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Abstract

Litter fall decay constitutes a momentous source of nutrients for plant uptake. The change of mass, carbon, nitrogen,
phosphorus, and potassium of fresh leaf litter of Populus euphratica in transient flooding, control and soil covering treatments
was measured using litterbags in a desert riparian forest in a field decomposition experiment for a period of 640 d. The leaf
litter mass, carbon, nitrogen, phosphorus, and potassium concentration exhibited different fluctuations with time in different
treatments. Varied responses to transient flooding were also found. The transient flooding is shown to promote P. euphratica
leaf litter decomposition compared to that in no-disturbance conditions. It is also demonstrated that transient flooding can alter
the process of nutrient release in leaf litter. © 2019 Friends Science Publishers
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Introduction

Litter stored on the forest floor constitutes an input-output
system of nutrients, and primary productivity, energy flow
and nutrient cycling in forest ecosystems are mainly
regulated by the rates of falling and decay of litter (Bray and
Gorham, 1964; Thomas et al., 2014). Litter decomposition
is a fundamental ecological process and plays a critical role
in carbon and nutrient cycling in terrestrial and aquatic
ecosystems (Olson, 1963; Pandey et al., 2007; Taylor et al.,
2007). It is a complex process with obviously different
release rates of various nutrients and a crucial source of
inorganic ions for plant uptake, and thus any disturbance
that affects this process exert pervasive effects on ecosystem
functioning. Leaf litter may account for 22-81% of the
annual production of plant litter (Bani et al., 2018). As a
primary part of plant litter, decomposition of leaf litter has
received considerable attention in tropical and subtropical
forests (Alhamd et al., 2004; Goya et al., 2008). In previous
studies, researchers mainly focused on environmental
conditions, litter quality and decomposing organisms, which
act a pivotal component of the decomposition process,
generating patterns of temperature, moisture, and nutrient
availability that affect organic matter decay (Aerts, 1997;
Cornwell et al., 2008; Li et al., 2014). Few researches have
focused on the effect of microenvironmental changes due to
disturbances, such as transient flooding, on decomposition

of forest litters. It is essential to understand the leaf litter
decomposition process over time under disturbances in
forest ecosystem.

The desert riparian forest is a momentous vegetation
type for inland river valleys in arid zones, which forms a
natural ecological barrier that protects the oases’
development, stabilizes river channels, maintains the
ecological balance of river basins, and helps form fecund
forest soil (Ling et al., 2015; Rajput et al., 2016). P.
euphratica Oliv., as a predominant species in desert riparian
forest ecosystems, is found in the arid and semi-arid deserts
of Mid-Asia. It is not only a vulnerable species among the
first group of 388 endangered or rare plants in China, but
also an invaluable forest genetic resource in urgent need of
global protection (Yang et al., 2015). China possesses the
largest range and number of P. euphratica, which comprises
61% of the global P. euphratica forest (Wang, 1996; Ling et
al., 2015). 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, and constitutes an
essential tree genetic resource (Ling et al., 2015). However,
over recent decades, approximately half of the natural P.
euphratica forest, especially in the lower reaches of the
Tarim River, has disappeared due to water change and
interference of human activities in China (Yang et al.,
2015). In the lower reaches of the Tarim River, the
regeneration and conservation of desert riparian P.
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euphratica forest are mainly affected by disturbances of
river flooding and groundwater table level rise along the
main channel of the Tarim River (Ling et al., 2015). In the
lower reaches of the Tarim River, the desert riparian P.
euphratica forest can be subject to disturbances by the river
flooding prior to 1970. However, from 1970-2000, it could
not be disturbed by flooding from run-off of the lower
reaches of the Tarim River because it dried up since the
1970s. After 2000, it is only subject to disturbances by
transient flooding during water delivery, which was an
integrated plan that involves water delivery to the lower
reaches of the river (Chen et al., 2013) to prevent continued
deterioration of desert riparian forest along the main channel
of the lower reaches of the Tarim River.

