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Abstract. Livestock exclosure has been widely used as anthe lower proportion o¥3C lost from soil respiration. Thirty-
approach for grassland restoration. However, the effects ofwo days after labeling, 37 % of the recovefé@ remained
exclosures on grasslands are controversial and can depena the soil of the fenced plots, with significant differences
on many factors, such as the grassland ecosystem types, eveempared to in the grazed plots (47 %). In addition, [€&
lutionary history and so on. In this study, we conduct field ex- (5 vs. 7 %) was lost by soil respiration in the fenced plots dur-
periments to investigate the variations of the ecosystem funcing the chase period of 32 days. Overall, our study suggests
tion in response to livestock exclosure ifkabresia humilis  that livestock exclosures have negative effects on the plant
meadow with 6 years of grazing exclosure on the Qinghai—-community structure and partitioning patterns of the photoas-
Tibetan Plateau. We focused on two ecosystem functionssimilated carbon in th&obresia meadow, and the effects on
plant community structure and ecosystem carbon cyclingphotoassimilated carbon cycling are likely to result from the
The plant aboveground productivity, plant diversity and the variations of community structures in the ecosystem.
composition of plant functional groups of the meadow were

addressed as the indicators of the plant community struc-

ture. The'3C isotope pulse labeling technique was applied

to evaluate the alterations of ecosystem carbon cycling durdl Introduction

ing a short term. The results showed that the plant com-

munity structure was changed after being fenced in for 6Inthe grazing ecosystem, livestock is a major force in the de-
years, with significantly decreased aboveground productiviermination of grassland productivity (McNaughton, 1979,
ity, species loss and varied composition of the four plant1983). Many studies have revealed the positive effects of
functional groups (grasses, sedges, legumes and forbs). U§razing on grassland productivity with plant compensatory
ing the pulse labeling technique, we found a lower cyclingmechanisms (McNaughton, 1985; Kotanen and Jefferies,
rate of3C in the plant—soil system of the fenced plots com- 1989). Moreover, grazing can increase the plant diversity
pared with the grazed sites during the first 24 h after labelingand indirectly change the competitive relationships among
A higher proportion of recoveretPC in the plant—soil sys- species (Collins, 1987; Denslow, 1980; Knapp et al., 1999).
tem migrated into the soil as root exudates immediately aftetHowever, the effects of grazing on the grassland ecosystem
labeling at both fenced and control grazed sites, with a Sigwere shown to be controversial in different ecosystems or

nificantly lower proportion in the fenced site, coinciding with With variable intensity (Waser and Price, 1981). In addition
to the contribution of palatable plants consumed by livestock,

Published by Copernicus Publications on behalf of the European Geosciences Union.



4382 J. Zou et al.: Field'3CO, pulse labeling reveals differential partitioning patterns

the grassland also helps the ecosystem with C storage. In Large quantities of carbon are stored in the soil of grass-
grazed grasslands, the removal of plants by grazing was sudands, especially on the Qinghai—Tibetan Plateau, and, due to
gested to decrease the migration of carbon into the groundbng cold winters, the C sequestration in soil has been shown
(Morris and Jensen, 1998). Nevertheless, other works havéo be stable (Kuzyakov and Domanski, 2000). TKebre-
suggested that grazing has positive effects on the communitgia pastures are characterized by productive vegetation with
structure resulting in an increase of C sequestration (Reedex dense root system (Miehe et al., 2008). Its high root/shoot
and Schuman, 2002; Derner et al., 2006). biomass results in 90 % of the carbon assimilation being al-
Livestock exclosures have a potential value in assessindpcated into the ground of the pastures. It has been suggested
the effects of grazing upon vegetation and C sequestratiothat theKobresiapastures may be a moderate C sink as a
in the grasslands (Bock et al., 1984; Cheng et al., 2011; Heesult of a neutral net ecosystem £&xchange (Ni, 2002;
et al., 2011; Li et al., 2012; Su et al., 2003). ExclosuresShi et al., 2006). However, this C sink is vulnerable to land
appear to favor higher community diversity and productiv- use and grassland management, which have been suggested
ity compared with grazing in the arid grasslands (Bock etto be decisive factors for a C sink and source switch in the
al., 1984; Cheng et al., 2011). Furthermore, grazing exclo-Kobresiapastures (Wang et al., 2005).
sures are widely used as a management practice to restore In order to investigate how livestock exclosure affects the
degraded grasslands (Li et al., 2012; Su et al., 2003). Howgrassland ecosystem function, we focused on the assessment
ever, recent studies on a fendegymus chinensigrassland  of vegetation properties and ecosystem services as C stor-
in northern China demonstrated that the outcomes from exage of a 6-year grazing exclosure meadow on the Qinghai—
closure were related to the community types of the grassTibetan Plateau. A stable C-isotope analysis was carried out
lands, with responses to litter accumulation dependent orto track the newly assimilated carbon for C sequestration. We
plant density (He et al., 2011). Generally, there were caswere interested in (1) the variations of the vegetation com-
cade effects on C sequestration in the plant—soil system fronmunity structure after exclosure, (2) the cycling of the newly
variations of the community structure and other factors re-assimilated!3C in the plant-soil system in response to ex-
lated to exclosure (Li et al., 2012; Su et al., 2003). Many closure, and (3) if plant community structure influené&s
studies demonstrated that plant diversity and the interactionsycling in the plant—soil system.
among different species or plant functional groups had major
effects on C sequestration (Fornara and Tilman, 2008; Stein- .
beiss et al., 2008). In addition, litter accumulation as a resul? Materials and methods
of lack of grazing was suggested to suppress C cycling in the2
plant-soil system (Reeder and Schuman, 2002; Schuman &t

