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absorbable form for vegetation. The reaction of plant species to the
amount of litter is different. This study aimed to measure litter
production and soil carbon of four species (Artemisa aucheri Boiss,
Astragalus gossypinus Fisch, Stipa barbata Desf. and Hyparrhenia
hirta (L.) Stapf) under litter treatments (removing and adding). Four
litter treatments (0%, 50 %, 100% and 200% litter) were applied in
20 plots for each species, and then plots were marked. Litter quantity
and quality, soil carbon and moisture were measure in fall season.
The four species were significantly different in terms of the litter
quantity and quality. Response of litter production of the four species
to adding and removing litter was different. For all the species, soil
carbon were significantly reduced with the removal of litter and
increased significantly with the increase of litter (p<0.05). Structural
equation model indicated that litter removal was the most important
driver of litter production directly (p<0.01). Litter removal had a
significant effect on litter production indirectly through the effect on
soil moisture (P<0.05). The addition of litter also had a significant
effect on litter production indirectly through the effect on soil carbon
(p<0.05). The findings of this study indicate the importance of
maintaining litter (at least 50 %) for the next year's litter production
of plants, which should be considered in the sustainable management
of rangelands.
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Introduction

Litter includes the dead, above and below
ground, organic material i.e. leaves, barks,
needles, twigs and roots of plants (Veen et

al., 2009). Plant litter is the main component
of the ecosystem and plays an important role
in regulating biogeochemical cycles in
ecosystems (Porre et al., 2020). Litter
maintains  soil fertility and nutrient
availability, thus influencing plant growth,
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diversity, composition, structure, and
productivity (Ma et al., 2013). Plant litter
plays a wvital role in strengthening
biodiversity—ecosystem functioning
relationships by contributing decomposing
detritus that releases carbon and nitrogen,
enhancing soil fertility, altering soil
community composition, and mitigating the
effects of residue-borne pathogens and pests
(Zhang et al., 2023). It also modifies the
microclimate and provides essential food
resources for arthropods (Cheng et al.,
2023). Litter decomposition represents a
critical pathway in carbon and nutrient
cycling within ecosystems (Grau-Andrés et
al., 2022). Furthermore, litter accumulation
can influence plant community composition
by altering nutrient availability, temperature,
and light conditions in the soil, thus
establishing an important link between
ecosystem processes and productivity
(Weltzin et al., 2005).

Decomposition rates are influenced by
various factors, including litter quality
parameters, microclimate (particularly
temperature and soil moisture), soil
chemistry, and the composition of the
decomposer community (Porre et al., 2020).
A layer of plant litter can also regulate soil
temperature by intercepting incoming and
outgoing radiation, thereby reducing
temporal fluctuations. It may also protect
plant species and soil from freezing (Facelli
& Pickett, 1991). Litter helps stabilize
above-ground net primary productivity,
species composition, and biodiversity
(Amatangelo et al., 2008), and can affect
below-ground productivity in rangeland
ecosystems. Increases in both above-ground
biomass and below-ground net primary
productivity have been linked to litter
presence, potentially due to its effects on
nitrogen availability and soil moisture (Shen
etal., 2016).

Studies have reported both positive and
negative impacts of litter on plant
performance. Positive plant-plant
interactions have garnered attention,
especially in infertile or arid environments,
where even small amounts of litter can

alleviate environmental stress, such as low
soil moisture (Porre et al., 2020; Zhang et al.,
2023). The effects of rangeland plant litter
on vegetation are closely linked to litter type,
soil nutrient pool, climatic conditions,
management practices, and rainfall.

The ecological role of plant litter has been
examined across various ecosystems,
including grasslands (Hassan et al., 2021),
semiarid shrublands (Wang et al., 2017;
Abubakar et al., 2025), and forests (Lin &
Zeng, 2018; Giweta, 2020). Mohmedi
Kartalaei et al. (2023) found that woody
vegetation, particularly Carpinus, can
enhance soil properties at high-altitude,
semi-arid, and mountainous sites, which are
often fragile and sensitive. In arid
ecosystems, perennial grasses and shrubs—
two dominant life forms—differ in their
litter chemistry, quantity, and timing of
litterfall (Campanella & Bertiller, 2008),
which significantly affects decomposition
rates, nutrient cycling, and related ecosystem
functions (Chapin et al., 2000). Selective
grazing often reduces plant cover, and
various plant types create distinct
microenvironments that influence the
quality and quantity of litter and its
contribution to ecosystem functioning
(Vargas et al., 2006).

