (Q is high, and p < 0.05), moderators were introduced into the model to explain it. We used the mixed-effect model to analyze the influence of the other variables on the effect size. For the categorical variables, the manipulation type (drying vs. moisturizing), rainbands (arid, semi-arid, semi-humid, and humid zones were zoned by the precipitation of study site), vegetation type (grassland, shrub, conifers, and broadleaves were categorized based on their morphological characteristics, and represent different stages of ecosystem succession), and substrate type (soil vs. litter were divided according to the source of soil carbon release) were taken into account. For the continuous variables, the C/N of the substrate and the environmental factors (MAP, MAT, and altitude) were introduced into the analyses. We used the piecewise structural equation model to analyze the causal relationship between the variables, in which we treated cases as random effects. Lastly, we carried out the analysis of publication bias using a fail safe number [46].





3. Results


We finally identified 144 published studies that utilized rain-out shelters to reduce or exclude rainfall or simulate increased precipitation. These studies covered 4 distinct rainbands, 4 different vegetation types, and 2 substrate types, from which we extracted 707 independent observations. The analysis of publication bias showed that the Rosenthal fail safe number was 78,717, which was larger than 3545 (the critical value of the fail safe number calculated by 5K + 10, where K is the observation case number). This result suggested that there was no publication bias in the data.



3.1. The Influence of Categorical Variables on Effect Size


The result of the random effect model showed that drying treatment significantly reduced the effect size by an average of 24.0%, while moisturizing treatment significantly increased it by an average of 11.0% (Figure 2), indicating a clear pattern of carbon release along the direction of water variation. The random effect model also showed a strong heterogeneity among the study cases for both the drying treatment group (Q(df=378) = 15,194.99, p < 0.0001) and the moisturizing treatment group (Q(df=327) = 21,507.01, p < 0.0001). Thus, to further explain this heterogeneity, it was necessary to introduce other moderators into the random effect model.



Climate is believed to be one of the dominant factors controlling the ecological process at the global scale; therefore, ambient precipitation was used as categorical data (named as rainbands) to check the difference in the effect size among local ranges of precipitation. The effect sizes of semi-arid, semi-humid, and humid areas in the drying treatment were all significantly different from 0 (p < 0.05, Figure 3a), however, the drying treatment did not significantly affect the carbon release of the arid area (p > 0.05, Figure 3a). In the moisturizing treatment, the effect sizes of arid, semi-arid, and semi-humid areas showed a significant difference from 0 (p < 0.05, Figure 3b), however, moisturizing had no significant effect on the carbon release in humid regions (p > 0.05, Figure 3b). Figure 3 also shows that only the arid area had a significantly higher effect size than the other rainbands for the drying treatment group; however, an increasing pattern in the effect sizes from the humid regions (−0.01 of average) to the arid area (0.32 of average) was found in the moisturizing treatment group.



The vegetation type is also considered to drive the variation of ecological function. Figure 4 shows that there was no significant difference among the four vegetation types in drying treatment. However, moisturizing treatment amplified the variation of the effect size across the vegetation types, especially for the shrub, which presented a significantly higher effect size than the other vegetation types.



Litter and soil have different organic chemical components and are an important source of carbon release from forest floors. Figure 5 shows that soil had a marginally lower mean effect size than litter, but no statistical significance of difference, either in drying or moisturizing treatments.




3.2. The Influence of Continuous Variables on Effect Size


The ambient precipitation of study case sites for moisturizing treatment showed an overall negative correlation with the effect sizes, in which precipitation of less than about 1428.2 mm exerted a positive effect on carbon release, while, when precipitation was more than 1428.2 mm, the opposite was true (Figure 6a). This negative correlation was partly from the contribution of study cases from the humid area of the rainbands that showed a slight inhibiting effect on carbon release (see Figure 3b). However, for the drying treatment, there was no significant correlation between the ambient precipitation and the effect size (Figure 6a).



The altitude of the study sites exhibited a significantly positive correlation with the effect size for both moisturizing and drying treatments (Figure 6b).



