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Abstract

Plants influence the structure and function of ecosystems through litter production and by increasing soil
nutrient levels. Understanding the response of soil properties to the removal or addition of litter from
different species is crucial for comprehending the sensitivity of ecosystems to environmental and
management disturbances. This study examined the effects of plant and litter characteristics of two grass
species, Stipa barbata (C;) and Hyparrhenia hirta (C4), on soil carbon and nitrogen in the rangelands of
Jiroft County. Treatments including 0%, 50%, 100%, and 200% litter were applied to both H. hirta and S.
barbata species, and the percentage of soil carbon and nitrogen, as well as annual species production in each
litter treatment, were estimated. The results indicated significant differences between H. hirta and S. barbata
in terms of litter quantity, litter carbon percentage, and plant characteristics (p < 0.05). ANOVA results
revealed that litter treatments had significant effects on soil carbon and annual production for H. hirta (p <
0.01) and S. barbata (p < 0.05). Results showed a positive and significant relationship between soil carbon
and plant characteristics with litter carbon and litter quantity (p < 0.01). Leaf area emerged as the most
important plant characteristic related to litter production. The Structural Equation Modeling (SEM) analysis
demonstrated that the plant characteristics of grass species had a more substantial direct effect on soil
properties than did the litter quantity and quality (p < 0.01). These findings highlight the importance of
grasses in enhancing soil carbon storage in semi-arid ecosystems. The H. hirta species, due to its plant
characteristics, demonstrated superior performance compared to S. barbata in terms of litter production and
soil carbon enhancement. This characteristic should be considered in rangeland management strategies aimed
at improving ecosystem services, particularly carbon sequestration and climate change mitigation efforts.
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Extend Abstract

Introduction

Plant litter influences the structure and function of ecosystems by enhancing soil nutrient levels. It serves as
a primary reservoir of soil carbon and nitrogen, which are essential for biochemical processes (54). The
abundance of litter in ecosystems may increase due to climate change and elevated carbon dioxide
concentrations (20), or decrease as a result of drought conditions and management practices, such as
livestock grazing (71). Changes in litter abundance within ecosystems, driven by environmental and
management factors, have significant implications for the global nutrient cycle (9, 19). Reduced plant
biomass and, consequently, reduced litter levels decrease the return of nutrients to nutrient-poor rangeland
soils through litter decomposition processes (32). Beyond the quantity of litter, its quality also influences soil
properties in various ways. The impact of litter on soil may vary depending on plant composition. VVegetation
covers, such as forests, shrublands, and grasslands, possess different litter qualities, which in turn affect soil
properties (69). Shifts in plant community composition can either enhance or hinder plant nutrient uptake,
thereby altering litter quality and decomposition processes (18). In semi-arid regions where both C; and C,
grass species coexist, understanding the amount of litter produced and the nutrients released during litter
decomposition is crucial for informed management decisions regarding these species in the ecosystem (25).
Furthermore, understanding how soil production and quality respond to litter removal helps predict
ecosystem sensitivity to litter reduction under environmental and management disturbances, while also
providing insight into their response to litter increase during reclamation and restoration efforts (71).
Therefore, this study investigates the effects of litter changes from two grass species, C; (Stipa barbata Desf.)
and C, (Hyparrhenia hirta (L.) Stapf), on soil properties in the rangelands of Jiroft City.

Materials and methods

According to previous studies, to assess the quantity and quality of litter, 20 plots measuring 1m x 1m were
established under the canopy of two species, Hyparrhenia hirta and Stipa barbata, in Jiroft rangeland
(Fig. 1). In each plot, all litter on the soil surface was removed, weighed, and 50 g samples were taken to
determine the carbon and nitrogen content. The percentage of carbon in the litter samples was determined
using the combustion method, while nitrogen content was measured using the Kjeldahl method (44). Specific
leaf area was calculated as the area of one side of a fresh leaf divided by its oven-dried weight. Leaf dry
matter content was determined by dividing the oven-dried leaf weight by its saturated water weight,
expressed in mg-g™'. Litter treatments were applied in 40 plots, each measuring 1m x 1m. For each species,
in five plots, all litter was removed from the plot surface (0% litter), and in another five plots, litter was
added to achieve 200% of the original litter quantity. In five additional plots, half of the litter was removed
(50% litter), while five control plots maintained the standard litter amount (100% litter). The plots were
clearly marked for identification. At the end of the following growing season, 1 kg soil samples were
collected from a depth of 0 to 30 cm in each of the 40 plots (38), and the percentage of soil carbon was
determined using the Walkley and Black method (44). Nitrogen content was analyzed using the Kjeldahl
method (53). Additionally, the annual production of the two grass species was estimated using the cut-and-
weigh method.

