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Abstract 

We evaluated the eKects of livestock grazing on C contcnt of the plant-soil system (to 60 em) of two semi-arid grasslands: a 
mixcd-grass prairie (grazed 12 years), and a short-grass steppe (grazed 56 years). Grazing treatments included season-long grazing 
at heavy and light stocking rates, and non-grazed exclosurcs. Significantly higher soil C (0-30cm) was measured in grazed pastures 
compared to non-grazed exclosurcs, alttiougli for the short-grass steppe higher soil C was observed with the heavy grazing treat- 
ment only. Excluding grazing caused an immobilization of C in excessive aboveground plant litter, and an incrcase in annual forbs 
and grasses which lack dense fibrous rooting systcnls conducive to soil organic matter formation and accumulation. Our data 
indicate that higher soil C wit11 grazing was in part the result of more rapid annual shoot turnover, and redistribution of C within 
the plant-soil system ;IS a result of changes in plant species cornposition. :c) 2001 Published by Elsevier Science Ltd. A11 rights 
reserved. 

Kcyn.ords: Carbon; C storirge; Grassl;~nds: Grazrng; Great 1'i;irns 

1. Introduction sites across nine states in the historic grasslands of the 
USA reported an average of 1 2 3 5  48 MT/ha C to a 

Grazing lands co~nprise the largest and nlost diverse depth of 2 m (Follett, 2001). Variation in C content 
single land resource in the USA and In the world, and as across grassland types is largely a function of climatic 
such represent an important component of tcrrcstrial C and edaphic factors; organic C tends to increase with 
cycling and sequestration. Over 160 Mha (inillion hec- soil clay contcnt (Bauer et al., 1987) and annual pre- 
tares) of native range lands are located in the western cipitation, and decrease with increases in mean annual 
US (Sobecki et al., 2001), but few data exist quantifying tcnipcrature (Thorp, 1948; Burke et al., 1989). 
the magnitude and distribution of C stored in these Althouglt the total amount of C varies significantly 
semi-arid lands. Moreover, the elTccts of grazing man- across dilfcrcnt grassland types, the relative distribu- 
agement on the biogcochen~ir~l processes that control tion of organic C is fairly consistent in perennial 
the cxchdnge of C betwee11 the jo~ l  .ind ~~tmosphere ale g r~ ta~ l~ in t i  ccosybtems (Burke et a1 , 1997). Unl~ke  forest 
not well understood. ccosystclns which store a large amount of organic C 

F c ~ v  studies have actually ~nc;~surcd the complete C aboveground. generally less than 1% of grassland 
budgets of native grasslands, but the dat:t av;iilable organic C is in aboveground plant biomass (Burke et 
suggest that C contcnt varies ~vidcly among ciilfcrent al., 1997). The portion of grassland C residing in plant 
grassland types. A comparison of 14 native grassland biomass is relatively small (-10%) with the majority 

of plant C belowground in plant roots. The largest 

* Correspolldlng ;lilr~lor. ~ ~ 1 . :  ,. 1-970.498-313~: filX: 1 . 9 7 0 . ~ ~ ~ -  rc~crvoir of organic C in grassland ecosyste~ns is the 
2909. soil organic matter (SOM), which contains about 90°/b 

E-t11url1ri~dres.s: jdrecdcr(<r laniar.co1z~st;ite.d~ (J.D. RccJcr). of the total system organic C. Typically, grasslalld 
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SOM concentrations are highest in the surfr~ce soil and 
decrease with depth (Thorp, 1948; Paul and Clark, 
1996). However, the subsoil usually contains a sig- 
nificant portion of total ecosystem C and is therefore 
an important component of thc C sequestered in 
grasslands. About 40% of tall-grass soil organic C and 
about 50% of short-grass soil C can be stored below 30 
cm in the soil profilc, but sampling to 60 cnl usually 
captures about 9Ooh of the root biomass and soil 
organic C of grassland ecosystems (Weaver, 1935; Gill, 
1998; Reedcr et al., 2001). Inorganic soil C is also an 
~mportant  component of sequestered C 111 the scrnl-ar~d 
grasslands of western USA. but the role of so11 car- 
bonate C In the glob,ti C cycle is uncertain (Monger 
and mar tine^-R~os, 2001) 

