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capable of quickly utilizing mois- 
ture will tend to predominate 
within the Southern Great 
Plains. On the Tivoli sand site, 
climax vegetation w h i c h has 
d e e p and widespread rooting 
characteristics will predominate. 
Since each foot of soil holds only 
.07 inch of water, plant roots 
must explore a large volume of 
soil to supply the water neces- 
sary for vegetative growth. 

In the Southern Great Plains, 
large acreage of soil exists where 
a sandy loam or loamy sand sur- 
face horizon is underlain by a 
loam, sandy clay loam, or clay 
1 o a m subsoil. The soil-plant- 
water relations of these soil sites 
are generally better than those 
of either a medium-or a sandy- 
textured profile. The Amarillo 
loamy fine sand soil is an ex- 
ample. The sandy surface hori- 
zon allows a high water intake 
rate while at the same time re- 
tains only small quantities of 
water within the top few inches 
where evaporative loss is rapid. 
The heavier textured sandy clay 
loam subsoil has a fairly high 
available water storage and gen- 
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erally an adequate intake rate. 
For rangeland plant production, 
this soil profile combines t h e 
best features of sandy and finer 
textured profiles. On poor con- 
dition rangeland, this site may 
be highly subject to wind ero- 
sion, however. 

Certain topographic situations 
exist that alter the normal soil- 
plant-water relations of any of 
the soils discussed in this article. 
If a soil site collects water from 
another area, whether that water 
is added by surface or under- 
ground flow, the climax vegeta- 
tion tends to acquire the char- 
acteristics of a more humid situ- 
ation. In flat areas where runoff 
from slopes provides extra 
water, or on first or second ter- 
races of drainage channels, mid 
-or tall grass vegetation may 
predominate on sites that would 
ordinarily produce only s h o r t 
grass. 

Plant-soil-water relations that 
determine the type and amount 
of vegetation in the climax or 
post-climax situation within the 
Southern Great Plains have been 
emphasized. In certain s i t u a - 

tions-such as the Tivoli sand- 
lack of fertility may be a con- 
trolling factor. The probability 
that lack of fertility is a major 
f a c t o r in the production of 
climax vegetation increases as 
the soil-plant-water relations of 
a soil become better. In general, 
however, the quantity and sea- 
sonal distribution of soil mois- 
ture will determine the produc- 
tive value of a particular soil site 
on the Southern Great Plains. 
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Kentucky bluegrass (Pea pra- 
tensis L.) dominates the herba- 
ceous cover along many stream- 
bottoms in the Black Hills. The 
combination of palatable forage, 
available water, and steep, tim- 
ber-covered side slopes makes 
the streambottoms natural con- 
centration areas for range cattle. 

Consequently many of these 
areas are closely grazed and 
heavily trampled. 

In the past 5 to 20 years a 
number of livestock exclosures 
were constructed to learn pri- 
marily what effect protection 
from grazing has on the composi- 
tion and production of the vege- 

tative cover. These exclosures 
also afford an opportunity to 
learn what, if any, changes have 
taken place in the soil. A study 
was made in 1956 of soil porosity, 
bulk density,a nd sampling var- 
iation in these soil properties in- 
side exclosures and on grazed 
range. Results of that study are 
reported here. 

The Study Sites 
Four bluegrass streambottom 

sites were selected (Table 1). All 
- 

ICentral headquarters at Fort Col- 
lins in cooperation with Colorado 
State University. Research reported 
in this article was conducted by the 
station’s field unit at Rapid City 
in cooperation with South Dakota 
School of Mines and Technology. 
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of them are gently sloping and 
within 50 yards of a well defined 
stream channel. The exclosure 
at each site is enclosed by a 
standard $-strand barbed wire 
fence that excludes cattle but 
not deer. The area surrounding 
each exclosure is open to grazing 
by cattle from June 1 to October 
31 each year, and the vegetation 
usually is closely cropped by the 
end of each season. 

Average annual precipitation 
is 20 or 21 inches at all 4 sites 
(Table 1). Forty-five to sixty 
percent falls between June 1 and 
October 31. This precipitation 
pattern favors rapid establish- 
ment and growth of vegetation. 
Precipitation is greatest in June 
and gradually declines as the 
season progresses. 