al,, 1999). The study was conducted at the Haibei Alpine Meadow

~ Onthe Qinghai-Tibetan Plateau, one;-third of the total arég=¢qsystem Research Station, located in northeastern Tibet
is occupied by grasslands at k&.0°km? (Sun and Zheng, (372945 N, 10°12-23 E) at an altitude of 3250m. The

1998). The grasslar)ds of the T'beta” Plateau are one of thgation has a continental monsoon-type climate, character-
most extensive grazing systems in the world (Schaller, 1998);, .4 by long, cold winters and short, cool summers. The an-
Much evidence indicates that grazing has been a widespreagl 4| average temperature i2°, with the coldest monthly
land use of the grasslands on the Qinghai-Tibetan Platea{émperature of-18° recorded in January, and the warmest

since 10000 years BP (before present; Qian, 1979; Guo €8¢ 1 in July. The mean annual precipitation ranges from
al., 2006). The plants of the Tibetan Plateau have evolved;¢ 1o 860 mm, with more than 80% precipitation occur-

with grazing. The long history of grazing has had important ring in the short summer from May to September. The an-
effects on the community structure and ecosystem function, 5| ayerage sunlight is 2462.7 h, 60 % of which is available
of the grasslands on the Tibetan Plateau (Klein et al., 20044, plants to grow. This provides advantages for the pho-
2008). It has been shown that grazing increases productivgosynthesis of herbage. The research area is dominated by
ity of the grassland (Klein et al., 2007). However, conflict- ¢, - of the most important vegetation communiti&sbre-

ing findings suggest that grazing decreases the productiviz hymilis meadowsPasiphora fruticosahrubs Kobresia

ity of the grassland, especially overgrazing associated Wit%ygmaemeadows andobresia tibeticaswamp meadows.
privatization and sedentarization, which leads to land degrap|gnts grow from May to September.

dation (Zhao and Zhou, 1999; Miller, 1999). Livestock ex-  1he experiments were carried out at the alpitabresia

closures were widely used as an approach to restore thg,milismeadow. The soil of thiobresia humilisneadow is
degraded grasslands on the Qinghai-Tibetan Plateau (YeRyassified as Mat Cry-gelic Cambisols according to the Chi-
2005). However, the policy of completely eliminating do- hese National Soil Survey and Classification System (Chi-
mestic grazing from grasslands may not be suitable for the,eqe Soil Taxonomy Research Group in Institute of Soil Sci-
grasslands with different vegetation types, degrees of degrgsnce of CAS, 2001). The vegetation is mainly dominated by
dation and evolutionary histories. Kobresia humilis Stipa aliena Festuca ovinaand so on.

1 Site description
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Our experimental site is situated along a valley floor. And was assessed and the samples oven-dried°aor@8 h be-
the meadow was characterized by a long winter grazing hisfore weighing.
tory, from 1 January to 30 March each year. The grazing in-
tensity was 3.51 sheep hiseason?, identified as a mod- 2.3 13 C pulse labeling
erate grazing practice. The fenced meadow with an area of
50 mx 50 m was established in 2005 in the experiment site.We carried out thé3C pulse labeling experiment on 22 July
It excluded yaks, sheep and goats during the whole year2011, which was a clear day. Four replicates were selected
The grazed meadow with an area of more thaxBD mto  in the fenced and grazed sites, respectively. Each plot repli-
the side of the fenced meadow was used as the control siteeate was pulse-labeled in a closed chamber consisting of a
Before exclosure, the vegetation and other environmentattainless steel base K11 m, 10 cm height) with a channel
conditions inside and outside the fence were homogeneougn the top and a PVC (polyvinyl chloride) cover x11 m,
and this homogeneity can reduce or eliminate the effects oft5 cm height). The bases were installed in the soil at 10cm
potential bias from variable sources on the differences bedepth on the day before the pulse labeling. When the pulse la-
tween treatments. Four independent quadrates in each tredteling experiment began, the PVC covers were sealed to the
ment were selected to investigate the vegetation compositiorhases using air-tight water seals in the channel on the bases.
while four independent plots were selected to carry out theAll the plots were labeled in th#CO, atmosphere simulta-
stablel3C isotopic labeling experiment. All the replications neously between 10:00 and 12:00 LT, with several minutes of
in the experiments were dispersed at random with about 10 ndiifference between pairs of plots. THREO, was released by
of spacing between the experimental areas. One quadrate faarefully injecting 10 mL of 10 % KSQy into the container
vegetation investigations corresponded to one adjatiht  holding the solution of 2.0 ¢ l\ﬁCOg in each chamber. The
labeling plot. The distance between the quadrate and the adtontainers were connected to the chambers by tubing and
jacent labeling plot was about 3 m. In our study, the experi-were mounted in the center of the plots before the chambers
mental quadrates and plots in each treatment were in a segrevere sealed. The air in each chamber was circulated by the
gated area, and the differences between the meadows undtems mounted on the PVC cover to guarantee a uniform air
exclosure and under grazing might possibly be due to factorgnvironment. The chambers were removed after 2 h. Before
other than the treatment effects during the 6-year exclosureppening the chambers, the chamber air was injected into 1M
however, the identical environmental conditions between theNaOH using syringes to absorb the unassimildf20, in
treatments during exclosure decreased this possibility. Therethe chambers.
fore, all the differences between the meadows under exclo-
sure and grazing were assumed to be due to the exclosuiz4 Sampling
effects.