Climate change and rising atmospheric CO-
generally increase litter production, while
drought, acid rain, and human activities such
as forage harvesting tend to reduce it (Zheng
et al., 2020). Litter removal and addition
treatments yield different impacts on
microenvironmental variables and plant
community composition, indicating the
existence of critical thresholds in ecosystem
responses to litter accumulation (Weltzin et
al., 2005). Zhang et al. (2024) reported that
global forest gaps reduce overall litter
quantity but increase the release of carbon
and phosphorus from litter. The effects of
manipulated litter on species composition
and community structure depend on litter
type, soil-climate interactions, management
practices, intensity, timing, precipitation,
and nutrient reservoirs (Mohmedi Kartalaei
et al., 2023). Moreover, changes in litter
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quantity and quality may influence soil
microbial properties, including microbial
biomass and activity.

Exploring different litter removal and
addition treatments can help identify
thresholds at which litter hinders or
enhances nutrient cycling and plant growth
(Wieder et al, 2013). In semi-arid
ecosystems, litter accumulation may have
negative, positive, or neutral effects,
depending on the context (Xiong & Nilsson,
1999; Suding & Goldberg, 1999), suggesting
the operation of distinct ecological
mechanisms in different plant communities.
However, there is limited information on the
impacts of manipulated litter on species
functioning in arid ecosystems.
Understanding how litter production and soil
nutrient cycling respond to litter
manipulation can improve our knowledge of
feedback mechanisms between rangeland
ecosystems, climate variability, and land
management. Therefore, the present study
aims to investigate the effects of litter
removal and addition—specifically from
shrubs and grasses—on litter production in
semiarid rangelands.

Materials and methods

Study area

This study was conducted in Jiroft
rangelands located in the southeast of Iran
(57°1" to 57°35'E and 28°40' to 29°21'N).
The average annual rainfall is about 312
mm. The region has mild summers with an
average daily temperature of around 28°C,
and relatively cold winters when the average
daily temperature of around 38°C. The study
area covers about 1412 square kilometers
and its average height above sea level is
2608 meters. The landform is alluvial plain
with shallow bedrock within 0.7 to 1.5 m of
the ground surface. The soils are loamy and
sandy loam entisols. The main plant species
are Artemisa aucheri Boiss, Astragalus
gossipynus Fisch, Stipa barbata Desf. and
Hyparrhenia hirta (L.) Stapf.

Data collection

To measure litter quantity, twenty 1 m x 1 m
plots were established beneath the canopies
of four species: Artemisia, Astragalus,
Hyparrhenia, and Stipa, following the
methodology of Triadiati et al. (2011). In
each plot, all dead leaves on the soil surface
were collected and weighed, and a 50-gram
subsample was taken to determine litter
carbon content. The carbon percentage of the
litter samples was measured using the
combustion method.

For litter treatment application, 20 adult
individuals of each species were selected.
The longest and perpendicular canopy
diameters, leaf area, and height of three
shrub species were measured. For each
species, five plots were assigned to have all
litter removed from the surface (0% litter)
and this collected litter was then added to
five other plots, effectively doubling the
litter amount (200% litter). Another five
plots had half of their litter removed (50%
litter), and five plots served as controls with
no litter manipulation (100% litter). All plots
were clearly marked.

Soil samples weighing one kilogram were
collected from a depth of 0-30 cm in each of
the 80 plots during the fall season
(MacDicken, 1979). Soil carbon content and
soil moisture were measured, with soil
carbon percentage determined using the
Walkley-Black  method  (Nelson &
Sommers, 1982). In addition, all dead leaves
on the soil surface of each plot were
collected and weighed, and a litter sample
was taken to analyze litter carbon content.

Data Analysis

Before data analysis, the Kolmogorov—
Smirnov test was applied to assess the
normality of the data distribution. Two-way
ANOVA followed by LSD tests were used
to compare plant species regarding litter
production, litter carbon, and soil carbon
under different litter treatments. Litter
treatments influence litter production
through multivariate interactions involving
soil and plant characteristics.



Azam Khosravi Mashizi et al., / Environmental Resources Research 13, 1 (2025) 52

Structural equation modeling (SEM) is a
robust multivariate technique increasingly
used in environmental studies to analyze
complex causal relationships. SEM
combines  regression  analysis  with
confirmatory factor analysis and has recently
been employed to explore the direct and
indirect interactions among ecosystem
components (Wang et al., 2018; Li et al.,
2020; Langlois et al., 2021).