Results

The results revealed that H. hirta litter, with an average of 245 + 34 g/m™, and S. barbata litter, with an
average of 96 = 12 g/m2, exhibited a significant difference (p < 0.01), (Table 1). There were also significant
differences between the two grass species in terms of plant height, vegetation cover area, leaf area, spatial
leaf area, and leaf dry matter content (p < 0.05), (Fig. 2). The litter production rate of S. barbata was
significantly lower than that of H. hirta, likely due to the lower photosynthetic capacity of C; grasses
compared to C4 grasses. In terms of carbon content, H. hirta, with an average of 1.54 £+ 0.34%, and S.
barbata, with an average of 0.89 + 0.23%, showed a significant difference (p < 0.05), (Fig. 3). In the global
carbon cycle, C, grasses are generally more efficient at carbon storage than C; grasses, with C, grasses
exhibiting more resistant textures and higher carbon content. However, in terms of nitrogen percentage, no
significant difference was found between H. hirta (0.65 + 0.12%) and S. barbata (0.62 + 0.23%) (p > 0.05),
(Fig. 4). Grasses typically contain less nitrogen than other forms of vegetation. Both grass species exhibited a
significant decrease in carbon content as litter quantity decreased, and an increase in carbon content with
higher litter amounts (p < 0.05). Thus, the reduction of litter under livestock grazing may negatively impact
soil characteristics. For soil nitrogen, no significant differences were found between litter treatments at the
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95% confidence level. The comparison of average annual production of H. hirta revealed a significant
difference in the 0% litter treatment across the three years of the study (Fig. 5). The highest annual
production occurred in the first year of the 0% litter treatment, with an average of 185 + 23 g/m™2. In the
100% and 200% litter treatments, there were no significant differences in annual production across the
different years at the 95% confidence level. Pearson correlation results indicated a positive and significant
relationship between soil carbon, litter carbon, and litter quantity (p < 0.01). Additionally, vegetation cover
area, leaf area, spatial leaf area, and leaf dry matter content were all correlated with litter carbon and litter
guantity (p < 0.05), (Table 2). Among these traits, leaf area was the most significant plant characteristic
associated with litter production (p < 0.01). The Structural Equation Modeling (SEM) analysis demonstrated
that plant traits of grass species have a more direct impact on soil stability than litter quantity and quality (p
< 0.01), (Fig.6, Table 3 and 4). Furthermore, plant traits had a significant indirect effect on soil stability
through litter quantity (p < 0.05), (Table 4).

Discussion and Conclusion

We found a significant relationship between leaf characteristics and litter production. H. hirta, which has
larger leaf area and biomass compared to S. barbata, is therefore capable of producing more litter. C4 grass
species, such as H. hirta, can contribute more effectively to soil stability through higher litter production.
Our results demonstrated that as the amount of litter from H. hirta and S. barbata decreased, soil carbon and
nitrogen levels also declined. Since livestock grazing affects soil carbon by reducing litter (23, 72), it is
essential to regulate the exploitation of these species to ensure that at least 50% of the litter from H. hirta and
S. barbata remains in the ecosystem. Given the impact of grass litter on soil properties and plant community
dynamics, implementing reasonable management practices, such as moderate grazing during non-growing
seasons, will contribute to ecosystem sustainability (37). Although soil nitrogen was increased by higher
litter quantities for both species, the change was not significant. Previous studies have also shown that
increased grass litter does not substantially affect soil nitrogen (5, 26). In general, while the litter of both C;
and C, grasses did not significantly affect soil nitrogen, the results of this study underscore the critical role of
grass litter in enhancing soil carbon in ecosystems. The performance of H. hirta was superior to that of S.
barbata in terms of litter production and soil carbon improvement, highlighting the importance of
considering these traits in ecosystem management to enhance ecosystem services, particularly carbon
sequestration.

Keywords: Removing litter, leaf area, structural equation model, C, grass
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Fig 1. Map of the study area
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Table 1. Comparison of the average quantity and quality of litter between the two species of S.barbata and H.hirta

Litter characters H.hirta S.barbata t
C(%) 1.46+0.14 0.9240.13 4.35%
N(%) 0.660.17 0.58+0.23 1.35™
Litter quantity 245+34 96+12 8.56"
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Fig 2. Comparison of average plant characteristics of the two species of H.hirta and S.barbata
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Table 2. Pearson’s correlation between litter quantity and quality with soil and plant characteristics. The

significance level is P<0.05 (*), P<0.01 (**) and ns indicates non-significance.

Litter quality

Litter quantity (g/m?)

Soil C (%) Soil N(%)
Soil C (%) 0.865 0.245™ 0.647"
Soil N (%) 0.335"™ 0.356™ 0.134"™
Plant height (cm) 0.365™ 0.142™ 0.364™
Canopy Area (cm?) 0.485" 0.286™ 0.635™
Leaf area (mm?) 0.575™ 0.134™ 0.754™
Spatial leaf area (mm/mg) 0.469" 0.137™ 0.473"
Dry matter content (mg/g) 0.455" 0.213" 0.465"

Table 3. CR and AVE to study the effect of plant and litter characteristics on soil properties

Parameters CR AVE
Plant traits 0.89 0.83
Litter quantity 0.88 0.84
Litter qualify 0.96 0.87

Soil characters 0.94 0.75
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Fig 6. Structural equation modeling (SEM) to investigate the effects of plant characteristics, litter quantity and
quality on soil properties

Table 4. Direct, indirect and total effects of plant characteristics, litter quantity and quality on soil properties.
The significance level is P<0.05 (*), P<0.01 (**) and P<0.001 (***).

Parameters Path Standard B
Direct 0.564**
. Indirect through Litter quantity 0.258*
Plant traits Indirect through Litter quality 0.056
Total 0.878***
Litter quantity Direct 0.212**

Litter quality Direct 0.191**
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