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Abstract

:

Litter decomposition plays a critical role in carbon and nutrient cycling in terrestrial and aquatic ecosystems. However, the effects transient flooding and soil covering have on leaf litter decomposition remain unclear. The changes of litter mass loss and stoichiometric ratio of C:N (the ratio of carbon to nitrogen), C:K (the ratio of carbon to potassium), C:P (the ratio of carbon to phosphorus), N:P (the ratio of nitrogen to phosphorus), and N:K (the ratio of nitrogen to potassium) of fresh Populus euphratica (P. euphratica) leaves in surface, transient flooding, and soil covering treatments were studied using litterbags in a desert riparian forest in a field decomposition experiment for a period of 640 d. The results showed that there was a significant influence of disturbance type and incubation time on litter mass loss rate and stoichiometric ratios of C:N, C:K, C:P, N:P, and N:K of fresh P. euphratica leaves, but no significant influence of the interaction between disturbance type and incubation time on leaf litter mass loss. In three treatments, five sequential phases of leaf litter mass loss rate and different temporal change patterns of stoichiometric ratio were identified within 640 d. Transient flooding was shown to affect P. euphratica leaf litter mass loss phases compared to that in no-disturbance conditions, and especially promote leaf litter mass loss within 0–173 d of incubation time. It was also demonstrated that transient flooding and soil covering can influence leaf litter decomposition, which led to the leaf litter mass loss rate and the stoichiometric ratios of C:N, C:K, C:P, N:P, and N:K exhibiting varied patterns and phases in different treatments during decay.
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1. Introduction


Litter comprises a top layer in soil profiles, and serves as the energy and nutrient source of microbial metabolism [1]. Litter decay, as a mechanism of nutrient release, is a key ecological process resulting from the interaction of abiotic and biotic drivers in the functioning of both managed and natural ecosystems [2,3]. It also constitutes a complex process with conspicuously different release rates of various nutrients, and plays a critical role in carbon and nutrient cycling in terrestrial and aquatic ecosystems [4,5,6] and its significance increases in degenerated sites [7]. The decomposition process and decay rates are affected by temperature and moisture, as well as substrate quality and decomposer community attributes, and the habitat conditions significantly influence litter decay during decomposition [8]. Different plant litters possess distinct physical and chemical properties, and different organisms are involved in breaking down the materials [9,10]. Leaf litter, a part of plant litter, can account for 22–81% of a plant’s annual litter production, and leaf litter has received considerable attention regarding its decomposition in tropical and subtropical forests [11], but less attention in desert riparian forests located in extremely arid zones. On a global scale, the importance of litter decomposition is amplified by climate change because of its important role in ecosystem element cycling and its enormous impact on carbon fluxes. At local scales, the process of decomposition is very important as its rate affects the functionality of ecosystems [12]. Therefore, it is necessary to elucidate leaf litter mass change patterns during decomposition processes in desert riparian forests in extremely arid zones.



Nutrient cycling in forest ecosystems is mainly regulated by the rates of falling and decay of litter [13]. The process and pace of litter decomposition greatly impact how plants and microbes utilize C, N, P, and other nutrients. The stoichiometry of C, N, and P is useful for elucidation of nutrient use efficiency and relative nutrient limitation in forest ecosystems [14]. A variety of abiotic and biotic factors, including climate and leaf habitat, have been shown to influence leaf litter C, N, and P stoichiometric ratios over broad geographical scales [15,16,17,18]. However, whether these factors are also important determinants of leaf litter C, N, and P stoichiometry during leaf litter decomposition at species scale has not yet been determined. A comprehensive knowledge of stoichiometric ratios of litter C, N, and P is crucial for understanding plant nutrient utilization strategies, plant–soil feedback on nutrient cycling, and estimating litter nutrient storage in ecosystems, leaf litter decomposability, and other coupled ecological processes under a changing environment [19,20].



The desert riparian forest is an important vegetation type for inland river valleys in arid zones, forming a natural ecological barrier to protect oases’ development, stabilizing river course, maintaining the ecological balance of river basins, and facilitating the formation of fecund forest soil [21,22]. In natural ecosystems, disturbances frequently come from regime shifts such as fire or flooding cycles. Riparian zones in floodplains are occasionally or periodically disturbed by flood events. This disturbance, of which the timing, frequency, intensity, and duration are determined by a flow regime, greatly influences reproduction, survival, growth, community structure, and even patterns of riparian vegetation [23,24]. P. euphratica Oliv., as a predominant species in desert riparian forest ecosystems, is found in the arid and semi-arid deserts of Mid-Asia [25]. China possesses the largest range and number of P. euphratica, which comprises 61% of the global P. euphratica forest [26]. Moreover, the natural P. euphratica forest in the Tarim River Basin, Xinjiang, accounts for 54% of the global and 89% of China’s P. euphratica area [21]. In the lower reaches of the main channel of the Tarim River, the regeneration and conservation of desert riparian P. euphratica forest are primarily affected by disturbances of river flooding and groundwater level rise along the main channel of the Tarim River [21]. In the lower reaches along the main channel of the Tarim River, the P. euphratica forest could be regularly disturbed by flooding prior to 1970. From 1970–2000, however, it could not be disturbed by flooding because the lower reaches along the main channel of the Tarim River dried up beginning in the 1970s. After 2000, flooding disturbances may occur during water delivery to the lower reaches along the Tarim River. The water delivery was an integrated plan involving water delivery to the lower reaches along the river to prevent continued deterioration of desert riparian forest along the main channel of the Tarim River [27]. The duration and frequency of the flooding are variable, the duration ranging from an instant to several days and the frequency ranging from one or more times, depending on the amount of water and period of water delivery in the lower reaches along the main channel of the Tarim River. Since 2000, water delivery has been carried out one or two times a year from March to April or August to November annually depending on the amount of water in the source flow, and transient flooding from seconds to hours represents a more common disturbance for riparian forests during water delivery in the lower reaches along the main channel of the Tarim River. High soil moisture caused by flooding, which constitutes 10–30 d of inundation, is conducive to decomposer community composition, microbial activities via changes in other abiotic or biotic conditions [28], and promotes decomposition of organic matter [4] and water-soluble salt in leaves dissolved by flooding [29]. However, what effects will transient flooding have on leaf litter mass loss and leaf litter stoichiometry during decomposition?