Vegetation is dominated by 
Kentucky bluegrass both inside 
the exclosures and on the grazed 
range at all four sites, but a 
number of other grasses and 
forbs are also present. Forbs are 
more numerous and make up a 
larger percentage of herbage 
production on the grazed range 
than inside the exclosures at 
Sites A, B, and D. At Site C, 
forbs are more numerous both 
inside the exclosure and on the 
grazed range than at any of the 
other sites. Live plants and litter 
cover nearly all of the ground 
surface both inside the ex- 
closures and on the outside range 
at all four sites. Weight of her- 
bage production inside the ex- 
closures in 1956 ranged from 
1,000 to 2,200 pounds per acre, 
air-dry. Total herbage produc- 
tion was about the same on the 
grazed range as inside the ex- 
closures although, as indicated, 
composition did differ. 

The soils at all four sites are of 
alluvial origin, medium textured, 
and are between two and four 
feet in depth. Profile develop- 
ment is weak. It is not clear 
whether this is due to relatively 
recent alluvial deposition or to 
slow rate of development. More 

Table 1. Description of four selected study sites in Kentucky bluegrass 
sfreambotfoms of the Black Hills, 1956. 

Estimated 
Year annual 

Site established Acres Elevation precipitation 

A 1939 2.0 4,640 21 
B 1947 1.0 6,250 20 
C 1949 1.3 6,190 21 
D 1951 0.6 5,940 20 

- 

than 75 percent of roots are 
found in the surface foot of soil, 
with the heaviest concentration 
in the surface 2 inches. 

There are pronounced differ- 
ences in particle size distribution 
of the surface foot of soil among 
the four sites despite the fact 
that textures all classify as 
loams or silt loams. Soils at Sites 
A, B, and D are derived from 
schists and have a relatively 
high silt content (Table 2). Mica 
is a prominent soil constituent 
particularly at Sites B and D. 
The clay content is lower and the 
sand content is slightly higher at 
Site D than at Sites A or B. The 
soil at Site C, derived from a 
sandstone-limestone formation, 
has the highest sand content and 
the lowest silt content. 

Sand, silt, and clay contents of 
individual a-inch intervals in the 
surface foot of soil were essen- 
tially the same inside the ex- 
closures and on the outside 
range at each site except D. Here 
there was 4 to 8 percent more 
sand inside than outside the ex- 
closure between 2 and 12 inches 
depth. Most other differences 
were no greater than error in- 
herent in the hydrometer meth- 
od used for the mechanical 
analysis (Bouyoucos, 1951) . 

Methods 
Soil samples were collected at 

random points within a pre- 
scribed area inside and outside 
each exclosure. Samples were 
taken by 2-inch depth intervals 
from the soil surface to 12 
inches. Equipment used is simi- 
lar to that described by Hoover, 
Olson, and Metz (1954) and 

takes a core sample 3 inches in 
diameter and 2 inches thick. The 
cores were analyzed for bulk 
density (grams per cc.), total 
pore space, small (capillary) 
pore space, and large (non-capil- 
lary) pore space. Afterwards, 
each core was broken and ex- 
amined for specific structural 
characteristics. Large pore space 
was determined with a tension 
table apparatus similar to that 
developed by Learner and Shaw 
(1941) and described by Hoover, 
Olson, and Metz (1954). Total 
pore space was assumed equal to 
the volume of water in a satu- 
rated core. Large pore space was 
considered equal to the volume 
of water drawn from saturated 
cores under 60-centimeter water 
tension. Small pore space was 
calculated as the difference be- 
tween total pore space and large 
pore space. The volume of large 
pore space drained by 20-centi- 
meter water tension was deter- 
mined for soil cores from Site C 
in addition to large pore space 
drained by 60-centimeter water 
tension. 

The O-2,2-4, and 4-6 inch depth 
intervals were sampled at a 
minimum of 10 points inside the 
exclosure and 10 points on the 
grazed range at each site. The 
6-8, 8-10, and lo-12 inch intervals 
were sampled at a minimum of 5 
points inside and outside each 
exclosure. 

Data were analyzed for direct 
comparison of mean bulk density 
and large pore space by a-inch 
depth intervals inside the ex- 
closure and on the grazed range 
at each site. 
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Table 2. Texture of ihe surface foot of soil a& four bluegrass streambottom sties in the Black Hills. 

