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Effects of grazing on carbon and nitrogen in plants
and soils in a semiarid desert grassland, China
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Abstract: Grazing can modulate the feedback between vegetation and soil nutrient dynamics (carbon and nitro-
gen), altering the cycles of these elements in grassland ecosystems. For clarifying the impact of grazing on the C
and N in plants and soils in the desert grassland of Ningxia, China, we examined the plant biomass, SOC (soil or-
ganic carbon), total soil N and stable isotope signatures of plants and soils from both the grazed and ungrazed sites.
Significantly lower aboveground biomass, root biomass, litter biomass and vegetation coverage were found in the
grazed site compared to the ungrazed site, with decreases of 42.0%, 16.2%, 59.4% and 30.0%, respectively. The
effects of grazing on plant carbon, nitrogen, 8'°N and &'°C values were uniform among species. The levels of plant
carbon and nitrogen in grasses were greater than those in the forbs (except for the carbon of Cynanchum komarovii
and Euphorbia esula). Root "®N and C values increased with grazing, while the responses of root carbon and
nitrogen to grazing showed no consistent patterns. Root '°N and ™C were increased by 79.0% and 22.4% in the
grazed site compared to the ungrazed site, respectively. The values of SOC and total N were significantly lower in
the grazed than in the ungrazed sites for all sampling depths (0—10 and 10—20 cm), and values of SOC and total N at the
surface (0—10 cm) were lower than those in the deeper soils (10-20 cm). Soil '°N values were not affected by
grazing at any sampling depth, whereas soil 5'°C values were significantly affected by grazing and increased by
19.3% and 8.6% in the soils at 0-10 and 10-20 cm, respectively. The soil 5'°C values (-8.3%. to —6.7%c) were
higher than those for roots (—20.2%. to —15.6%0) and plant tissues (—27.9%o to —13.3%o.). Our study suggests that
grazing could greatly affect soil organic carbon and nitrogen in contrast to ungrazed grassland and that grazing
appears to exert a negative effect on soil carbon and nitrogen in desert grassland.
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Grasslands are an important component of the global
carbon cycle, covering approximately 25.4% of the
total land area and storing greater than 10% of the
terrestrial biomass of C and 10% to 30% of the global
soil organic carbon (SOC) (Schlesinger, 1997; Scur-
lock and Hall, 1998). Changes in C storage in grass-
land ecosystems have the potential to modify the
global C cycle and indirectly influence climate change
(Conant et al., 2001). Grassland ecosystems can influ-
ence global environmental change through the strong
potential for carbon and nitrogen sequestration. Hu-
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man activity has adversely affected global C and N
cycles and has contributed to an alteration in climate
that will generate discernible feedbacks to all organ-
isms and ecosystems.

Grazing by domestic livestock is one of the major
human activities in semiarid grasslands around the
world (Gillson and Hoffman, 2007). Grazing modifies
the C and N cycles, which may change C and N ac-
cumulation in the soil (Pifieiro et al., 2006). Grazing
may simultaneously increase N availability and N cons-
ervation by stimulating N mineralization and reducing
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N losses (Frank et al., 2000). Nitrogen mineralization
is stimulated by grazing primarily because of the dep-
osition of readily decomposable feces that are rich in
nitrogen (Tracy and Frank, 1998). Grazing can impose
a direct effect on N cycling by the grazer, removing
plant tissues (Van Wijnen et al., 1999), trampling
plants (Zacheis et al.,, 2002) and depositing readily
decomposable feces that are rich in nitrogen (Ros-
signol et al., 2006). Additionally, grazing can exhibit
an indirect effect by altering plant species composition
(Olofsson et al., 2001), by causing changes in nitrogen
content of plant tissues (Baron et al., 2002) and by
affecting plant litter decomposition or soil microbial
activities (Stark and Grellmann, 2002). Inconsistent
responses of SOC to grazing for grassland have been
reported. This is the SOC showed positive, negative or
no response to grazing (Cui et al., 2005; Derner et al.,
2006; Golluscio et al., 2009; Wu et al., 2010). The use
of a natural abundance of stable carbon and nitrogen
isotopes (5"°C and 8'°N) has proven particularly use-
ful for interpreting the cycling of C and N (Ehleringer
et al., 2000; Templer et al., 2007). Soil 8'"°C is primar-
ily related to plant-derived organic C and the photo-
synthetic pathways of the plant (Dixon et al., 2010).
The 8"°N of plants and soils is a function of the inter-
nal N transformation that occurs in the plant-soil sys-
tem (Nadelhoffer and Fry, 1994). Variability in plant
and soil N (8"°N) derives primarily from the physio-
logical and biogeochemical processes in the N cycle.
The natural abundance of 8"°N is regulated not only
by internal N cycling via mineralization, nitrification,
denitrification, leaching, gaseous losses (NHj; volati-
lization and N,O emission) and inputs but also by ex-
trinsic factors, such as fertilization (Frank et al., 2004),
climate (Cheng et al., 2009) and grazing (Frank et al.,
2000). Grazing may regulate N cycling rates by redis-
tributing N within systems, and consequently, it shows
a variety of impacts on 8"N in plant-soil systems. The
effects of grazing intensity on ecosystem "N are often
controversial, showing either an increase (Frank et al.,
2000; Frank et al., 2004) or a decrease (Golluscio et
al., 2009) in N values. However, increased mineral-
ization and losses via NH; volatilization in urine indi-
cate that the enrichment of soil "N could occur with
increased grazing intensity (Frank and Evans, 1997).
A positive correlation of topsoil "N with NH; volati-