Soil movement and translocation are common for low vegetation cover, and litter on the ground is frequently covered with soil or completely buried in the desert riparian forest. It is a common phenomenon that leaf litter becomes exposed to the ground or covered with soil in the lower reaches along the main channel of the Tarim River. The litter covered with soil is no longer directly exposed to light, which may affect litter decomposition due to the lack of photodegradation. Photodegradation, i.e., enhancement of decomposition rate caused by exposure to light, may play a key role in plant residue and soil organic matter decomposition [30,31]. Heat and glare photodegrades litter, and 33%–60% mass loss of plant litter is caused by light in the absence of microbes, particularly lignin [32]. However, there are different views on the effects of photodegradation on litters. No significant effect of solar UV-B photodegradation on dryland litter decomposition was found, and the solar radiation environment was poorly correlated with decomposition of surface litter over a 2-y period in a semi-desert Arizona shrub savanna [33]. Photodegradation may have been important in the early stages of decomposition, but its effects were negated by soil cover of litter over the 1-y course of the study [34]. Significantly greater mass loss has been reported in buried litter than in surface litter in diverse ecosystems, especially in dry regions [35]. It is, therefore, unknown what effect soil covering has on leaf litter mass loss and leaf litter stoichiometry during decomposition.



Thus far, previous studies on P. euphratica have focused on population dynamics, distribution and composition of plant communities, as well as physiological and biochemical responses to abiotic factor stress [25,36,37]. However, relatively little attention has been paid to litter decomposition, especially to the effects of transient flooding and soil covering disturbances on leaf litters mass loss and leaf litter stoichiometry during decomposition at a local level, such as in sites characterized by a similar climate. It is not yet clear whether transient flooding and soil covering disturbances influence the mass loss and stoichiometry of P. euphratica leaf litter during the decomposition process. Knowledge about particular plant material decomposition rates on specific habitat conditions can help forest managers to properly modify management practices for successful forest conservation. Therefore, the effects of disturbances of transient flooding and soil covering on leaf litter decay, with a particular focus on evaluating the difference of probable dynamic characteristics of leaf litter mass loss and stoichiometry (C:N, C: K, C:P, N:P, and N:K) were studied. In this study, we pose two key questions: first, do transient flooding and soil covering affect leaf litter mass loss rate and stoichiometry? Second, does leaf litter mass loss and stoichiometry change with incubation time during decomposition under transient flooding and soil covering disturbances?




2. Materials and Methods


2.1. Research Site


Fieldwork was carried out in the lower reaches of the main channel of the Tarim River (Figure 1). For this region, dry environmental conditions are responsible for the fragility and instability of ecosystems in the area. Total annual solar radiation varies between 5692 and 6360 MJm−2. The average temperature for January is 10 °C, and for July is 26 °C. Annual precipitation averages less than 50 mm, but potential annual evaporation is estimated to be in the range of 2500 to 3000 mm [25]. The major plant species, including trees such as P. euphratica, shrubs of Tamarix spp., Lycium ruthenicum, and herbaceous plants consisting of Phragmites communis and so on, growing along riparian zones in the region cannot be supported by solely relying on natural precipitation, and is mainly fed by groundwater [25].




2.2. Sample Preparation and Decomposition Experiment


P. euphratica Oliv., as a predominant species in desert riparian forest, is a deciduous tree whose majority of leaves fall off within a short period in autumn, but few branches fall off every year. On 20 October 2015, freshly fallen leaves of P. euphratica were collected from the study stand in the lower reaches along the main channel of the Tarim River. After the removal of contaminating debris, the intact leaves were dried at 50 °C for 24 h to maintain original color and quality of the leaves [37], then whole leaves were subsequently stored at room temperature. Litterbags (dimensions of 25 × 15 cm) made of polyethylene nets (1-mm mesh size) were filled with 10.0 g of whole leaves. All litterbags were prepared in the laboratory and transported in individual plastic bags to the study site [38].



The leaf litter decomposition experiment was initiated on 11 November 2015, when it was already winter [38]. In order to assess the influences of transient flooding and soil covering on decomposition of litter, we incubated P. euphratica leaf litter in a field in the P. euphratica forest located in the lower reaches along the main channel of the Tarim River more than 1000 km away from Urumqi (Figure 1). We chose a site to serve as the incubation bed and cleared the standing plants and litters. The experiment had a random block design with 3 plots with a size 3 m × 2 m each for three decomposition treatments, and the plot was divided into three subplots. According to disturbance type, three litter decay treatments were established: (1) surface: litterbags placed on the ground (control); (2) flooding: litterbags fixed and immersed in water for 5 h on the ground; and (3) soil covering: litterbags covered with 3–5 cm soil (simulating a shallow soil-buried disturbance) during the experiment period [38]. In order to simulate a transient flooding disturbance, artificial irrigation was used for flooding treatment, which kept leaf litter immersed in water for about 5 h on the ground at the beginning of the incubation experiment. To ensure that there were a sufficient number of litterbags to collect during the experiment, 37–50 litterbags were placed on the flat surface area by utilizing metal pins to prevent shifting and to ensure proper contact between organic soil layers in each treatment. Litterbags of each treatment were randomly placed in the plot. In addition, the plots were at 20 m intervals to avoid large variations in soil properties. The in situ experiment lasted up to 640 d to test whether and how long a transient flooding disturbance would affect the leaves decomposition [38]. In order to capture the dynamic changes of leaf litter decomposition with incubation time, three replicates of litterbags were randomly collected from each treatment (one per subplot) at the same incubation time. The collecting time was random, and no litterbags were retrieved in winter because the litterbags were covered by snow or were frozen. Specifically, the collecting times were 173, 290, 380, 470, 560, and 640 d after post-installation, respectively. A total of 57 litterbags were sent to the laboratory (including three litterbags of 0-d incubation in the surface treatment) [38]. The residual leaf litter in each litterbag was carefully cleaned with a brush by hand to remove soil particles and other mess. In order to reduce drying time, the residual leaf litter was then oven-dried at 65 °C instead of at 50 °C until the mass stabilized. The dried residual leaf litter was weighed to determine dry mass [38].




2.3. Assessment of Mass Loss


Rate of leaf litter mass loss (R) and percent of original mass remaining (POM) were used to reflect leaf litter mass loss. The rate of leaf litter mass loss and the percent of original mass remaining were determined as follows:


    R = [ (  X 0  −  X i  )  /   X 0  ]   × 100  



(1)






    P O M = [ (  X i  )  /   X 0  ]   × 100  



(2)




where Xi is the dry mass of the leaf litter at a given time i of decomposition; and X0 is the initial dry mass of the leaf litter at time 0.