Depth 
in Site A Site B Site C Site D -~- 

inches Sand Silt Clay Sand Silt Clay Sand Silt Clay Sand Silt Clay 

o- 2 
2- 4 
4- 6 
6- 8 
8-10 

10-12 

---_-__.-__._._.-__.-~--~~.~--~.~.-~--~~~~-~-~~~~~--~_~~~-~.__._.~~.~.~_~.__~__. Percent................................._.~.~ ____ _____ ______ ____________ ______ _______________________ 
28 50 22 24 57 19 46 38 16 34 51 15 
28 50 22 21 58 21 48 36 16 33 50 17 
26 51 23 20 57 23 48 36 16 32 51 17 
26 51 23 20 57 23 47 39 14 32 51 17 
26 48 26 20 56 24 47 36 17 30 52 18 
29 45 26 20 58 22 46 37 17 30 51 19 

Results 

Bulk Density Comparisons 

Bulk density of the O-2 inch 
soil 1 a y e r was significantly 
higher on the grazed range than 
inside the exclosures at three of 
the four study sites (Table 3). 
Greatest differences in this layer 
were measured at Sites A and B, 
the sites of the oldest exclosure 
and soils with the highest silt 
plus clay content (Tables 1 and 
2). Bulk density was 21 percent 
higher outside than inside the 
exclosure at Site A and 29 per- 
cent higher outside than inside 
the exclosure at Site B. At D, the 
site of the youngest exclosure, 
and with soil of intermediate 
sand content, bulk density of the 
O-2 inch layer was seven percent 
higher on grazed range than in- 
side the exclosure. 

Only at Sites A and B was 
bulk density of the 2-4 inch layer 
significantly h i g h e r on t h e 
grazed range than inside the ex- 
closures. At both sites, differ- 
ehces in this layer were smaller 

than in the O-2 inch layer. The 
2-4 inch bulk density was 10 per- 
cent higher outside than inside 
the exclosure at Site A and 16 
percent higher outside than in- 
side the exclosure at Site B. 

There were no significant dif- 
ferences in bulk density of either 
the O-2 or 2-4 inch layers at Site 
C. Soil at this site had the 
highest sand content and the 
lowest silt content. The ex- 
closure was seven years old. 

Below four inches depth there 
were no significant differences 
in bulk density of the soil be- 
tween the exclosures and the 
grazed range at any of the sites, 
with one exception. This was 
the 8-10 inch layer at Site C, 
where bulk density was higher 
on the grazed range than inside 
the exclosure. There is no ap- 
parent explanation for this dif- 
f erence. 

Pore Space Comparisons 

There was a greater volume of 
large pore space drained by 60- 
centimeter water tension in the 

O-2 inch soil layer inside the ex- 
closures than on the grazed 
range at all four sites (Table 4) . 
However, the differences were 
statistically significant only at 
Sites A, B, and D. There was 
nearly 100 percent more large 
pore space inside the exclosures 
than on the grazed range at Sites 
A and B, and about 30 percent 
more inside the exclosure than 
on the grazed range at Site D. 
Although the O-2 inch layer at 
Site C did not differ significant- 
ly in amounts of 60-centimeter 
pore space inside and outside the 
exclosure, there was a signifi- 
cant, though small difference in 
pore space drained by 20-centi- 
meter water tension. 

The 2-4 inch soil layer also had 
more large pore space inside the 
exclosures than on the grazed 
range at all four sites. The dif- 
ferences were smaller than in 
the O-2 inch layer and were sta- 
tistically significant only at Sites 
A and B. There was 39 and 56 
percent more large pore space 
inside the exclosures than on the 

Table 3. Bulk density of soil inside the exclosure and on outside grazed range af ewh of four bluegrass sfream- 
bottom sites in fhe Black Hills. 