lization, net nitrification and denitrification, and N
of topsoil might be used as an indicator of N cycling
rates concerning gaseous N losses via NHj; volatiliza-
tion and N,O emission (Wu et al., 2010).

Grasslands are the dominant landscape in China
and account for nearly 40% of the national land area,
and 78% of the grassland in China is located in the
northern temperate zone (Kang et al., 2007). These
grasslands are faced with severe degradation and des-
ertification due to rapid population growth coupled
with poor grassland management (e.g. overgrazing).
Understanding the effects of grazing on grassland
productivity and C and N cycling in desert grassland
is crucial for the rational utilization of the grasslands.
This paper focuses on a comparison of vegetation bi-
omass, coverage, carbon and nitrogen in a grazed with
an ungrazed sites to address whether long-term graz-
ing reduces grassland productivity and stimulates nu-
trient cycling, thereby resulting in reduced C and N in
desert grassland. Our observations will be important
to a better understanding of the effects of grazing.

1 Materials and methods

1.1 Study area

The experiment was conducted in the desert grassland
in Yanchi county (37°57'N, 107°00'E; 1,430 m asl),
Ningxia Hui autonomous region, China. This area has
a temperate continental semiarid monsoonal climate.
The annual mean temperature is 7.5°C, with a month-
ly minimum of —8.7°C in January to the maximum of
22.4°C in July, and has approximately 165 days of
frost. The mean annual precipitation is 280 mm, over
70% of which occurs between June and September.
The mean annual potential pan evaporation was ap-
proximately 2,710 mm, about ten times greater than
the annual precipitation. The zonal soils are loessial
and light sierozem, and the azonal soils are sandy
arenosol, alkaline saline and meadow soil, all poor in
fertility with loose structure and very susceptible to
wind erosion (Zhang et al., 2004). The zonal vegeta-
tion is typical desert grassland, dominated by Artemi-
sia desertorum, Leymus secalinus, Agropyron mongo-
licum, Stipa breviflora, Glycyrrhiza uralensis, Cyna-
nchum komarovii, Potentilla bifurca, Caragana tibet-
aciphylla,

ica, Oxytropis Oxytropis racemosa,
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Salsola sinkiangensis, Artemisia capillaries and Ka-
lidium foliatum.

1.2 Experimental design

The grazing experiment was carried out at a grassland
monitoring station, which was established in 2004.
This grassland was under free-range grazing by sheep,
with grazing occurring mainly from April to October.
The theoretical livestock carrying capacity of desert
steppe in this region should be less than 0.75
sheep/hm2 (Ma and Xie, 2008). We selected two graz-
ing treatments: ungrazed and grazed (1.0 sheep/hm?).
Each experimental treatment included three replicate
plots, giving a total of six plots for the experiment.
For the grazed plots, with an estimated 54% of above-
ground biomass consumed by sheep each year, the
vegetation coverage ranged from 46% to 57%. Un-
grazed plots had been fenced since 2004 to prevent
grazing by large animals. The grazed plots (6.1-8.0 hm?)
are relatively large compared to the ungrazed plots
(4.9-5.8 hm?). In each plot, 15 sampling quadrats
(1 mx1 m) were randomly selected with the constraint
that the chosen quadrats be at least 0.5 m from the
margin to avoid any edge effects.

