Rangeland soil carbon and
nitrogen responses to grazing
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ABNIRALY Land managers, livestock prodwucers, and the publts are concerned abous the effects
of yrazing om <oii guality and :ustatnability of rangeland resources. Ptisuses ur sie High Plains
Grasslands Research Station near Cheyenne, Wyoming, grazed for the past 15 years at a heavy
itocking rate (67 tteer-dayithal wnder three management systems, were compared (a connnnon)
iight grazing {22 steer-days/ha; and 1o livestack excloswre; The heavy stacking rate resulted
ilightly ims than 30% utslization of the annual forage produeed, 2 level recommended by land
managemen: agencier Prior ro instiating shis grazing reseavck the vangeland had no: been grazed
Jor abour 4G years. Soif orgamic curbon and wirroyen response were eyvafuaced by coliceting vl
warples 1o Y cm (36 in) depth. Nask had higher amawunts of tarbor and nimrogen tn tix surfuce
30 em (12 ing on the grazed pastures eampared to nanve rangeland where livestock were exel)

ed. However, soi earbon and niirogen below 30 om was similar amony all grazing rreatments.
Carton and nitrogen dynismses were greatas in the surjace 30 cm where more than thrze-fourths
of the plant root biomass exists. Grazing strategres and srocking rates tmposed far the pase 11 years
on this mced grass prairie did nor derrimentally affect soil organie carbon and mivogen fevels.
The data, in fact, vuggest rhat responsible grazing enianced he overall todl guality as assessed iy

e paramszied:

Rcscar-. I: on grazing lands has hiscorically
toczted on the effecis of vano.s man

agement practices on ferage g rxliscoon and
animal respense; littie zitcarzon has heen
giver: 1o the impact of grazung on the nuoi-
ent dynamics of swils. Recens interest i
“soil health” or “soil quality” has direcied art-
tenticn o grasing impactss on soil pasame-
ters that make up soil health/qualiry. Few
studies have evaluared the effeces of grazing
aa soil organic matter and its relanaachip za
water and nutrient cycling, and relatecl pianc
productivity. In general. the availabte £ara
do not indicate any single or wszsicae ee

sponse of soil organic carbaen (C) and ks
gen (N! ta grazing. Somsz research has se

waorted increases in both soil organie C amwd
N [Dormaar et al. 1990; Dormaar sud
Willms 1990a; Ruess and McNaughtani.
while other studies have found no 1esponse
in soil organic C and N to grazing (Kieft:
Mathews et al.; Milchunas and Lauzearoth).
Smoliak er al. repoited that increased graz-
ing pressure on mixed prairie resulced in de-
creases in neeslleandthread {Stipa comara)
and an increase in blue gram (Bowuteloua grr-
cikix), which has a greater shallow root mass:
hence, soil nrganic carbon increased. Bauer
et al. ‘ound rhat prazing seduced s0il organ-
ic C and increased soil organic N. These in-

J.T Manley 1 a graduate research assistans, €. E.
Schuman and J.D. Reeder are ;oii seiensism, and
RH. Hart w a rangeland siientins. Rangeland Re-
vource Research Lnit, (JS. Deparsment of Agri-
culture—Agricultural Researek Srvotce Cliepenac,
WY 82009.

J Sotl and Water ons. 50 73, 294 ¢4

294 (CURNA. 1 aed.. AN 23704 1,3%Y

consistenc fincdinpgy demanscrate cac « o
plex irrecaction Leiwers graring and sail as-
panic rmarter.

Many facrors deccirnine the response ai
soil organic mane: o livestack grazing,
Floate sueniaarared 1hese faczors as (a) rhe
smirial srarus of vegeravian and soil, {b) ep-
wirpnmental factaer, especially moisture
and tempe;ature, and {¢} grazing history
(inrensity, frequency, duration, and type
of animzl). Soils with igherendly lirw son
oeganic {7 aic more prane to change iy re-
sponse w0 grawng {(Dormaac er ai. 1977)
than soils hugh tn urganic C, Precipitasion
and 1enperaruce limit above-graund bin-
mass producsinn and soil oganic matee
{Parcan cc al.), and influcace rates of liner
decompuosition and nutriens ¢ycling
(Charley). Yeac-to-year flucruations ol ¢n-
vironmentai conditinns inay atfeer diffes-
ences in biomasy producaon as much 45
grazing (Ashby t al.; Milchupas and Lao-
resiroeh).

