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Introduction

The Moor House area of the northerm Peanines {Conwey, 1955; Eddy
. et 8l 1969) oconbains sxtensive areas of blanket bog in which
isolated grasslsnd swards cocur, The underlying rocks are of the
Yoredale series of the Carbonifercus (limestone, sandstones and
shales) and the soils are of low base status unleas influenced by
the weathering of the limestone (Johnson and Dunham, 1963).

The alimate at Moor House (NGR 758328, altitude H60 m) was desoribed

by Manley (1943), who mmve the following data based on 10-year

ayerages: annual mean air tempereture 5.300, mean air temperature

of warmest month (July) 11.7°C, mean ennual rainfall 1780 mm, mean
annual snow esover 80 days., More rscent Nature Conservaney records give
similar values, the mean annual temperature of the air above a stand

of Calluna vulgaris in 1969 was 5.43°C, that at 6 cm depth in peat
below the Calluna was Sakk C, and that at 6 em depth in peat below
Juncus squarrosus was 5,98°C (unpublished data). Manley (1942) also
made cbservations on Great Dun Fell (834 m, NGR NY 711322, 4.8 knm

from Moor House) nearer to the site of the present investigationms,

where the climate was found to be more severe: annual mean air -
temperature 2.100, July mean air temperature-9.3oc. The present
investigations were made ingide and outside the exclosure on

. Knock Fell (NGR NY 717311, 445 km from Moor House, 1.3 km from
Great Dun Fell).

In 1955, the Nature Conservancy esteblished experimental sheep
__exclosures on the Moor House National Nature Reserve. Welch and
Rawes (1964) described some effects on the vegetation of exoluding
sheep from these sites. At all sites, after 7 ye&ré, the bryophytes,
lichens, and flowering plants other than grasses decreased, Nardus

stricta and Juncus squarrosus declined markedly, but Deschempsia

flexuesa increased notably. The number of specles Tell most (93 to 67)
on Knock Fell, but the frequencies of Agrostis tenuis, D. gaespitosa,
Festuca rubra, and dehillea millefolium inoreased. The standing crops
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after 7 years and after one season of exclosurs were ééﬁbared by

:harvesting in August 1962, - The.difference was least (18 g/m?) at

Little Dun Fell (the highest site), while on Knock Fell the difference -

= wa$‘95 g/m?. . This increase wes produced mainly by the fine-ledved
‘grasses, -The effect of exclosure on the rare species of Pennine
-fgraéslands depends on their position in the succession. Some can

existqgnlyiwhepe%grazing restricts their potentiel competitors, whereas

others may be excluded by grazing,

The present studies were begun to-détezmine if any measurable differences

. ogcurred- in the respiration, organic matter content, chemical composition,

‘and buik density of the soil in grazed and ungrazed areas which could

. -be attributed to the exclusion of sheep,  Although the results are

not coneclusive, the data are worth documenting.

Site Description
.. The exclosure is sited on a level area below the summit of Knock Fell
.8t an altitude of 747 m. The rock, which in places appears at the

surface, is Carboniferocus Limestone, overlain by a variable depth of

- material of mixed origin which we shall refer to ds "head". In the

area around the exclosure, peat, which is often eroded, lies on the
head, - In places, shallow minera]l soils lie directly .on the limestone,
Oubside the exclosure, the vegetation varies from a closely-grazed
Agrosto-Festucetum on the limestone; through a2 wmixture of Agrostis,

. Feostuca apd Juncus sguarrosus, to predominsntly Juncus squarrosus on
the peat, .. - ' B

.v.:The following profiles are examples of the soils at this site (sampled
23 October 1967):

.....

__Profilé & o
St . _ - 9. % . L B}
Vegetation: Closely-grazed turf dominated by

Festuca-sgrostis, with Galium spp.

and other small plants.