Depth 
in 

inches 

Site A Site B Site C Site D -- 
In Out In out In out In out 

o- 2 
2- 4 
4- 6 
6- 8 
8-10 

10-12 

_______.___._______..---_____.-.____.....~..-.__~~-~.. Grams per cubic centimeter.............. ____ ________________________________________~__.._~.~._._~.~ 
*0.77 0.93 *0.72 0.93 1.05 1.02 *0.92 0.98 
* .88 .97 * .88 1.02 1.17 1.15 1.07 1.10 

.87 .91 1.04 1.07 1.19 1.10 1.07 1.03 

.88 .92 1.11 1.13 1.08 1.13 1.05 1.02 

.91 .93 1.23 .lll **1.13 1.21 1.08 1.04 

.90 .94 1.27 1.22 1.18 1.25 1.05 1.06 

* Difference between inside and outside is significant at the 1 percent level. 
** Difference between inside and outside is significant at the 5 percent level. 
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grazed range at Sites A and B, side the exclosures and on the 
respectively. grazed range in 5 out of 16 com- 

Below 4 inches depth there parisons (Table 4). Four of the 
were significant differences in five significant d i f f e r e n c e s 
amounts of large pore space in- showed more large pore space on 
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FIGURE 1. Pore space relationships of soil inside livestock exclosures 
range at four bluegrass streambottom sites in the Black Hills. 

and on grazed 

the grazed range than inside the 
exclosures. Since there is no 
logical reason to believe that soil 
pore space might decline under 
protection from trampling these 
differences must instead be due 
to inherent soil variations. 

There was more small pore 
space in the O-2 and 2-4 inch 
layers on the grazed range than 
inside the exclosures (Table 4). 
This is the opposite of differ- 
ences in large pore space. Adding 
small and large pore space to- 
gether shows that the differences 
in total pore space were small. 
This distribution of pore size 
suggests that compaction trans- . 
forms large pore space to small 
pore space; or conversely, that 
under protection from grazing 
some pore space is transformed 
from the small to the large cate- 
gory without much change in 
total pore space. The volume of 
large pore space is obviously a 
more sensitive indicator of com- 
paction or recovery from com- 
paction than either small pore 
space or total pore space. 

Sampling Variation 

Bulk density of the surface six 
inches of soil is more variable 
on protected sites than on grazed 
range. A minimum sample of 
six soil cores is needed to estab- 
lish a probability of 99 percent 
that the true mean bulk density 
will be within 0.1 gram per cc. 
of the sample mean in a O-2, 2-4, 
or 4-6 inch layer inside an ex- 
closure. A sample of three soil 
cores will achieve about the 
same degree of accuracy for each 
of the three lower depths inside 
an exclosure. Three-core samp- 
les are also needed for each of 
the six depths on grazed range. 
The same sized samples will also 
achieve about a 10 percent samp- 
ling error. 

Six of the 444 soil cores were 
discarded in the final determina- 
tion of required sampling inten- 
sity for bulk density. Three of 
these, in the O-2 inch layer on 
outside range at Site B, had a 
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Table 4. Soil pore space by a-inch depfh intervals inside the exclosure 
and on outside grazed range ai four bluegrass sireamboffom sifes in fhe 
Black Hills. 

Depth Pore space 

in 

inches 

______.._- 
Large* Small Total - 

Inside Outside Inside Outside Inside Outside 

o- 2 **24.9 13.7 
2- 4 “‘17.0 12.2 
4- 6 16.7 18.4 
6- 8 18.4 19.5 
8-10 **17.1 21.1 

10-12 17.2 20.3 

o- 2 **20.2 10.4 
2- 4 **14.4 9.2 
4- 6 12.5 11.3 
6- 8 10.9 12.7 
8-10 *** 8.8 14.8 

10-12 7.5 10.5 

o- 2 21.1 17.8 
2- 4 16.0 14.8 
4- 6 16.7 19.4 
6- 8 22.2 18.5 
S-10 ***20.6 15.2 

10-12 17.6 14.3 

o- 2 ***13.6 10.6 
2- 4 9.1 8.0 
4- 6 10.1 10.9 
6- 8 ***10.0 12.6 
8-10 ***10.3 13.3 