Contrary to the altitude, the temperature of the study sites showed a negative correlation with the effect size for both treatments, of which temperature had a significant effect on carbon release only in drying treatment (Figure 6c).



Substrate C/N was found to have a negative correlation with effect size, but no significant statistics for either moisturizing or drying treatments (Figure 6d).




3.3. Structural Equation Model Analysis


In order to further explore the causal relationship between variables and the relative importance of effect size, structural equation models were fitted for drying and moisturizing treatments, respectively (Figure 7). Given that the number of cases with C/N data in this study was only 205, which was about 29% of the total cases, this variable was not included in the structural equation model.



For the drying treatment, among all of the predictive variables, only the ambient temperature of study cases showed a significant negative effect, which was consistent with the single factor effect result mentioned above. There was no significant causal relationship between the ambient precipitation, altitude, and vegetation type with the effect size (Figure 7a). For the moisturizing treatment, contrary to the single factor effect, temperature showed a significant positive contribution to the effect size. Both altitude and vegetation type also exhibited similar contributions to the effect size as temperature. However, precipitation presented a significant negative influence on the effect size (Figure 7b). In both drying and moisturizing treatments, the substrate type had no significant influence on the effect size in structural equation models like the single factor effect described above.





4. Discussion


Our results from this meta-analysis clearly showed an overall positive sensitivity of soil carbon release to water variation. In simpler terms, our findings support the notion that drought tends to inhibit soil ecosystem carbon release while moisture promotes it, which is line with previous views [47,48,49]. Carbon release is typically represented by soil respiration through the soil surface from autotrophic root respiration and heterotrophic microbial respiration, which is associated with the decomposition of litter, roots, and soil organic matter [41,50,51,52]. Numerous studies have clearly demonstrated the importance of water content as a factor influencing soil respiration [9,53]. As the primary gatekeepers for carbon loss, the adaptation of heterotrophic microbes to changes in water content is crucial for soil organic matter decomposition [54]. A few studies have shown that an increase in precipitation can improve the content of lignin, which is the recalcitrant of litter decomposition [18,19]; however, more studies have shown that an increase in water can facilitate the leaching of the soluble matter of litter [55,56,57], improve the activity of microbial decomposers [58,59], and activate the lignin-degrading enzyme, which contributes to litter decomposition [49]. Conversely, as the environment becomes drier, microbes tend to devote more resources to maintaining cellular penetration, resulting in a decrease in microbial carbon use efficiency. This also implies that, under drought conditions, microbes become less active and less efficient in the soil, which may result in a potential decrease in soil carbon storage [54,60]. Taken as whole, the increase in water stimulates heterotrophic respiration in the soil, and drought can suppress it. Plant root autotrophic respiration also presents the same response to water shift as heterotrophic respiration [61,62,63], although it is generally believed that the response of soil microbes to precipitation is more sensitive than that of plants [38,64,65], given that the metabolism is different between plants and microbes [9]. Moreover, due to the difficulty in differentiating the components of soil respiration, autotrophic and heterotrophic respiration have not been separately measured in most study cases. Based on the above references, we believe that the differences in soil respiration components do not significantly affect the response of soil respiration to water variation in this meta-analysis.



The sensitivity of soil carbon release to water variation can often be affected by ambient factors, such as precipitation, temperature, and elevation. In this meta-analysis, ambient precipitation did not significantly influence the overall inhibitory effect of soil carbon release by drying; however, the promotion effect of carbon release by moisturizing was dependent on ambient precipitation. Wang et al. [66] also proposed that the original MAP partially determined the responses of the soil carbon cycles to altered precipitation. These results indicated that drought had a stronger controlling effect on the ecological process over other ecological factors, relative to precipitation, and the tolerance of an ecosystem to drought was lower than that of moisturizing [67]. However, despite these findings, soil carbon release in the arid rainband was less sensitive to drought. Similarly, carbon release in the humid rainband was also less sensitive to precipitation. This was probably due to the fact that the microbial decomposers and plants had already adapted to the local extreme drought or humid environmental conditions by altering their physiological properties, and, thus, a further strengthening of increasing or reducing precipitation did not significantly alter the local ecological processes [68,69,70]. Conversely, soil carbon release in the humid ecosystems was more sensitive to drought, while the arid ecosystems were more sensitive to precipitation [56]. The underlying mechanism is believed to be that both water manipulations make the living conditions of microbes and plants close to their optimum niche [66].