The effects of granng management on the ecosystem 
processes that control C cycl~ng and distrlbut~on have 
not been suflic~cntly evaluated In natlve grassland eco- 
systems. Current literature suggests no clear general 
relationships between grazing management and C 
sequestration. Some studies have reported no eKect of 
grazing on soil organic C (e.g. Johnston et al., 1971; 
Dormaar et al., 1977; and Milchunas and Laurenroth, 
1993), while several others reported increases (e.g. 
Smoliak et al., 1972; Derner et al., 1997; Schuman et al., 
1999; Weinhold et al., 2001), and a few reported 
decreases (e.g. Bauer et al., 1987; Frank et al., 1995; 
Derner et al., 1997) in soil C as a result of grazing. Dif- 
ferences in the response of ecosystem C to grazing are 
the result of diKerenccs in climate, inherent soil proper- 
ties, landscape position, plant community cornpositlon, 
and grazing management pract~ccs among reported 
studies. Schuman et al. (1999) suggested that varlance In 
the measured response of grassland ecosystem C to 
grazing also results from soil variations within individ- 
ual studies, differences in the depth of soil profile being 
evaluated, and lack of a thorough evaluation of C dis- 
tribution within the system. 

Although inconslstencles In grassland C re5ponse to 
grazlng have been reported, scvcral gcneral~zat~ons 
concerning the Impact of granng 011 grassland ecosys- 
tem C can be made Graz~ng  management techniques 
that have been developed to ~ncrease forage product~on 
for livestock also have the potenttal to increase SOM 
and C sequestration (Conant et al., 2001). Howevcr, 
increases in C sequestered as SOM have been reported 
even when grazing management results In decreased 
production. Thls can occur where graz~ng-~nduccd 
changes in spccies compos~t~on  result rn lower forage 
production but greater root-to-shoot ra t~os  and thus 
lncrcased allocation of C belovvground (Schuman ct a1 , 
1999). So11 C content also could potentially lncredsc IT 
decreased aboveground plant inputs to the so11 are of'fset 
by manure inputs or ~f grazlng results In lower standlng 
stocks of biomass but ~ncreased product~on and tuln- 
over (Conant et al.. 2001). Finally, because granng 

aKects photosynthetic rate and C allocation patterns 
differently among grass spccies (Dycr and Bokhari, 
1976; Detling et al., 1979; and Painter and Detling, 
1981), grazing management has a varying effect on the 
magnitude, distribution and cycling of C in diKercnt 
grassland ecosystems. 

We conducted studies to characterize the impact of 
livestock grazing in te~~s i ty  on the C and N balance 
of two grassland types predominant in the Great Plains, 
northern mixed-grass prairie (Schuman et al., 1999) and 
the short-grass steppe (Reeder and Schumrtn, in prepa- 
ration). This paper compares response differences 
between thcsc two grassland types to grazing intensity 
and consequent differences in organic C cycling, dis- 
tribution, and C sequestration potenti:~l. 

2. Materials and rnetliods 

We evaluated the effects of livestock grazing on the 
organic C balance of two semi-arid grasslands that 
dominate the northern and central Great Plains: 
northern mixed-grass prairie in southeastern Wyoming, 
and the short-grass steppe in northeastern Colorado. 
The mixed-grass prairie is located at  the High Plains 
Grasslands Research Station (HPGRS) near Cheyenne, 
Wyom~ng, with elevations ranglng from 1910 to 1950 
m, annual frost-free period of 127 days, and average 
annual precipitation of 366 mm, of which 70% occurs 
during the growing season (National Oceanic and 
Atmospheric Administration, 1994). Vegetation bio- 
mass is 80% grasses (55% cool-season C3 species and 
25% warm-season C4 species), and 20% forbs, sedges 
and half-shrubs. Dominant cool-season C3 species are 
western wheatgrass ( P a s c o p ~ ~ r ~ a ~ ~  stnithii (Rydb.) A. 
Love) and needleandthread (Stipa cotnata Trin & 
Rupr.), and the dominant warm-season C4 species is 
blue grama (Boureloua gracilis (H.B.K) Lab. Ex 
Steud.). Annual production averages 1100 kg ha-I, and 
ranges from 550 to 1900 kg hami  on grazed pastures. 
Dominant soil series arc Ascalon and Altvan sandy 
loams (mixed, mesic Aridic Argiustolls; Stevenson et 
al., 1984). 