Results

The results of the ANOVA analysis
indicated significant differences among the
four species in both litter production and
litter carbon content (Table 1). The LSD test
revealed that Hyparrhenia had the highest
average litter production at 245 £ 43 g'm™.
Following  Hyparrhenia,  Astragalus,
Artemisia, and Stipa ranked next with
average litter production values of 138 £ 25,
112 £ 25, and 94 + 31 g-m™?, respectively
(Figure 1). Regarding litter carbon content,
significant differences were observed among
the species (p < 0.01, Table 1). Astragalus
had the highest average litter carbon at 5.75
+ 2.8%, followed by Artemisia (2.66 =+
0.8%), Hyparrhenia (146 £ 0.5%), and
Stipa (0.92 + 0.2%).

The ANOVA test also showed significant
differences in litter production across
different litter treatments for all species
(Table 2). For Hyparrhenia, the highest litter
production occurred under the 0% litter
treatment, averaging 360 + 23 g-m™2, while
the lowest was observed in the 200% litter
treatment with 130 + 36 g'm™. In contrast,
Stipa produced the most litter in the 200%
litter treatment, averaging 152 + 43 g'm™2.
Similarly, Artemisia and Astragalus showed
their highest litter production under the
200% litter treatment, with averages of 187
+ 39 and 223 + 68 grm™?, respectively.
However, no significant differences were
detected in litter carbon content among
treatments for any of the species (Table 2).

ANOVA results also indicated significant
differences in soil carbon content across
litter treatments for all species. For

Hyparrhenia, the highest soil carbon
percentage was found in the 200% litter
treatment (5.9 £ 0.23%), whereas the lowest
was under the 0% litter treatment (0.13 +
1.4%). In Stipa, soil carbon was lowest at 0%
litter (0.07 £ 0.15%) and highest at 200%
litter (0.26 + 1.18%). For Artemisia, the
greatest soil carbon percentage was recorded
in the 200% litter treatment (0.33 = 1.73%),
with the lowest observed under 0% litter
(0.63 £ 0.26%). In Astragalus, soil carbon
did not differ significantly between the 0%
and 50% litter treatments, averaging 0.14 +
1.11% and 0.59 £ 1.41%, respectively. The
highest soil carbon content for Astragalus
was observed in the 200% litter treatment at
3.17 £ 0.54% (Table 2).

Table 1. One-way variance analysis results for
litter production of studied species
Litter carbon Litter production

80 80 df
0.432 3.43 MS
5.24 12.34 F
0.00 0.00 p-value

AVE and CR values for the SEM model
components were calculated to assess the
impact of litter quantity and quality, as well
as soil and plant characteristics, on litter
production (Table 3). All model components
exhibited AVE values above 0.5 and CR
values above 0.7, indicating the validity and
reliability of the presented model. Figure 2
illustrates the relationships between litter
quantity and quality, soil and plant
characteristics, and litter production. Among
the direct effects, litter removal emerged as
the most significant driver of litter
production (p < 0.01, Table 4), followed by
litter addition (p < 0.01). Leaf area and
photosynthetic pathway were two important
plant traits influencing litter production (p <
0.01). Additionally, soil carbon and soil
moisture were the most influential soil-
related factors affecting litter production (p
< 0.01). Considering both direct and indirect
effects, litter removal had a stronger overall
impact on litter production than litter
addition.  Specifically, litter removal
significantly influenced litter production
indirectly through its effect on soil moisture
(p <0.05), while litter addition affected litter
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production indirectly via soil carbon (p <

0.05).
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Figure 1. Average litter production and litter carbon of studied species

Table 2. Average litter production, litter carbon and soil carbon of studied species under litter treatment

Species F 0% Litter 50% Litter | 100% litter = 200% Litter
Hyparrhenia | 5.56 ** | 360+ 23 d 280+ 45 ¢ 200+ 15 b 130 £36a
Litter Stipa 523%% | 45+ 13a 68+17b 110£27¢ | 152+£43d
production =
(gr.m?) Artemisia 727 35+ 19 a 53+22b 126+ 46 ¢ 187+39d
Astragalus 8.31 ** 61£23 a 90+37b 179+ 32 ¢ 223+ 68 d
Hyparrhenia 1.25ns | 1.49+£0.32a | 1.34+0.45a | 1.3340.12a | 1.23 H0.43a
Litter carbon Stipa 1.47ns | 0.95£0.34a @ 0.85+0.28a | 0.82+0.31a | 0.83+0.32a
(%) Artemisia 1.63ns | 2.7740.51a = 2.65+0.78a = 2.45+0.24a  2.54+0.68a
Astragalus 1.61 ns | 5.79+0.39a | 5.63+0.91a | 5.78+1.21a | 5.67+0.47a
Hyparrhenia | 832** ' 14+0.13a | 1.9+021a 2.7+035b 5.9+0.23c
Soil carbon Stipa 6.73** | 0.15£0.07a | 0.40£0.16b | 0.98+0.36¢ = 1.18+0.26d
(%) Artemisia | 5.18 ** | 0.26+0.63a  0.98+0.32b 1.58+0.72¢c = 1.73+0.33c