After pulse labeling, samples were collected at 0, 3, and 6 h,
and at 1, 4, 11, 18, and 32 days in each replicate pot at the
two experiment sites.

At each sampling occasion, shoot samples were harvested
We investigated the vegetation structure in the fenced andn 10 cmx 10 cm squares by clipping the aboveground plant
control grazed sites in late August during the experiment peparts of all species. The shoot samples were separated into
riod. Four quadrates were selected randomly in each site. Thiving and dead and the living shoots were oven-dried and
size of each quadrate was 50 en®0 cm. ground & 0.25 mm) for'3C measurement.

The point-intercept method was carried out to assess the Immediately after shoot sampling, the static alkali absorp-
percentage of vegetation coverage of the recorded specig®n method was used to assess the amount of, G@lud-
(Walk, 1996). In each quadrate, a 50 &30 cm frame with  ing 13CO,, released from soil respiration (Hafner et al., 2012;
100 squares divided by nylon strings, each square measuSingh and Gupta, 1977). Briefly, G@amples of the soil res-
ing 5cmx 5cm, was placed over the vegetation. We verti- piration were absorbed in alkali (NaOH) in a closed cham-
cally inserted a short, thin metal rod from the canopy topber (10 cm diameter, 10 cm high) on the soil surface where
down to the ground in each square. The species hit by théhe shoot samples were clipped. At the sampling occasions
rod were recorded in the square, and the species diversity aff 3 and 6 h, and 1, 4, 11, 18, and 32 days after labeling,
each site was the sum of species found in the four quadrateshe containers holding alkali were well-sealed until labora-
The ratio of total hits of each species in the quadrates to théory analysis. To estimate total G@fflux, the CQ trapped
100 squares was recognized as the relative coverage of tha the NaOH solution was precipitated with a 2M barium
species. Then, the aboveground biomass was harvested froahloride (BaC}) solution and the NaOH was titrated with
each quadrate to evaluate the productivity of the grassland).1 M hydrochloric acid (HCI) against a phenolphthalein in-
Living and dead materials were separated and living speciedicator (Zibilske, 1994; Werth and Kuzyakov, 2008). A total
were divided into four functional groups: grasses, sedgespf 10 mL of SrCh was added to 10 mL of NaOH of each sam-
legumes and forbs. The biomass of each functional groupple to produce SrC&precipitation. The SrC@precipitation

2.2 \egetation structure analysis
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Table 1.Species diversity, meas(SD — standard deviation) vegetation aboveground biomass, and vegetation cover in the fenced and control
grazed meadows.

Plant functional group  Species diversity Biomass ngm Vegetation cover (%)

Fenced Grazed Fenced Grazed Fenced Grazed
Grasses 6 6 264.438.11) 198.30£39.60f 109.5 (5.07) 81.5£9.88)
Sedges 3 3 29.1A4(11.46) 46.184£16.08) 8.5£3.70) 17.25£12.66)
Legumes 2 5 1.5741.71) 42.58 £14.79) 6.5 (+4.43) 41.5 ¢£11.45%
Forbs 18 22 56.59425.12) 116.29419.17y 61.5&19.82) 97.254£7.50)"
Total 29 36 351.76£5.84)  403.354£41.29F 186 (22.99) 237.54£16.82)f
Litter 219.00 (-82.57) 104.0845.39)

* Indicates significant differences At< 0.05 between the fenced and grazed meadows §).

in the NaOH solution was neutralized with degassed watemunlabeled samples should be subtracted from that in the sam-

and oven-dried fot3C measurement. ples to assess tHEC (at %) derived from the pulse labeling
Soil cores of 8 cm in diameter were taken from three lay-in the samples.

ers, 0-5, 5-15 and 15-30 cm, immediately after air sampling.

