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Abstract
Taking the litter layer of three typical plant communities (broad-leaved forest, coniferous forest, and shrubs) as the research object, this study
analyzed the hydrological function characteristics of the litter layers of different typical plant communities using the indoor immersion
method in order to reveal the effects of the traits of the litter layer on the hydrological functions of typical plant communities in the core area.
The results showed that: (1) the litter reserve change trend decreased in order as follows: broad-leaved forest (13.31 ± 1.54 t/hm2) > shrubs
(12.62 ± 2.34 t/hm2) > coniferous forest (11.36 ± 1.43 t/hm2). The coniferous forest and shrub litter reserves increased significantly with the
increase of decomposition degree (F = 19.36, P < 0.01; and F = 9.19, P < 0.01, respectively), while the broad-leaved forest litter reserves
decreased first and then increased significantly with the increase of decomposition degree (F = 25.70, P < 0.01); (2) the litter natural moisture
content change trends were as follows: shrubs (34.09 ± 4.31 t/hm2) > broad-leaved forest (31.32 ± 1.76 t/hm2) > coniferous forest (29.48 ±
7.02 t/hm2). The change trends of the maximum water-holding capacity, maximum interception amount, maximum interception rate,
effective interception amount, and effective interception rate were in descending order as follows: broad-leaved forest > shrubs > coniferous
forest. The maximum water-holding capacity, maximum interception amount, and effective interception amount of litter rose with the
increase of decomposition degree. The broad-leaved forest community litter layer had the strongest rainfall interception function and the best
hydrological service functions. The interception function was stronger with the increase of the decomposition degree of the litter layer; (3) the
water-holding and water-releasing capacity variation of the litter layers manifested as reversed “J” features for the three typical plant
communities. The water-holding capacity of different plant community litter layers (Qct) was significantly positively correlated with time (t) (P

< 0.01), and the equation was Qct = b + alnt, whereas the water-releasing capacity of different plant community litter layers (Qst) was
significantly positively correlated with time (t) (P < 0.01), and the equation was Qst = a t b; and (4) the water absorption and release rates of
the litter layers had four periods. The water absorption rate (v) was significantly negatively correlated with time (t) (P < 0.01), and the equation
was v = a t− b, while the water release rate was the same. The water absorption and release rates differed by one order of magnitude in the
first 5 min, exhibiting the greatest regulation and storage function, while the rate differed by only 2.1–4.5 times during the last three periods.
This shows that the litter layer has the strongest rainfall regulation and storage function for only a short period of time before declining.

Introduction
Forest ecosystems are important terrestrial ecosystems that play a huge regulating role in the atmospheric water cycle. Forest ecosystems
have ecological service functions, such as soil and water conservation, water purification, and climate regulation (Tu et al. 2019). As the main
body of the forest ecosystem, plant communities play hydrological service functions through the plant canopy, litter layer, and soil layer.
Furthermore, litter is an important intermediate link between vegetation and soil material circulation and energy flow (Liu et al. 2015; Zhang et
al. 2018). As the second active layer of the forest to exert hydrological effects, litter has an obvious capacity for interception and storage and
can intercept precipitation, reduce soil erosion, delay surface runoff, mitigate the direct erosion of soil by rainfall, and improve the structure
and composition of soil, thereby playing a role in ecological hydrology (Chen et al. 2012; Yang and Zhang et al. 2019). The hydrological
function of litter is closely related to the composition and structure of the plant community as well as the litter input, litter storage,
decomposition degree, temporal and spatial distribution pattern, and water-holding capacity. Generally, the more the litter storage, the thicker
the litter layer and the higher the decomposition degree, and the better its hydrological regulation ability. Scholars have carried out a large
number of studies on the ecological functions of forest litter in China and in other countries, mainly focusing on the litter storage (Ge et al.
2017; Olsson et al. 2019), hydrological function (Wang et al. 2019), decomposition process and rate (Zeng et al. 2018; da Silva et al.2018;
Ren et al.2018), nutrient release characteristics (Wang et al.2018; Vivasco and Austin. 2019), ecological stoichiometry (Wang et al. 2018; Lu
et al. 2019), characteristics of the microbial community in the litter layer (Seena et al. 2019; Long et al. 2019), response of litter
decomposition to the environment (Faber et al. 2018; Gonçalves et al. 2019; Mlambo et al. 2019), and decomposition law model (Innangi et
al. 2018). With the deepening of research on litter ecology, an increasing number of experts and scholars in the fields of ecology, forestry,
geochemistry, and environmental science have focused on litter function (Xiao and Guan, 2018; Quadros et al. 2019; Olsson et al. 2019; Faust
et al.2019). At present, research on the hydrological functions of litter in China has mainly focused on the effects of different vegetation
types (Sun et al. 2019; Tu et al. 2019), site conditions (Zhao et al. 2018; Zhang et al. 2019), and disturbance and intensity (Liu. 2015) on litter
storage and hydrological functions. There have been few reports on litter storage and hydrological functions in national major engineering
reserves. In this study, the litter layer of typical plant communities in the core area of FAST (Five-hundred-meter Aperture Spherical Radio
Telescope, a 500-m diameter spherical radio telescope) was selected as the research object. Research was carried out on the hydrological
functions and litter absorption and release processes in the FAST core area in order to provide a scientific basis and theoretical support for
ecological construction and ecological safety management.