1 to O com:

0 to 15 em:

Underlying rock:

Profile B

‘{?‘egeta.t'i.ph :
5 to 4 am:
L to O om:

0 to 14 ou:

14 to 22 em:

Uhderlying rock :

Profile C

4dbout 5 metres from

1/F layer,

Uniformally very dark greyish-brown
(10 YR 3/2). 4 10 to 15 om depth,
pH 6.2, loss on ignition {L.0.I.)
15.6%, moisture content 102,9% oven
dry (0.D.) basis.

Carboniferous Limestone..
Profile 4

Similer to that of Profile A,
L/F layer, : :

H layex (4 ), black (7.5 YR 2/0),
PH 4.05, L.0.I. 51.43%, moisture
content-2,5.8% (0.D. basis).
Uniformly dark yellowish-brown
(10 YR 3.5/4).

-F!.t 10 to 14 om depth, PH 14..6 L.0.I,

5.45%, moisture content 52.8%

{0.D. bagis).

Dirk greyish-trown (10 YR 4/2) with
motties of dark yellowish~brown

(10 YR 4/1)c At 15 4o 20.cm depth,
pH 1.9, L.0.I. 7.99%, moisture
content 35.67% (0.D. basis).

Carboniferous Limestone,

Only H layer sampled. This type
occurred diStriputed among areas
of profile B type. - The profile is
similar and appears to be slightly

wetter,




Juncus squarrosus, acidophilous

Vegetation: :
‘ mosses (o.g. Polytrichum spp.).
H layer: : B Black (7.5 YR 2/0).  pH 3.4,
T : L.0.I. 44275, moisture content
254,656,

At O to 12 om depth, silt and clay made up about 80% of A and 70% of B.
Mineralogicdl snalyses of the sand fraction indicated that profiles
A and B differ only on minor points, being composite in origin and
derived from the sapdstones and shales of the area, as well as receiving
a contribution from the underlying limestone (Dr. D. F, Ball, pers. comm.),
To confine the present studies to 2 uniform soil type, an area similar
to profile 4 ebout 5 m x 5 m, partly inside and partly outside the
exclosure, was chosen for detailed study. In the classification of

* Avery {1973) this soil would be called a humic ranker, formerly it
would have been classified as a rendzina. We assumed that the parts
now inside and outside the exclosure were originally identical, and that

any differences now observed are due to exclosure.

Methods

Because of the smell area ovailable for sampling within the exclosure,
anly two cores 25 mm diometer and 10 cm long were collected inside at
each samplinmg. Three similar cores were collected outside, Sampling
was carried out at éppromimately monthly intervals from August 1966 t0
October 1967.  Soil temperature was mcasured at 5 cm depth inside and
outside at each sampling,

In the laboratory, the green vegetation was removed. The layer of dead
plant remaine, called the L/F layer, no attempt being mede to subdivide
‘it further, was separated from the soil, which was then cut to 7 cm length

measuring from the minernl scil surfeace. This size of core was chosen




bhecause 1t seemed likely that any changes in erganlc matter cententL

in the absence of grazing would be apparent first in- Lhe L/F layer

and the upper 5011 Furthermore, initial studies showed that

resplratlon, and therefore blologlcal activity, deciined with depth
(Table 1).

The I/F 1aye}'and soil core were weighed into specially-designed
respiration flasks {Howard, 1968}, These and appropriate blank flasks

were connected to Dixon respirometers (Dixan, 1952, p6).  ifter

overnight equilibration, oxygen uptako was measured at field temperature,

except where this fell below 2. g8° C when, for practical reasons,

resplratlon wa.g meaeured it 2.8%. The respirometer temperature was

then lncreeeed to 10 C and re5p1rat10n was measured after overnlght

equlllbratlon. hll reSplratlon measurements were corrected to O g

and 760 nm (NTP). The colour of each core wes then checked ageinst a

Munsell chart to ensure they were profile i type, the cores were divided

into O to 3.5 cm and 3.5 to 7 em lengths, and the soil and L/F material

was oven-~dried at_105éc (OD), weighed, and ground for analysis.

dnalyses were as feliows:

a)

1]

_Soile:: loss o igeition at 55000 (L,0.I1.), organic carbon and -

hydrogen (dry combustion), total nitrogen (Kjeldahl), C, H,
N data are only available for samples collected between Jpril
and October 1967.