The short-grass steppe is located at  the Central P la~ns  
Exper~mental Range (CPER) 40 km northeast of Fort 
Collins, Colorado, and 29 km southeast of the HPGRS, 
with elevat~ons ranglng from 1600 to 1690 In, average 
frost-free period of 133 days, and average annual pre- 
c~pltation of 325 mm, of wlnch 50-80% occurs durlng 
the growing season (Hart, 2000). Vegetation biomass IS 

80% grasses (70% warm-season C4 specles and 10% 
cool-season C3 spec~es), 10% forbs, sedges and pr~ckly 
pear, and 10% shrubs. Warm-season C4 grasses include 
the shortgrasses blue grama (the dominant species) and 
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buffalograss (Buchloe duct~~loicles (Nutt.) Engclm.), and 
the midgrass red threeawn (Ari.rtiriu lor~giscta (Steud.) 
Vasey). Cool-season C3 midgrasses include western 
wheatgrass and nccdleandthrcad. Other gramminoitis 
include Carex eleocharis Bailey, El j t?~~is  e[vrlloir/es (Raf.) 
Swezey, and SporoDo1u.s cryptat1c1rz1.s (Torr.) Gray. The 
cactus Oploltia polyacarirha (Haw.) is extremely abun- 
dant, Arter?lesiu frigida (Willd.) is the most common 
semi-shrub, and Sphueralceci coccitlea (Pursh) Rydb. is 
the most common perennial forb (Hart, 2000). Annual 
production averages 600 kg hapL,  and ranges from 200 
to 1100 kg ha-' on grazed pastures. Dominant soil 
types are fine sandy loams, Olncy (fine-loamy, mixed, 
mesic, Ustollic Haplargid) and Rcmmit (coarse-loamy, 
mixed mesic, Ustollic Can~borthids; Peterson and Kelly, 
1994). 

Graz~ng  treatments were established on the mlxed- 
grass pralrle at the HPGRS in 1982 in an arca that had 
not been grazed by domes t~c  l~vestock for over 40 years. 
Treatment pastures werc established In a randoln~zed 
block design with two replicate blocks (pastures) for 
each of seven grazing strategy-stocking rate treatment 
combinations (Hart et al., 1988). After 12 years of 
imposed grazing treatments, five of the seven treatments 
were evaluated for soil C sesucstration. However, for 
the purposes of this paper, we will only be discussing: 
(1) EX, nongrazed exclosures, (2) CL, pastures with 
continuous season-long grazing at  a light stocking rate 
(average 20 steer-days ha-', 5-15% utilization), and (3) 
CH, pastures with continuous season-long grazing at a 
heavy stocking rate (average 59 steer-days ha-', 35- 
45% utilization). The light stocking rate is -35% 
below, and the heavy stocking rate -33% above the 
stocklng rate recommended by the Natural Resources 
Conservation Servlce for the conditions of the site. 

Graz~ng intens~ty studies werc establ~shed on the 
short-grass steppe of the CPER In 1939. A 4-replication 
study of continuous season-long grazing (May through 
October) at light, moderate and heavy stocking rates 
was initiated, but replications were dropped over the 
years until a single pasture of cach stocking ratc 
rema~ncd. After 55 years of imposed grazlng treatments, 
two of these grazing treatments, and t h e ~ r  adjacent 
exclosures, were evaluated for so11 C scquestratlon: (I) 
CL, pasture w ~ t h  continuous season-long grazing at '1 

light stocking rate (average 18 he~fer-days ha-', 70- 
40% ut~lizat~on), (2) EX-Lt, a fcllccd ,lre,l ne\t to the 
CL treatment that was excluded froin livestock grazlng, 
(3) CH, pasture with continuous season-long grazing at 
a heavy stocking ratc (average 37 hcifcr-days ha-', 60- 
75% utilization), and (4) EX-Nv, a fenced arca next to 
the CI-I treatment that was cxcluded fro111 livestock 
grazing. Although the lack of true replication of grazing 

treatments at  the CPER restricts inference regarding the 
impact of grazing intensity across the short-grass steppe 
landscape, it does not preclude the general comparison 
of C distribution on the dominant upland landscape 
positions and soil types of the two grassland ecosystems. 