Riparian zones in floodplains are occasionally or
periodically disturbed by flood events (Amlin and Rood,
2001). 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 (Friedman and Lee, 2002; Corenblit et al., 2009;
Stromberg et al., 2010). Although many studies of P.
euphratica have addressed the population dynamics,
photosynthesis, water usage, and response to abiotic factor
stress in adult P. euphratica (Chen et al., 2012; Han et al.,
2013; Rajput et al., 2015; Yang et al., 2015, 2017), few
comprehensive investigations have been performed on
influences of flooding on P. euphratica litter decomposition
which may have pervasive effects on ecosystem
functioning. It is not yet clear whether flooding is beneficial
to P. euphratica leaf litter decomposition in arid areas.
Therefore, a 640 d in situ field-based experiment was
conducted to determine the decomposition rate and nutrient
release/immobilization of P. euphratica leaf litter in the
lower reaches of the Tarim River. The dynamic of mass, and
release/immobilization of carbon, nitrogen, phosphorus, and
potassium in fresh fallen leaves of P. euphratica were
evaluated. The objectives of this research were to elcuidate
the decay pattern of leaf litter from P. euphratica under
transient flooding. The hypotheses in this study were as
follows: (1) leaf litter mass loss and nutrient
release/immobilization pattern of each nutrient differs due to
decomposition time; and (2) transient flooding influence
leaf litter decomposition patterns and phases.

Materials and Methods
Sample Preparation and Decomposition Experiment

In October 2015, fresh abscised leaves of P. euphratica
were gathered when most of the leaves had fallen in the
lower reaches of the Tarim River. After the removal of
contaminating debris, the intact leaves were dried at 50°C
for 24 h, and only whole leaves were subsequently stored at
room temperature. The leaf litter decomposition experiment
was carried out in the field in the lower reaches along the
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main channel of the Tarim River to measure leaf litter decay
and nutrient release/immobilization. The litterbags with
dimensions of 25 x 15 cm were made of polyethylene nets
(1 mm mesh size). Each bag was filled with 10.0 g leaves.
The litter decomposition experiment was established on
November 11, 2015. Three litter decomposition treatments
were set up: (1) control: litterbags placed on the ground; (2)
flooding: litterbags fixed on the ground and immersed in
water 5 h (simulating a transient flooding); and (3) soil
covering: litterbags covered with soil during the experiment
period (Simulating a shallow sand-buried disturbance). The
control and soil covering treatments exhibited a common
existing state of leaf litter in the lower reaches of the Tarim
River. In all, 40 litterbags were placed on the flat surface
area by utilizing metal pins to avoid shifting, and to ensure a
proper contact between organic soil layers and litterbags in
the P. euphratica forest at 20 m intervals. The in situ
experiment lasted up to 640 d. Three litterbags were
retrieved from each treatment after 173, 290, 380, 470, 560,
and 640 d post-installation, respectively. All of the litterbags
were sent to the laboratory. All exogenous material, such as
soil particles and roots were removed when the residual leaf
litter in each litterbag was carefully cleaned by hand, and
then oven-dried at 65°C until the mass stabilized, and
weighed to determine the dry mass.

Assessment of Mass Loss

The decomposition rate was reflected by leaf litter mass.
The leaf litter mass loss was represented by remaining mass
measured for each litterbag at each sampling time.

Elemental Analysis

The initial chemical composition of leaf litter was analyzed
by taking a sample of the leaf litter at O d. For the retrieved
leaf litter, the oven-dried residual leaf samples were ground
and sieved through a 0.5 mm mesh in order to analyze total
carbon, nitrogen, phosphorus, and potassium concentrations.
The carbon concentration was measured by a total organic
carbon analyzer. The nitrogen concentration was evaluated
using a semi-micro Kjeldahl method. To measure
phosphorus 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 concentration of
phosphorus in the digested solution was measured by using
the ammonium molybdate stannous chloride method.
Content of potassium in the digested solution was tested
with a flame atomic absorption spectrophotometer
following HCIO,-HNOs digestion (Lu, 1999).

Data Analysis

One-way analysis of variance (ANOVA) with LSD test was
used to test leaf litter mass and nutrient concentration
differences among different treatments in the same
decomposition time. Significant results were assumed for P
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< 0.05. Using the same analysis method, the leaf litter
mass and nutrient concentration among different
incubation times for each treatment were analyzed, and
significant results were assumed for P < 0.05. These
analyses were carried out using SPSS 13.0 for Windows
(S.P.S.S. Inc., Chicago, lllinois, USA).

Results

Mass Loss

The mass loss dynamics of leaf litter in different treatments
are shown in Fig. 1. Although there are similar cycles, the
periods of mass change are different. In the control
treatment, five sequential phases were identified within 640
d: firstly, it remained constant within 0-173 d; secondly, it
decreased significantly (P < 0.05) within 173-290 d; thirdly,
it remained constant within 290-470 d; fourthly, it
decreased significantly within 470-560 d (P < 0.05); and
fifthly, it remained constant within 560-640 d. In the
flooding treatment, five sequential phases were found:
firstly, it slightly decreased within 0-173 d (P < 0.05);
secondly, it sharply decreased within 173-290 d (P < 0.05);
thirdly, it slightly changed within 290-380 d; fourthly, it
remained constant within 380-560 d; and fifthly, it decreased
significantly within 560-640 d (P < 0.05). In the soil covering
treatment, five sequential phases were identified: firstly, it
remained constant within 0-173 d; secondly, it sharply
decreased within 173-290 d (P < 0.05); thirdly, it slightly
increased within 290380 d; fourthly, it decreased within 380—
560 d; and fifthly, it remained constant within 560-640 d.