The increment of leaf litter mass loss over a period of time was determined as follows:


  Δ  R  i j   =  R i  −  R j   



(3)




where ΔRij is the increment of leaf litter mass loss over a time period; Ri is the leaf litter mass loss at a i time of decomposition; and Rj is the leaf litter mass loss at a j time of decomposition.




2.4. Nutrient Chemical Analysis


Prior to installation, the leaf litter from the three litterbags was used to analyze initial nutrient concentration (initial C, N, P, and K content of leaf litter was 416.7 ± 1.43 g/kg, 1.97 ± 0.57 g/kg, 0.55 ±0.01 g/kg, and 5.59 ± 1.12 g/kg, respectively). For the retrieved leaf litter, the oven-dried residual leaf litter samples were ground and sieved through a 0.5-mm mesh and analyzed for total C, N, P, and K concentrations [39]. Total C and N concentrations were measured by a total organic carbon analyzer (Aurora 1030, OI, USA) and a semi-micro Kjeldahl method, respectively. To measure P concentration, 0.2 g litter sample was digested in a 10 mL triacid mixture (nitric, perchloric, and sulphuric acid; 5:1:1), and then cooled. The P concentrations in the digested solution were measured using the ammonium molybdate stannous chloride method. The concentration of K in the digested solution was tested with a flame atomic absorption spectrophotometer following HClO4-HNO3 digestion [39].




2.5. Data Analysis


The concentrations of C, N, P, and K for each retrieved leaf litter sample were used to determine stoichiometry (C:N, C:K, C:P, N:P, and N:K). The relationship between the increment of leaf litter mass loss (g), taken as dependent variable y, and mean daily air temperature (°C), taken as independent variable x, was fitted by curve estimation using SigmaPlot 12.0 (Systat inc., San Jose, CA, USA). The analysis of variance may be appropriate when the effect of various treatments on litter decomposition by examining differences among treatment means across all sampling dates [40]. The influence of disturbance types and incubation time on the leaf litter mass loss rate and stoichiometry was tested with two-way analysis of variance of General Linear Model in SPSS 13.0 for Windows (SPSS Inc., Chicago, IL, USA). If there was no significant interaction between the two factors, one-way analysis of variance (ANOVA) with LSD tests was used to test the influence of singular factors in independently from others. When the interaction effect of time and disturbance treatment was significant, one-way ANOVA was conducted for each index at each sampling time. Meanwhile, LSD method was used for multiple comparisons. Significant results were assumed for p < 0.05 (Figure 2, Figure 3 and Figure 4). These analyses were carried out using SPSS 13.0 for Windows (S.P.S.S. Inc., Chicago, IL, USA). Figures were generated by Sigmaplot 12.5 software (Systat Software, San Jose, CA, USA).





3. Results


3.1. Temporal Changes of Leaf Litter Mass


Our study revealed diversified leaf litter mass loss among the different treatments. We found a statistically significant influence of disturbance type and incubation time on leaf litter mass loss, but no significant interaction between disturbance and incubation time on leaf litter mass loss was found (Table 1), indicating the interaction had little effect on leaf litter mass loss. Leaf litter mass loss showed different changes with incubation time in different treatments (Figure 2). Although the variation trends were similar, the quality of litter in different treatments exhibited a significant change in different periods.




3.2. Effects of Transient Flooding and Soil Covering on Leaf Litter Mass


In the three treatments, the responses of leaf litter mass to the disturbances appeared at different incubation times (Figure 5). At 173, 470 and 560 d, there was no obvious difference in the rate of leaf litter mass loss among the three treatments. At 290 and 640 d, however, a significant difference existed between the surface treatment and the flooding treatment (p < 0.05). At 380 d, there was a significant difference between the flooding and soil covering treatments. Except at 560 d, the percentage of original mass remaining of leaf litter in the flooding treatment was lowest among the three treatments over the course of the study. At 173, 290 and 640 d, the percentage of original mass remaining followed the order Surface > Soil covering > Flooding, whereas at 380 and 470 d the order was Soil covering > Surface > Flooding.



There was a similar exponential decay equation between the remaining mass of leaf litter (y) and incubation time (x) in the three treatments, but the equations contained different coefficients and constants in different treatments (Figure 6). Further, according to the equations, decay rate of leaf litter mass in the different treatments was obtained. In the three treatments, the decay rate of leaf litter mass was the highest within 0–290 d and the lowest after 290 d, while it was just the opposite in the soil covering treatment (Figure 7). Therefore, the disturbances may not affect the variation trend of leaf litter mass, but can affect decay rate of leaf litter mass during decomposition.




3.3. Temporal Changes in the Stoichiometry of Leaf Litter


Our study revealed diversified stoichiometry of leaf litter among the different treatment. We found statistically significant influences of disturbance type, incubation time and the interaction between two factors on stoichiometry of leaf litter (Table 2). The interaction had influence on the stoichiometry of leaf litter.



Transient flooding and soil covering affect temporal change patterns of leaf litter stoichiometry during decomposition. It showed different change trends in three treatments. The C:N change of leaf litter had various sequential phases with incubation time in different treatments within 640 d (Figure 3a,d,g). In the surface treatment (Figure 3a), the C:N increased obviously within 0–173 d (p < 0.05); secondly, it decreased obviously within 173–380 d (p < 0.05); and thirdly, it remained constant within 380–640 d. In the flooding treatment (Figure 3d), it increased significantly within 0–173 d (p < 0.05), then decreased obviously within 173–290 d (p < 0.05), and remained constant within 290–640 d. In the soil covering treatment (Figure 3g), it decreased significantly within 0–173 d (p < 0.05) and remained constant within 173–640 d, and it was lowest in the three treatments.



The C:P change of leaf litter exhibited various sequential phases with incubation time in different treatments within 640 d (Figure 3b,e,h). In the surface treatment (Figure 3b), it increased significantly within 0–173 d (p < 0.05), remained constant within 173–290 d, decreased significantly within 290–380 d (p < 0.05), and remained constant within 380–640 d. In the flooding treatment (Figure 3e), it increased significantly within 0–173 d (p < 0.05), significantly decreased within 173–380 d (p < 0.05), remained constant within 380–560 d, and increased significantly within 560–640 d (p < 0.05). In the soil covering treatment (Figure 3h), it decreased significantly within 0–380 d (p < 0.05) and remained constant within 380–640 d.