2.3. Field .satllplirlg 

At both locations, 50-m transects were established in 
each grazing treatmcnt pasture and exclosure on near- 
level sites of the dominant soil series for each location. 
(Ascalon sandy loam on  the mixed-grass prairie a t  
HPGRS, and Olncy fine sandy loam on the short-grass 
steppe at  CPER). Soil and plant sa~nplcs were collected 
a t  peak standing crop at  10-n~ intervals along each 50-m 
sampling transect. The aboveground plant component 
was sampled by clipping 0.18 m2 quadrats a t  each sam- 
pling site along each transect, and partitioning plant 
phytomass into surface litter and standing dead, and 
live biomass by plant species. All plant litter was 
removed from the soil surface before soil samples (4.6 
cm diameter) were collected to 90-cm depth in bare 
areas between grass crowns with a hydraulic soil sam- 
pling machine. Soil samples were segregated into 0-3.8, 
3.8-7.6, 7.6-15, 15-30, 3 W 5 ,  45-60, and 60-90 cm 
increments, placed in sealed plastic bags and trans- 
ported to the laboratory in coolers. At both locations, 
the first three segments, 0-15cm, represent the soil A 
horizon, wliilc the 15-90 cm segments represent the 
various components of the soil B horizon. Because 
the soil profiles were extremely dry below 60 cm, we 
were unable to collect a complete set of soil samples for 
the 60-90cm depth; therefore, comparisons of the C 
balances of the two soil-plant systems were assessed to 
the 60 cm depth. We judged this depth to be sufficient 
for interpreting C dynamics because we estimate it cap- 
tures approximately 90% of the root biomass and SOM 
of these two ecosystems (Weaver ct al., 1935; Gill, 1998; 
Reeder et al., 2001; Reeder and Schuman unpublished 
data). Separate cores (10-cm diameter) were collected at 
each sampling location and partitioned into 0-15, 15-30 
and 30--60 cm i~lcrements to assess root biomass and 
root C content. Bulk density also was assessed on sepa- 
rate soil cores (Blake and Hartge, 1986). 

2.4. Laboratory utzd statistical at~alyse.~ 

Soil samples intended for C analyses were passed 
through a 2-mm screen to remove plant crowns and 
visible roots and root fragments. Samples were air-dried 
arid stored ;it 4 OC until analysis for total C by the 
Walklcy-Black dichromate oxidation procedure (Nelson 
and Sommers, 1982). Root separation from root cores 
was accomplished by hand with the washing method 
described by Laurenroth and Whitman (1971). Plarlt 
components were dried at 60 "C, weighed, ground, and 
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analyzed for organic C content with a Carlo-Erba 
automated dry combustion analyzer.' 

Because grazing treatments on the short-grass steppe 
lacked true replication, statistical analyses were per- 
formed separately for the two cornniunities. For the 
mixed-grass prairie, analysis of variance was used to test 
stocking rate clTects on soil C mass using a randomized 
complete block design with replicate pastures treated as 
blocks. One-way analysis of variance was used to test 
stocking rate effects on soil C for the short-grass steppe. 
Least-significant-differences (LSD) procedures were 
used for treatment mean separation (P<0.10; Steel and 
Torrie, 1980). 

3. Results and discussion 

The two grassland ecosystems dil'fer in total organic C 
content of the plant-soil (0-60 cm) system. The more 
mesic mixed-grass prairie is dominated by cool-season 
C3 mid-grasses, and has approximately 80% higher C 
content (-100 Mg/ha C), than the short-grass steppe 
( - 5 5  Mg/ha C) dominated by warm-season C4 short- 
grasses (Table 1). Both ecosystems display a typical 
distribution of C in grassland ecosystems (Burke et al., 
1997); over 90% of plant-soil C is in soil organic mat- 
ter, and less than 10% of system C is in plant compo- 
nents, with 80-90% of plant C belowground in root 
biomass (Figs. 1 and 2). 

In both grassland systems, aboveground plant C 
(livei-litter) decreased as grazing intensity increased, 
but the impact of grazing on root C was largely 
obscured by high variability in measured root biomass 
(Figs. 1 and 2). Significantly higher soil C (0-30 cm) was 
measured in both grasslands in grazed pastures com- 
pared to non-grazed cxclosures. However, the el'fect of 
grazing on soil C content was more pronounced oil the 
mixed-grass, where the surface 30 cm of the soil profile 
was about 10 Mg/ha higher in C in both lightly grazed 
and heavily grazed pastures compared to non-grazed 
exclosures (Fig. 1). On the short-grass steppe, sig- 
nificantly higher soil C content with grazing was appar- 
ent only in the 15-30 cm depth increment of the heavily 
grazed treatment (16.9 Mg ha-' C) colnparcd to the 
lightly grazed (14.3 Mg ha-' C)) o r  IIOII-grazed (13.0 
Mg ha-' C) treatments (Fig. 2). 