Temporal Changes in Nutrient Concentrations of Leaf
Litter

Carbon: The carbon concentration change of leaf litter
had various sequential phases with time in different
treatments for a period of 640 d (Fig. 2). In the control
treatment, five sequential phases were found: firstly, it
increased significantly within 0-173 d (P < 0.05);
secondly, it decreased significantly within 173-290 d (P <
0.05); thirdly, it increased significantly within 290-380 d
(P < 0.05); fourthly, it remained constant within 380-560
d; and fifthly, it decreased significantly within 560-640 d
(P < 0.05). In the flooding treatment, five sequential
phases were identified: firstly, it remained constant within
0-290 d; secondly, it decreased significantly within 290—
380 d (P < 0.05); thirdly, it increased significantly within
380-470 d; fourthly, it remained constant within 470-560
d; and fifthly, it decreased significantly within 560-640 d.
In the soil covering treatment, it remained constant within
0-640 d.

Nitrogen: The nitrogen concentration change of leaf litter
exhibited different fluctuations with time in different
treatments (Fig. 3). In the control treatment, five sequential
phases were identified: firstly, it decreased significantly
within 0-173 d (P < 0.05); secondly, it increased
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significantly within 173-290 d (P < 0.05); thirdly, it
remained constant within 290-380 d; fourthly, it decreased
significantly within 380-470 d (P < 0.05); and fifthly, it
remained constant within 470-640 d. A rapid nitrogen
increase occurred within 173-290 d (P < 0.05) in the control
treatment. In the flooding treatment, five sequential phases
were identified: firstly, it decreased significantly within 0—
173 d (P < 0.05); secondly, there was an obvious increase
within 173-290 d (P < 0.05); thirdly, it remained constant
within 290-380 d; fourthly, it increased significantly within
380-560 d (P < 0.05); and fifthly, it decreased within 560—
640 d. In the soil covering treatment, it showed two phases:
firstly, it remained constant within 0-560 d; and secondly, it
increased significantly within 560-640 d.

Phosphorus: The phosphorus concentration change of leaf
litter exhibited different fluctuations with time in different
treatments (Fig. 4). In the control and flooding treatments,
the same three sequential phases were identified: firstly, it
remained constant within 0-290 d; secondly, there was a
significant change within 290-380 d (P < 0.05); and thirdly,
it remained constant within 380-640 d. In the soil covering
treatment, four sequential phases were found: firstly, there
was no significant change within 0-380 d; secondly, an
significant increase occurred within 380470 d (P < 0.05);
thirdly, it decreased significantly within 470-560 d (P <
0.05); and fourthly, there was no significant difference
within 560-640 d.

Potassium: The potassium concentration of leaf litter
exhibited different fluctuations with time in different
treatments (Fig. 5). In the control and flooding treatments,
the same three sequential phases were found: firstly, there
was no change with 0-173 d; secondly, it significantly
decreased within 173-290 d (P < 0.05); and thirdly, it
remained constant within 290— 640 d. In the soil covering
treatment, five sequential phases were identified: firstly, it
increased significantly within 0-173 d (P < 0.05); secondly,
it decreased significantly within 173-380 d (P < 0.05);
thirdly, it increased significantly within 380470 d (P <
0.05); fourthly, it decreased within 470-560 (P < 0.05); and
fifthly, it remained constant within 560-640 d.