The C:K of leaf litter exhibited various sequential phases with incubation time in different treatments within 640 d (Figure 3c,f,i). In the surface treatment (Figure 3c) and flooding treatment (Figure 3f), similar change trends were found within 0–560 d, specifically it remained constant within 0–173 d, increased significantly within 173–290 d (p < 0.05), and remained constant within 290–560 d. Within 560–640 d, it decreased significantly in the flooding treatment, but not in the soil covering treatment. In the soil covering treatment (Figure 3i), the C:K of leaf litter was lowest in the three treatments, and five sequential phases were identified: it decreased significantly within 0–173 d (p < 0.05), increased significantly within 173–290 d (p < 0.05), decreased significantly within 290–380 d (p < 0.05), increased significantly within 380–470 d (p < 0.05), and remained constant within 470–640 d.



The N:P change of leaf litter had various sequential phases with incubation time in different treatments for the period of 640 d (Figure 4a–c). In the surface treatment and flooding treatment (Figure 4a,b), four sequential phases were found. In the surface treatment, it remained constant within 0–173 d, increased significantly within 173–290 d (p < 0.05), decreased significantly within 290–380 d (p < 0.05); and remained constant within 380–640 d. In the flooding treatment, it remained constant within 0–290 d, decreased significantly within 290–380 d (p < 0.05), remained constant within 380–560 d, and increased significantly within 560–640 d (p < 0.05). In the soil covering treatment (Figure 4c), it remained constant within 0–640 d.



The N:K change of leaf litter had various sequential phases with incubation time in different treatments for the period of 640 d (Figure 4d–f). In the three treatments, three sequential phases were found. Specifically, in the surface treatment (Figure 4d), it remained constant within 0–470 d, increased significantly within 470–560 d (p < 0.05), and remained constant within 560–640 d. In the flooding treatment (Figure 4e), it remained constant within 0–173 d, increased significantly within 173–470 d (p < 0.05), and remained constant within 470–640 d. In the soil covering treatment (Figure 4f), it remained constant within 0–380 d; increased significantly within 380–560 d (p < 0.05), and remained constant within 560–640 d.




3.4. Effects of Transient Flooding and Soil Covering on the Stoichiometry of Leaf Litter


The transient flooding and soil covering disturbances had different influences on the stoichiometry of leaf litter (Figure 8). The sequence of C:N of leaf litter in the three treatments was as follows: flooding > surface > soil covering during decomposition (Figure 8a). The C:P in the soil covering treatment was lower than that in the flooding and surface treatments, and was approximately similar in the flooding and surface treatments (Figure 8b). The sequence of C:K in the three treatments was as follows: flooding > surface > soil covering during decomposition (Figure 8c).



The N:P of leaf litter fluctuated similarly with increasing incubation time in the three treatments (Figure 9). Within 0–380 d, the change of N:P in the three treatments was similar. A difference of N:P change trend occurred within 380–560 d, and the N:P in the soil covering treatment was higher than that in the surface and flooding treatments within 0–560 d, and was highest in the flooding treatment at 640 d (Figure 9a). The N:K of leaf litter fluctuated similarly with increasing incubation time in the surface treatment and soil covering treatment. The N:K of leaf litter in the flooding treatment was higher than that in the surface and soil covering treatments within 173–470 d, but lower than that in the surface and soil covering treatments within 470–640 d (Figure 9b).





4. Discussion


4.1. Effecst of Transient Flooding and Soil Covering on Leaf Litter Mass Loss


In the current study, leaf litter mass loss in the three treatments exhibited two to five sequential phases which were different from a three-phase decay model [41] (Figure 2). This confirmed the first question that the transient flooding and soil covering disturbances have an influence on leaf litter decay during decomposition.



Temperature and moisture constitute the most important controls on litter mass loss [42,43]. In this study, the increment of leaf litter mass loss for a period of incubation time exhibited a change in trend similar to air temperature within 0–560 d, but the trend was reversed within 560–640 d in the three treatments (Figure 10). Further, there was also a similar exponential growth equation between the increment of leaf litter mass loss (y) and mean daily air temperature (Figure 11) within 0–560 d, and R2 of surface, flooding and soil covering treatments were 0.99, 0.92 and 0.85, respectively, indicating that the leaf litter mass change was correlated with air temperature. Moreover, there was no significant difference in leaf litter mass loss at 173 d among the three treatments (Figure 5), indicating that light radiation, flooding, and soil covering may have the same or no effect on decomposition of litter during the period from 0–173 d at low air temperatures (−10 °C < air temperature <10 °C) [38]. At 290 d, a significant difference was found between the surface treatment and the flooding treatment, which means that the transient flooding disturbance experienced by litter has a significant impact on decomposition of litter at high air temperatures (10 °C < air temperature <30 °C) [38]. Therefore, we inferred that temperature affects leaf litter decomposition within 0–560 d incubation time, and temperature has a weak or no effect on leaf litter decomposition after 560 d.



In extremely arid areas, the low and sparse vegetation cover of drylands can create an environment of high solar UV irradiation near ground for litter, and also facilitate soil transport by wind and water [44]. Moreover, the litter can be partially covered and eventually buried by soil. The contribution of photodegradation to over decomposition by direct and indirect effects significantly depended on litter position [45]. In this study, compared to the surface treatment and the flooding treatment, the soil covering treatment interrupted the photodegradation of leaf litter during decay. However, there was a significant difference in leaf litter mass loss rate among the trehree treatments at 290 d, 380 d and 640 d, but no significant difference among the three treatments at 173 d, 470 d and 560 d (Figure 5), indicating that the influence of soil covering disturbances on litters decomposition may exert a limited influence, or the effect of photodegradation on leaf litter decomposition may be slight or insignificant, depending on the length of incubation time.



Litter decay rate is a result of various factors, affecting this process at a specific place and time [46]. The age of the trees from which the litter originated, since tree age may affect leaf litter process, and the mass loss of the litter from young trees was always higher than litter from the mature trees [47]. In this study, P. euphratica leaf litter exhibited substantial mass loss within 173–290 d in the three treatments, but showed substantial mass loss within 0–90 d incubation for oak, willow, and alder litter [3]. The different incubation period of occurrence for substantial mass loss between these two researches may be due to the diverse environment and beginning times of the incubation experiment. In this study, the incubation experiment began in November, while it commenced in March in the other work [3]. In the current study, compared with the surface and soil covering treatments, the leaf litter mass loss rate showed a different change in the flooding treatment within 0–173 d, but showed a similar change within 173–290 d, 290–470, 470–560 and 560–640 d, respectively, in the three treatments (Figure 2). The different changes indicated that leaf litter mass loss was affected by the transient flooding disturbance during decay. Furthermore, the decomposition experiment was initiated on November 11, and it was inferred that both the increased phase and remained constant phase were in the summer of 2016 and 2017, respectively, which means that leaf litter decomposition stopped or was weak after 560 d, even under conditions of high air temperature (Figure 10).