1.3 Sampling of aboveground biomass and domi-
nant species

Aboveground biomass and vegetation coverage were
sampled in mid-August of 2011 at each sampling
site. Within each quadrat, litter (herbage produced in
previous years) was removed from the quadrats by
hand-raking and was then retained. Fine, fragmented
and partially decomposed litter (humus) lying on the
soil surface was not included because it was mixed
with mineral soil and could not be separated. All
living biomass was harvested at the ground level,
and the residual standing litter was hand sorted and
added to the raked litter. All biomass was dried at
70°C for 48 h to a constant mass and then weighed.
After drying, the same species from five quadrats
were combined, which created three replications for
each plot in the grazed and the ungrazed sites. Thir-
teen dominant species (Table 1) were analyzed for
carbon, total nitrogen contents and 8"°N and §"°C
values. When the material of plant samples obtained
by using the quadrat method was insufficient for
nutrient and isotopic analysis, additional samples
were obtained from each grazing treatment outside
the quadrat.

Table 1 Effects of grazing on carbon and nitrogen content, C and N isotope ratios of plants in desert grassland
Total nitrogen (mg/g)  Carbon content (mg/g) 8N (%o) 3C (%o)
Plant species Type

Grazed Ungrazed Grazed Ungrazed Grazed Ungrazed  Grazed Ungrazed
Stipa breviflora G 23.0° 21.9° 431.3° 462.9° 0.80" 0.66 -26.7° -26.6"
Agropyron mongolicum G 15.8° 18.3 412.% 439.7° L11° 0.29° -26.9° -25.8°
Pennisetum flaccidum G 32.6" 26.2° 392.8° 381.6" 0.35° 0.67° -13.3° -14.3°
Glycyrrhiza uralensis L 19.1° 21.5° 402.9* 410.0° 0.53° 1.08° -26.0° -25.1°
Lespedeza potaninii L 23.0° 21.4° 380.8° 418.7° -1.70° -0.97° -27.1° -25.8°
Cynanchum komarovii F 17.6 22.5° 440.7° 450.2° 0.30° -0.38" -26.7* -26.3"
Euphorbia esula F 22.5° 21.5° 387.9° 423.7° 0.51* -0.22° —25.5° -25.9°
Peganum harmala F 19.7° 16.6° 379.6" 346.4° 5.42° 5.36" -26.7° -26.6"
Oxytropis aciphylla F 19.3° 15.9° 314.8° 343.5° -0.92° —-0.66" -26.8° -26.1°
Oxytropis racemosa F 8.8 8.4 173.2° 183.0° -0.52° -0.90° -26.8° —26.4*
Ixeridium graminifolium F 13.2° 12.2° 280.9° 277.6* 0.09° -1.28 -27.9° -27.1°
Corispermum hyssopifolium F 14.9° 10.8° 293.5° 250.6* 3.60" 1.89° -27.0° -254°
Salsola collina F 9.8 12.4° 278.6° 287.4° 5.41° 3.48° -14.1* -14.2%

Note: G, grass; L, legume; F, forb. Plant carbon content, nitrogen content, 5"°N and 8"C data in a row followed by different lowercase letters indicates signifi-

cant difference at P<0.05 level.

1.4 Sampling of soil and root biomass

Soil samples were collected from 15 quadrats in each
sampling plot in the grazed and ungrazed sites after

the aboveground material was harvested. In each
quadrat, soil was randomly collected from three points
(3.8 cm in diameter) using a bucket auger and mixed
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into a single soil sample. The five samples from each
plot were combined, which created three replications
for each plot in the grazed and ungrazed treatments.
The soil sampling depths were 0-10 and 10-20 cm.
Meanwhile, a soil pit was dug to 30 cm, and the root
mass in a 20 cmx50 cm column was extracted to a
depth of 0-30 cm to estimate the root biomass. The
five root samples from each plot were combined, cre-
ating three replications for each plot. All soil samples
were brought into the laboratory in airtight plastic
bags. For the root biomass, the soil samples were
rinsed in water to remove the soil and debris, and the
root samples were then dried at 70°C for 48 h and
weighed. All of the soil samples were air-dried and
then filtered through a 2 mm sieve, and the visible
roots and plant debris were discarded.