All roots and soil in the cores were carefully extracted and3C excesgat%) = 13C of samplegat%)

sieved with a 2mm screen. The soil samples that passed 13

through the sieve were air-dried and ground(Q(15 mm).

For 13C measurement in soil organic C (SOC), carbonatesF

were removed from the soil samples by washing in 0.1 M

HCI for 24h (Midwood and Boutton, 1998), the samples lina:

were then neutralized by adding deionized water and driedbe ing:

at 40 before the'3C measurement. The roots were care- ;5

fully washed with river water and rinsed with deionized wa-

ter through a 0.15mm screen to remove attached soil andx C pool size(g m2) x 10.

dark-brown/black debris. The roots were further separated

into living and dead components based on their color andC pool size (g m?) is the carbon content in samples, which

texture. The living roots were treated in the same way as thévas assumed to be constant in shoots, roots and soil during
living shoots for!3C measurements. Only data from living the chase period.
roots are mentioned in this work.

C of unlabeled samplgat %

inally, the following equation was used to determine the
amount of13C incorporated in the samples from pulse la-

C amountimg m~?) = 13C excesgat %)

13C
2.5 Measurement and calculations % of recovered3C = ——2MU" . 100

lSCO amount
The carbon contents in the samples were measured with an ) N
elemental analyzer; and the natural abundance in sample¥/as calculated to determine the partition (%§¥€ recovery
which was expressed @33C (%), was determined with a incorporated into C pools at a special timafter the label-
) ) ’ i 13 i i
MAT 253 stable isotope ratio mass spectrometer system cou!9- Ciamount represented th&*C mass incorporated into

pled to an elemental analyzer. the carbon pools at_a special tim_,eand 13C()moumr_epre-
The isotopic ratio C / 12C) of each sampl®samplewas sented thé3C mass incorporated into the plant—soil system
calculated as by summation of3C amounts measured in shoots, roots and
13 soil at O h after the pulse labeling.
R =(——+1) X RppB.
sample= (7500 1) > Reoe 2.6 Statistical analyses
Rppe = 0.011237 is the isotopic ratio 0ffC/12C in Pee
Dee Belemnite. All statistical analyses were performed using SPSS 19.0 soft-
The 13C in the total C in the samples &3C (at %) was  Wware. Data were analyzed by ANOVA (analysis of variance).
calculated as The only factor was the land use type: fenced and grazed. The
13 sample statistical analyses dfC recovery (%) in carbon pools at
C(at% = (Rsam—ple+1> x 100 each sampling time between the fenced and grazed meadows

during the chase period were performé&d< 0.05 was con-
Because of the existence of natural abundanéé3a (%) in sidered statistically significant for differences between the
the unlabeled samples, the isotopic ratio in the total C in thefenced and grazed meadows.

Biogeosciences, 11, 4384391, 2014 www.biogeosciences.net/11/4381/2014/



J. Zou et al.: Field 13CO; pulse labeling reveals differential partitioning patterns 4385

Table 2. Mean &SD) C stocks (Mg C hal) aboveground and 3.2 Carbon stocks in the plant-soil system during

belowground C pools, and meant$D) soil respiration rate the 13C chase period
(MgC ha 1 d_l) during the chase period in the fenced and grazed
meadows. The carbon stocks in the meadow under exclosure changed

significantly only in shoots and soil organic C pools at 0-5

Depth  Fenced Grazed and 15-30 cm compared to the meadow under grazing (Ta-
Shoot 1.4640.23) 2.12 ¢0.25) ble 2), based on the data during the chase period. The car-
Roots 0-5 5.4543.03) 2.89¢1.11) bon stock in shoots was significantly lower in the fenced

5-15  1.80£166)  1.0940.32) meadow than in the grazed meadow (Table 2). The carbon

15-30 0.7240.28)  0.42 {0.10)

0-30  7.964.4.85) 4.40 ¢128) stock in roots at 0—30cm increased in the fenced meadow
Soil 0-5 26.3044.41) 18.72 £2.33f comp_are_c_i to the grazed mea_dow, but the differences were
5-15  44.6445.41) 43.1045.49) not significant at each depth interval. The carbon stocks in
15-30 38.2941.19)  41.7942.07)* roots decreased significantly with increasing soil depth in the
0-30  109.23¢4.01) 103.6145.15) two treatments. Soil organic C stocks at 0-5 and 15-30cm

Soil respiration rate 0.025:0.002)  0.03540.002)* were significantly different between the two treatments. SOC

* Indicates significant differences At< 0.05 between the fenced and grazed meadow StOCks at 0—5cm were higher in the fenced meadow com-