The multiple drivers of decomposition include environment, regional and micro-site scales, litter quality and composition of the decomposer community. In extremely arid areas, the combination of high irradiance, high temperature, and low moisture inhibits microbial community activity. The direct and indirect effects of flooding depend on the length and severity of the flood, which affects soil microbial community composition and soil microbial biomass by affecting soil oxygen concentrations and nutrient availability [48,49,50]. In general, litter decay rate increases when the litter is immersed in water, which is due to increased dissolution and leaching of soluble components, as well as alterations in moisture levels and the composition and activity of decomposers [51]. The longer the flooding lasts, the higher the dissimilarities between pre- and post-flooding soil microbial communities becomes, especially moisture-dependent fungi [52]. In this study, P. euphratica leaf litter mass loss showed different trends during the whole study period, indicating the disturbance may be an important factor for litter decomposition under same stand, same regional environment and same quality of litter conditions. The disturbance may produce a domino effect over a long time through direct and indirect effects to affect the leaf litter decomposition process.



In extremely arid areas, litter and deadwood play crucial roles in forest ecosystems, providing refuge for organisms, preventing erosion, soil aggregate destruction, and microclimate fluctuations. However, a low decomposition rate of litter will lead to accumulation of undecomposed litter on the surface, and then the nutrients in this litter cannot be released into the soil in time. This will, in turn, influence absorption of nutrients for plants during plant growth, and thus affect the amount of litter. In the lower reaches along the main channel of the Tarim River, annual precipitation weakly influenced the decomposition of leaf litter as it is less than 50 mm, and there are fewer than 10 d with precipitation of 0.1–34.7 mm annually, and less than 0.1 mm on other days (Figure 12). Occasional or seasonal water level fluctuations in riparian ecosystems can cause the inundation and stranding of plant litters [53]. Flooding can affect litter mass loss, nutrient release, and the chemical transformation of the remaining organic matter in the litter residues. The long-term inundation of litters can improve cellulose and lignin component decomposition, while the effects of transient inundation are dependent on the timing of immersion and standing [4,29]. In harsh soil substrates, the initial phases of decomposition were delayed and stretched [7]. In this study, that transient flooding disturbance could promote leaf litter decomposition within 0–173 d (Figure 2), but after 640 d incubation, almost 60% mass still remained in the P. euphratica leaf litter. Therefore, if one or more overflow occurs in autumn, and especially overflow in spring of the following year, it may be of more benefit to the leaf litter decomposition for natural P. euphratica forests in the lower reaches along the main channel of the Tarim River.




4.2. Effects of Transient Flooding and Soil Covering on the Stoichiometry of Leaf Litter


Stoichiometric studies have provided new insights into terrestrial nutrient limitation, and the relationships between organism nutrient status and environmental variations at large spatial and temporal scales [17]. Leaf litter C, N, and P stoichiometric ratios can represent different levels of nutrient availability [54]. There was a large variation in C:N, C:P and N:P ratios in the original litters (29–83, 369–2122 and 5–26, respectively), and some variation in the retention or loss of N and P in the early decomposition stages. Litter converged on C:N, C:P and N:P quotients of 30, 450 and 16, when the remaining C fell below 30% [55]. The C:N, C:P, and N:P values of litter were 36.2, 702.6, and 19.2 in evergreen broad-leaved forest in the Ailao Mountains, respectively, and were 57.3, 1175.6, 20.3, and 44.8, 1132.5, and 25.0 in the global forest ecosystem and China’s forest ecosystem, respectively [56]. Most broad-leaved species in China have C:N and C:P of 30–50 and 380–580, respectively [13]. In this research, the initial C:N, C:P, and N:P of P. euphratica leaf litter was 211.52, 757.63, and 3.58, respectively. The initial C:N of P. euphratica leaf litter was higher than that of most broad-leaved species in China [13], which indicates that P. euphratica is possibly as limited for N as indicated by the initial C:N. The stoichiometry of P. euphratica leaf litter changed dynamically within 640 d incubation time in the three treatments, which confirmed the second hypothesis that leaf litter stoichiometry fluctuates with time, and will be affected by transient flooding and soil covering during decay.



Low C/N ratios in leaf litter may be beneficial to litter decomposition [57], and C and N availabilities were affected by soil moisture in soil [58]. In this study, there was different leaf litter mass loss even if they contained a same high initial C:N (211.4) in the three treatments, indicating that the C:N of leaf litter experienced disturbances may change during decomposition. Specifically, the C:N of leaf litter in the soil covering treatment was lowest in the three treatments within 640 d (Figure 6a), which indicates that the soil covering may accelerate the loss of C or increase the N concentration in leaf litter during decomposition. In particular, instead of increasing in the flooding and surface treatments, the C:N of leaf litter in the soil covering treatment decreased within 0–173 d, which means that transient flooding and soil covering exerted a different influence on the C and N in leaf litter within 0–173 d.



A different fluctuating change trend of leaf litter C:P was found in the three treatments within 0–640 d (Figure 6b), indicating that C and P may have a different change rate and direction within 640 d, irrespective of the occurrence of transient flooding disturbance. Furthermore, the C:P in the flooding treatment was highest in the three treatments at 640 d, which shows that transient flooding may accelerate the change rate of C and P or alter the change direction of C and P (i.e., increased C and decreased P, or vice versa) within 560–640 d. Compared with the flooding and surface treatments, the lowest leaf litter C:P in the soil covering treatment at 173 d indicates that the soil covering disturbance may slow down the change rate of C and P within 0–173 d. Therefore, transient flooding and soil covering disturbances may play diverse roles in different stages of leaf litter decomposition.



Compared to the surface treatment, various change phases of leaf litter C:K in the flooding and soil covering treatments indicate that C and K may exhibit a different change rate or change direction in leaf litter due to the disturbances (Figure 6c). The C:K in the flooding treatment was highest in the three treatments, indicating that the transient flooding disturbance may accelerate the K loss or slow the C loss, while the lowest leaf litter C:K in the soil covering treatment indicates that the soil covering disturbance may speed up the C loss or increase the K loss. Moreover, to the best of our knowledge, few assessments of leaf litter C:K for broad-leaved trees have been published.