1.5 Isotopic and elemental analyses

The aboveground plant tissue, root and soil samples
were ground into fine powders with a mortar and pes-
tle. The C of the aboveground plant tissue, root and
soil was determined by the K,Cr,0O;—H,SO, solution
digestion method with the oil-bath heating, and the
nitrogen (N) of the aboveground plant tissue, root and
soil was analyzed using a Kjeltec analyzer (Kjeltec
2300 Analyzer Unit, Foss, Sweden). The 8"°N and
8"C values of the aboveground plant tissue, root and
soil were determined by an isotope ratio mass spectro-
meter (Delta V advantage, Thermo Fisher Scientific,
Inc., USA) coupled with an elemental analyzer (Flash
EA 1112 HT, Thermo Fisher Scientific, Inc., USA).
The carbon and total nitrogen contents of the above-
ground plant tissue, root and soil were presented ac-
cording to mass basis (mg/g).

1.6 Data analysis

Statistical analyses were performed using SPSS 15.0
software (SPSS for Windows, Chicago, IL, USA). The
statistical comparisons of the mean values were con-
ducted using the independent samples t-test for vegeta-
tion coverage, aboveground biomass, litter biomass,
and root biomass, root/shoot (R/S ratio), aboveground
plant tissue, root carbon properties, root nitrogen prop-
erties between the grazed and ungrazed treatments. The
effects of grazing and soil depth on soil properties were
analyzed with ANOVA. Significant differences for all
statistical tests were evaluated at the level of P<0.05.

2 Results

2.1 Plant biomass and vegetation coverage resp-
onse to grazing

Grazing significantly decreased aboveground biomass
(F=1.499, P<0.01), litter biomass (#=0.009, P<0.05),
root biomass (£=0.017, P<0.01) and vegetation cover-
age (F=0.047, P<0.01) (Fig. 1) but significantly incre-
ased the root/shoot ratio (F=0.156, P<0.01). The
aboveground biomass, litter biomass, root biomass
and vegetation coverage decreased by 42.0%, 59.4%,
16.2% and 30.0%, respectively, in the grazed com-
pared to the ungrazed treatments.

2.2 Effects of grazing on plant carbon, nitrogen,
8N and 8"C values

Among the 13 dominant species analyzed in the
grazed and ungrazed desert grasslands, the nitrogen
content increased with grazing for nine species (S.
breviflora, P. flaccidum, L. potaninii, E. esula, P.
harmala, O. aciphylla, O. racemosa, 1. graminifoli-
um and C. hyssopifolium) and decreased with grazing
for four species (4. mongolicum, G. uralensis, C.
komarovii and S. collina) (Table 1). Grazing signifi-
cantly increased the nitrogen content of E. esula and
P. harmala and significantly decreased the nitrogen
content of C. komarovii and S. collina. The nitrogen
contents of the forbs and legumes were lower than
those of the grasses (the only exception being A.
mongolicum).

Among the 13 dominant species, grazing increased
the plant carbon contents for four species (P. flaccidum,
P. harmala, 1. graminifolium and C. hyssopifolium) and
decreased the plant carbon contents for nine species (S.
breviflora, A. mongolicum, G. uralensis, L. potaninii, C.
komarovii, E. esula, O. aciphylla, O. racemosa and S.
collina). Grazing significantly increased the carbon
content of P. harmala and significantly decreased the
carbon contents of S. breviflora, A. mongolicum and E.
esula. The plant carbon contents of the grasses and
legumes were greater than those of the forbs (except for
C. komarovii and E. esula).

The natural abundance of '°N in forb plant tissues
increased by grazing (the only exception being O.
aciphylla; Table 1). The 8"°N values for the forbs spe-
cies ranged from —0.92%o to 5.42%o on the grazed site
and were lower, ranging from —1.28%o to 5.36%,
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on the ungrazed site. Grazing significantly decreased
the 8"°N values of the legume species, and the 8"°N
values were lowest for L. potaninii in the grazed site.
The effects of grazing on 8'°N values of grasses spe-
cies were uniform among species. The 8'°N values of
P. flaccidum decreased significantly and those of 4.
mongolicum increased significantly with grazing.
Eleven species in our study used the C; photos-
ynthetic pathway; therefore, discrimination against
BC in the atmospheric CO, was similar, and the 8"°C
values fell within a narrow range from —27.9%o to
~25.1%o (Table 1). The 5"°C values of two C4 species
ranged from —14.3%o to —13.3%.. Grazing decreased
the 8"°C values of legumes and grasses species (the
only exception being P. flaccidum), and the 8"C for A.
mongolicum and L. potaninii changed significantly
with grazing, though the differences were small,
ranging from 1.1%o to 1.3%o.. The effects of grazing on
the 5"°C values of the forb species were uniform am-
ong species. Grazing did not affect the §"°C values for
C. komarovii, P. harmala, O. aciphylla and S. collina
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Effects of grazing on plant biomass and vegetation coverage in desert grassland. Different letters represent significant differ-