Astragalus 8.56 ** | 1.11£0.14a | 1.41+0.59a | 2.25+0.89b = 3.17+0.54¢c

Table 3. Composite reliability (CR) and convergent validity (AVE) for drivers of litter production

Factors AVE Cv
Remove litter 0.78 0.82
Add litter 0.81 0.80
Soil carbon 0.89 0.89
Soil moisture 0.76 0.92
Plant height 0.83 0.93
Life form 0.82 0.84
N fixing 0.92 0.87
Cover area 0.85 0.83
Leaf areca 0.86 0.92
Photosynthesis pathway 0.73 0.93

Litter production 0.86 0.91
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Figure 2. Structural equation modeling (SEM) examining the impacts of litter treatments, litter quality, soil
and plant characters on litter production

Table 4. Direct, indirect and total standardized impacts of litter treatments, litter quality, soil and plant
characteristics on litter production. Significant impacts are at P<0.05(*), P<0.01(**), and P<0.001(***).

Standard B pathway Factors
-0.324%* Direct
0.053 Indirect through soil carbon
-0.123* Indirect through soil moisture
0.032 Indirect through plant height
0.041 Indirect through life form Fmiayig s
0.021 Indirect through N fixing
0.037 Indirect through cover area
0.026 Indirect through leaf area
0.034 Indirect through photosynthesis pathway
0.659%** Total
0.279%* Direct
0.135* Indirect through soil carbon
0.065 Indirect through soil moisture
0.031 Indirect through plant height
0.024 Indirect through life form Adding litter
0.018 Indirect through N fixing
0.019 Indirect through cover area
0.021 Indirect through leaf area
0.016 Indirect through photosynthesis pathway
0.608%** Total
0.227%* Direct Soil carbon
0.215%%* Direct Soil moisture
0.103* Direct Plant height
0.178%* Direct Life form
0.138* Direct N fixation
0.109 Direct Cover area
0.278%* Direct Leaf area
0.241%* Direct Photosynthesis pathway
Discussion exhibit lower photosynthetic activity
compared to C4 grasses (Li et al., 2023). In
The results of this study showed that arid and semi-arid regions, temperature
Hyparrhenia, a C4 grass species, produced positively influences the growth of C4 plants
the highest amount of litter. Previous (Jiang et al., 2018; Hadi et al., 2020). Higher

research has indicated that C3 species temperatures and stronger radiation during
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the growing season promote C4 plant growth
(Areejit & Martin, 2013; Jiang et al., 2018).
Due to their efficient water use and optimal
nitrogen utilization during photosynthesis,
C4 grasses often outperform C3 species in
dry environments and exhibit greater
competitive ability (Taylor et al., 2014). The
above-ground biomass of C4 plants also
helps stabilize ecosystem carbon exchange
(Liu et al., 2018; Wu et al., 2021).

Astragalus species produced the highest
litter carbon content. Since organic carbon in
litter serves as the primary energy source for
decomposers (Liu, 2012), the growth rate
and efficiency of decomposers are mainly
determined by nutrient availability and litter
quality (Giebelmann et al., 2013). Oli et al.
(2018) reported that leguminous species
contribute more nutrients to the soil than
non-leguminous  species, which also
enhances soil microbial biomass. Although
C4 grasses produced more litter overall than
shrubs, their litter quality was lower. Zhou et
al. (2012) found that grass litter quality is
lower than that of shrubs in dry regions, with
decomposition rates in perennial grasses
being 61.8% slower than in shrubs.