Effect of Transient Flooding on Leaf Litter Mass and
Carbon Concentration

The mass and carbon concentration of leaf litter had
different responses to disturbances (Fig. 6) during
decomposition. At 173, 470, 560 and 640 d, there was no
obvious difference in the remaining mass among the three
treatments. At 290 d and 380 d, however, the remaining
masses of leaf litter in the control and soil covering
treatments were significantly different to that in the flooding
treatment (P < 0.05). For carbon concentration of leaf litter,
at 173 d, there was no obvious difference among the three
treatments. At 290, 380, 470, 560 and 640 d, there was an
obvious difference between the control and flooding
treatments and the soil covering treatment (P < 0.05).
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Fig. 1: Temporal changes in leaf litter remaining mass in different treatments. Within each graph, histograms with the same letter
indicate that the value was not significantly different (P < 0.05). Control: litterbags placed on the ground (no disturbance); flooding:
litterbags fixed on the ground and immersed in water for 5 h (simulating a flooding disturbance); soil covering: litterbags covered with
soil during the experiment period (Simulating a shallow sand-buried disturbance). Values are means + SE
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Fig. 2: Temporal changes in carbon concentration of leaf litter in different treatments. Within each graph, histograms with the same letter
indicate that the value was not significantly different (P < 0.05). Control: litterbags placed on the ground (no disturbance); flooding:
litterbags fixed on the ground and immersed in water for 5 h (simulating a flooding disturbance); soil covering: litterbags covered with soil
during the experiment period (Simulating a shallow sand-buried disturbance). Values are means + SE
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Fig. 3: Temporal changes in nitrogen concentration of leaf litter in different treatments. Within each graph, histograms with the same letter
indicate that the value was not significantly different (P < 0.05). Control: litterbags placed on the ground (no disturbance); flooding:
litterbags fixed on the ground and immersed in water for 5 h (simulating a flooding disturbance); soil covering: litterbags covered with soil

during the experiment period (Simulating a shallow sand-buried disturbance). Values are means + SE

Effect of Transient Flooding on Nitrogen, Phosphorus,
and Potassium Concentration

The nitrogen, phosphorus, and potassium concentration of
leaf litter had different responses to disturbances (Fig. 7). At
173, 290, 380, 470 and 640 d, the nitrogen concentration in
the control and flooding treatments was significantly
different to that in the soil covering treatment (P < 0.05). At
640 d, there was an obvious difference among the three
treatments (P < 0.05). At 173, 290 and 380 d, the
phosphorus concentration in the control and flooding
treatments was significantly different to that in the soil
covering treatment (P < 0.05). At 470 and 560 d, there was
no obvious difference among the three treatments. At 640 d,
there was an obvious difference between the control and the
flooding and soil covering treatments (P < 0.05). For
potassium concentration, at 173, 470, 560 and 640 d, there
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was an obvious difference between the control and flooding
treatments and the soil covering treatment (P < 0.05). At
290 and 640 d, there was an obvious difference among the
three treatments.

Discussion
Effect of Transient Flooding on Leaf Litter Mass

In dryland ecosystems, mass loss differences are relevant to
litter decomposability during diverse incubation periods
(different fractions of labile and less readily decomposed
organic material) and seasonal variation in decomposing
environments in terms of moisture, temperature, or solar
radiation (Erdenebileg et al., 2018). The initial stage,
comprising several weeks, was characterized by the
highest in situ mass loss rate, followed by soluble
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carbon losses, and correlated with a seasonal fluctuation
of this maximum mass loss rate. The subsequent second
stage was characterized by slight changes in the mass loss
rate (Ngao et al., 2009). Decomposition dynamics of Cistus
incanus and Myrtus communis leaf litter, cellulase and
xylanase activity patterns during the early stage of
decomposition were more affected by season and its impact
on soil moisture availability than by changes of litter quality
(Fioretto et al., 2000, 2001, 2007). Temperature and
moisture constitute the most important controls on litter mass
loss (Cusack et al., 2009). Moisture conditions could make
litter decompose rapidly (Hobbie et al., 2010), which is
confirmed by our findings. In the current study, the pattern of
remaining mass over time suggests that decaying leaves were
affected by transient flooding, which confirmed the first
hypothesis. Within 0-173 d, less leaf litter mass changed in
the control and soil covering treatments, but changed in the
flooding treatment, which indicated that environmental
factors, such as low temperature (Fig. 8) and less than 50
mm of annual precipitation likely inhibited photochemical
and microbial degradation after the experiment installation,
but flooding can promote the decomposition process and
cause complex changes in leaf litter mass during the
decomposition period in the lower reaches of the Tarim
River. The processes occurring during the initial stage of
litter decomposition were thought to affect the subsequent
stage (Berg and Meentemeyer, 2002; Ngao et al., 2009). In
this study, the remaining mass decreased with time in all
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treatments (Fig. 1), and a rapid decrease and a slow decrease
in all treatments occurred within 173-290 d and 470-560 d,
respectively. This rapid decrease may be ascribed to non-
lignified carbohydrates and soluble substances, e.g.,
hemicelluloses and cellulose decomposed by saprotrophic
fungi, and the slow decrease may be primarily attributable to
lignin and lignified cellulose remaining in this decomposition
phase (Alhamd et al., 2004).