10-12 12.5 12.2 

___._---_..-__.____-.-.~~..---~..~-. Percent of soil volume...... _______ ________ ____ ___________ 

Sife A 
39.9 44.5 
45.1 47.8 
46.8 44.9 
46.0 43.4 
45.6 40.5 
45.0 40.8 

Site B 
44.9 48.6 
45.6 47.0 
42.0 43.4 
40.9 39.9 
38.7 38.9 
38.0 37.4 

Sife C 
35.0 38.0 
36.0 36.9 
35.3 34.9 
34.4 35.2 
34.3 33.9 
34.4 33.5 

Site D 
47.4 47.5 
48.3 47.9 
47.3 48.2 
47.7 46.7 
46.5 45.0 
45.8 44.8 

64.8 58.2 
62.1 60.0 
63.5 63.3 
64.4 62.9 
62.7 61.6 
62.2 61.1 

65.1 59.0 
60.0 56.2 
54.5 54.7 
51.8 52.6 
47.5 53.7 
45.5 47.9 

56.1 55.8 
52.0 51.7 
52.0 54.3 
56.6 53.7 
54.9 49.1 
52.0 47.8 

61.0 58.1 
57.4 55.9 
57.4 59.1 
57.7 59.3 
56.8 58.3 
58.3 57.0 

* Drained by 60 cm. water tension. 

** Difference between inside and outside values significant at the 1 per- 
cent level. 

*** Difference between inside and outside values significant at the 5 per- 
cent level. 

low bulk density due to partially 
decayed or charred wood. The 
other 3, in the 4-6 inch layer on 
open range at Site C, had a be- 
low-average bulk density for the 
layer apparently because the 
cores were taken from repacked 
pocket gopher runways. Soil in 
these three cores had a crumb 
structure more typical of the soil 
surface, while the cores immedi- 
ately above and below all had 
either a subangular blocky or 
platy structure. If such condi- 
tions were common, they could 
no longer be considered aberrant 

and more intensive sampling 
would be necessary to determine 
bulk density as precisely as spe- 
cif ied. 

Large pore space measure- 
ments are more variable than 
bulk density. A sample of 19 
pore space determinations per 
site would be needed in a O-2 
inch layer inside an exclosure for 
99 percent probability that the 
true mean is within 3 units of 
the sample mean (percent of soil 
volume). Three percent of soil 
volume was the smallest differ- 
ence between inside and outside 

means for the O-2 inch layers 
that proved to be significant (O-2 
inches, Site D, Table 4). Eight 
determinations will achieve 
about the same precision in each 
of the remaining depths inside 
an exclosure and for each depth 
on grazed range. Ten percent 
sampling error would require 41 
determinations for a O-2 inch 
layer inside an exclosure and 35 
determinations for each of the 
remaining depths inside an ex- 
closure and each depth on grazed 
range. 

Discussion 

Difference in magnitude of re- 
covery from soil compaction by 
cattle grazing at the four sites is 
believed to be related primarily 
to soil texture. This inference is 
drawn on the assumption of 
about equal intensity of grazing 
and trampling and hence oppor- 
tunity for a similar degree of soil 
compaction over a long period of 
years at all four sites. There is 
no apparent reason to doubt this 
assumption. 

Although the soils at all four 
sites classify as medium tex- 
tured, there are pronounced dif- 
ferences in the particle size dis- 
tribution (Table 2). Silt plus 
clay contents average 73, 79, 54, 
and 68 percent at Sites A, B, C, 
and D, respectively. The magni- 
tudes of differences in bulk den- 
sity and large pore space be- 
tween the grazed and protected 
range at each site were in the 
same order as the silt plus clay 
contents-greatest at Sites A 
and B, least at Site C, and inter- 
mediate at Site D. Recovery 
from compaction was evident in 
both the O-2 and 2-4 inch layers 
at Sites A and B and in terms 
of both bulk density and 60-cent- 
imeter pore space. In these same 
terms there was evidence of re- 
covery only in the O-2 inch layer 
at Site D while at Site C the only 
evidence of recovery was in the 
volume of 20-centimeter pore 
space in the O-2 inch layer. Re- 
sults suggest that soils at Sites 



SOIL POROSITY IN THE BLACK HILLS 85 

A and B, because of finer tex- 
ture, not only were more com- 
pacted than the soils at Sites C 
and D, but were also compacted 
to greater depth. 