(n=4). pared to in the grazed meadow, but it was lower at 15-30 cm.
SOC stocks at 5-15 cm were not changed significantly after
3 Results exclosure. SOC stocks at 0-30 cm depth were higher in the

fenced meadow than in the grazed meadow, but the differ-
3.1 \Vegetation composition ence was not statistically significant. However, the C loss rate
from belowground in soil respiration was significantly lower
A total of 6 years without grazing has lead to remarkablein the fenced meadow than in the grazed meadow (Table 2).
alterations in the vegetation composition of Kabresia hu-
milis meadow. 3.3 13C allocation and dynamics in the
The fenced meadow had a lower aboveground biomassand  plant-soil system
a larger aboveground litter mass than the grazed meadow (Ta-
ble 1). In addition, the composition of the shoot biomass wasAt the beginning of the chase period, the total amount of
changed after exclosure (Table 1). The relative biomass ofixed **C which was recovered by summation C esti-
each of the four functional groups to the total shoot biomasgnated in shoots, roots and soil (pe)mwas assumed to
in the fenced meadow was 75, 8, 0.4 and 16 % correspondde 100% of the net plant*C fixation during the 2h la-
ing to grasses (Gramineae species)l Sedges, |egumes ahé'lng time either in the fenced meadow or in the grazed
forbs, respectively, and different from those of the grazedmeadow. The'3C losses from shoot respiration occurring
meadow (49, 11, 11 and 29 %, respectively). The uniformityconcurrenﬂy with partitioning were not estimated. The re-
in the composition of the functional groups was lower in the covery of*3C in shoots was significantly higher in the fenced
fenced meadow than in the grazed meadow. The biomasBlots (53 %) compared to the grazed plots (42 %) at this time
of Gramineae species was significantly higher in the fencedFig. 1a). Conversely, the recovery 5C in soil was signif-
meadow than in the grazed meadow, but the biomass ofcantly lower in the fenced plots (44 %) than in the grazed
legumes and forbs were significantly lower in the fencedplots (53%) (Fig. 1c). The recovery &fC in roots had no
meadow. However, the biomass of Sedges had no SigniﬁSignificant difference between the fenced p|OtS (3 %) and the
cant differences between the fenced meadow and the grazedfazed plots (4 %) (Fig. 1b).
meadow (Table 1). The 13C recovery decreased following exponential decay
The total coverage of the meadow decreased significantlyn shoots within the chase period in both the fenced and
in the fenced meadow compared to the grazed meadow (Tedrazed plots (Fig. 1a). The fixddC was exported from the
ble 1). The coverage was significantly lower in the legumesshoots mainly by shoot respiration and belowground trans-
and forbs of the fenced meadow, while the opposite responsBOTt into the roots and soil. The partition of recoveté@ in
occurred in the grasses. The coverage of sedges had rfd10ots (14 %) and belowground carbon pools (53 %) in the
significant differences between the fenced meadow and th@lots at the end of chase period was significantly lower in
grazed meadow (Table 1). the fenced meadow compared to that in the grazed meadow
The plant diversity was reduced in the fenced plots (Ta-(Fig. 2). Accordingly, the*3C recovered in shoots and be-
ble 1). The missing species were legumes and forbs and thed@wground carbon pools was 18 and 61 % in the grazed plots.
was no variation in grasses and sedges. Being estimated from the recovery HiC in shoots and be-
lowground during the chase period, a highé€ recovery
was lost from shoot respiration in the fenced plots than in the
grazed plots.

www.biogeosciences.net/11/4381/2014/ Biogeosciences, 11, 43312014
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Figure 1. The dynamics of3C allocation (percentage of recoveretT) in shootga), roots(b), and soil(c) in the fenced and control grazed
meadows during the 32-day chase period. The last figure shows the dynamicd3g@eefflux rate (percentage of recovertC d—1) by

soil respirationd) during the chase periodl.Indicates significant differences Bt< 0.05 between the fenced and grazed meadows for each
time step. Data are meassstandard deviatiom(= 4).

Exclosure had effects on the trend '8 exported from  plots at all sampling times during the chase period, proba-
shoots in the plots (Fig. 1a). The recovery'®€ declined in  bly as a result of the higher variability between the four plots
arapid process from 53 to 23 % in the fenced plots during the(Fig. 1b). The recovery of*C in roots reached its maximum
11-day period after labeling, and then it decreased to 14 % aat 32 days (10 %) in the fenced plots and at 11 days (6 %) in
the end of chase period. The recovery!'®€ in the grazed the grazed plots.
plots decreased in a rapid process from 42 to 26 % during the Belowground3C was mainly distributed in the soil of the
1-day period after labeling. Thereafter, it decreased to 22 %fenced plots and the grazed plots (Fig. 2). The proportions of
at day 4 and was followed by a slow decrease until the endixed 3C recovered in soil were significantly lower in the
of the chase period (Fig. 1a). The decline of recovér@  fenced plots compared to the grazed plots at all sampling
in shoots was lower during the first 24 h after labeling in the times except 18 days after labeling (Fig. 1c). The recovery
fenced plots (10 %) than in the grazed plots. of 13C in soil declined at a higher rate during the first 24 h in