The litter decay process is clearly vital for maintaining
soil productivity and fertility in forests. Most data of mass
loss are from short term researches, and are used such data
to predict long term patterns of decomposition from early
decomposition rates in some models. However, early
decomposition rates are not precise indicators of
decomposition completeness and cautioned against
using decay constants generated from early decay rates
(Grayston and Prescott, 2005). In the current study, the
early decay rates were obviously different from the later
decay rates in the three treatments, which means that mass
loss data of leaf litter from long-term studies are very
critical for accurate assessments of environmental effects in
forest management in the future.

Effect of Transient Flooding on Leaf Litter Nutrient
Concentration

Nutrient content in decaying leaves fluctuates over time
between immobilization and release, and net retention of dry
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matter tends to vary with soil type (Alhamd et al., 2004).
Release/immobilization occurs in various ways over time
depending on nutrient fluidity, concentration, and biological
action, as well as the activity of organisms and the physical
environment (Goya et al, 2008). Initial nitrogen
concentration was the best predictor of net nitrogen
immobilization and release in leaves during decomposition
(Arunachalam et al., 2005). Gosz et al. (1973) reported that
nitrogen dynamics in decomposing leaf litter exhibited three
sequential phases: (1) the initial release stage dominated by
leaching; (2) is the net gain stage with nitrogen imported
into the residual material through microbial activity; and (3)
is the net loss stage with the nutrient mass absolutely
decreased in the decomposing leaf litter. Absolute
increments of nitrogen and phosphorus occurred in the
decomposition process of Eucalyptus spp., litter
decomposition process (Corbeels et al., 2003). In this study,
complex phases of nitrogen and phosphorus dynamics of
leaf litter revealed that the nutrients of leaf litter do not
always maintain the same change rule in the decomposition
process, but rather changes with disturbances during
decomposition (Figs. 3, 4). In the present investigation,
nitrogen concentration variations of leaf litter after 640 d
incubation exhibited two or three stages, such as leaching,
net gain and net loss, in all treatments. It also decreased
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within 0-173 d in the control and flooding treatments,
which indicated that net nitrogen release occurred within
this phase of decomposition. Moreover, it was high for the
control and flooding treatments within 290-640 d compared
with that at 0 d, which indicated that net immobilization
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occurred within 290-640 d. For the soil covering treatment,
it increased within 0-640 d, which suggested that only net
immobilization occurred. The different time period of
nitrogen net gain and net loss occurring among three
treatments showed that disturbances, such as transient
flooding, can affect the decomposition process of leaf litter,
which confirmed the second hypothesis.

Litter quality is considered the most important
controlling factor of decomposition at local scales (Hobbie,
2005). Physical leaf properties (e.g., leaf roughness,
thickness, and toughness) affected leaf litter decay (Bakker
et al., 2011; Cizungu et al., 2014). For similar organic
materials, habitat differences in microclimate were not
sufficiently large to affect decomposition (Heraldo and
William, 2005). However, the remaining mass of P.
euphratica leaf litter in our study was higher than that of
Populus tremuloides Michx. (Preston et al., 2000) after a
year of decomposition, which suggested that the mass loss
rate of leaf litter in the P. euphratica forest ecosystem is
slower. Furthermore, the leaf litter decomposition process
was different in the flooding treatment and soil covering
treatment in this study, which indicated that flooding and
soil covering may affect leaf litter decomposition even if the
leaf litter has the same quality. The flooding may cause
changes in microclimate that are sufficient to affect the
activity of decomposer organisms that, in turn, affect the
leaf litter decomposition. In this study, transient flooding
can promote the decomposition of leaf litter, which indicates
that flooding is very crucial for desert riparian forest
systems to maintain the nutrient cycle in arid area. It is
suggested to implement autumn irrigation or tillage in the
management of crop land and artificial forests, which can
accelerate the decomposition process of litter and promote
the nutrient cycle.

Conclusion

The change of mass, carbon, nitrogen, phosphorus, and
potassium of fresh leaf litter of P. euphratica in transient
flooding was measured using litterbags in a desert riparian
forest in a field decomposition experiment for a period of
640 d. Leaf litter mass, carbon, nitrogen, phosphorus, and
potassium concentration had different fluctuations with time
in different treatments. The mass, carbon, nitrogen,
phosphorus, and potassium of leaf litter exhibited different
responses to flooding and soil covering. The results
demonstrate that transient flooding can promote leaf litter
decomposition.
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