I/F layers: orgenic carbon and hydrogen. #here sufficient
materlal was evallablc, loss~on-ignition was measured and total

phosphorus, caleium and potassium, were determined on the

_ perohlorlq/nltrmc/su]phurlc seid dlgeet of the oven-dry materiel.

Potassium w‘s determlned by Piame cmission spectroscopy, caleium
by atomic absorptlon spectrosaopy, and yhosPhorue by the molybdenum

blue methed in a Technicon Auto-analyzer.




Results and Discussion

Computer plots of the deta for bulk density, loss—on-ignition, total .
L/F 1ayer.material and chemical analyses, suggested that during the
period of the observations there were no significant trends with time
in the variables measured. This lack of detectable seasonal trends

may be due to the small number of samples collected at each sampllng
Cor it may be a real feeture Of this type of upland gresslend., Frankland
et al (1963) found that the large spetial variability in woodland soils
'obscured p0351b1e monthly differences in spite of the intensive sempling
procedure foliowed, and & similar result was obtalned by Ball and .
Williams (1968) for two upland grassland sites in North Wales., TFor .
present purposes, it 1s possible to consider.all the values of a variable
for the grazed cores as a single sample from one pOpulatlon, and -those for
ungrazed cores as a single sample from another populétion. We therefore
set up the null hypothesis that there was no difference between the
sémples fron grazed and ungrazed plots for any of the variables peasured.
Results of chemical analyses of the L/F layer are given in Table 2, and
of chemical analyres and bulk densities of scil in Table 3. . Variences
of the data of Tables 2, &nd 3 wore compared using the F test and the
means were then compared by the appropriate method (Bailey, 1959).
Differences within séil'cdrca are shown in Table 3 gnd between soll cores
in Teble 4, | - |

The quantities and chemical analyses of I/F layer material of grazed

and ungrazed plots were not significantly dlfferent (Table 2). This

is rather interesting consmderlng the much greater amount of standing
crop inside the exclosure (délch and Rawes, 1964 ). However, the reason
may lie, at least partly, in the fact that much of the déad plant
material in the ungrazed plot is assccioted with thé vegetation away
from the soil surface, and is not present in our cores.. Ve shall retum
to this p01nt later,




In both grazed and ungrazed areas, bulk density was greater in the

soil et 3,5 to 7 cm depth than at O to-3.5 cm depth (Table 3). This
- is no doubt .due, at least partly, to the greater percentage of organie
matter in the O $0 3.5 cm depth in both grazed and ungrezed soils.'- In
the 3.5 to 7 cn depth, bulk density was greater in the grazed Soil
{Table 4). This difference is interesting, as it cannot be due to the
percentage of organic matter, which is not significantly different
“bhetween soils at this depth. However, the totzal amount of organic
matter at 3.5 to 7 om depth was ggester in the grased soil. Hence,
although the proportions of mineral soil/organic matter were not
diffevent, both the bulk density and the total amount of organic
matter in the 3,5 to 7 cm cores were greater in the grazed soil, _
suggesting that the soil is more compact. This is consistent with the
view thet this effect is ceused by sheep trampling. The fact that

the effect is not observed in the O to 3.5 om soil mey be explained by
the resilience of the grass root mat, which transfers the weight of
the sheep to the lower soil without itself being permanently compressed,
A similar effect was found by Keen and Cashen {1932) and by Robinson
and Alderfér (1952). |

The orgenic matter content (L.0.1. in grams) was uniformly distributed

in the O to 7 cm cores, those from the grazed area having more organic
matter than those from the ungrazed area. The difference between the