Cirazing incensacy, frequency, and dura-
tion all affece the plant cemmunity and
tne magnitude and direction of change in
sotl organic C and N. Light gzazing can
resuls in greater species diversity and pro-
ducrion compared 1o areas where livestock
prazang is excinded {Johmnston). On che
vther hand, high intensity and/o: cacly
season graning, have been found ¢ have a
grearer negative impact on liccer and live
plant biomasy than ligir invensity and/'ar
late seasnn grazing of mixed prairie pas-
tures in Canada {Naetiy ec al.). Moderarte
grazing of mixed giass prairic in Norzh
Daknea resulied in geeater licrer decompn
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sition and soil N mineralizatien tha; <.
ther heavy ar no grazing {Shariff et ai |

Most research on this subject has cap-
pared soil C and N concentrations in the
surface scil of grazed pasiures and non-
grazed cxclosures. However, animnal graz-
ing has heen reporred to increase soil bulk
density (Bauer et al.; Dormaar and
Willms 1990b; Pluhar et al.) and increasea
in soil bulk density will greacly affece the
results if soil C amkl N concentrations, not
weal mass, are reporeed, greatly over-sear.
tny; the response 10 grazing sreatmenis
{Simpson et al.). Soil organic C and N
should rherefose be eeparted based on
mass. However, nor everyone agrees haw
to best express and ¢valuate managemen:
effects ar C and N changes in soil. Skenr-
suggests tha: the use of soil bulk densiry
w norenalize daza may lead to misinzer
pretation. He and ocher researchers
prresencly assessipg sail C and N dynamies
are suggesting thar soi} volurie be consid
ered and that comparcisons be made on
equal soil volumes even though soil depth
may vary becanse of bulk density. Addi-
tienally, since root bioipass and distrigsu-
tron affect soil organic rnarter conrent and
distribucion, soil profiles should be sagn-
pled sufficiently deep i1 ensuye that a ma-
jority of the rooting depth is itcluded n
the assessment,

The objective of our research was to
evahuore rhe effeces af several grazing enan-
agement sirategies on soil organic £ and
N ateer 1§ years an a semi-arid mixed
grass prairic. Grazing managemens strate-
gies cvalnared included zero, light, anc
heavy grazing intensities and season-long,
rotationally-defecrsdl. and short-duration
IO N prazang.

Study sites and methods

sites. The research was conduct
ed ar the High Plains Grasslands Research
Station near Cheyenne, Wyoming. The
narive rangeland is 2 mixcd-grass prairie
wirh rolling tepegraphy and elevations
ranging from 1910 to 1950 m (6266 o
6397 is). The dintare is semi-arid with an
annual frost-free period of 127 days and
mean (1871-1986) annual precipitatinr.
of 338 mm (13.3 in), of which 70% ac.
curs from Apeil 1 through September 3C.
Dosnistant soil series are Ascalon and Alt-
van sandy !azens [mixed, mesic, Ardic
Argiustoll (Stevenson ec al.)].

[Dxominant cook-season grasses are west
ern wheargrass (Pascopyrum smithii) and
needleandthread and the dominans warm-
season grass is blue grama. A survey of the
plant eamenunity prior to initiating rhe
grazing study indicated the range sites of
the area were in gnod cnsulition.
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Prior to establishmens of rhe grazing
management phase of the research in
1982, the area had nor been grazed by do-
mestic livestock for about 40 years. Graz-
Ing strategies, grazing intensities, and pas-
rure design are showa in Figure 1. Souls
were sampled where grazing wanagemens
was continuous season-long at a lighte
stocking rarte 122 steer-day¢/ha). and rota-
rionally deferred, short-duration rotation,
and continuous season-{ong, all ac 2 heavy
stocking rate (67 steer-days/ha). The
heavy stocking rate resulred in slightly less
than 50% utilization of the annual pro-
duction. Further derails of the grazing
strategies are given in Harr ex al. Hefnee
the grazing reseacch started, permuncan
50-m {160 ) line transecis were locuced
or. near-level (G-G%) sizes in each pascure
on rthe Ascalon soil series. The experimen-
tal design of the grazing siudy is a ran
domized block design with two repiicate
blocks {Hart ec al.).