Small proportions of fixed3C were recovered in roots af- the fenced plots than in the grazed plots (Fig. 1c). It reached
ter 2 h of labeling both in the fenced plots and in the grazedits minimum (35 %) on day 1 and increased to 37 % on day
plots (Fig. 1b). No significant differences in the recovery of 4 followed with nonsignificant differences until the end of
13C in roots were found between the fenced plots and grazed

Biogeosciences, 11, 4384391, 2014 www.biogeosciences.net/11/4381/2014/
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; remained constant during the chase period in the two treat-
60 | * I Fenced ments (Fig. 3a).

[ Grazed The 13C recovery in the soil was not consistent with the
rank order of the depth (Fig. 3b). The percentage’S6fre-
covery in the top 5, 5-15 and 15-30cm relative to the total
* 30cm averaged 13.9, 41.7 and 44.2 % in the fenced plots, re-
spectively, compared to 9.1, 41.4 and 49.5% in the grazed
plots during the chase period. No significant changes$a
recovery in the top 5cm occurred during the whole chase
period except at several sampling times in the soil between
* the fenced plots and the grazed plots; however, significantly
‘ lower 13C recoveries in the second and third layers were

S found in the fenced plots than in the grazed plots (Fig. 3b).

40 |

20

Partitioning of “c (% of recovered 13C)

Similar dynamics oft3C recoveries in the top 5, 5-15 and

0 ! : ‘ ! : ' : . 15-30 cm were suggested both in the fenced plots and in the
Shools Belowground total Roots Soil Soil respiration grazed plOtS. AS the dynamiCS in total 30 Cm, %ﬁ@ recov-
Figure 2. Partitioning of 13C (percentage of recoverédC) in eries at all three layers in the soil reached their minimum in

shoots and belowground of the fenced and control grazed meadow'e f'VSt_ 24h in the fenced plots and at day 18 in the grazed
at day 32 of the chase period. The partitioning3@ (percentage of ~ Plots (Fig. 3b).

recoverecF3C) in belowground stocks was divided into three parts,

including roots, soil stocks and loss by soil respiration (right side of

figure).* Indicates significant differences &t< 0.05 betweenthe 4 Discussion

fenced and grazed meadows. Data are meastandard deviation

(n=4). Livestock exclosure alters the structure of grassland com-

munities as well as the cycling of materials in the grassland
ecosystem (Morris and Jensen, 1998; Reeder and Schuman,

the chase period in the fenced plots. In the grazed plots, £002; Derner et al., 2006; Altesor et al., 2005). Some field
minimum (42 %) was reached 18 days after labeling. studies have proposed exclosure as an effective approach for

Exclosures decreased tHE recovery in total C@efflux restoring vegetation and improving C sto.rage of the grass-
from soil respiration during the chase period in the fenced!2nd (Li etal., 2012; Su et al., 2003), while others demon-
plots (5 %) compared to the grazed plots (8 %) (Fig. 2). Thestra}ted'that exclosure has had negative effects on C seques-
13C0y, efflux rate declined exponentially during the chase pe-tration in grasslands (Reeder and Schuman, 2002). This ap-
riod both in the fenced and grazed plots. A hig¥€0; ef- parent contradiction can be explained by the d|ffere_nt ev_olu-
flux rate from soil respiration occurred during the first 24 h ionary processes, degrees of degradation and grazing history
after labeling, thereafter, it declined gradually and slowly un- " these grassland communities. Indeed, the effects of exclo-
til the end of the chase period. TRECO, efflux rate from ~ SU'€S 0N grasslands are community-specific.
soil respiration during the first 24 h was significantly lower

in the fenced plots compared to the grazed plots (Fig. 1d). 41 Effect of exclosure on vegetation structure

_ ) o Our results indicated that the aboveground plant biomass,
3.4 Vertical-spatial variations of belowground coverage and richness had significant decreases associ-
13C allocation ated with the changes in functional group composition in
Kobresia humilismeadows under exclosures compared to
Thel3C recovery in roots decreased with depth in the fencedthe meadows under grazing, where the grass (Gramineae
plots and in the grazed plots (Fig. 3a). The percentad@®f species) increased in abundance compared to the decrease
in the top 5, 5-15 and 15-30cm relative to the 30 cm depthfor the sedges, legumes and forbs (Table 1). These results
averaged about 78, 15 and 7 %, respectively, in the fencedre not consistent with several works that have demonstrated
plots compared to 72, 23 and 6 % in the grazed plots durexclosures having positive effects on the growth of the veg-
ing the chase period. The dynamicsl®€ recovery in roots  etation (Morris and Jensen, 1998:; Derner et al., 2006; Bock
mainly occurred in the top 5 cm in the fenced plots, and thereet al., 1984; Cheng et al., 2011). However, other studies have
was a gradual and slow increase of #R€ recovery in the  shown that exclosure is detrimental to the vegetation because
5-15 cm depths. In the grazed plots it reached its maximunof the lack of livestock grazing (McNaughton, 1983; Knapp
11 days after labeling in the top 5cm, similar to that in the and Seastedt, 1986).
total 30 cm; however, it reached its maximum on day 4 in The Kobresia humilismeadow is productive and is well
the 5-15 cm depths. The recovery’3€ in the third layer  known to evolve with grazing (Qian, 1979; Guo et al., 2006).