Leaf litter N:P could reflect the relative restriction of N or P on tree growth [17]. In this research, the N:P fluctuated with incubation time, indicating that N and P had different change rates or change direction in the three treatments. Except in 173–290 d and 290–380 d, the N:P exhibited various change trends in the three treatments within 640 d, suggesting that the N and P change rates were affected by the disturbances of transient flooding and soil covering. The N:P of litter increased during decomposition through the process of humification [19], but the N:P fluctuated throughout the process of decomposition in the present study. The fluctuating N:P may be attributable to the N and P becoming mineralized via different pathways or at dissimilar rates. Regarding the N:K of leaf litter, various phases with incubation times in different treatments indicate that the transient flooding and soil covering disturbances exerted a different effect on the decomposition of N and K in the leaf litter. To the best of our knowledge, few investigations of leaf litter N:K for broad-leaved trees have been performed. Our study expands on site-specific investigations of leaf litter nutrient stoichiometric ratios, and provides more robust data on leaf litter stoichiometric ratios in broad-leaved forests.



In general, flooding has been considered a key element for the development and maintenance of riparian systems. Flooding results in rapid changes in soil conditions, and can cause the loss of existing biomass, reductions in soil nutrient availability, reduced mineralization and decomposition of dead organic material, limitation of soil gas diffusion, and inhibition of oxygen uptake in soil [49]. The flow regime of many rivers worldwide is significantly affected by management, damming and climate change [59], and flooding regime alterations may result in legacy effects on litter decomposition via several direct and indirect pathways [28]. The Polygonum pensylvanicum litter decomposition rate was the lowest in the strong or medium flooding conditions, and the highest under weak flooding conditions in playa wetlands [60]. In the lower reaches along the main channel of the Tarim River, most desert riparian P. euphratica forest has only been subject to disturbances by transient flooding after the year 2000. However, some P. euphratica forests that had grown near the river course can also suffer from prolonged flooding, and this prolonged flooding may have different influences on leaf litter decomposition. The effects of flooding pulse size and frequency on the desert riparian P. euphratica forest litter decomposition are currently unknown. Consequently, the influence of flooding disturbances on the leaf litter decomposition process requires further study.



Nutrient loss due to litter decomposition is a key process controlling the availability of nutrients in ecosystems. Changes in N and P and loss of C cause the C:N and C:P quotients of litters to converge over time until a critical value is reached, and the net loss of N or P of litter begins [53]. In this study, the stoichiometric ratio of C:N, C:K and C:P of leaf litter varied over time in the three treatments, indicating that the critical value of C:N and C:P quotients of leaf litters changed under different disturbances for the same leaf litter. The changed critical value of leaf litters is important to promote the cycle of these nutrients in P. euphratica forests in the lower reaches of the Tarim River. This study provided the stoichiometric characteristics of leaf litter and its dynamic change over 640 d incubation time under disturbances during decomposition, which can help in understanding leaf litter nutrient decomposition patterns and their potential responses to environment changes in desert riparian in arid areas.





5. Conclusions


Litter decay represents a complex process with conspicuously different release rates of various nutrients, and plays a critical role in carbon and nutrient cycling in terrestrial and aquatic ecosystems. P. euphratica Oliv., as a predominant species in desert riparian forest ecosystems, is found in the arid and semi-arid deserts of Mid-Asia. The objectives of this research were to identify responses of leaf litter mass and stoichiometry to disturbances. The change of leaf litter mass loss and stoichiometry (C:N, C:K, C:P, N:P, and N:K) of P. euphratica leaf litter under the disturbances of transient flooding and soil covering was studied for a period of 640 d in a field litterbag decay experiment located in a desert riparian forest. The leaf litter mass loss and stoichiometry exhibited various fluctuations with time and different responses to the disturbances of transient flooding and soil covering treatment. The results demonstrate that transient flooding and soil covering had a diverse influence on leaf litter mass loss and nutrient release/fixation in P. euphratica leaf litter over time during decomposition, and the influence correlated with incubation time. Therefore, we recommend enhancing flooding disturbance to natural P. euphratica forest to improve leaf litter decomposition in order to promote the release of nutrients from leaf litter into soil or to be used by microorganisms in arid region.
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Figure 1. Sketches of the Tarim River and experiment treatments. 
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Figure 2. Changes of rate of leaf litter mass loss (a) and percent of original mass remaining (b) over incubation time. Within each graph, histograms with the same letter indicate that the value was not significantly different (p < 0.05). Surface: litterbags placed on the ground (no disturbance); flooding: litterbags fixed on the ground and immersed in water for 5 h; soil covering: litterbags covered with soil. Vertical bars indicate the standard error of the mean (n = 3). 
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Figure 3. Dynamic of leaf litter C, N, P, and K stoichiometry over incubation time in three treatments. Within each graph, histograms with the same letter indicate that the value was not significantly different (p < 0.05). Surface: litterbags placed on the ground; flooding: litterbags fixed on the ground and immersed in water for 5 h; soil covering: litterbags covered with soil. Vertical bars denote the standard error of the mean (n = 3); (a–c): Surface treatment; (d–f): Flooding treatment; (g–i): Soil covering treatment. 
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Figure 4. Dynamic variations of N:P ratio and N:K ratio with incubation time in three treatments. Within each graph, lines with the same letter indicate that the value was not significantly different (p < 0.05). Surface: litterbags placed on the ground (a,d); flooding: litterbags fixed on the ground and immersed in water for 5 h (b,e); soil covering: litterbags covered with soil (c,f). Vertical bars denote the standard error of the mean (n = 3). 
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Figure 5. Dynamic variations in rate of leaf litter mass loss and percentage of original mass remaining in three treatments during incubation. Difference letters denote significant differences among treatments at the same incubation time at p < 0.05. Surface: litterbags placed on the ground; flooding: litterbags fixed on the ground and immersed in water for 5 h; soil covering: litterbags covered with soil. Vertical bars denote the standard error of the mean (n = 3). 
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Figure 6. Exponential decay equation between the remaining mass of leaf litter (y) and incubation time (x) in the three treatments. 
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Figure 7. Decay rate of leaf litter obtained from the decay equation of leaf litter in the three treatments. 
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Figure 8. Dynamic variations of C:N (a), C:P (b), and C:K (c) ratio with incubation time in three treatments. Surface: litterbags placed on the ground; flooding: litterbags fixed on the ground and immersed in water for 5 h; soil covering: litterbags covered with soil. Vertical bars denote the standard error of the mean (n = 3). 






Figure 8. Dynamic variations of C:N (a), C:P (b), and C:K (c) ratio with incubation time in three treatments. Surface: litterbags placed on the ground; flooding: litterbags fixed on the ground and immersed in water for 5 h; soil covering: litterbags covered with soil. Vertical bars denote the standard error of the mean (n = 3).