" mean velues for the O to 7 cm depth was 605 g/mz. « This difference could
be caused by (a) trampling of sheep increasing the rate at which dead
plant- remains are incorporated into the soil, (b} incorporation of sheep
faeces into the soil, (c¢) a combination of (a) and (b). The nitrogen
content of the 0 to0.3.5 cm soil cores was greater (p~ 0.001) and the

C/N lower (p+«0.01) in the grazed area, which ié”qonsistentHWithl(h)

and (c), since incorporation of little-~decomposed plant remains would
presunably increase the O/N retio.  Our results do not enable us to assess
the relative importance of (b) and (c); for this more detailed studies

would be nacessary.




Q/N was'éreaferlin both.O £6 3 5 om and 3. 5 to ? cm lajers of seil

from the ungrazed area than in the correspondlng layers from the grazed
area, Thls was the only chemical difference between grazed and ungrazed
plo%s at 5.5 to 7 cn depth,

inlﬁqtﬁ grézed and ungrazed areas, totel N, organic C and G/H are
greéter in %he:O tdl3.5 em layer than in the 3.5 to 7 cm layer, and the
soil shéﬁs ﬁo'significant difference between the two 1aye?s with respect
to ¢/N.

It is clear then, that there is no evidence of organ;c matter accumul&tlon
an the I/? 1ayer or in the Qto 7 cm 5011 after exclosure, 1ndeed, 1n the
latter the organlc matter content is lower. This is contrany to the
conclusion of Welch and Rawes (1964) that organic metter nad accumulated
in the L/F layer of the ungrazed area which they studied. Their conclusion
was made on the basis of the ash{oontent of:the litter layef in spite

of the fact that the totel weights of the stubble-litter leyers fram the
grazed ahd ungreaszed plots were not significaﬁtly differeht. - The results
of the present study suggest that in the absence of grazing much of the
dead grass is supported by the vegetation and does not fall to the scil
surface. This agraes with the observpéion made earlier that no

seasonal trend was detected in the quantity of L/F material durlng the
period of sampling. Welch and Rawes (196i) found thet in the Knock Fell
exclosure after seveﬁ-years without grazing; the dead ﬁaterial in the
upper herbage (58.4 g/mz) accounted for 26.8% of the total (217.8 g/mz).
It secems likelx that.a significant amount of decomposition of the dead
vegetation may.take place among the standing crop. illen (pers..comm-)
found that grass litter decom0031ng in hair nets among the standing crop
1n51de the exclosure lost 4O to 55% of its dry weight (according to

specles) in one year and up to 75% in three years.




Therefore, when grassland ecosystems are being compared as in this study,
it is not sufficient to look only to the soil and litter layer for accumul-

ation of dead plant remeins, the standing vegetztion should zlsc be included,

Field tempefatures are sﬂown in Fig, 1. Respiration results are given

on an oven-dry basis, at 10°% (Fig, 2 L/F layer; Fig. i, O to 7 em soil
core), and et a temperature as close as possible to that prevailing at the
time of sampling (Fig. 3, L/F layer; Fig 5, 0 to 7 cm soil)., The equipment
available at the time did not allow respiration to be measured at - 2.800,
although, during the winter, the field temperature often fell below this
value. The results were also caleulated on an organic matter'basié and,

for the soil, on a volume basis., The respifation of the L/F'layEr was

also calculated on an areaz basis.

Respiration was clearly related to temperature (Figs. S_and 5). at 10%,
respiration was significantly correlated with moisture content: grazed

L/F R ="0.947, p--0.001; ungrazed L/F R = 0.644, p- 0.05; grazed soil

R = 0,629, p70.,05; ungrazed soil R = 0.465, NS. The greatef correlation
coefficient in both L/F and soil from grazed &s opposed to ungraéed areas
1s interesting, and suggests a microbial population with different

moisture responze characteristics.