and decreased or increased significantly for E. esula, 1.
graminifolium, O. racemosa and C. hyssopifolium.

Grazing did not affect the carbon and nitrogen con-
tents of the roots (Table 2). A lower nitrogen content,
but greater carbon content, was found in the grazed
site than in the ungrazed site. Grazing significantly
increased root "N (F=0.154, P<0.01) and "C
(F=1.069, P<0.01) values, and the root °N and °C valu-
es were increased by 79.0% and 22.4%, respectively.

2.3 Effects of grazing on SOC, total N, 5N and
8"C values

The grazing and the soil depth affected SOC (P<0.05).
The SOC were higher in the ungrazed site (2.47 and
3.41 mg/g for 0—10 and 10-20 cm soils, respectively)
than the grazed site (2.11 and 3.01 mg/g, respectively)
(Table 3). For the grazed and ungrazed treatments, the
SOC content in the surface (0—10 cm) was lower than
that in the 10-20 cm soil. The 8"°C values for the SOC
ranged from —8.3%o to —6.7%o and were significantly
affected by the grazing (Table 3).
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Table 2 Effects of grazing on carbon and nitrogen contents, C
and N isotope values of roots in desert grassland

Total nitrogen ~ Carbon content 8N 8"C

Treatment

(mg/g) (mg/g) (%o) (%o0)
Grazed 9.23" 304.47° 0.52*  -15.6°
Ungrazed 10.23° 291.40° 029  —202°

Note: The carbon content, nitrogen content, 8N and 8"C of root in a col-
umn followed by different lower case letters indicates significant difference
at P<0.05 level.

Table 3 Effect of grazing on soil properties in desert grassland

: Soil depth Treatment
soilproperty (cm) Grazed Ungrazed
g

0-10 0.25% 0.33%

TN (mg/g) 10.20 03754 o
SOC (mg/g) 0-10 21 247°
10-20 3.01% 3.41%

SN (%0) 0-10 476" 4.63®
10-20 5.04* 5.06"

8°°C (%) 010 o7 ~8.30"
10-20 ~7.40" -8.10"

Note: For each soil property, data in a row followed by different lowercase
letters indicates significant grazing effect (P<0.05) and data in a column
followed by different uppercase letters indicate a significant depth effect
(P<0.05).

Similar effects of grazing and soil depth were also
detected for soil total N (Table 3). The soil total N was
higher in the ungrazed site (0.33 and 0.47 mg/g for the
0—10 cm and the 10-20 cm soil, respectively) than the
grazed site (0.25 and 0.37 mg/g). The soil total N fol-
lowed trends similar to the SOC, with a lower total N
in the surface soil. The 8"°N values for total soil N were
more than 0 in all soil samples, indicating an enrichment
of "N relative to the standard atmospheric N,
(8""N=0%o), the reference material for determining natu-
ral >N abundance. Soil depth effects were detected for
soil 8N values (P<0.05), but grazing effects were not
significant for 8"°N values. The 8"°N values for total N
increased with soil depths from +4.63%o to 4.76%o in the
surface layer to >+5%o in the 10-20 cm soil layer.