Similar to ambient precipitation, elevation also did not show a significant correlation with the sensitivity of carbon release to drought, suggesting that drought had a strong controlling effect on carbon release over altitude. However, unlike drought, the sensitivity of carbon release to precipitation was increased with elevation. This contradicts previous finding that indicate soil respiration can be limited due to low temperature with the rising of elevation. In fact, the stress induced by low temperatures was mainly due to the lack of water availability, which further limits root respiration and microbial decomposition [71]. In our meta-analysis, at the sites at an elevation of 3000~4000 m, the temperature was lower than 2 °C, or even below 0 °C. Öquist et al. [72] believed that the CO2 production response of frozen soils was attributed to water restriction induced by a partial phase transition of water, rather than a biochemical temperature response. Other studies have also reported that soil respiration was primarily regulated by soil moisture or precipitation rather than soil temperature in alpine or arctic ecosystems [73,74]. However, an increase in water can effectively relieve this stress, and even greatly activate soil respiration (also named “Birch effect”) [75,76]. Meisner et al. [77] also reported that soil subjected to greater drought-induced stress exhibited a higher respiration rate upon rewetting.



In addition, like ambient precipitation, temperature is another crucial climatic factor affecting soil carbon release [78,79]. Elevated temperature increased the inhibition of carbon release by drought in this meta-analysis, because that elevated temperature strengthened the drought, which inhibited the activities of the microbes and plants [80,81]. However, the elevated temperature, along with water addition, accelerated the soil carbon release. Many studies have reported that the temperature sensitivity of ecosystems was dependent on soil moisture levels [9,72,82]. As with most primarily biological reactions, soil respiration greatly depends on temperature and adequate water availability, and, thus, increasing temperature and suitable moisture content can be in favor of soil carbon release [83,84,85,86,87].



At the ecosystem scale, soil carbon and hydrological processes are closely interconnected [88]. Under different vegetation types, the soil texture, litter quality, plant species, microbial community, and microhabitat factors may exhibit significant variations due to their management or rainfed regimes [38,89,90,91,92,93,94]. Consequently, analyzing the influence of vegetation types is vitally important in the context of vegetation regeneration and increasingly severe climate change effects. Consistent with the other environmental factors mentioned above, the response of soil carbon release to drought showed no obvious variation across the vegetation types, which further verified that drought had a more potent controlling effect on carbon release over the other environmental factors. However, the promotion of carbon release by precipitation contingent on the vegetation type; and notably, the response of carbon release to precipitation was more pronounced in the shrub group compared to the other vegetation types. Generally, it is believed that grass litter is less recalcitrant relative to shrub or tree litter, resulting in a faster decomposition rate because woody plants store more carbon as lignin [95]. However, soil respiration is usually found to be lower in grasslands than in shrublands or forests [96,97]. Relative to grasslands, the ground cover and overstory vegetation from shrub ecosystems can affect soil respiration through changes in rhizosphere conditions, soil temperature, soil moisture, and substrate quantity and quality [48]. Ground cover, such as lichens and mosses, tends to adjust soil temperatures to a suitable value for microbial respiration, regardless of seasonal and diurnal changes [97,98,99]. The increase in aboveground vegetation can also improve root respiration through changes in root biomass, productivity, and turnover [100]. In addition, the clustered microhabitat resulting from the scattered distribution of shrubs can easily become a “fertile island,” which can effectively keep microbial and plant root respiration stable [101,102]. Precipitation can reinforce the advantages of the shrub ecosystem in terms of soil respiration. In contrast to coniferous and broadleaf forests, shrubland is characterized by fast-growth plant species, and, thus, the plant litter tends to be formed from readily-decomposable organic components [95]. In addition, due to the rapid growth of the plants in the shrubland, the metabolic rate of the roots is also high. Therefore, soil environments with suitable water conditions can favor soil respiration under shrubs [103].