1. Study Area
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The study area is located in southern Guizhou Province, in western Pingtang County, Qiannan Buyi, and Miao Autonomous Prefecture
(106°50'32″–107°11'47″E; 25°38'19″–25°59'09″N) (Cai et al. 2018). The study area belongs to the transition zone from the southeast slope of
Yunnan Guizhou Plateau to the hills of Guangxi, 15 km away from Kedu town. It belongs to the typical peak cluster depression landform type,
with typical rocky desertification, complete karst development, and concentrated peak cluster depression. The soil consists of lime soil and
yellow soil (Su et al. 2016). This area belongs to the mid-subtropical monsoon humid climate zone, with an average annual temperature of
17°C, an extreme low temperature of − 3.5°C, an annual precipitation of 1259 mm, a frost-free period of 312 days, and 1637 hours of annual
sunshine (Dong et al. 2018; Cai et al. 2018). The vegetation type belongs to the sub-zone of subtropical evergreen broad-leaved forest, mainly
including evergreen broad-leaved forest, evergreen and deciduous mixed forest, coniferous and broad-leaved mixed forest, and moso bamboo
forest or bamboo-wood mixed forest. The plant community is mainly composed of Fagaceae, Magnoliaceae, Hamameliaceae, and Oleaceae,
with rich plant species (Xie et al. 2018).

2 Research Methods

2.1 Litter Sample Collection
In mid-July 2015, based on a survey of plant communities in the 5-km core area of FAST, three typical plant community types, including
shrubs, broad-leaved forest, and coniferous forest, were selected as the research objects. The study area contained each typical type of plant
distributed in the region. Three litter sample collection areas were set up in each of the three community types, for a total of nine litter
collection areas (shown in Table 1). In each litter collection area, three 100 cm × 100 cm litter collection plots were randomly set up, according
to the undecomposed layer (composed of fresh litter, in which the color of the litter changed slightly, the structure was complete, and there
was no sign of decomposition), the semi-decomposition layer (the color of the litter turned black, the structure was destroyed, and most of the
litter had been decomposed), and the decomposition layer (the litter was completely smashed, and the original structure could not be
recognized). These levels were sampled in order to collect the litter in each area thoroughly (Wu et al. 2015).

Table 1
Description of litter collection area
Sample

Co-ordinates

Altitude

Slope direction

Slope gradient

Community types

N

E

(m)

I

25°38´24˝

106°52´49˝

1030

N60°W

22°

Shrub

II

25°38´21˝

106°52´48˝

1045

N17°W

23°

Shrub

III

25°38´47˝

106°52´51˝

1088

N80°E

65°

Shrub

IV

25°38´32˝

106°52´37˝

1021

S35°E

38°

Broad-leaved Forest

V

25°38´44˝

106°53´00˝

1038

S45°E

65°

Broad-leaved Forest

VI

25°38´45˝

106°52´43˝

1041

N25°W

40°

Broad-leaved Forest

VII

25°38´34˝

106°52´39˝

1053

S40°E

35°

Coniferous Forest

VIII

25°38´36˝

106°53´01˝

1043

N80°W

10°

Coniferous Forest

IX

25°38´34˝

106°53´01˝

1035

S42°W

34°

Coniferous Forest

Note: The slope direction is expressed by the quadrantal angle.

2.2 Determination of the ecological and hydrological functions of the litter layer
2.2.1 Determination of litter reserves and natural moisture content characteristics
The litter samples of different types of plant communities in the FAST core area were returned to the laboratory. The soil, rocks, and roots
were removed and weighed on a daily basis. The samples were then placed in an oven at 80°C to dry them to constant weight, and the wet
weight and dry weight of samples were recorded.. The formulas for the litter layer water reserves and natural water content are as follows (Jin
et al. 2018):

M = Md/100,
Rn = (Mw−Md)/Md × 100,
Page 3/14

where M is the litter storage (t/hm2), Md is the dry weight of the litter (g/m2), Rn is the litter natural moisture content (%), and Mw is the litter
wet weight (g/m2).
2.2.2 Determination of the ecological and hydrological functions of the litter layer
The litter samples of different types of plant communities in the FAST core area were dried in a blast oven at 80°C to a constant weight,
placed in a mesh bag with a hole diameter of 1 mm × 1 mm, and soaked in clean water for 48 h. When the litter net bag was no longer
dripping, it was weighed to obtain its wet weight. The formulas for the maximum water-holding capacity, the maximum water-holding rate,
the maximum blocking capacity, the maximum blocking rate, the effective blocking amount, and the effective blocking rate of the litter layer
are (Zhang et al. 2017; Zhang et al. 2018) as follows:

Rmax = (M48w − Md)/Md × 100,
Mwmax = Rmax × M,
Rlmax = Rmax − Rn,
Mlmax = Rlmax × M,
Rsv = 0.85Rmax − Rn,
Msv = Rsv × M,
Where Rmax is the maximum water holding rate of litter (%), M48w is the wet weight of the litter after 48 hours of soaking in water (g), Mwmax is
the maximum water holding capacity of the litter (t/hm2), Rlmax is the maximum retention rate of litter (%), Mlmax is the maximum retention
capacity of litter (t/hm2), Rsv is the effective retention rate of litter (%), 0.85 is the effective retention coefficient of litter, and Msv is the
effective retention capacity of litter (t/hm2).
2.2.3 Determination of “hold-release” water characteristics of the litter layer
Put the litter of different types of plant communities after drying into a 1mm×1mm aperture nylon mesh bag in a 80℃ oven, tie the mouth of
the bag and weigh it, and then soak it in water for 5min, 15min, 30min, 1h, 2h, 4h, 8h, 12h, 16h, 24h, 48h, pick it up, weigh the litter net bag
when it is no longer dripping, and use it to analyze the litter water holding process.Then the litter was allowed to stand for 5min, 15min,
30min, 1h, 2h, 4h, 8h, 12h, 16h, 24h, 48h, and then weighed to analyze the water release process of the litter (Chen et al. 2017; Zhang et al.
2018). The calculation formula for the “hold-release” water function characteristics of the litter layer is as follows:

Qct = (Mct - Md)/Md ×1000,
Qst = (M48w - Mst)/Md ×1000,
vc = Qct /t,
vs = Qst /t,
where Qct is the water-holding capacity of litter during immersion for time t (g/kg), Mct is the wet weight of litter after immersion for time t (g),

Md is the dry weight of litter (g), Qst is the capacity of water released by litter during time t (g/kg), Mst is the wet weight of litter after standing
for time t (g), vc is the water retention capacity of litter (g/kg·h), vs is the water release capacity of litter (g/kg·h), and t is the litter soaking
(standstill) time (h).