3 Discussion

3.1 Effect of grazing on productivity

Plant productivity is an important metric of ecosystem
functioning for desert grassland. The total abovegr-
ound biomass, root biomass, litter biomass and vege-
tation coverage of the ungrazed were higher than those
in the grazed desert grassland. These results of chang-
es in plant biomass and cover are consistent with those

occurring at other grassland communities (Baron et al.,
2002; Cheng et al., 2011; Zhou et al., 2011). This
suggests that enclosure management may promote
plant biomass and change the community structure
and species. Grazing affects the root biomass by tram-
pling and excretions and root biomass responses to
livestock grazing are ambiguous (no change, increase
or decrease) (Milchunas and Lauenroth, 1993; Gao et
al., 2007; Cheng et al., 2011). Our results show that
root biomass appears to be significantly decreased
after long-term grazing on desert grassland. Heavy
grazing may decrease productivity due to decreases in
soil nutrient availability (Savadogo et al., 2007) and
disruption of the structure of soil aggregates and sur-
face crust by livestock trampling, which enhances soil
organic matter decomposition and leads to the soil
being susceptible to water and wind erosion (Neff et
al., 2005). The increasing biomass allocation to the
roots is an important adaptive response of plants to
grazing. The root/shoot ratio significantly increased
after long-term grazing. A high proportion of root
biomass in the total biomass can enhance the capacity
to tolerate environmental stresses and external dis-
turbances.

3.2 Effects of grazing on C and N of plant and soil

Grazing alters N cycling in the grassland ecosystem,
and such changes may constrain C accumulation in the
soil (Pifieiro et al., 2006). The smaller SOC and total
N under grazed compared to ungrazed grasslands are
consistent with the findings of other researchers (Cui
et al., 2005; Su et al., 2005), reflecting decreased in-
puts of both above- and below-ground vegetation and
possibly accelerated decomposition of litter and soil
organic matter. With grazing, plant growth was di-
minished and a larger proportion of this reduced pro-
duction was removed by grazing; therefore, heavy
grazing decreased both the aboveground litter depos-
ition (Fig. 1) and the belowground carbon allocation.
Grazing increased the aboveground plant tissue nitro-
gen of nine species, which is consistent with the re-
sults of Han et al. (2008) who reported that nitrogen of
aboveground vegetation increased in response to
grazing. The vegetation under grazing tends to consist
mostly of young metabolic material because grazing
precludes the accumulation of standing dead material.
Some studies have suggested that grazing could
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lead to an increase in §'°N (Frank and Evans, 1997;
Frank et al., 2004; Han et al., 2008), while a decrease
or no apparent effect of grazing on 8'"°N has also been
reported (Golluscio et al., 2009). The increased 8'°N
values of the 0—10 cm soil observed in the grazed
compared to the ungrazed treatments suggests that
grazing could have enriched soil 8"°N by affecting the
isotopic composition of N input via dropping feces,
trampling and the shift in the compositions of the
plants and microbes (Frank and Evans, 1997). Grazing
increased soil 8"°N by facilitating the processes that
control N loss from the soil system, such as NH; vo-
latilization, denitrification and leaching. Because of
the often limited water availability, N loss through
leaching and denitrification is usually much less im-
portant than N loss through NH; volatilization in arid
and semiarid grassland. Grazing accelerates N loss by
way of NHj volatilization and other processes, espe-
cially in ecosystems with higher soil pH values (Frank
and Evans, 1997; Frank et al., 2004). NH; volatiliza-
tion is a key mechanism responsible for the level of
soil >N enrichment in arid and semiarid grasslands.
NH; volatilization and/or denitrification of the surface
soil cause the increase in '°N on urine patches. Grazer’
urine and dung increased the soil '°N abundance, in-
dicating that the grazer promoted N loss with those
patches. The 8"°N values increasing with soil depths
were consistent with the findings of other researches
(Han et al., 2008; Cheng et al., 2009). The deeper soil
layer tended to have significantly higher 8"°N values
than the surface soil layer and can be explained by
fractionation  during decomposition and the
"N-depleted N losses during microbial decomposition
of organic matter in concert with the downward
movement of residual substrate (Evans and Ehleringer,
1994). The input of *N-depleted foliar litter to the soil
surface (Natelhoffer and Fry, 1988), the input of
"N-depleted root litter and "*N-enriched mycorrhizal
fungi below the surface could result in deep soil hori-
zons being substantially enriched in "N relative to
surface litter (Hogberg et al., 1996). The partial con-
version of nitrate during denitrification could strongly
influence soil "N values by creating a pool of
"N-enriched nitrate that, subsequently, could be reas-
similated by the microbial community and ultimately

increase deep soil 8"°N.