The silt loam soils at Sites A 
and B show evidence of compac- 
tion to about four inches depth. 
Kucera (1958) found silt loam 
soil on grazed tallgrass prairie 
in Central Missouri compacted to 
the same depth. Bulk density on 
a grazed site in the Missouri 
study ranged from 1.01 in the 
surface inch to 1.33 in the fourth 
inch compared to 0.87 and 1.26 
in the first and fourth inch, re- 
spectively, on an ungrazed site. 
Bulk densities at Site B, the site 
in the present study with the 
most clear-cut silt loam soil, av- 
eraged 0.93 in the O-2 inch layer 
and 1.02 in the 2-4 inch layer on 
grazed range compared to 0.72 
and 0.88 in the O-2 and 2-4 inch 
layers, respectively, inside the 
exclosure. , 

Inspection of soil cores showed 
a tendency to platy structure 
both inside and outside all four 
exclosures. It was most pro- 
nounced at Site D and was found 
to 12 inches depth at some points 
both inside and outside the ex- 
closure. The fact that platy soil 
structure was evident inside as 
well as outside the exclosures 
and below the obvious depth of 
soil compaction suggests that it 
may be due to genetic soil char- 
acteristics rather than to com- 
paction. 

Magnitude of recovery from 
soil compaction at first appeared 
to be related to length of time 
the exclosures have been pro- 
tected from livestock grazing. 
However, when soil texture was 
considered, there remained little 
evidence of a time relationship. 
Instead, the magnitude of 
changes in bulk density and 
large pore space are in the ap- 
parent order of soil compactibil- 
ity. This suggests that the 5- 
year old exclosure at Site D, is 
at about the same recovery level 
as the older exclosures at the 

other sites and indicates that the 
greatest changes in bulk density 
and pore space of soil take place 
within five years after start of 
protection. The exclosures are 
17, 9, 7, and 5 years old at Sites 
A, B, C, and D respectively. 

Soils are subject to maximum 
compaction at a moisture con- 
tent about midway between 
wilting point and field capacity 
(Lull, 1959). Therefore, the more 
often moisture content is at this 
point the greater the chance of 
maximum soil compaction. In 
spring and early summer, the 
period of maximum seasonal 
precipitation in the Black Hills, 
the surface soils may remain 
near field capacity much of the 
time. Soils in this condition may 
tend to deform or shift laterally 
under stress rather than to com- 
pact. During early-to mid-sum- 
mer, storms are still relatively 
numerous, but high tempera- 
tures cause the soils to dry rap- 
idly between storms. It appears, 
therefore, thats oils are most fre- 
quently susceptible to maximum 
compaction in early-to mid-sum- 
mer. In late summer and in the 
fall surface soil may remain near 
wilting point moisture content 
for days and even weeks be- 
tween storms. Most soils are 
highly resistant to compaction 
when very dry. 

The volume of large pore space 
determines the rate of water per- 
colation in a soil (Baver, 1956). 
Hence, the least permeable or 
most restrictive layer is the one 
with the least volume of large 
pore space. This is near the top 
of the surface one foot of soil on 
the grazed range at Site B (Fig- 
ure 1) but at the bottom of the 
exclosure. A similar but less 
surface foot of soil inside the 
clear-cut relationship holds for 
Site A. The 2-4 inch depth is the 
least permeable layer both in- 
side and outside the exclosure at 
Site D, but above this depth, the 
O-2 inch layer would be expected 
to be more permeable inside 
than outside the exclosure. The 

relatively high permeability in- 
dicated by volume of large pore 
space both inside and outside the 
exclosure at Site C is apparently 
due to the relatively high sand 
content of the soil. 

Summary 

Soils were sampled by 2-inch 
intervals to a depth of 12 inches 
inside livestock exclosures and 
on adjacent grazed range at each 
of four sites. The four sites are 
located in Kentucky bluegrass 
stream-bottoms grazed by cattle 
each year from June 1 to Octo- 
ber 31. The soil cores were an- 
alyzed for bulk density and pore 
volume. Comparisons were made 
to determine whether there were 
differences in these soil proper- 
ties between the exclosures and 
the adjacent grazed range. 

Compaction was evident only 
within four inches of the soil 
surface. The entire surface 4- 
inch layer at two sites with soils 
of high silt plus clay content had 
significantly less large (60-centi- 
meter) pore space and higher 
bulk density on the grazed range 
than inside the exclosures. At a 
third site where soil had slightly 
less clay and more sand, only 
the O-2 inch soil layer had signif- 
icantly less large pore space and 
higher bulk density on the 
grazed range than inside the ex- 
closure. Soil at the fourth site 
had the least silt and nearly 50 
percent sand. Here, the only soil 
difference attributable to com- 
paction was significantly less 
pore space drained by 20-centi- 
meter tension in the O-2 inch 
layer on the grazed range than 
inside the exclosure. The amount 
of compaction appears to have 
varied directly with silt plus 
clay content of the soil. 