2.3 Analysis Methodology
In the process of conducting the litter statistical analysis of typical plant communities in the FAST core area, Microsoft Office Excel 2016
software was used to sort out data, IBM SPSS Statistics 25 software was used for variance analysis, correlation analysis, and regression
analysis, and Sigma plot 14.0 software was used for drawing figures.

3 Results And Analysis
Page 4/14

3.1 Analysis of litter layer reserves, natural water content, and maximum waterholding capacity
The litter layer is an important component of the hydrological function of a plant community. Its water reserves directly affect the ecological
and hydrological functions of the plant community, such as regulating rainfall and conserving water resources. As shown in Table 2, there
was no significant difference in the total reserves of the three typical plant communities in the FAST core area (F = 0.30; P = 0.75), and the
trend of the total reserves was broad-leaved forest (13.31 ± 1.54 t/hm2) > coniferous forest (12.62 ± 2.34 t/hm2) > shrubs (11.36 ± 1.43 t/hm2).
The litter reserves of shrubs and coniferous forests showed a very significant increase with the increase of decomposition degree (F = 19.36,

P < 0.01; and F = 9.19, P < 0.01, respectively), while the litter reserves of broad-leaved forests showed a trend of first decreasing and then
increasing with the increase of decomposition degree (F = 25.70, P < 0.01).
Table 2
The litter reserves of typical plant communities in the FAST core area
Decomposition degree

Litter reserves

F

P

Shrubs

Broad-leaved forest

Coniferous forest

Undecomposed

2.68 ± 0.29

3.96 ± 0.58

3.23 ± 0.32

2.37

0.17

Semi-decomposed

3.37 ± 0.97

3.11 ± 0.43

3.53 ± 0.60

0.09

0.91

Decomposed

5.31 ± 0.39

6.24 ± 0.67

5.87 ± 1.54

0.22

0.81

Total

11.36 ± 1.43

13.31 ± 1.54

12.62 ± 2.34

0.30

0.75

F

19.36

25.70

9.19

——

P

< 0.01

< 0.01

< 0.01

——

The natural moisture content of the litter layer is an important indicator that affects the hydrological regulation function of the plant
community. The natural moisture content directly affects the maximum retention capacity (rate) and the effective retention capacity (rate) of
the litter. As shown in Fig. 1, the natural moisture content of litter in the three typical plant communities in the FAST core area was in the
order: shrubs (34.09 ± 4.31 t/hm2) > broad-leaved forest (31.32 ± 1.76 t/hm2) > coniferous forest (29.48 ± 7.02 t/hm2). Analysis of the natural
moisture content of litter in different decomposition states showed that the natural moisture content of litter in shrubs and broad-leaved
forests increased with the degree of decomposition (F = 5.06, P < 0.05; and F = 17.03, P < 0.01, respectively). The natural moisture content of
coniferous forest litter decreased first and then increased (F = 0.04, P = 0.99).
Table 3
The litter maximum water-holding capacity of typical plant communities in the FAST core area
Decomposition degree

The litter maximum water-holding capacity (t/hm2)

F

P

Shrubs

Broad-leaved forest

Coniferous forest

Undecomposed

5.24 ± 0.41

6.84 ± 0.92

4.78 ± 0.65

2.42

0.17

Semi-decomposed

7.83 ± 2.62

7.21 ± 0.42

5.95 ± 1.54

0.29

0.76

Decomposed

11.67 ± 2.52

14.19 ± 1.32

12.13 ± 4.13

0.22

0.81

Total

24.90 ± 4.74

28.32 ± 0.81

22.13 ± 5.79

0.51

0.63

F

8.51

118.23

4.72

——

P

< 0.01

< 0.01

< 0.05

——

As shown in Table 3, there was no significant difference in the maximum water-holding capacity of the three typical plant communities in the
FAST core area (F = 0.51; P = 0.63), and the change trend of the maximum water-holding capacity declined in order as broad-leaved forest
(28.32 ± 0.81 t/hm2) > shrubs (24.90 ± 4.74 t/hm2) > coniferous forest (22.13 ± 5.79 t/hm2). The maximum water-holding capacity of the litter
layer of broad-leaved forest, shrubs, and coniferous forest showed a significant increase with the increase of decomposition degree (F = 8.51,
P < 0.01; F = 118.23, P < 0.01; and F = 4.72, P < 0.05, respectively), and there was no significant difference in the maximum water-holding
capacity of litter in the same layers in these plant communities (F = 2.42, P = 0.17; F = 0.29, P = 0.76; and F = 0.22, P = 0.81, respectively). The
change trend was not obvious.
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3.2 Analysis of the ecological and hydrological functions of the litter layer
Generally, the maximum retention volume, the maximum retention rate, the effective retention volume, and the effective retention rate are
used to evaluate the ecological and hydrological functions of litter. Among them, the maximum retention volume and the maximum retention
rate can be used effectively to analyze the litter layer's maximum water conservation capacity under natural conditions. The interception
volume and effective interception rate are used to evaluate the interception and storage function of litter in response to rainfall. As shown in
Fig. 2, the maximum interception amount, the maximum interception rate, the effective interception amount, and the effective interception
rate of the litter layer of the three typical plant communities in the FAST core area presented the trend of broad-leaved forest > shrubs >
coniferous forest. The maximum interception amount and the effective interception amount of litter in these plant communities showed a
significant increase with the increase of decomposition degree, while the change trends of the maximum interception rate and the effective
interception rate were different. The litter of shrubs and broad-leaved forests first increases and then decreases with the degree of
decomposition, while the coniferous forest communities show a gradual increase trend.