Soil sampling. In July 1993, soil sam-
ples were collected from the rontinuous
scasor-long, light stocking rate {CL}; con-
tinuous season-long heavy stocking tace
(CH): short-duration rovacion, heavy
stocking rare (SH); roratiorally deferred.
heavy stocking rate {RH) pastures, and
ihe exclasure {EX}. Soil sample sites were
established at 10 m {32 It} intervals along
the permaneant 5¢ m (160 &) line tran-
sects that had been established lor evaluat-
ing plant community response to rhe
grazing treatments. Five cores were taksn
on each transeci to a depais of 30 cm (12
ini and separarted into 0-3.8, 3.8-7.6, 7.0G-
15, and 15-30 cm {0-1.5, 1,5-3, 3-6, and
6-12 1n) increments. Surface plam liteer
was carefully remaved from the area
where soil samnples were raken. Cores were
taken with a hydraulic soil sampling ma-
chine with « soil tube diameter of 4.6 iz
{2 in). Because of soil moisture limita-
tions, the deeper soil cores {30-91 cm
(12-36 in}) were not taken untii May
1994. Soil cores were taken ta the 93 ¢m
depth, the surface 30 cm incremerus 1¢-
moved, ancl samples coilected Zor 1hc 30-
46. 46-61 and 61-91 em {12-1R, 18-24,
24-36 in; depths. The individua) soil
sample increments were placed in sealed
plastic bags in goolers and reanspotted to
a constant temperaruce raom [5°C
(41°F1j until analysis. Upan retum o the
laborazory the samples were hrcken up by
hand and piant <rowns and wisible roas
removed. Duplicate soit cores were coi-
lected ar the second and {ourth sampling
locarions on each of the transects for de-
termining bulk density (Blake and
Hartge) (Table i}.

Sample analysis. The soil sunples weze

Table 1. Soil bulk density of various grazing management strategies at varying soii

depths
Saoll Depth Grazing Management

EX CL CH RH Sk
cm —g/cm*
0-7.6 1.0%" 1.14 1.17 1.17 s
7.6-15 1.36 1.38 1.43 1.33 .27
45-30 1.39 1.26 147 1.38 1.42
30-46 1.39 1.26 1.47 1.38 1.42
45-61 139 1.26 1.47 1.38 1.43
61-91 138 1.26 1.47 1.38 143

EXzexcksura, Clacontinuous light. CH=woMinuous haavy, RHrrotaﬁonally deferrec “eivy.

SH=shorl-curation rotation heavy

“values are a mean of four replicate samales, two samples takes «n €ach of two transect:

PASTURE DIAGRAM

Rep!

Rep I

0.5 mile

Stocking rates

I. =Light
M = Moderate
H = Heavy

@ Water source

Grazing strategies

C = Continuous
R = Rotationally

deferred

S =Short Duration
rotation

EX = Exclosure

Figure 1. Diagram of grazing systems and stocking rates study, showing replications,

grazing strategies, and pasture design

dried in forced air ovens at 60°(2 (140°F)
10 a constanl wriphe. Tic Jried samples
were ground to past a2 2-mm (0.UR in)
screen, Soil erganic N was determined on
a subsample by the micro-Kjeldakl
methex! described by Schuman ex al. The
digest was analyzed lor ammonia by con-
tinuous flow cnlorimetric analysis (Tech-
nicon TRAACS 800). Soil organic C was
determined wilizing 2 modification of the
Walkley-Black procedure {Nelsen ané
Semmers). The modificatan was 2 con-
vession Irom a colorimetric endpoing w a
millivolt endpownt (Raveh and Avnim.
elech). Soil organic ¢C was derermined or
a subsample of thue soil ground to 0.50
mm |0.02 in)

Data analysis, Soil organic C and N
cancentration, for each transect and by
depth increment, were convereed o a
mass basis (kg'ha) using the mean bulk
density ol the two soil ceses olitained

tram each line rrarsece. The bulk densin
data in Table 1 are presented for assessing
Cand N chianges on a concenreation basis
becausz ul the debarte surgounding da
presentanion on a mass hasis. Analysis of
variance was used to evaluase treatmeny
effects on soil organic C and N and least-
significant-difference (L.SD) procedures
were wsecl for mean separation (Steel and
Torrie). All statistcal analyses weze cvain-
ated at P <0.10.

Results and discussion

Soil organic C and N in the surface /.5
cm {3 in) of soil were significanrly iower
in the exclosure compared to al! of the
grazing management strategies (Figures 2
and 3). No differences existed berweer
any of the grazing strategies, except thar
in the 3.8-7.6 cm (1.5-3 inj scil depth the
organic C was significantly lower under
the conrtinuous-iight grazing strategy rhan
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Figure 2. Soil organic carbon as affected by varlous grazing strategies (exclosure, con-
tinuous-light, continuous-heavy, rotationally-deferred heavy, and short-duration rotatian

heavy grazing), 0-30 cm soil depth
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Figure 3. Soil organic nitrogen as affected by various grazing strategies (exclosure, con-
tinuous-light. continuous-heavy, rotationally-deferred heavy. and short-duration rotation

heavy grazing), 2-30 cm soil depth

Sars within a soil depth increment with the same leeser are not sigricandy JLWFercnr. 40 10

under any heavily grazed managesent,
bur was still significantly greater than in
the exclosure. In the 7.6-30 cm (3-12 ix)
soii depth, differences in soii vrganic
and N contents ameng grazing Stearegics
were more visiesd, bur U and N cantenus
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in the exclosure remained lower than, ar
at best comparable o, C and N under the
various grazing ireatments. These data ex
hibit che importance of the surtace few
cenrimeters of w0zl a8 1 redazes ta Cang N
dynamics under u nrasslzed. Seveniy w0