Soil carbon content was higher under
Hyparrhenia grass compared to shrub
species. Zhou et al. (2012) similarly reported
greater soil organic carbon under perennial
grasses due to the high volume input of low-
quality litter that resists decay and the
limited microbial decomposition capacity.
This litter accumulates over years,
enhancing soil carbon. Astragalus ranked
second in soil carbon content. Beyond litter
quantity, leguminous species improve soil
nitrogen, positively influencing soil carbon
storage (Chen et al., 2015). Legumes also
accelerate nutrient return from litter to soil.
In rangeland ecosystems, legumes are
crucial for improving forage quality,
stabilizing atmospheric nitrogen, and
enhancing soil fertility by maintaining soil
organic matter and improving soil physical
properties (Porqueddu et al., 2016). Non-
legume litter decomposes slowly, releasing
nutrients gradually, whereas leguminous
residues decompose more readily, providing

faster nutrient availability (da Silva et al.,
2020; Hou et al., 2021).

The study further showed that both litter
removal and addition significantly affected
overall litter production. Litter removal
positively and significantly stimulated
Hyparrhenia growth, while increased litter
reduced litter production. Previous studies
have also demonstrated that in some
grasslands, a thin litter layer enhances
performance more than a thick one, as thick
litter can hinder species growth and
development (Violle et al., 2006). Under the
50% litter treatment, litter production
decreased by 49% and 57% for Astragalus
and Artemisia, respectively, and dropped
further by 65% and 72% with complete litter
removal. Thus, litter production was more
sensitive to litter removal, a factor that
should be considered in semi-arid rangeland
grazing management. Sustainable rangeland
management should adjust exploitation
intensity to maintain at least 50% of the litter
cover in desert communities. The presence
of Astragalus alongside Artemisia may
positively influence species performance, as
Song et al. (2020) found that proximity to
legumes mitigates the negative effects of
leaf and debris harvesting.

The most substantial impact of litter removal
on litter production was indirect, mediated
by soil moisture. Prior research has shown
that soil moisture regulates ecosystem
carbon exchange in grasslands (Ganjurjav et
al., 2018; Liu et al., 2019). Li et al. (2020)
argued that increased soil moisture promotes
plant productivity, and generally, soil
moisture plays a vital role in carbon fixation
(You et al., 2020). Kamruzzaman et al.
(2019) demonstrated that in dry areas, litter
production and decomposition are closely
linked to rainfall events. Litter increases soil
moisture by absorbing rainwater and by
intercepting sunlight, thereby reducing
evaporation from the soil surface and
enhancing moisture retention (Ogée et al.,
2001). Therefore, litter removal can reduce
the soil’s capacity to absorb water and
nutrients (Cadish &  Giller, 1997).
Conversely, the main effect of litter addition
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on litter production was indirect, through
increased soil carbon. Pang et al. (2021)
highlighted a strong linkage within the plant-
litter-soil continuum.

Conclusion

Considering the greater sensitivity of litter
production to litter removal than to litter
addition, this study’s findings emphasize the
importance of maintaining litter for
sustaining future litter production. This
consideration is critical for the sustainable

Specifically, grazing management in semi-
arid rangelands should ensure that at least
50% of the litter cover remains to support
plant productivity and ecosystem stability.
The positive effects of leguminous species,
such as Astragalus, in improving soil fertility
and mitigating stress on neighboring species
like Artemisia, further highlight the
importance of plant community composition
in rangeland management.

Funding: This research was supported by
University of Jiroft under the grant number

management of rangeland ecosystems. 4813-03-5-294844.

References

Abubakar, A., Mayer, M., Neumann, M., Gao, Q., and Wang, D. 2025. Nitrogen addition reduces
litter decomposition but does not affect litter production and chemistry in an alpine shrubland.
Plant Soil. 509, 795-807.

Amatangelo, K.L., Dukes, J.S., and Field, C.B. 2008. Responses of a California annual grassland
to litter manipulation. Journal of Vegetation Science. 19, 605-612.

Areejit, S., and Martin, O.C. 2013. Shining fresh light on the evolution of photosynthesis. Elife.
2,01403.

Cadish, G., and Giller, K.E. 1997. Driven by nature, plant litter quality and decomposition.
Wallingford, CAB International.

Campanella, M., and Bertiller, M.B. 2008. Plant phenology, leaf traits and leaf litterfall of
contrasting life forms in the arid Patagonian Monte, Argentina. Journal of Vegetation Science.
19, 75-85.

Chapin III, F.S., Zavaleta, E.S., Eviner, V.T., Naylor, R.L., and Vitousek, P.M. 2000.
Consequences of changing biodiversity. Nature. 405, 234-242.

Chen, W., Huang, D., Liu, N., Zhang, Y., Badgery, W.B., Wang, X., and Shen, Y. 2015. Improved
grazing management may increase soil carbon sequestration in temperate steppe. Sci. Rep. 5,
10892.