3.3 The "hold-release" Water Process Of Litter
The litter layer realizes the functions of intercepting and regulating rainfall through the "water-holding process" and the "water release
process," thereby exerting the functions of water conservation and rainfall regulation. It can be seen from Fig. 3 that the water-holding
capacity and time of the litter layer of the three typical plant communities in the FAST core area were all in an inverted "J" shape. The waterholding process of the litter layer can be divided into three stages: the 0–15 min fast water-holding stage, the 15 min–2 h slow water-holding
stage, and the 2–48 h gentle water-holding stage. The water-holding capacity of the litter layer showed a rapid increase trend in the first
stage, and its cumulative water-holding capacity was in the range of 1402.13–2023.99 g/kg, reaching 67.02–77.28% of the total waterholding capacity of the litter layer. In the second stage, the water-holding capacity of litter increased slowly, and the increase in the waterholding capacity of litter was 142.99–379.51 g/kg, which accounted for 8.50–15.38% of the total water-holding capacity. In the third stage,
the increase in the water-holding capacity of litter slowly decreased, and the water-holding capacity tended to be saturated. Correlation
analysis between the litter water-holding capacity and immersion time of three typical plant communities in the FAST core area (Table 4)
revealed that the litter layer water-holding capacity was significantly positively correlated with time (P < 0.01), which is in line with a
logarithmic function relationship (Qct = b + alnt).
Table 4
The regression equation of the litter water-holding capacity and soaking time
Layer

Shrubs

Broad-leaved forest

Coniferous forest

Equation

R2

Sig

Equation

R2

Sig

Equation

R2

Sig

Undecomposed

Qct=2052.33 +
144.31lnt

0.97

<
0.01

Qct=1814.79 +
114.10lnt

0.99

<
0.01

Qct=1535.46 +
105.91lnt

0.96

<
0.01

Semidecomposed

Qct=2098.87 +
170.37lnt

0.99

<
0.01

Qct=2242.78 +
162.52lnt

0.93

<
0.01

Qct=1680.15 +
97.21lnt

0.96

<
0.01

Decomposed

Qct=1959.55 +
143.71lnt

0.91

<
0.01

Qct=2125.76 +
130.85lnt

0.94

<
0.01

Qct=1778.39 +
162.35lnt

0.95

<
0.01

Total

Qct=2022.66 +
152.45lnt

0.99

<
0.01

Qct=2079.56 +
134.09lnt

0.96

<
0.01

Qct=1655.26 +
125.87lnt

0.97

<
0.01

As shown in Figs. 4, both the litter water release amount and the standing time of the three typical plant communities in the FAST core area
showed an inverted "J" shape. The water release process of litter can be divided into three stages, namely, the 0–1 h rapid water release
stage, the 1–4 h slow water release stage, and the 4–48 h water release stage, which tends to be gentle. In the first stage, the amount of
water released by the litter increased rapidly, and the amount of water released was 481.69–791.29 g/kg, reaching 48.86–75.45% of the total
water released. During this stage, 20.62–33.05% of the total water-holding capacity of the litter was released.
In the second stage, the amount of water released by the litter slowly increased. The cumulative increase in the amount of water released was
44.97–145.04 g/kg, and the rate of the increase in the amount of water released was 5.46–13.77%, which released 1.90–7.04% of the total
water-holding capacity of the litter. In the third stage, the amount of water released by the litter tended to be stable. Correlation analyses
between time and the amount of water released by the litter for the three typical plant communities in the FAST core area were performed
(Table 5). The amount of water released by litter was extremely significantly positively correlated with time (P < 0.01), which conformed to a
power function relationship (Qst = a t b).
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Table 5
The regression equation of the litter water-releasing capacity and time
Layer