The observed differences in C distribution within the 
plant and soil components of both ecosyste~ns occurred 
in large part as a result of  grazing-induced redistribution 
of existing system C. A number of ecosystem processes 
contribute to this redistribution, including cha~lges in the 
rate of recycling of aboveground plant C into the soil, 
and changes in plant community composition. Recycling 

I Mention of a con~merc~al product docs nor ~ t n p l y  USDA-AIIS 
endorsement o r  that produci over similar products. 

of aboveground plant C to the soil is restricted when 
grazing is excludcd and C is immobilized in plant litter 
accumulating on the soil surface (Schuman et al., 1999). 
A build-up of litter on thc soil surface also affects soil 
temperature and soil water content, which will in turn 
affect plant residue and SOM decomposition rates and 
thus C and nutrient cycling (Reeder et al., 2001). Graz- 
ing reduces litter illass accumula~ion because animal 
traffic enhances physical breakdown and incorporation 
of litter into the soil (Naeth ct al., 1991), which can 
increase the rate of decomposition of litter and transfer 
of C and nutrients into the soil (Sharif et al., 1994). 
Reduction in litter accumulation with grazing can also 
facilitate earlier spring green-up and higher photo- 
synthetic rates because of better canopy light penetra- 
tion and a warmer soil surface (LeCain et al., 2000). In 
both of the grassland ecosystems we evaluated, as graz- 
ing intensity increased, the proportion of aboveground 
plant C in litter decreased, and apparent annual shoot 
turnover increased (Table I). However, the impact of 
grazing on litter decomposition, stimulation of recycling 
of aboveground plant C to the soil, and the consequent 
increase in soil C, was more apparent oil the mixed- 
grass prairie, where over half of aboveground plant C 
was ilnmobilized in litter when grazing was excluded. In 
comparison, recycling of aboveground plant C appeared 
to affect belowground C content less on the short- 
grass steppe, where litter C represented less than 25% 
of aboveground plant C whcn livestock grazing was 
excluded (Table 1). 

Perhaps the biggest impact of grazing on system C 
dynamics arose from the influence of grazing intensity 
on plant community composition. On both the mixed- 
grass and short-grass, light-to-moderate levels of graz- 
ing generally have resulted in a richer diversity of plant 
species than whcn livestock grazing is excluded (Hart et 
al., 1988; Maniey et al., 1997; Hart, 2000). Excluding 
grazing by livestock has encouraged invasion by weedy 
annual forbs and grasses (Milchunas et al., 1992; and 
Schuman et al., 1999), and these species do not have 
dense fibrous rooting systems conducive to soil organic 
matter formation and soil C sequestration (Reeder et 
al., 2001). We think that the significantly lower soil C 
content of exclosures compared to lightly grazed pas- 
tures on the mixed-grass was largely the result of sig- 
nificantly higher production of weedy annuals at the 
expense of perennial grasses in the exclosures (Schuman 
et ai., 1999), as well as inlmobilization of C in excessive 
aboveground plant litter (Table I ) .  In comparison to the 
mixed-grass, the blue grarna-dominated plant commu- 
nity of the short-grass steppe is highly resistant to graz- 
ing by cattle (Milchunas et al., 1989, 1990, 1998), and 
the relatively smaller response of the plant community 
to light grazing is reflected in the lack of significant dif- 
ference in soil C pools between the lightly grazed and 
non-grazed treatments (Table 1). 
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Tablc 1 
Comparison of the cf ic ts  of stocking rate on the C balance of two grassland ecosystctns 

Mixed-grass prairie Short-grass steppe 

(HPGRS) (CPER) 

Exclosure Light Heavy LSD,  ,, Exclosure- Light Exclosure- Heavy LSD o . , ,  
(EX) grazing grazing light grazing heavy grazing 

(Lt) (Hv) (Ex-Lt) (Lt) (Ex-Hv) (Hv) 

% of Botanical biomass as warm 16.5 17.0 27.1 9.2 31.9 45.0 33.8 73.8 14.1 
season grasses 
Ratio of  aboveground litter C to 0.63 0.55 0.45 0.12 0.24 0.20 0.12 0.08 0.10 
total aboveground plant C 
Ratio of root C to aboveground 6.0 6.8 11.2 2.6 4.0 4.6 4.8 12.9 4.6 
plant C 
Apparent annual 31% 40% 46% 12 73% 77% 87% 90% 9 
Shoot Turnover (live/(live + litter) 
x 100) 

" Total ecosystem C data for mixed-grass pra~rie from Schuman et al., 1999 

Short-Grass Steppe 

Fig. 1. Distribution of C mass in the aboveground and belowground 
vegetation components and soil (Mi0  cm) of a mixed-grass prairie, as 
affected by stocking rate. EX, non-grazed exclosures; LT, grazing at a 
light stocking rate; HV, grazing at ;I heavy stocking rate. (* mass of 
soil C in the 0-15 and 15-30 cm depth increments are stgnific;tntly 
lower in non-grazed compared to grazed pastures, PG0.05). 