The overall moisture, field femperature, and respiration during the period
of the observations were cach examined by a_paired t test of the mean value
for each sampling of grazed and ungrazed aress. MNoisture and tempereturs
showsd no significent difference, and neither did respiration on

whatever basis it was expressed except for respiretion per gram LOIL at
10°C, which was greater in the ungrazed soil (p ~0.05). This suggests
that there may be some biological difference, associated with the orgenic
matter, which only becomes evident at higher temperatures., At low
temperatures, respiration is low and thus cny differences are likely to

be snmall.,
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The paired t tmst detects OVbrall dlfferences, but only if these are

. -mostly in the ‘same dlrectlon. Ip is ppgsihla for dqifferences of

.. opposite sign to cancel out, and this could be important, for exampie,

if, in the first half of the observations, the differences were all in
one direction, while in the second half they were all in the opposité
direction (e.g. Fig.4). Exzmination of Figs. 1-5 shows that differences
between grezed and ungrzzed areaz do occur at certain times. Thus,

Fig. 1 shows that in hugust 1967 the tem@ezﬁtura in the grazed plot at

5 om depth was 3.7 deg C gredter than that in the ungrazed plot, presumably

due to differences in the insulating propertlas of the vegetation cover,

Pig. 3 shows thaﬁiin'ﬁngust 1966 respiration in the'grazed h/F iayer.

‘was greater then that of the ungrazed, but the positions wers reversed

in sugust 1967, There is no cbvious reason for this, Again, there
is no cbvious reason for the occasional differences in respiration of the

L/T layer at 10°C (Fig. 2) and in the O to 7 em soil cores (Fig 4), they

" do not appear to be caused Qy differences in m01sture content. The

respiration of the O to 7 cm soil cores shows ‘accasional dlfferences

(Flg-5) p(rtlcularly at temperatures 10 C but thqy are not con31stent.
Conclusions

The results of this investigation show certain differences between the

-grazed and ungrezed soils, which, although swall in absolute terms, are

staetistically 51gn1f1cant.

1. N content was greater, and C/N lower, in O to 3;5 om soil from

the grazed area,

2« Organic matter content of O to 3.5 cm soil was greater in the

grazed. ares in both percentage and ébsolute'terms.

5. Bulk density of soil at 3.5 to 7 cm was greater in the gfézed
ared.




1M
Ia 02/g LOI at 10°C was greater in the ungrazed soil.

1 and 2 can bs attributed to incorporation of sheep fasces into
the.soil. The higher N content of the grazed soil is likely to

- jmprove the productivity of the grass sward. The small difference
in bulk density (3) may have 1ittle influence on other properties,
bﬁf if the compaction increases with time, cther effects may become
apparent.  Published results indicate thet compaction sometimes
increases, sometimes decreases, plant growth., ~ The contradictory
effects probably stem from differences in the amount of compaction

in relation to aeration and moisture, Where molsture is limiting,
and aeration adequate, & certain amount of compaction may be beneficial
by increasing moisturs content per unit volume of soil. - Beyond thaﬁ'
point, the soil may become so dense that aeration and movement of
moisture arve restricted (Lull, 1959).

The difference in 02/g LOI {4) at first appears anomalous, one might
expect that the higher N content of the s0il in the grezed area wéuld
lead to & higher level of nmicrobial activity and thus a greater oxygen
uptake than in the ungrazed area. However, our result is consistent
with the conclusions drawn fram {1) and (2), as Floate (1970) found

that, on average, only ¥ as much CO, was evolved from sheep faeces as from

2
the grass from which these were derived. Our results are consistent in
suggesting that in the grazed area the soil organic matter is strongly
influenced by sheep fasces, while that in the ungrazed plot is likely

to be derived from dead plant material,



In this type'0f study, we are obgerving the product of & series of

interaetions, but we do not know the precise neture of the interactions
invplved. . 4 slmple diagrammatic representation of the organic matter
trensfers can be constructed (Fig. 6).  Sheep mey contribute to soil
organic matter directly by faeces, and indirectly by influencing the
rate of transfer of plant material to the litter and soil, Sheép-

may 2lso influence the rate of plant production., However, the
experimental testing of even such a simple modél would reguire a large

amount of work,
ACKNOWLEDEEMENT S

We are grateful to the Meriewood Chemical Section for the chemical

analyses.