[image: Forests 13 00476 g008]







[image: Forests 13 00476 g009 550] 





Figure 9. Dynamic variation of N:P (a) and N:K (b) ratios with incubation time in three treatments. Surface: litterbags placed on the ground; flooding: litterbags fixed on the ground and immersed in water for 5 h; soil covering: litterbags covered with soil. Vertical bars denote the standard error of the mean (n = 3). 
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Figure 10. Increment of leaf litter mass loss and mean temperature within various incubation periods. Vertical bars denote standard deviation of mean daily temperature, the others vertical bars denote standard error of increment of leaf litter mass loss. Day 0–173: from 11 November 2015 to 29 April 2016; 173–290: from 29 April 2016 to 23 August 2016; 290–380: from 23 August 2016 to 23 November 2016; 380–470: from 23 November 2016 to 25 February 2017; 470–560: from 25 February 2017 to 25 May 2017; 560–640: from 25 May 2017 to 6 August 2017. 
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Figure 11. Relationship between increment of leaf litter mass loss and daily mean temperature within 0–560 d incubation. Vertical bars denote standard error. 
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Figure 12. Precipitation days in different years in study area. 
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Table 1. Effect of disturbance type (DT), incubation time (IT) and their interactions (DT × IT) on leaf litter mass loss (%) as a result of two-way analysis of variance. DF—freedom degree.
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Parameter

	
Source

	
DF

	
Sum of Squares

	
F Ratio

	
Sig.






	
Leaf litter mass loss (%)

	
DT

	
2

	
107.651

	
5.886

	
<0.0001




	
IT

	
5

	
8591.536

	
187.907

	
<0.0001




	
DTxIT

	
10

	
140.042

	
1.531

	
0.168
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Table 2. Effect of disturbance type (DT), incubation time (IT) and their interactions (DT × IT) on leaf litter stoichiometry as a result of two-way analysis of variance. DF—freedom degree.






Table 2. Effect of disturbance type (DT), incubation time (IT) and their interactions (DT × IT) on leaf litter stoichiometry as a result of two-way analysis of variance. DF—freedom degree.





	
Parameter

	
Source

	
DF

	
Sum of Squares

	
F Ratio

	
Sig.






	
C:N

	
DT

	
2

	
87,710.168

	
21.133

	
0.000




	
IT

	
6

	
433,920.533

	
34.849

	
0.000




	
DTxIT

	
12

	
62,589.602

	
2.514

	
0.014




	
C:P

	
DT

	
2

	
1,104,381.04

	
276.372

	
0.000




	
IT

	
6

	
6,675,927.884

	
556.885

	
0.000




	
DTxIT

	
12

	
1,400,480.984

	
58.412

	
0.000




	
C:K

	
DT

	
2

	
151,570.791

	
109.838

	
0.000




	
IT

	
6

	
112,204.409

	
27.103

	
0.000




	
DTxIT

	
12

	
80,105.034

	
9.675

	
0.000




	
N:P

	
DT

	
2

	
13.664

	
6.559

	
0.003




	
IT

	
6

	
100.136

	
16.022

	
0.000




	
DTxIT

	
12

	
63.957

	
5.117

	
0.000




	
N:K

	
DT

	
2

	
2.013

	
6.201

	
0.004




	
IT

	
6

	
39.769

	
40.834

	
0.000




	
DTxIT

	
12

	
10.123

	
5.197

	
0.000








In the surface and soil covering treatments, it remained constant in three phases, 0–173 d, 290–470 d, and 560–640 d, and increased significantly (p < 0.05) within 173–290 d and 470–560 d. In the flooding treatment, it increased significantly within 0–173 d, 173–290 d, and 470–560 d (p < 0.05), and remained constant within 290–470 d and 560–640 d, respectively.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
-0.000

-0.002

o
3
®

-0.006

-0.008

-0.010

Decay rate of leaf litter mass (g/d)
°
=]
N

-0.014

0 200 400 600 800
Time (d)





media/file4.png
B Surface ab

Leaf litter mass loss (%)

Percent of original mass remaining (%)

B Flooding a & b
40 1 @ Soil covering a1 a
a a a
(@) pl2P ab it
30 1 b b
20 -
10 a
aia
0 -
™ o o o o o
™~ 3 o ~ © <
T N o <t w0 ©
110
—&— Surface
—C— Flooding
100 - —¥— Soil covering
(b)
90 -
80 -
70 A
60 -
50 I L] 1 1 T T 1
© % o o © o o
N d ® ~ © <=
. N ™ < 19 w0

Incubation time (d)





media/file18.png
10

—@— Surface (a)
—O— Flooding
—w¥— Soil covering

T T T T T
o™ ©c O O O
N~ e 0 N~ O
N O < W

Incubation time (d)

(b)
8
% o
4 =
0 1 . . L. Y .
o N O 0O C O .
s 8 9 = 9N
- N M < W

Incubation time (d)





media/file21.jpg
50 (1210769128 (82009, Peoo) 1703560168 220,52, pe0.05)

Increment of lea ltter mass loss (%)

o o w w0 1w = ®m . o w = »
Daily mean temperature (°C) Daily mean temperature (°C)  Daily mean temperature (°C)





media/file3.jpg
- e
= oodng
= Sol coverng

ove| ¢ ove

383

i3 095
ogg| 48

Ht ow
oz -
08¢ 062
062 < o
P .

(%) 5501 ssew o s8]

288 8¢R 8 8

(%) Buiuewas ssew [euIBo 0 Jusosd

Incubation time (d)





media/file22.png
Increment of leaf litter mass loss (%)

50

40 -

30 1

20 A

10 1

-10

y=1.07%-12X (R?=0.99, P<0.01)

Surface

0 10 20

30

Daily mean temperature (°C)

/50
/
/
/ 40
%
/ 30
"4
20
. Soil covering 0
- . -10
0 10 20 30

Daily mean temperature (°C)

y=0.35¢0-168X (22-4 9o p<0.05)
0 Flooding
0 10 20 30

Daily mean temperature (°C)





media/file19.jpg
(Dp) einjesadwa} iy

0v9-095
(-4
g 09502y _
g g
o § 3
§.2 o088 2
S o® o
3528 g
2335 <
R 08¢-062 2
g
tott 3
o6z-eLL =
€210
=3 o o o =) o
g 8 ] ¢ =

(%) sSO| Ssew Jay| Jes) Jo Juawaou|





media/file7.jpg
NP

—— Sutace.
@

Incubation time (d)

)