Cheng, W., Tie, L., Zhou, S., Hu, J., Ouyang, S., and Huang, C. 2023. Effects of soil arthropods
on non-Leaf Litter decomposition, A Meta-Analysis. Forests. 14(8), 1557.
https://doi.org/10.3390/f14081557

da Silva, J.P., da Silva Teixeira, R., da Silva, L.R., Soares, EIM.B., and Lima, A.M.N. 2022.
Decomposition and nutrient release from legume and non-legume residues in a tropical soil.
Soil Science. 73, e13151.

Facelli, J.M., and Pickett, S.T.A. 1991. Plant litter, light interception and effects on an old-Field
plant community. Ecology. 72, 1024-1031.

Ganjurjav, H., Hu, G., Wan, Y., Li, Y., Danjiu, L., and Gao, Q. 2018. Different responses of
ecosystem carbon exchange to warming in three types of alpine grassland on the central
Qinghai-Tibetan Plateau. Ecology and Evolution. 8 (3), 1507-1520.

Giebelmann, U.C., Martins, K.G., Brandle, M., Schadler, M., Marques, R., and Brandl, R. 2013.
Lack of home-field advantage in the decomposition of leaf litter in the Atlantic rainforest of
Brazil. Applied Soil Ecology. 8,1.

Giweta, M. 2020. Role of litter production and its decomposition, and factors affecting the
processes in a tropical forest ecosystem, a review. Journal of Ecology and Environment. 44,
11.


https://doi.org/10.3390/f14081557

57 Azam Khosravi Mashizi et al., / Environmental Resources Research 13, 1 (2025)

Grau-Andrés, R., Wardle, D.A., and Kardol, P. 2022. Bryosphere loss impairs litter
decomposition consistently across moss species, litter types, and micro-Arthropod
abundance. Ecosystems. 25, 1542—1554.

Hadi, A., Naz, N., Rehman, F.U., Kalsoom, M., Tahir, R., Adnan, M., Saeed, M.S., Khan, A.H.,
and Mehta, J. 2020. Impact of climate change drivers on C4 plants; A review. Current Research
in Agriculture and Farming. 1, 13-18.

Hassan, N., Sher, Kh., Rab, A., Abdullah, 1., Zeb, U., Naeem, 1., Shuaib, M., Khan, H., Khan, W.,
and Khan, A. 2021. Effects and mechanism of plant litter on grassland ecosystem: A review.
Acta Ecologica Sinica. 41, 341-345.

Hou, S.L., Hattenschwiler, S., Yang, J.J., Sistla, S., Wei, HW., Zhang, Z.W., Hu, Y.Y., Wang,
R.Z., Cui, S.Y., Li, X.T. and Han, X.G., 2021. Increasing rates of long-term nitrogen
deposition consistently increased litter decomposition in a semi-arid grassland. New
Phytologist. 229, 296-307.

Jiang, W., Wu, H., Li, Q., Lin, Y., and Yu, Y. 2019. Spatiotemporal changes in C4 plant
abundance in China since the Last Glacial Maximum and their driving factors.
Palaeogeography, Palaeoclimatology, Palacoecology. 518, 10-21.

Kamruzzaman, Md., Basak, K., Paul, S. K., Ahmed, S., and Osawa, A. 2019. Litterfall production,
decomposition and nutrient accumulation in Sundarbans mangrove forests, Bangladesh. Forest
Science and Technology. 15(1), 24-32.

Langlois, J., Guilhaumon, F., Bockel, Th., Boissery, P., Braga, C.D.A., Deter, J., Holon, F.,
Marre, G., Tribot, A.S., and Mouquet, N. 2021. An integrated approach to estimate aesthetic
and ecological values of coralligenous reefs. Ecological Indicators. 129, 107935.

Li,J., Yang, C., Zhou, H., and Shao, X. 2020. Responses of plant diversity and soil microorganism
diversity to water and nitrogen additions in the Qinghai-Tibetan Plateau. Global Ecology and
Conservation. 22, e01003.

Li, M., Wan, Sh., Colin, Ch., Jin, H., Zhao, D., Pei, W., Jiao, W., Tang, Y., Tan, Y., Shi, X., and
Li, A. 2023. Expansion of C4 plants in South China and evolution of East Asian monsoon since
35 Ma, Black carbon records in the northern South China Sea. Global and Planetary Change.
223, 104079.

Li, P., Sayer, E.J., Jia, Z., Liu, W., Wu, Y., Yang, S., Wang, C., Yang, L.u., Chen, D., Bai, Y.,
and Liu, L. 2020. Deepened winter snow cover enhances net ecosystem exchange and
stabilizes plant community composition and productivity in a temperate grassland. Global
Change Biology. 26 (5), 3015-3027.