REFERENCES

- Avery, B. W, 1973, ' Soil classification in the Soil Survey of England
and liales. = J. Scil Sei. 2,: 32,-338.

-Bailey, N. T, J. 1959. Statistical methods in biology - English

Universities Press, pp., 200.

Ball, D. F., end Williams, W. M. 1968, Variability of soil chemical
properties in two uncultivated brown earths. = J. Soil Sei,, 19:
379~391.

Conway, V. M. 1955, The Moor House Nationsl Nature Reserve, Wostmorland -
Handbook of the Society for the Promotion of Nature Reservea: 1-=7,

Dixon, M, 1952, Manometric methods as applied to the measurement of

respiration and other processes, — Cambridge: University Press.

Eddy, 4., Welch, D., and Rawes, M, 1969, The vegetation of the Moor
House National Nature Reserve in the northern Pennines, Bngland, -
Vegetatio 16: 239-28).

Floate, M. J. 8. 1970. Decomposition of organic materials from hill
soils and pastures II. Comparative studies on the mineralization
of carbon, nitrogen, and phosphorus from plant materials and sheep
faecess - Soil Biol Biochem 2: 173185,

Franklend, J, C., Ovington, J, D,, and Macrae, C. 1963. Spatial and
seasonal variations in soll, litter, and ground vegetation in some
Lake District woodlands. - J. Bool., 51: 97-112.

Howard, P. J. 4. 1968. The use of Dixon and Gilson respirometers
in soil and litter respiration studies. — Merlewood Research and

Development Paper No., 5, 13 pp.



.Johnaon, G. A, L. and Dunham, K. C, 1963. The Geology of Moor House. -

Monogrephs of the Nature Conservanéy, No, 2, H.M,8.0. Lcndon, 182 pp.

Keen, B. A, and Cashen, G. H. 1932, Studies in soil cultivation, VI,
The physical effect of sheep folding on the scil. - J. agric. Sei,

-

Lull; He We 1959.  Soil compaction on forest and range lands. -
Washington: U.S8.D.A. Forest Service, Miso, Publ, No. ?68,
33 Pl

Manley, Ges 1942. Meteorological observationa on Dun Fell.
- Q.J.R- EEt. 5000’ 68: 251"‘"265-

‘Manley, G 191;5. Further 'c.::limatologic}al averages for the Northemn

Pennines, - Q-JaRo Iﬁe't. SOG., 69: 251"261. )
" Robinson, R. R, and Llderfer, R. B. 1952, Run off from permanent
pastures in Pennrylvania. - Agron. J. 44t 459-462.

Welch, D. and Rawes, M. 19Gi. The early effects of excluding sheep
© from high-level gressiand in the north Pernines. - J. appl. Eeol.,
1:  281-300. ' "




Table 1

Rospiration with depth for one soll oore., Other esores showed

a2 gimilar decreese of respiration with depth.

8cil Depth (om)
25 mm ddam, core

O-2
2.5=4.e5
57
7-9
20-22.5

#10,/v/g 0D

uptake

5ko40
29.00
11.60
773
0.70




Table 2. Chemical apalyses of L/F layer (0D basis)}.