www.biogeosciences.net/11/4381/2014/ Biogeosciences, 11, 43312014



4388 J. Zou et al.: Field'3CO, pulse labeling reveals differential partitioning patterns

a 14 b
0-5cm —m—Fenced *kk
12 30 <
-0 - Grazed
5-15cm —@—Fenced
10 4 - O - Grazed
15-30cm —&— Fenced

- 4 - Grazed

[
o
1

=]
1

3C in roots (% of recovered °C)
[+2]
1
13, . . 13
C in soil {% of recovered “C)

o
1

0-5cm —#— Fenced 5-15cm —@— Fenced 15-30cm —&— Fenced

0 -0 - Grazed -0 - Grazed - & - Grazed
T T T T T T T T T T T T T T
0 10 20 0 0 10 20 30
Days after labeling Days after labeling

Figure 3. The vertical distribution dynamic dC allocation (percentage of recover%?d:) in roots(a) and soil(b) at layers of 0-5, 5-15
and 15-30cm in the fenced and control grazed meadows during the 32-day chase*phriticates significant differences &t < 0.05
between the fenced and grazed meadows for each time step at each soil layer. Data ate stexaahesrd deviatiom(= 4).

For a winter-grazing pasture in our research, the eliminatiorplots than that in the grazed plots (16 %) during the first
of livestock from grassland caused more accumulation of24 h after labeling. These estimations in the two treatments
aboveground litter, leading to a decrease of the bare ground/ere much lower than the value of 36.7 % reported by Wu et
area for the extension and reproduction of the vegetation iral. (2010) and 77 % found by Ostel et al. (2000).
spring. Furthermore, and importantly, the litter on the ground  Exclosure limited thé3C allocation into the ground com-
may alter the productivity by reducing the absorption effi- pared to moderate grazing. Significantly lower recovery of
ciency of radiation due to self-shading (Altesor et al., 2005;13C in soil was found in the fenced plots immediately af-
Knapp and Seastedt, 1986). ter labeling (Fig. 1c), as a response of the low&e flux

We showed that the composition of the four functional rate transported from shoots. The rapid decline of the recov-
groups was changed after fencing of the grassland. The difery of 13C in soil under exclosure during the first 24 h con-
ferent characteristics of the functional groups and the abovefirmed the restricted®C dynamics from shoots into soil as
ground accumulated litter may be important factors affect-compared to that under moderate grazing. The lowest pro-
ing the composition of the functional groups (Klein et al., portions of recovere#®C were allocated to roots both in the
2004). Grasses dominating the canopy top of the meadovienced plots and in the grazed plots immediately after label-
had a stronger competition for light than other functional ing. This result was consistent with the reports laslium
groups in the grassland community (Kull and Aan, 1997). perenne(Kuzyakov et al., 1999; Kastovska and Santruck-
Many studies have demonstrated that light is one of the mosbva., 2007). In @3C labeling experiment on the alpine grass-
important resources that determine plant production (Alte-land, the results also indicated the amount3 recovered
sor et al., 2005; Knapp and Seastedt, 1986; Semmartin anih living roots was the smallest within the belowground pools
Oesterheld, 1996). Self-shading due to the accumulated littefHafner et al., 2012). We indicated that the roots provided a
was detrimental to the growth of legumes and forbs, and leadapid transport and muckC fluxed into soil as root exu-
to the biodiversity loss in the two functional groups (Grime, dates. Also, it was supported by the slowly and gradually in-
1979, 1998; Huston, 1994). The growth of grasses was enereasing of-3C incorporated in root biomass during the chase
hanced concurrently with the suppressed growth of legumegperiod. However, no significant differences of i€ recov-

and forbs. ery in roots existed between the fenced plots and the grazed
plots during the chase period. TH&CO, efflux rate in soil
4.2 Effect of exclosure ort® C dynamic and allocation respiration decreased exponentially with time, which might