Shrubs

Broad-leaved forest

Coniferous forest

Equation

R2

Sig

Equation

R2

Sig

Equation

R2

Sig

Undecomposed

Qst =446.80t0.27

0.90

< 0.01

Qst =509.68t0.20

0.95

< 0.01

Qst =500.68t0.16

0.97

< 0.01

Semi-decomposed

Qst =701.65t0.11

0.93

< 0.01

Qst =811.15t0.10

0.89

< 0.01

Qst =557.24t0.19

0.99

< 0.01

Decomposed

Qst =522.20t0.15

0.92

< 0.01

Qst =679.53t0.09

0.96

< 0.01

Qst =780.94t0.10

0.97

< 0.01

Total

Qst =566.79t0.15

0.96

< 0.01

Qst =675.35t0.11

0.95

< 0.01

Qst =612.07t0.24

0.98

< 0.01

3.4 Analysis of water rate of the "absorption-release" of litter
The water absorption rate of the litter layer directly reflects the rainfall interception speed of the litter layer and the sensitivity of the regulation
and storage function, while the water release rate reflects the release speed of the litter layer to the intercepted rainfall and exerts the
functions of delaying runoff and conserving water. The water absorption rate analysis of the three typical plant communities in the FAST core
area is shown in Fig. 5. The change trend of the litter water absorption rate can be divided into four stages. The first stage is the rapid water
absorption stage. The water absorption rate of the litter was the highest within 0–5 min, at 15529.01–22634.43 g/kg·h. The second stage
was the rapid water absorption stage, and the water absorption rate of the litter was greatly reduced to 2709.97–3922.87 g/kg·h within 5
min–2 h. The third stage was the slow water absorption stage, during which the water absorption rate of the litter slowly decreased to
313.87–454.17 g/kg·h within 2–8 h. The water absorption rate of the litter in the fourth stage (8–48 h) was the lowest at only 116.06–169.63
g/kg·h.
The analysis of the water release rate of three typical plant communities in the FAST core area revealed that the change trend of the water
release rate was consistent with the change trend of the water absorption rate and could be divided into four stages, but the water release
rate at different stages was much lower than the water absorption rate. In the first stage, the difference between the water "absorptionrelease" rate was one order of magnitude, and in the second to fourth stages, the difference was only 2.1 to 4.5 times.
As shown in Table 6, the water absorption and release rates of litter were significantly negatively correlated with time (P < 0.01), which was in
line with the power function relationship (v = a t− b).
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Table 6
The regression equation of the litter water-holding/releasing rate and time
Layer

Waterholding

Shrubs

Undecomposed

Broad-leaved forest

Equation

R2

Sig

Equation

R2

Sig

Equation

R2

Sig

vc=1509.50t−

0.955

<
0.01

vc=1925.61t−

0.991

<
0.01

vc=1790.88t−

0.993

<
0.01

<
0.01

vc=2188.78t−

<
0.01

vc=1946.28t−

0.999

<
0.01

<
0.01

vc=2266.27t−

<
0.01

vc=2030.15t−

0.996

<
0.01

<
0.01

vc=2151.59t−

<
0.01

vc=1961.56t−

0.999

<
0.01

<
0.01

vs =576.61t −

<
0.01

vs =432.38t −

0.87

<
0.01

<
0.01

vs =627.95t −

<
0.01

vs =705.67t −

0.99

<
0.01

<
0.01

vs =683.40t −

<
0.01

vs =791.01t −

0.97

<
0.01

<
0.01

vs =646.98t −

<
0.01

vs =691.64t −

0.98

<
0.01

0.91

Semidecomposed

vc=1743.95t−

Decomposed

vc=1453.45t−

0.977

0.92

0.983

0.90

Total

vc=1537.28t−

0.982

0.91

Waterreleasing

Undecomposed

vs =369.76t −

0.87

0.77

Semidecomposed

vs =609.08t −

Decomposed

vs =477.52t −

0.95

0.83

0.95

0.91

Total

Coniferous forest

vs =486.81t −
0.85

0.99

0.94

0.987

0.95

0.997

0.94

0.994

0.94

0.98

0.83

0.92

0.88

0.98

0.90

0.88

0.97

0.94

0.92

0.92

0.93

0.76

0.87

0.91

0.88

4 Discussion And Conclusion
(1) There was no significant difference in the total water reserves of the three typical plant communities in the FAST core area (F = 0.30; P =

0.75), and the change trend of the total water reserves declined in order as follows: broad-leaved forest (13.31 ± 1.54 t/hm2) > coniferous
forest (16.62 ± 2.34 t/hm2) > shrubs (11.36 ± 1.43 t/hm2). The litter storage of shrubs and coniferous forest increased significantly with the
increase of decomposition degree (F = 19.36, P < 0.01; and F = 9.19, P < 0.01, respectively). However, as the degree of decomposition
increased, the litter reserves of broad-leaved forests showed a trend of first decreasing and then increasing (F = 25.70, P < 0.01). The litter
reserves of typical plant communities in the FAST core area were significantly lower than the results of the study by Tu et al. (2019) on the
litter reserves of forest ecosystems in the Dahuofang Reservoir watershed (23.20–39.11 t/hm2). The analysis results of the litter reserves of
five typical forest types in Zhejiang Province found by Sun et al. (2019) were relatively close (10.14–25.07 t/hm2) to the values found in this
study. The change trend of litter reserves in different decomposition layers was similar to that found by Zhang et al. (2018) in Rhododendron