(93

20

F

0

an

s60

610





media/file10.png
a
2

(0)74°)
- 09G
(OVA 4
EN N 08¢

anl . 062

> €Ll

I

Soil covering §~
/%/

—

we 0t9
o) - 095
Sw oL
aw - 08€
b_o“.ﬁ 0oec

.
.
‘..
-
.
‘e
_E
-
-
LI

Ored €Ll

ov9
- 09S

- 04¥
- 08€
062

- €41

B @ 9 O & 0
0w < oMo N -

(%) SSO| ssew Jayl| jes] JO ajey

Incubation time (d)





media/file14.png
-0.000

-0.002 -

-0.004

I
o
o
S
o

1

-0.008 -

-0.010

Decay rate of leaf litter mass (g/d)
o
o
o

-0.014

—&— Surface
«O - Flooding
—-¥— Soil covering

T T

200 400
Time (d)

600

800





media/file11.jpg
12 1 y=0.2628+10.0112°¢(-0.001"x) (RZ=087)
1
10 - o

Remain leaf litter mass (g)

0 173 290 380 470 560 640
Incubation time (d)





media/file6.png
o ® H Q77777777
o — O\ 7777777777777
| H ®© I 77777777
SH © HZZ 7777777777777
@ — 7777777777777 77772
Y — OWZZZZ
) s
e m H——— o WA
| | | | | [ | | |
a5 8 o 8 48 oD o o o o
n O W O o o o o
(@] (Q\] - b <t o™ N ~
o B P AR I T T T T I T TTTT
= o N o227
e, oY — Q © 2272
oH_—] oW 777
© H 0
© ©
Of (&)
I T T T T | | | | |
o O O O o D
S 8 8 8 8 °© & © © o© o
D N & © ™ N N & ©O© ™
- b ~ ~ - O
d:0 g
O £
O o] g Q77777
e ~ oY m— b o\ 77777]
—
a2 & ST— L 3 Qw777
) — w Q7777
: aH & Q77777777
© . - 5 7555 ST T TS LA
o oV 777777777
| | | | | | | | | |
& 6 b o & o b o o b B ©
O © 6 6 D ©C & B 6 o
N < ® « - D <+ ® N -

0)74°
099
¥o VA7
= §) 08¢
© 06¢

& €Ll

0
30 A
0_

0v9
099
0¥y

o 06¢
o €Ll

dede e

a
o

1000 -

B Soil covering

a

800
o 600 -
400 -
200

0 -

017"
099
(VA%
08¢

3 062
© €Ll

(9)

C Ccc

300 -

250 -
200 -
&3 150 -
100 -
50 -

0 -

Incubation time (d)





media/file15.jpg
CN

BEXILE

Incubation time (d)

oK

400
350

20
20
150
100

©






nav.xhtml


  forests-13-00476


  
    		
      forests-13-00476
    


  




  





media/file16.png
C:N

500 -

400 -

300 -

200 -

100 A

(a) I

173 -

—e— Surface
—&— Flooding

—v— Soil covering

290 -
380

470 -
560 -

640 -

0-
&)

1400 400 -
(b) (c)
1200 - 350 - I
1000 - D
. 250 -
X 200
600 - O
150 -
400 - e
200 - 50
§d—: R S—— 0L -
o [sp) o O O O O o (4] £ 9 O D O
=R > S O E 9%

Incubation time (d)





media/file2.png
10°N 30°N

80°E

T

''''' Dry up .
1 Experiment area 5

.

.

[C__1 Boundary of Tarim basin |

|
500Km

Elevation(m)
' - High:8354

Low:772

40°N






media/file20.png
(Dp) @injeladws)} Iy

- 079-09G
ot
m - 09G-0L%
8
3
E T - 0/1-08¢€
Qo®
$3£©
w OV C
£=8§
AAL S - 08€-06¢
- 06C-€L1
- €41-0
s W om B m
<t o N ~— -

(%) SSO| Ssew Ja)l| Jes| Jo Juawalou|

Incubation period (d)





media/file23.jpg
Time (d)

60

50

1950

1960 1970 1980 1990 2000 2010 2020
Time (a)

—e— days with precipation less than 0.1 mm
o days with precipation in the range of 0.1-34.7mm





media/file5.jpg
cN

CN

N

500
00
300
200
100

50
a0
0
20
100

300
250
200
150
100

0 Suface 1500 250
‘ . @ 3 ®
s @ e T ® a0 A
: wol g e
-4 © 600 @ 100 1 e
i e ﬂ I
o i *
2 55 Floadng 150 A
L I TR ™ L
f 0 901 ¢ < 8
0 T o M.
b by & A
rﬂﬁ o PP i
i . W AN
= Soil covering 1000 120

©

be

Eogs

173

#3388

00

o, 60

S
400
20

o

© Rg2ege

Incubation time (d)






media/file24.png
Time (d)

60

50 A

40 -

30 -

20 A
O @]

10 1 . i 9 4P 7

P 0P woRY U o

o{ ° C S

1950 1960 1970 1980 1990 2000 2010 2020
Time (a)

—e&— days with precipation less than 0.1 mm
~+O- days with precipation in the range of 0.1-34.7mm





media/file1.jpg
N N

wE e

e

@

Dy
3 B

Elevtinto)

o






media/file12.png
Remain leaf litter mass (g)

Soil covering

0 173 290 380 470 560 640

Incubation time (d)





media/file9.jpg
Rate of leaf litter mass loss (%)

30
20
10

g828%
A5 83

Floodir -
4 >
[
¢
b
T g8eg 288888
TRERE ERETES

Incubation time (d)





media/file0.png





media/file8.png
8 -

—— Surface

173

290 -

380 -

470

560

640 -

—-4— Flooding a 7 - e Soil covering
- 3
(b) t © a
/ - i
I . 2 a
c ,l Pl ..
[ | 5 A _.‘ ".. .
f\ / - d X )
bc bc /7 —\ / = a. 3
E____ / \p bc ! 4
[N |
3
2
S5 i
(e) bc 2 (f) a
AN 25 - }
ba %
/ b.
/ \ X 2.0 2
; \\bC Z 15 - c
f * 10 - cd..-'+
/ ' )
c / d.”
._“‘i/ 0.5 .d ......... s
! 1 1 1 ' 0.0 1 T T T T T
O ™ 0 0 © 00 o o™ o O O O O
N @R 0% I~ @ 9 & ®%

Incubation time (d)





media/file17.jpg
10

8

—— Suface @
~O- Flooding
—v— Soil covering

()

2 g8888

Incubation time (d)

°

EEEEERS

Incubation time (d)