The effects of grazing on 8N values of plants
were uniform among species. Isotopic fractionations
during soil N transformation and plant N uptake could
lead to observed differences in 8'"°N values among
plant species. Patterns of variation in PN values
among species indicate that plants acquire nitrogen in
extremely nutrient-poor environments by competitive
partitioning of the overall N pool. The natural abun-
dance of "N in the forb plant tissues increased with
grazing, but 8"°N in legumes species decreased with
grazing. A reduction in the 8"°N of legumes species
that were grazed is consistent with Frank et al. (1997),
as reported in Yellowstone, USA. The higher rates of
net N ammonification caused by grazing may increase
nitrification rates and the availability of NO; (Holland
and Detling, 1990). Because nitrification discriminates
against "N, NO;~ should be isotopically lighter than
NH," (Feigin et al., 1974). Grazing depleted plant >N
values were, in part, the result of plants assimilating
proportionally more NO; than NH," in the Yellow-
stone grassland. Other than NOs, NH," uptake and
the ratios of NO; to NH, uptake significantly af-
fected the 8'°N of plants, with increasing NH;" uptake
leading to decreased 8'°N values. We found that the
plants in the desert grassland were depleted of PN
relative to the soil (except for S. collina and P. har-
mala), similar to other reports (Frank and Evans,
1997), although some exceptions exist. If discrimina-
tion occurs during the plant’s uptake of NH, and
NO; ™ (Evans et al., 1996), the plant may become PN
depleted due to "°N discrimination during the ammon-
ification and nitrification processes that yield isotopi-
cally light NH;" and NO;  relative to the soil organic
N (Nadelhoffer and Fry, 1994). The significantly in-
creased root 8'°N with grazing was consistent with the
findings of Harris et al. (2007), who reported on the N
content and the 8"°N of P. napostaense. The 8"°N of
roots (+0.29%o to 0.52%0) was much lower than that
for soil 8°N (+4.63%o to 5.06%o). The higher 8'"°N in
soil compared to root confirmed that the actively cy-
cling N pool is most susceptible to biological trans-
formation and that root uptake has a lower 8"°N com-
pared to the soil (Han et al., 2008).

In contrast to other studies that did not show
changes in soil 8"°C with grazing, we found soil *C
significant higher in grazed desert grassland. The soil
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8'°C values are related to changes in the isotopic sig-
nature of inputs or changes in the proportion of com-
pounds of organic matter with variable isotopic signa-
tures and turnover (Ehleringer et al., 2000). The soil
8"C values (~8.3%o to —6.7%0) were higher than those
for roots (—20.2%o to —15.6%0) and aboveground plant
tissue (—27.9%o to —13.3%o0). The greater 8"C values for
soil compared to plants is consistent with isotopic frac-
tionation during decomposition, whereby '*C is prefer-
entially lost as CO,, while "°C is retained and stabilized
in the soil (Han et al., 2008). The ranges, from —27.9%o
to —25.1%0 for °C values of 11 species and from
—13.3%0 to —14.3%0 for two species, were typical in
plants using the C; and C, photosynthetic pathways,
similar to those values reported by Derner et al. (2006)
and Deines (1980) for C; and C, plant species. The
8'°C values in the aboveground plant tissue were uni-
form between grazed and ungrazed desert grassland.
Grazing decreased the 8"3C values of legume and grass
species. The slightly greater BC values with ungrazed
compared to grazed grasslands are consistent with
greater discrimination against °C in the atmospheric
CO, under better moisture conditions than that is ex-
pected in ungrazed grassland. Better moisture condi-
tions favor more open stomata and the preferential up-
take of '2C over "°C. The 8"C values decreased, point-
ing to limitations in photosynthesis, which may have
reduced the capacity for N assimilation.

4 Conclusions

This study presents the evidence, i.e. the differences in
grazing can cause far-reaching changes in SOC, as
indicated by the SOC and total N contents. The SOC
and total N contents decreased with grazing in semi-
arid desert grassland. Significant decreases in the SOC
and total N contents may be attributed to the decrease
in plant aboveground vegetation and changes in soil
properties under grazing. Grazing did not lead to sig-
nificant variation in the §"°N of the soil, but resulted
in a significant increase in the 8"°C of soil. Grazing
effects on the 5'°N and the 8"°C values of plants were
uniform among species, and the 8"°N values of five
species decreased with grazing. Our findings suggest
that changes in biomass, vegetation coverage charac-
teristics, SOC and total N contents were good indica-

tors to grazing pressure on grassland ecosystems. The
SOC and the total N were sensitive to grazing and
difficult to recover after a significant decline has been
caused by grazing in desert grassland.
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