be induced by thé3C redistribution from shoots. Exclosure
The 13C flux rate transported from shoots was lower in the lead to a significantly decreas&C0; efflux rate compared
meadow under exclosure. Immediately after labeling, a sigto grazing. Considering the nonsignificant difference5af
nificantly larger recovery ot3C in shoots was found in the recovery in roots between the meadow under exclosure and
fenced plots compared to the grazed plots (Fig. 1a). A lowergrazing, the decrease might mainly result from the decrease
proportion of recovered®C (10%) is lost from shoots by in 13CO, released from soil. Decreased root exudates might
shoot respiration and belowground transport in the fenced
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decrease the abundance and activity of the microorganismeling by limiting the contribution of recently fixed plant
with a decreased C turnover rate in soil (Uhlirova et al., photosynthate to ecosystem carbon cycling. The plant rich-
2005). At the end of chase period, a significantly lower re-ness has been demonstrated impacting the aboveground
covery of13C in the fenced meadow (53 %) was transportedbiomass through complementary effects of light utilization
into the ground than in the grazed meadow (61 %). The refrom diverse plant canopy structures and other character-
covery of 13C transported into the ground in the two treat- istics (Loreau and Hector, 2001; Tilman et al., 2001; Vo-
ments was within the range of 40-80 % of fixed C in peren-jtech et al., 2008). Thus, the decrease of plant richness un-
nial plants reported by Kuzyakov and Domanski (2000), andder exclosure could impact the carbon inputs by affecting
close to 58.7 % was transported into the ground reported irthe aboveground biomass in the community. Besides, several
the similarKobresiameadow (Wu et al., 2010). investigators demonstrated that the increased plant richness
The significantly lower'3C allocation in soil under ex- could affect the carbon cycling in soil by increasing micro-
closure limited the vegetation productivity with significantly bial biomass and activity (Steinbeiss et al., 2008; Wardle et
lower 13C allocation in shoots. Les¥C allocated in soil ~ al., 1999; Hooper et al., 2000; Stephan et al., 2000). In addi-
as root exudates under exclosure might decreasé¥Be tion, the decrease of legumes abundance in the fence meadow
turnover in soil. Blagodatskaya et al. (2007) demonstratedcould decrease soil C sequestration as suggested by Fornara
the relationships between root exudation and SOM turnoveand Tilman (2008). The decreased allocation of recovered
through the abundance and activity of microorganisms in the'3C in shoots as a result from shortage of nutrients might
rhizosphere. This processes had important impacts on sobbe influenced by the lack of available nitrogen from N-fixed
nitrogen mineralization, furthermore, the decreased soil nidegumes.
trogen mineralization rate under exclosure was detrimental
to the nutrient supply for plant growth (Hamilton and Frank, ,
2001; Ayres et al., 2004). The lower recovery’8€ allo- ° Conclusions
cated in shoots at the end of the chase period might resu
from less nutrients available to absorb from the soil. How-
ever, the carbon stored in roots and the allocatiof®6fin . . : o
response to livestock exclosure in th@bresia humilis

roots were not significantly influenced with the decreasedmeadow‘ Exclosure limited tHEC partitioning in soil with

. . 13 .
proportion .Of fixed™C in ShOOFS under excl.osure. TheC decreased carbon turnover in soil. The significant vegetation
recovered in roots tended to increase during the chase pe;

riod in the fenced plots (Fig. 2b). Although a higher recov- changes under exclosure may be responsible for the differ-

ery of 13C was allocated in roots in the fenced plots than in S"oc observed in C cycling in the short term. However, fu-

the grazed plots, and higher spatial variability obscured theture experiments overlong periods and on large spatial scales

differences of-3C allocation in roots between the two sites. '€ required to better understand the effects of exclosure on

Plants increased the recovery!8€ in roots as a response to the Kobresia humilismeadow. In this study, considering the

the shortage of nitrogen (Hamblin et al., 1990). We suggesgegatlve. responses of vegetation and photoassumllatgd car-
i3 . S . ~~7"bon cycling in responses to exclosure, we found the evidence
that lower~>C turnover in soil with lower nitrogen acquisi-

. : . : that livestock exclosure was detrimental to #@bresia hu-
tion stimulated root growth for nitrogen absorption.

Exclosure affected the vertical distribution 1C in soil. milis meadow, which has evolved with a long history of graz-

Jobbagy and Jackson (2000) demonstrated that vegetatio'Hg' Given different evolutionary processes, degrees of degra-

changes SOC distributions with depth in the soil throughdation and 9“’%””9 histories of different grz_assland ecosys-
. o . tems, the application of the exclosure practice to the grass-

different carbon allocation in the system. Lé$€ migrated land hould b : e

from the roots to the soil at deeper depths in the fenced plotsan management should be community specific.

than in the grazed grasslands during the chase period. We

suggest that the lower allocation &iC in soil transported  AcknowledgementsiVe acknowledge the support of this study by
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we hypothesize that the vegetation structure is the princi- T

pal driver linking exclosure to recently assimilated carbon

cycling in the plant-soil system. The decrease of above-

ground biomass has important implications for carbon cy-

IE)ur results demonstrated that the vegetation community
structure and thé3C partitioning patterns were altered in
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