In contrast to grazing at  a light or moderate stock- 
ing rate, long-term grazing at  heavy stocking rates has 
tended to decreasc plant species diversity in both the 
mixed-grass prairie (Manley et al., 1997; Schuman et al., 
1999) and the short-grass steppe (Hart, 2000; Reeder 
and Schuman, unpublished data). Selective grazing of 
cool-season C3 mid-grasses by the livestock appears to 
be the major cause of the decrease in species diversity 
(Hart. 2000), and has resulted in an increase in the 
warm-season C4 short-grass blue grams relative to 
the preferred cool-season C3 inid-grasses wester11 
wheatgrass and needleaildthread (Tablc 1).  We think 

Mixed-Grass Prairie 

R 
Roots 

Fig. 2. 1)istribution of C mass in the aboveground and belowground 
vegetation components and soil ( 0 4 0  em) of a short-grass steppe, as 
affected by stocking rate. EX, non-grazed exclosures; LT, gradng a t  a 
light stocking rate; HV, grazing at a heavy stocking rate. (* mass 
of soil C in the 15-30 cm depth increment is significantly higher in 
heavily grazed compared to lightly grazed or non-grazed pastures, 
P<O.IO). 

that the major contributor to significantly higher soil C 
with heavy grazing in both the short-grass and mixed- 
grass was the graz~ng-induced increase in blue grama, 
which has a higher root-to-shoot ratio and transfers 
more C belowground than d o  the cool-season C3 mid- 
grass spccles (Coupland and Van Dyne, 1979). Some 
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evidence suggests that blue grama may be a more cfi- 
cient producer of soil organic C than other species 
because it may respond to grazing by rapidly transloca- 
ting C to crowns and roots, and by increasing root 
exudation rates (Dyer and Bokhari, 1976; Detling et al., 
1979). Most studies on the Great Plains that have 
reported incrcascd soil C with gr;lzirig have bcen con- 
ducted on sites where grazing has resulted in a sig- 
nificant increase in blue grama at the expense of cool- 
season C3 mid-grasses (Smoliak et al., 1972; Frank ct 
al., 1995; Schuman et al., 1999). 

Besides redistributing existing system C, did grazing 
also result in an actual increase in system C and thus an 
increase in C sequestration? In the mixcd-grass, total 
ecosystem C (plant+soil) to 30 cm was significantly 
higher with grazing, but total system C to 60 cm was not 
significantly diKerent (Table 1). This suggests that the 
higher level of soil C in the 0-30 cm depth increment of 
grazed pastures compared to exclosures primarily was 
the result of redistribution of existing system C. In the 
short-grass, however, total ecosystem C to 60 cm was 
significantly higher with heavy grazing compared to 
either light grazing or the exclosures, and this suggests 
that the large increase in warm-season short-grasses, 
primarily blue grama, associated with heavy grazing 
may have resulted in an actual increase in the amount 
of C in the plant-soil system as well as redistribution of 
system C. Studies are currently underway using I3C to 
evaluate the influence of grazing on the rates of plant 
metabolism and the pathways of C allocation as they 
relate to SOM accumulation. 

Although grazing increased the amount of C seques- 
tered in the surface 30 cm of the soil, the decrease in 
cool-season C3 mid-grasses with prolonged heavy graz- 
ing is undesirable for livestock production and commu- 
nity ecology, and the decrease in browse shrubs is 
undesirable for wildlife and community ecology (Hart, 
1999). Grazing at  light to moderate stocking rates 
resulted in stable, diverse plant communities dominated 
by forage grasses with dense, fibrous rooting systems 
conducive to soil organic matter formation and thus C 
sequestration in the soil. The native grassland ccosys- 
tems of the semi-arid Great Plains evolved under graz- 
ing by large herbivores; therefore, without an 
appropriate level grazing, deterioration of the plant-soil 
system, and possible declines in C sequcstercd in the 
soil, are indicated. 
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