sibiricum forest in a nature reserve.
(2) The natural moisture content of the litter layer of the three typical plant communities in the FAST core area was in the order of shrubs
(34.09 ± 4.31 t/hm2) > broad-leaved forest (31.32 ± 1.76 t/hm2) > coniferous forest (29.48 ± 7.02 t/hm2). The change trend of the maximum
water-holding capacity was broad-leaved forest (28.32 ± 0.81 t/hm2) > shrubs (24.90 ± 4.74 t/hm2) > coniferous forest (22.13 ± 5.79 t/hm2).
The change trends of the interception rate, effective interception volume, and effective interception rate were consistent with the change trend
of the maximum water-holding capacity. The natural moisture content of shrub and broad-leaved forest litter increased with the increase of
decomposition degree (F = 5.06, P < 0.05; and F = 17.03, P < 0.01, respectively), while the natural moisture content of coniferous forest litter
decreased first and then increased (F = 0.04, P = 0.99). The maximum water-holding capacity, maximum interception capacity, and effective
interception capacity of the litter layer showed a significant increase with the increase of decomposition degree (F = 8.51, P < 0.01; F = 118.23,
P < 0.01; and F = 4.72, P < 0.05, respectively). The change trends of the maximum retention rate and the effective retention rate were different.
The litter of shrubs and broad-leaved forests increased first and then decreased with the degree of decomposition, while the coniferous forest
communities showed a gradual increase trend. This result shows that the litter layer of the broad-leaved forest community in the FAST core
area has the strongest ability to regulate precipitation, and its hydrological service function is the best. The higher the degree of litter
decomposition, the stronger the interception function. This was consistent with the results obtained by Yang and Zhang et al. (2019) on the
water conservation capacity of the litter layer of three mixed forest types in the area along the dam, in which the maximum water-holding
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capacity and effective retention capacity of the litter layer were broad-leaved mixed forest > coniferous and broad-leaved mixed forest >
coniferous mixed forest. The results on the decomposition degree and retention function were consistent with the results of Xuan et al.
(2019) on the hydrological characteristics of the litter layer of four forest densities of Pinus tabulaeformis plantations in the northern Hebei
mountainous area, in which the water-holding capacity of litter in the semi-decomposed layer was greater than that in the undecomposed
layer. Luo et al.(2018) obtained similar results in the study of the litter layer water-holding characteristics of different vegetation types in a
small watershed in northwestern Hunan. The maximum water-holding capacity of different vegetation types was semi-decomposed layer
(220.64%) > undecomposed layer (216. 15%), indicating that the water-holding capacity of litter in the semi-decomposed layer was greater
than that of the undecomposed layer.
(3)The litter water-holding capacity of three typical plant communities in the FAST core area showed an inverted "J"-shaped characteristic
over time. The water-holding process of litter can be divided into three stages. In the first stage, the cumulative water-holding capacity of litter
accounted for 67.02–77.28% of the total water-holding capacity of the litter. The water-holding capacity of litter had a very significant
positive correlation with time (P < 0.01), which was in line with the logarithmic function relationship (Qct = b + alnt). This result is consistent
with the research results of Feng et al. (2018) on the water conservation function of litter in different forests in the Guansi River Basin in
Mianyang. The relationship between litter water-holding capacity and immersion time satisfies the equation Q = alnt + b. The trend of litter
water release is the same as that of water-holding capacity. In the first stage, the cumulative water release of litter accounted for 48.86–
75.45% of the total water released, and only 20.62–33.05% of the total water-holding capacity of litter was released. The amount of water
released by litter is significantly positively correlated with time (P < 0.01), which conforms to a power function relationship (Qst = a t b). This
result is somewhat different from that of Zhang et al.(2013) on the water-holding characteristics of plantation litter in the terraced area of
Ziquejie in Hunan Province. Zhang Changwei et al. concluded that the most suitable model for litter release and time was Q= b + a lnt. Liu et
al. (2009) studied the hydrological characteristics of larch forest litter in the southern mountainous area of Ningxia and concluded that the
most appropriate model for the amount of water released by the litter and time was Q༝a t− b. Liu Jianli et al. used litter moisture content for
analysis, while this paper used the litter accumulated water release for analysis.
(4)The litter absorption and release rates of the three typical plant communities in the FAST core area showed a four-stage change with time.
However, the water release rate at different stages was lower than the water absorption rate. The water absorption and release rates in the
first stage differed by an order of magnitude, and the water absorption and release rates in the second to fourth stages differed by 2.1–4.5
times. The water absorption and release rates of litter were significantly negatively correlated with time (P < 0.01), which conformed to the
power function relationship (v = a t− b). This research result was somewhat different from the research results of Peng et al. (2018) on the
water-holding capacity of litter in the water conservation forest at the source of the Hunhe River. They concluded that the water absorption
rate of litter reaches its peak during 0–1 h, and water absorption reaches its peak from 1 to 4 h. In the present study, the rate dropped rapidly
and then stabilized, which was consistent with the research results of Zhang et al. (2018) on the water-holding process of the litter layer of
the rhododendron forest in Baili Rhododendron Nature Reserve, Guizhou. The water absorption (release) equation of litter is similar to the
results of Zhou et al. (2018) on the water-holding capacity of typical forests in the Chongqing Jinyun Mountain National Nature Reserve. The
results reveal that for the water-holding rate and water release rate, the optimal model of speed and time is V = atb. Zhou et al. (2018)
obtained the same results in the study of the hydrological and ecological functions of the litter layer of Robinia pseudoacacia forest with
different densities in the loess area of western Shanxi.
(5)In this study, the litter reserves and the hydrological functions and process characteristics of three typical plant communities in the FAST
core area were analyzed. The results show that the litter layer of the broad-leaved forest plant community has the strongest function of
intercepting and regulating precipitation, and its hydrological service function is the best. The higher the degree of litter decomposition, the
stronger the interception function. This conclusion has certain guiding significance for the comprehensive control of rocky desertification and
the restoration of hydrological service functions in the FAST core area and lays a foundation for further research on the ecological service
function characteristics of the underlying surface of typical plant communities in the FAST core area.

Declarations
Acknowledgements
The authors would like to thank the editors and anonymous reviewers for their valuable suggestions.
Ethics approval and consent to participate
Not applicable
Consent to participate
Page 9/14

Not applicable
Availability of data and materials
The datasets generated and analysed during the current study are not publicly available due the authors want to protect the datasets but are
available from the corresponding author on reasonable request.
Competing interests
The authors declare that they have no competing interest.
Consent for Publish
Written informed consent for publication was obtained from all participants.
Funding
This study was funded by Guizhou Provincial Science and Technology Foundation (QKHJC[2019]1421), Guizhou Province Science and
Technology Plan Project (QKHZC[2020]1Y176, QKHZC[2021]YB460), the construction project of Key Laboratory of State Ethnic Affairs
Commission of China([2020] No .91).
Authors' contributions
Jianli Zhang and Ting Zhang: Research project design, investigation, Determination and Analysis of Experimental Data, Writing of the original
draft
Lihua Pu and Pengli Chen:Determination of experimental data
Lingbin Yan and Guojun Cai:Logical guidance and revision of papers
Tao Yang:Guidance for the determination of experimental samples