The detection of soil compac- 
tion on the grazed range was de- 
pendent on recovery from com- 
paction inside the exclosures. 
The exclosures were 5, 7, 9, and 
17 years old. These appear to 
have been sufficient lengths of 
time for partial if not full re- 
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covery from soil compaction, ex- 
cept perhaps at the 5-year old 
exclosure. 

Large pore space is more sub- 
ject to sampling error than bulk 
density. Ten percent sampling 
error in bulk density of a O-2,2-4, 
or 4-6 inch layer inside an ex- 
closure requires sampling at six 
random points. Only three ran- 
dom sampling points are needed 
for each 2-inch depth interval 
from 6-12 inches an exclosure 
and from O-l inches on grazed 
range. To achieve a 10 percent 
sampling error in large pore 
space, 41 random points must be 

ORR 

samnled for the O-2 inch laver 
Y 

HOOVER, MARVIN D., DAVID F. OLSON, 
inside an exclosure and 35 points 
for each 2-inch depth interval 
from 2-12 inches inside an ex- 

JR., AND LOUIS J. METZ. 1954. Soil 
sampling for pore space and per- 
colation. U. S. Forest Serv. South- 
eastern Forest Exnt. Sta. Paper 42. 

closure and O-12 inches on grazed 

Inc., New York. 489-pp. 

range. Both soil properties are 

BOUYOUCOS, G. J. 1951. A recali- 

more variable near the soil sur- 
face inside an exclosure than on 
grazed range. 
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The Age of Exploration, 
1900-1935 

About the turn of the century 
serious consideration began to 
be given to the development of 
superior forage materials for the 
newly settled Great Plains area. 
N. E. Hansen of South Dakota 
was designated plant explorer in 
1897 by Secretary Wilson and 
sent to Siberia (Hansen, 1909). 
Turkestan alfalfa was one of the 
importations from that trip. 
Hansen also brought back sam- 
ples of crested wheatgrass, but 
so far as records indicate, these 
particular lots did not lead to 
our present sources of crested 
wheatgrass. 

Hansen made other trips in 
1906 and 1908 and shortly there- 
after made available source 

strains of alfalfa such as Cherno, 
Cossack, Orenburg, Omsk, Obb, 
and Semipalatinsk (Hansen, 
1913). One of the early workers 
with these materials was W. A. 
Wheeler, who also discovered 
the Baltic types from farmer in- 
troductions near Baltic, South 
Dakota (Dillman, 1910; Graber, 
1950). Grimm alfalfa had been 
introduced a half-century ‘ear- 
lier, but its special qualities of 
hardiness were just then coming 
to be appreciated. Ladak was 
introduced in 1910 from north- 
western India and other sources 
assembled to provide a large 
genetic variance which later al- 
falfa breeders could exploit suc- 
cessfully. 

The introductions which led to 
our present sources of both 

standard and fairway crested 
wheatgrass were presented by 
Vasili S. Bogdan, Director, Ex- 
periment Station, Valuiki, Sa- 
mara government, Russia in 1906 
(Dillman, 1946). A number of 
other introductions have been 
made from time to time includ- 
ing those resulting from the H. 
L. Westover-C. R. Enlow expedi- 
tions of 1934 and 1936 and the 
author’s Turkish expedition of 
1948. Nevertheless our commer- 
cial sources as well as all im- 
proved varieties have been de- 
rived from the 1906 material. 

Sudangrass w a s introduced 
into the Great Plains in 1909, 
largely through the efforts of 
C. V. Piper (Vinall, 1921). H. N. 
Vinall, Piper, Westover, Oakley, 
McKee and other early forage 
crops workers were largely re- 
sponsible for introducing a large 
number of species for trial in the 
region. Only a very few have 
been really important. The for- 
age and fodder of the Great 
Plains is largely provided by na- 
tive grass, small grains, sor- 
ghums, alfalfa, and crested 
wheatgrass. Bromegrass is used 
on favored sites together with 