OF Sl AND WATER CONSIRVAT IO

90% of the suest biomass is present in the
surface 30 cm {12 in) of the soil in dus
type of grassland system (Dormaar et al.
1984); therefore, autrient availability in
this zone is very important, In the 30-91
cm (12-36 inj depth, soil organic C and
N conteats were not significantdy differ-
ent among ungrazed and grazed tesar

ments (Figure 4). Soil organic C and N
concentrations were quite low and vari-
able ar this depth in the soil. Only 3 small
percentage of the roat system is present in
this soil depth increment; therefors. it is
nat surprising, that grazing for 11 years
had no affec: nn the {ower partion of the
sail profile.

The higher levels of soil organic (7 anit
N in the surface soil of the grazed range.
land :nay be due in part ro che effects of
grazing on lteer and standing dead com
ponents of the above-ground biomass. Al
though grass roots are the primary source
of organic matter in rangeland soils,
above-ground litter provides a secondary
source {Aandahl). The grazing treatments
essentially eliminared che standing dead
component and gready reduced the sus
fdce litter component. Animal rraffic may
be enhancing physical breakdown and soil
incorpasration of this residual plant mare:-
ial. ln comparison, 70% of the abave-
grouad phytomass in the exclosures was
in the form of licter and standing deac
plant material. We estimarte thac this iarge
component of recalcirrant materiai immo-
bilized about 35 kg N/hka (31 Ib Niac:
and 1550 kg C/ha (1,383 Ib Csac? above-
ground in the exclosures'. Species compo-
sition shifts within a plant community
can also result in C changes as discussed
earlier (Smoliak et al.}. However, our rc
search did nor show an increase in hiu:
grama (Hart et al.) nor did it show a sig
nificant below-ground biomass respense
to grazing’.

In general, defoliation is ¢hougst 2o
stimulate an increase in allocation of C
and N to regrowing leaves and a deccease
in allocation of C ro roots {Deding et al.),
resulting in 1educed root biomass [Dor-
mazr er al. 1990; Johnston) and reduzed
twol exudare contributions o suil organic
matter. Thus researchers have prediced
losses sather than gains, of soil organic O
and N with grazing (Flolland eral.) How
ever, multiple harvests (simulaced graziry
raken throughout the growing season have
been shown to result in greater planr pro-
duction than a single estimate obrained ac
peak swndiang ¢rop (Mutz and Drawe?.
Dodd and Hopkins found thart clipping

'G E Schuman. 1994, unpublishe 221
'R Hae, 1994, unpublished 2z
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Figure 4. Soil organic nitrogen and carbon as affected by various grazing strategies (ex-
closure, continuous-light, continuous-heavy, rotationally-deferred heavy, short-duration

rotation heavy grazing), 30-91 cm soil depth

No significant litfezeres between grazing cearmenes within L puncicr weee olwewd, P < 0,10

blue grama five times gave greater produc-
tion than clipping three or four times, in-
dicating thar this species would respond to
grazing defoliation and produce greater
aboveground biomass. Grazing alsa stimu-
lates rillering (Floare} and rhizome pro-
duction {Schuman et al. 1973). Thus, if
plant growth is stimulated by grazing,
then greater C04 sequestration would
occur, which could resulr in greater C alla-
cation to below-ground portions of the
system. Dyer and Bokhari {Dyecr and
Bokhari) inferred that blue grama re-
sponded to defoliaton by rapidly iransloe-
caung material to the crowns and roots
and by increasing roor respiracion and/or
root exudation rates. Ruess and Mc-
Naughton (Ruess and McNaughton] sug-
gested that grazing accelerates the rate of
nurrient cycling by stimulating priznary
production and axet nutrient flux. thereby
increasing the percenrage of the system’s
nutrients rhat are available and which
cycle rapidly near the soil surface.

The results of this study indicate rhaz
responsibie grazing strategies implemented
11 years earlier did st detrimennaily ai-
fect soil organic CC and N levels in the ac-
tive and important upper 30 ¢m (12 in) of
the soil prafile under native mixed-grass
rangeland. In fact, the data indicate that
grazing enhanced the overall soil quality as
assessed Dy these parameters, and that
plant production should be suszainable.
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