Substrate type and quality are believed to be important factors in controlling carbon release, particularly for soil microbial respiration [104]. Soil and litter are the two important substrate types of forest ground. The carbon release from the litter layer is driven by microbes, while the soil layer includes respiration from the microbes and plant roots. The driving force for carbon release is different between the two substrate types, but there is no significant difference in carbon release between them. Although the dependency on substrate availability of soil respiration is noticed in field studies, when averaged on the global scale, heterotrophic respiration accounts for 54% of soil respiration in forests [105,106]. Therefore, the above observed result is possible. In addition, C/N, one of the traits characterizing the substrate quality, is still believed to be an important affecting factor controlling microbial respiration by changing substrate availability and enzymatic activities or root respiration by changing belowground carbon allocation [107,108,109,110,111,112]. However, this meta-analysis also showed that C/N had no significant effect on the carbon release from soil. These results have indicated that the effects of substrate type and quality on soil respiration could be overshadowed by precipitation. Many studies have also shown that, on a global scale, climatic factors had an important controlling effect on soil respiration over other factors [113,114], because climatic factors can not only immediately affect the activities of microbes and plant roots, but can also chronically alter the community composition of the vegetation and the chemical components of individual plants [28].




5. Conclusions


Overall, our global meta-analysis showed the following: (1) drought inhibited soil carbon release, while moisturizing accelerated carbon release; (2) the stress of the ecological process caused by drought was barely relieved by other environmental or ecological factors, compared to moisturizing; (3) shrubland soil carbon release is particularly pronounced with moisturizing; and (4) soil carbon release in arid areas is more sensitive to moisturizing, while humid areas are more sensitive to drought. These findings should be incorporated into terrestrial ecosystem carbon cycling models in order to reasonably predict the global climate-change-induced soil carbon emissions.



Based on the findings of this global meta-analysis, the relative role of drought and the corresponding factors that can strengthen drought should be of particular concern when estimating the effects of climate change on carbon balance for policy makers. Furthermore, it is crucial to prioritize regions with a high sensitivity of soil carbon emissions to changes in moisture levels, both in arid and humid zones, when assessing regional soil carbon dynamics. Additionally, considering that some environmental factors in our meta-analysis exhibited significant buffering effects on water stress, it is advisable to incorporate these influencing effects of drought or waterlogging on ecosystems caused by precipitation stress. Last but not least, while we have already considered factors such as vegetation type, substrate type, and ambient conditions, it is important to acknowledge the existence of other variables that may impact carbon release, beyond those mentioned above. These factors, such as soil microbes, soil texture, land use, and others, should be integrated into predictive models in order to facilitate the formulation of more effective policies and remedial measures.
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Figure 1. Geographical location of the 707 study cases included in this meta-analysis. 
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Figure 2. The influence of water variation on effect size. 
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Figure 3. The influence of rainbands on effect size ((a) drying treatment and (b) moisturizing treatment). 
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Figure 4. The influence of different vegetation types on effect size ((a) drying treatment and (b) moisturizing treatment). 
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Figure 5. The influence of different substrate types on effect size ((a) drying treatment and (b) moisturizing treatment). 
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Figure 6. Relationships between the effect size of soil carbon release and different factors ((a) precipitation; (b) altitude; (c) temperature; and (d) logarithm of C/N based on 10). 
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Figure 7. Structural equation model of effect size interactions with altitude, temperature (mean annual temperature), precipitation (mean annual precipitation), and vegetation type (Solid arrows indicate notable effect sizes, p < 0.05, dashed lines p > 0.05, where the thickness of the arrow represents the strength of the relationship. Red and blue lines indicate positive and negative relationships, respectively ((a) drying treatment and (b) moisturizing treatment). 
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