References
1. Cai GJ, Zhang LM, Li AD, Long XQ (2018) Analysis on dynamic changes of soil nutrient in Karst Peak-cluster Depression in Qiannan. J
Zhejiang Agricsci 59(08):1440–1443
2. Chen B, Yang XB, Zhao XM, Wang YM, Tian C, Liu Y, Liu P (2012) Hydrological Effects of Six Natural Pure Forests Litters and Soil in
Northern Mountain of Hebei Province. JSoil Water Conserv 26(02):196–202
3. Chen ZC, Song WF, Wei Z, Ma Q, Liu ZB (2017) Hydrological Characteristics of the Dominant Tree Species in the Water Source Area of
Yuanyang Terrace. Res Soil Water Conserv 24(01):135–139
4. Faust S, Koch HJ, Dyckmans J, Joergensen RG (2019) Response of maize leaf decomposition in litterbags and soil bags to different
tillage intensities in a long-term field trial. Appl Soil Ecol 141:38–44
5. Dong WP, Long XQ, zhang JL (2018) Ecological benefits of Passiflora edulis in karst peak cluster depressions. Guizhou science
36(05):88–91
6. Feng Y, Peng PH, Liu XA, Han ZJ, Pang S (2018) Water Conservation of Forest Litter and Soil Magnetic Susceptibility in Different Forest
Types of Guansi River Watershed. J Sichuan Agr Uni 36(05):633–639
7. Ge JL, Xiong GM, Li JX, Xu WT, Zhao CM, Lu ZJ (2017) Litter standing crop of shrubland ecosystems in southern China. Chin J Plant
Ecol 41(01):5–13
8. Gonçalves AL, Simões S, Bärlocher F, Canhoto C (2019) Leaf litter microbial decomposition in salinized streams under intermittency. Sci
Total Environ 653:1204–1212
9. Innangi M, Menta C, Pinto S, Danise T, d'Alessandro F, Fioretto A (2018) Integrating chemical, biological and soil fauna variables during
beech leaf litter decay: A partial least squares approach for a comprehensive view of the decomposition process. Appl Soil Ecol 130:69–
78
10. Jin YQ, Li DL, Sun LJ, Zhang WB, Ye ZQ (2018) Water-holding characteristics and accumulation of litter in different man-made forests in
the suburb of Nanjing. Soil Water Conserv SciChina 16(05):95–104
11. Liu JL, Wang YH, Guan W, Chen LL, Yu PP, Xiong W, Xu LH (2009) Hydrological Characteristics of Larix Principi-rupprechtii Litter in the
South Mountainous Area of Ningxia Hui Autonomous Region. Bull Soil Water Conserv 29(06):20–23
Page 10/14

12. Liu XL (2015) Impacts of Tourist Disturbance on Litter and Soil Hydrology Functions of Abies fargesii var. faxoniana Forest in
Jiuzhaigou,Sichuan. Res Soil Water Conserv 22(02):229–234
13. Liu ZZ, Huang XH, Tu J, Chen CC, Ma JJ, Wang KQ (2015) Litter Reserves and Water Holding Characteristics of Different Species in
Yunnan Plateau. Ecol Envir Sci 24(06):919–924
14. Long J, Zhao C, Zhang MJ, Wu JN, Wu QS, Huang BC, ZHANG, JM (2019) Effect of itter decomposition on soil microbes on different
slopes. Acta Ecol Sin 39(08):2696–2704
15. Lu YH, Chao Y, Xu LM, Zhang Y, Zheng L, Hu QW (2019) Stoichiometric characteristics of plants,litter and soils in desertification area of
Poyang Lake. Chin J Ecol 38(02):329–335
16. Luo J, Tian YX, Zhou XL, Zeng ZQ, Niu YD, Yao M (2018) æ¹Water-holding capacity and characteristics of litter layer of different
vegetation types in small watershed of Northwest Hunan. Hunan Fore Sci Technol 45(05):1–6
17. Mlambo MC, Paavola R, Fritze H, Louhi P, Muotka T (2019) Leaf litter decomposition and decomposer communities in streams affected
by intensive forest biomass removal. Ecol Indic 101:364–372
18. Olsson BA, Guedes BS, Dahlin AS, Hyvönen R (2019) Predicted long-term effects of decomposition of leaf litter from Pinus taeda,
Eucalyptus cloeziana and deciduous miombo trees on soil carbon stocks. glob ecol conserv 17:e587
19. Peng YL, Jin ZL, Lv G, Ling S, Huang XC, Zheng Y, Wang DH (2018) Water Holding Capacity of Litter in Water Conservation Forests at the
Source Area of Hun River in Eastern Liaoning Province. JShenyang Agri Univ 49(05):613–620
20. Quadros AF, Nordhaus I, Reuter H, Zimmer M (2018) Modelling of mangrove annual leaf litterfall with emphasis on the role of vegetation
structure. estuar coast shelf s 218:292–299
21. Ren LL, Liu SR, Wang Y, Cai CJ, Lan JW, Chen C (2018) Decomposition Characteristics of Litter of Phyllostachys edulis and Dicranopteris
pedata. Fore ResChina 31(05):91–97
22. Seena S, Bärlocher F, Sobral O, Gessner MO, Dudgeon D, McKie, Swan CM (2019) Biodiversity of leaf litter fungi in streams along a
latitudinal gradient. Sci Total Environ 661:306–315
23. Silva WBd, Périco E, Dalzochio MS, Santos M, Cajaiba RL (2018) Are litterfall and litter decomposition processes indicators of forest
regeneration in the neotropics? Insights from a case study in the Brazilian Amazon. For Ecol 429:189–197
24. Su WC, Pan ZZ, Guo XN, Yang J, Yi WY, Li YL, Xie ZJ (2016) Study of ecological remediation modes for rocky desertification in typical
karst peak-cluster depression surrounding south Guizhou FAST: An example of the periphery of Liujiawan, Kedu town, Pingtang county.
Carsologica SinicaChina 35(05):503–512
25. Sun LB, Yu XX, Chen LH, Jia GD, Chang XM, Liu ZQ (2019) Degradation of Litter and Soil Water Conservation Function of Poplar
Plantation in Bashang Plateau. J Soil Water Conserv 33(01):104–110
26. Sun OW, Cai JG, Wu JS, Ge HL (2019) Hydrological Characteristics of Litter and Forest Soil of Typical Forest Types in Zhejiang Province.
Res Soil Water Conserv 26(01):118–123
27. Tu ZP, Fan ZP, Sun XK, Gong WY, Zhang XQ, Zheng XL, Qin YT (2019) Hydrological Effects of Litters Layer and Soil Layer in Different
Vegetation Types in Dahuofang Watershed. J Soil Water Conserv 33(01):127–133
28. Vivanco L, Austin AT (2019) The importance of macro- and micro-nutrients over climate for leaf litter decomposition and nutrient release
in Patagonian temperate forests. For Ecol Manag 441:144–154
29. Wang Q, Kwak JH, Choi WJ, Chang SX (2018) Decomposition of trembling aspen leaf litter under long-term nitrogen and sulfur
deposition: Effects of litter chemistry and forest floor microbial properties. For Ecol Manag 412:53–61
30. Wang X, Guo YP, Zhao H, Meng FJ, Liu GP (2018) Decomposition characteristics and its nutrient dynamics of the leaf litter mixtures of
Larix principis-rupprechtii and Betula platyphylla. For Ecol SciChina 33(01):29–36
31. Wang ZY, Liu GB, Wang B, Xiao JF, Xiao J, Li ZS (2019) Litter production and its water holding capability in typical plants communities in
the hilly region of the Loess Plateau. Acta Ecol Sin 39(07):2416–2425
32. Wu QQ, Wang CK, Zhao J, Du J (2015) Hydrological Effects of Litter and Soil in Two Forest Types in Maoershan Region. J Soil Water
Conserv 29(03):161–166
33. Xiao WY, Guan QW (2018) Status and Prospect of the Studies of Disturbance Effects on Litter Decomposition in Forest Ecosystems. Ecol
Environ Sci 27(05):983–990
34. Xie G, Liao XF, Xie YG, Jin T, Dong YY, Xiao JJ, Chen Y (2018) Investigation and Evaluation of Local Features Medicinal: Herbs Resources
in FAST Surrounding Area. Guizhou AgricSci 46(08):109–112 + 115
35. Xuan LH, Dong YG, Zhang J, Gu JC, Huang DM (2019) Effects of thinning on hydrological characteristics of forest litter in Pinus
tabulaeformis plantation in northern Hebei. For Ecol SciChina 34(01):15–23