Mean + standard error

grazed ungra. zed
total N pereent ' 1.13 » 0,03 (19) 1,11 + 0,03 (16)
organic G percent 27.57 + 1:29  (19) 26,02 + 1,30 (17)
total H percent 3.85 + 0,46  (19) 364 £ 0447 (17)
¢/H 715 + 0,08  (19) 7.13 + 0,08  (17)
¢/N 2,35 + 0,90  (19) 22,8, + 0.82 {16)
total K percent 0.5 +.0,02 (13) 0.7 £ 0,02 (14)
total Ca percent 034 + 0,03 (13} 0.34 + 0,02 (14)
total P peroent 0.119 + 0,004 (13) 0u144 + 0.004  (14)

total I/F layer materisl g/mz 886.86 + 81.99 (40} 14357 % W73 (34)

None of the differsnces between means of grazed and ungrazed samples was
significant at the 5% level,

No. in sample shown in brackets.




Table 3.

Grazed

Ifngrazed

501l bulk density, organic metter content, and chemiosl analyses

(OD basis), Figures in breockets indicate number in sample.

Significence levels are for within - core comparison,

bulk density g/cc
LOI peroent

LOI g/core

total N percent
organic C percent
total H percent
¢/

o/N

bulk density g/ce
LOI peroent

LOI g/oore

total N percent
organic C persent
total H percent
G/H

o/N

0 to 3.5 om
0.517 + 0,014
21 41 . 0, 354"

1.936
0.80
9.66
10441
6.83
11,56

0.518
19.83
1.766
O 7
Fed3
133
6.96
12.49

+ 0.030
+ 0,02%8%
+ 0508
+ 004
0.1 7%»
0.21

o+

Q.14
0.-29#.‘
0.091
Q,02%%*
0,23%**
Os Qi
0,0G%**
0.19

I+ I+ I+ 1+

i+ =+ I+

i+

Mean 4+ standard error

(31.)
(26)
(17)
(10)
(10)
(10)
(10)

(25)
(28)
(20)
(16)
(10)
(10)
(10)
(10)

3.5 to 7 om
(38) ©.670 £ 0,010*** (30)
(34) 16.59 1+ 0,22
(26) 1.914 + 0,030
(17) ©0.63 1 0,02
(10) 7423 1 0,30
(10) 1.21 4+ 0,03
(10) 5,96 + 0413
(10) 41.44 + 0412
(25) 04615 + 0 014%**>
(28) 16.76 + 0430
(20)  1.773 £ Oai)3
(16) 0.63 % 0,02
(10) 7465 2 Q.2
(10)  1.26 + 0,03
(10) 6,07 + 0.12
(10) 11,95 + 0.18



Table e

pore
depth

0 to 3.5 om

305 to 7 ol

Cto 7 cem

bulk density g/oc
LOT percent OD
LOI g/core

N percent OD

C percent OD

H percent OD

c/H

o/N

bulk density g/co
LOI percent OD
LOI g/core

N percent OD

C percent OD

H percent 0D

¢/h

/N

bulk density g/ce
LOI g/ core

Summary of differences between soil cores.

Mean + standerd error

grazed

0.517 + 0,014

2141 + 0,35%%
1.936 + 0,030%*
0.80 + 0,02%
9.66 + 0.45
tofl  + 0.0
6.83 =+ 017

11,56 4 0.21
0.670 + 0.010%*

16,59 + 0.22
14914 # 0,030%*
0.63 + 0,02
7.23 x 0.30
121 1+ 0,03
5.96 =+ 0.13

114, & 0412

0,595 + 0,010%*

(40)

3.829 &+ 0,053*** (28)

ungrazed

0.518 + 0,01}
19,83 + 0.29

1.766+ 0,091
0.74 & 0,02

9423 + 0.23

133 + Cu0k

6.96 + 0,09
12,49 + 0,19

0.615+ 0,014
16476 + 0,30
1,773+ 04043
0.63 + 0,02
7465 + 0.2
1426 + 0,03
6,07 & 0,12
11495 + 0,18¢

X
X

0,568+ 0,010 (32)
3.532+ 0,062 (21)
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