Lin, G., and Zeng, D.H. 2018.Functional identity rather than functional diversity or species
richness controls litter mixture decomposition in a subtropical forest. Plant and Soil. 428, 179-
193.

Liu L. 2012. Patterns of litterfall and nutrient return at different altitudes in evergreen hardwood
forests of Central Taiwan. Annals of Forest Science. 69(8), 877-86.

Liu, D., Li, Y., Wang, T., Peylin, P., MacBean, N., Ciais, G., Jia, P., Ma, M., Ma, Y., Shen, M.,
Zhang, X. and Piao, S. 2018. Contrasting responses of grassland water and carbon exchanges
to climate change between Tibetan Plateau and Inner Mongolia. Agricultural and Forest
Meteorology. 249, 163-175.

Liu, X., Zhu, D., Zhan, W., Chen, H., Zhu, Q., Hao, Y., Liu, W., and He, Y. 2019. Five-year
measurements of net ecosystem CO2 exchange at a fen in the Zoige peatlands on the Qinghai-
Tibetan Plateau. Journal of Geophysical Research: Atmospheres. 24 (22), 11803-11818.

Ma, L., Guo, C., Xin, X., Yuan, S., and Wang, R. 2013. Effects of belowground litter addition,
increased precipitation and clipping on soil carbon and nitrogen mineralization in a temperate
steppe. Biogeosciences. 10.

MacDicken, K.G. 1997. A guide to monitoring carbon storage in forestry and agroforestry
projects. Winrock Internationl Institute for Agricultural Development, Forest Carbon
Monitoring Program.



Azam Khosravi Mashizi et al., / Environmental Resources Research 13, 1 (2025) 58

Mohmedi Kartalaei, Z., Kooch, Y., and Dianati Tilaki, Gh.A. 2023. Litter and soil properties
under woody and non-woody vegetation types, Implication for ecosystem management in a
mountainous semi-arid landscape. Journal of Environmental Management. 348, 119238.

Nelson, D.W., and Sommers, L.E. 1982. Total carbon, organic carbon, organic matter. In, Page,
A.L., Miller, R.H., Kenney, D.R. (Eds,). Methods of Soil Analysis, Part 1, 2nd Edition.
Agronomy Monograph 9. American Society of Agronomy, Madison, Wisconsin, USA, pp.
539-580.

Ogée, J., Lamaud, E., Brunet, Y., Berbigier, P., and Bonnefond, J.M. 2001. A long-term study of
soil heat flux under a forest canopy. Agriculture and Forest Meteorology. 106, 173-187.

Pang, Y., Tian, J., Liu, L.X., Han, L.N., and Wang, D.X. 2021. Coupling of different plant
functional group, soil, and litter nutrients in a natural secondary mixed forest in the Qinling
Mountains, Environmental Science and Pollution Research. 28, 66272-66286.

Porqueddu, C., Ates, S., Louhaichi, M., Kyriazopoulos, A.P., Moreno, G., Pozo, A.d., Ovalle, C.,
Ewing, M.A., and Nichols, P.G.H. 2016. Grasslands in 'Old World' and 'New World'
Mediterranean-climate zones, past trends, current status and future research priorities. Grass
and Forage Science. 71, 1-35.

Porre, R.J., van der Werf, W., De Deyn G.B., Stomph, T.J., and Hoffland, H. 2020. Is litter
decomposition enhanced in species mixtures? A meta-analysis. Soil Biology and
Biochemistry. 145, 107791.

Shen, Y., Chen, Y.W., Yang, G., Yang, X., Liu, N., Sun, X., Chen, J., and Zhang, Y. 2016. Can
litter addition mediate plant productivity responses to increased precipitation an d nitrogen
deposition in a typical steppe?. Ecological Research. 31.

Suding, K., and Goldberg, D. 1999. Variation in the effects of vegetation and litter on
recruitment across productivity gradients. Journal of Ecology. 87, 436—449.

Taylor, S.H., Ripley, B.S., Martin, T., De-Wet, L.A., Woodward, F., and Osborne, C.P. 2014.
Physiological advantages of C4 grasses in the field: a comparative experiment demonstrating
the importance of drought. Global Change Biology. 20, 1992-2003.