Page 11/14

36. Yang LC, Zhang N (2019) Water Conservation Capacity of Litter and Soil Layer in Three Mixed Forests in Along the Dam Area. Res Soil
Water Conserv 26(03):253–258
37. Zhang JL, Wang JG, Li WJ, Wu D, Fu DY, Jia ZZ (2018) Litter Reserves and Water Holding Characteristics of Rhododendron Forest in Baili
Rhododendron Nature Reserve of Guizhou. JSoil Water Conserv 32(03):167–173
38. Zhang T, Dong XB, Tang GH, Qu HF, Guan HW, Liu FX (2017) Hydrological Properties of Soil and Litter in Different Types of Low Quality
Forest in Daxing'an Mountains. Jnortheast for univ 45(10):1–5
39. Zhang Y, Huang YM, Zhou CL, Liang WH (2019) Study on Litter and Soil Water Conservation Function of Pinus tabulaeformis Forests at
5 Altitudinal Gradients in Mountains of Northern Hebei. Res Soil Water Conserv 26(02):126–131
40. Zhang CW, Xu WS, Li YL, Chen DB, Zhang PC (2013) Water Holding Characteristics of Planted Forest Litter in Ziquejie Terrace in Hu′nan
Province. Bull Soil Water Conserv 33(04):176–179
41. Zhao C, Long J, Li J, Liao HK, Liu LF, Zhang MJ, Hua J (2018) Litter stock and nutrient characteristics of decomposing litter layers in
Maolan Karst primary forest in different slope directions. Chin JEcol 37(02):295–303
42. Zhou QZ, Bi HX, Kong LX, Hou GR, Wei X, Wei XY (2018) Hydrological and Ecological Functions of Litter Layer Under Robinia
pseucdoacacia Plantation with Different Densities in Loess Region of Western Shanxi Province. J Soil Water Conserv 32(04):115–121
43. Zhou Y, He TR, Wu XQ (2018) Research on Water-Holding Character of Litter under Typical Vegetation in Chongqing Jinyun Mountain
National Nature Reserve. JChongqing Normal Univ:Natural Sci Edition 35(02):64–70
44. Zeng L, He W, Teng M, Luo X, Yan Z, Huang Z, Xiao W (2018) Effects of mixed leaf litter from predominant afforestation tree species on
decomposition rates in the Three Gorges Reservoir. China Sci Total Environ 639:679–686

Figures

Figure 1
The litter natural moisture content of typical plant communities in the FAST core area
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Figure 2
The litter hydrological characteristics of the typical communities in the FAST core area

Figure 3
The litter water-holding process
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Figure 4
The litter water-releasing process

Figure 5
The litter water-holding/releasing rate characteristics (g/kg·h)
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