Triadiati, Tjitrosemito, S., Guhardja, E., Sudarsono, Qayim, I., and Leuschner, C. 2011. Litterfall
Production and Leaf-litter Decomposition at Natural Forest and Cacao Agroforestry in Central
Sulawesi, Indonesia. Asian Journal of Biological Sciences. 4, 221-234.

Vargas, D.N., Bertiller, M.B., Ares, J.O., Carrera, A.L., and Sain, C.L. 2006. Soil C and N
dynamics induced by leaf-litter decomposition of shrubs and perennial grasses of the
Patagonian Monte. Soil Biology and Biochemistry. 38, 2401-2410.

Veen, P., Jefferson, R., Smidt, J., and Straaten, J. 2009. Grasslands in Europe of high nature value.
KNNV Publishing, Zeist, the Netherlands.

Violle, C., Richarte, J., and Navas, M.L. 2006. Effects of litter and standing biomass on growth
and reproduction of two annual species in a Mediterranean old-field. J Ecol. 94, 196-205.
Vogan P.J., and Sage R.F. 2011. Water-use efficiency and nitrogen-use efficiency of C;—C4
intermediate species of Flaveria Juss. (Asteraceae). Plant, Cell and Environment. 34, 1415—

1430.

Wang, D., He, H.L., Gao, Q., Zhao, C.Z., Zhao, W.Q., Yin, C.Y., Chen, X.L., Ma, Z.L., Li, D.D.,
and Sun, D.D. 2017. Effects of short-term N addition on plant biomass allocation and C and
N pools of the Sibiraea angustata scrub ecosystem. Eur J Soil Sci. 68, 212-220.

Wang, Z., Yuan, X., Wang, D., Zhang, Y., Zhong, Z., Guo, Q., and Feng, C. 2018. Large
herbivores influence plant litter decomposition by altering soil properties and plant quality in
a meadow steppe. Scientific Reports. 8(1), 9089.

Weltzin, J.F., Keller, J.K., Bridgham, S.D., Pastor, J., Allen, P.B., and Chen, J. 2005. Litter
controls plant community composition in a northern fen. Oikos. 110, 537-546.

Wieder, W.R., Cleveland, C.C., Taylor, Ph.G., Nemergut, D.R., Hinckley, E.L., Philippot, L.,
Weintraub, S.R., Martin, M., and Townsend, A.R. 2013. Experimental removal and addition
of leaf litter inputs reduces nitrate production and loss in a lowland tropical forest.
Biogeochemistry. 113, 629-642 .



59 Azam Khosravi Mashizi et al., / Environmental Resources Research 13, 1 (2025)

Wu, G.L., Liu, Y., Tian, F.P., and Shi, Zh.H. 2017. Legumes functional group promotes soil
organic carbon and nitrogen storage by increasing plant diversity. Land Degradation and
Development. 28, 1336-1344.

Xiong, S., and Nilsson, C., 1997. Dynamics of leaf litter accumulation and its effects on riparian
vegetation: a review. Botanical Review. 63, 240-261.

You, Y., Wang, S., Pan, N., Ma, Y., and Liu, W. 2020. Growth stage-dependent responses of
carbon fixation process of alpine grasslands to climate change over the Tibetan Plateau, China.
Agricultural and Forest Meteorology. 291.

Zhang, W.P., Fornara, D., Yang, H., Yu, R.P., Callaway, R.M., and Li, L. 2023. Plant litter
strengthens positive biodiversity—ecosystem functioning relationships over time. Trends in
Ecology & Evolution. 38, 473-484.

Zhang, X., Hedénec, P., Yue, K., Ni, X., Wei, X., Chen, Z., Yang, J., and Wu, F. 2024. Global
forest gaps reduce litterfall but increase litter carbon and phosphorus release. Communications
Earth & Environment. 5, 288.

Zheng, X., Liu, Q., Zheng, L.Y., Wang, S.L., Huang, L.J., Jiang, J., Wang, B.H., Liu, X.J., Li,
X.D., Hu, X.F., Guo, X.M., and Zhang, L. 2020. Litter removal enhances soil N20 emissions:
Implications for management of leaf-harvesting Cinnamomum camphora plantations. Forest
Ecology and Management. 466, 118121.

Zhou, Y., Pei, Z., Su, J., Zhang, J., Zheng, Y., Ni, J., Xiao, C., and Wang, R. 2012. Comparing
Soil Organic Carbon Dynamics in Perennial Grasses and Shrubs in a Saline-Alkaline Arid
Region, Northwestern China. PLoS ONE. 7(8), e42927.



Azam Khosravi Mashizi et al., / Environmental Resources Research 13, 1 (2025)

60



