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759, and buffalo grass from 5 to 129,
The increase of buffalo grass was less
pronounced than on the more stable soils
of lowlands, and it was accompanied by
an increase in blue grama. These changes
had resulted in an increase of basal cover
from 27 to 339.

In fair pastures blue grama, largely
owing to drought, as will be explained,
had decreased a third in amount, to 509.
But buffalo grass had increased from
12 to 459%,. Sand dropseed, side-oats
grama, and red three-awn (Aristida
longiseta) were found occasionally. There
was a decrease in western wheatgrass.
Small amounts of big bluestem and blue-
grass were present on some of the east-
facing slopes. Tumblegrass (Schedonnar-
dus paniculatus) sometimes occurred in
local bared areas. As a result of the high
percentage of buffalo grass, the average
basal area had further increased (439)
(table 2).

In poor hillside pastures blue grama
was the most abundant grass (639,). The
bunches were often on pedestals or
columns of soil 1-3 inches high, resulting
from erosion around the bunches. Be-
tween the columns the soil was usually
bare or populated with annual grasses
and tumblegrass. Occasional patches of
buffalo grass occurred on hillsides; they
were most abundant on the soil of the
more stable slopes. This grass composed
239, of the basal area. Thus in fair pas-
tures the short grasses, in nearly equal
abundance, composed 959, of the vege-
tation; but in poor ranges there was
nearly three times as much blue grama as
buffalo grass. Sand dropseed had in-
creased to 99,. Small amounts of western
wheatgrass were present in the driest
places. Other perennial grasses were rare.
The cover was so open and the soil so
greatly eroded that the basal area was
reduced to only 189%.
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Percentage frequency of big bluestem
on hillsides decreased with deterioration
of the vegetation as follows—27, 6, 3,
and 1. That of blue grama, 86, 90, 79,
and 77, remained high throughout, as did
also its percentage composition. Highest
percentage frequency of buffalo grass
corresponded with its highest percentage
composition. These were 63 and 459 in
fair range but only 10 and 59 in excel-
lent pastures. Side-oats grama occurred
in 26, 15, 3, and 49, of the samples,
respectively,’in the several pasture types.

YIELD OF PERENNIAL GRASSES AND
MULCH.—Yield of grasses was much less
on all hillside sites than in lowland,
except in the poor pasture, where it was
greater (tables 1, 2). The range was from
1.44 tons per acre in excellent pasture to
only 0.41 ton in the poor one.

Mulch in the excellent pasture on hill-
side sites was 61 gm. per square foot or
5900 pounds per acre. The heaviest
mulch was found under stands of mid
and tall grasses. The decrease of these
in good pasture, together with closer
grazing, resulted in a reduction to 3,740
pounds. In fair pasture mulch was much
less—1710 pounds per acre. Here again
mulch decreased despite the greater
basal area of the short-grass cover. In
poor pasture, where grazing was closest
and trampling was most severe, the
mulch was only 281 pounds per acre.

CHANGES IN POPULATION OF FORBS.—
Decreasers composed the largest group
of forbs on hillsides of excellent range.
Among these, skeleton-plant (Ly-
godesmia juncea), prairie cone-flower, and
lead-plant were most abundant. Lead-
plant was one of the best indicators
among forbs of range condition. Although
it decreased under heavy grazing, a few
diminutive plants were found even in
poor range. The rose also occurred on
many hillside sites, but it decreased
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Causes of the great abundance of blue
grama, 759, in the excellent range, were
twofold. This species was harmed less
than buffalo grass by severe drought,
and, because it grows somewhat taller,
it endured shading caused by rank
growth of weeds following drought much

TABLE 3

STAGES IN DEGENERATION OF HILLTOP VEGETA-
TION FROM EXCELLENT THROUGH GOOD AND
FAIR RANGES TO POOR RANGE CONDITION

YIELD,
PERENNIAL GRASSES Basar MULCH | PERENNIAL
AND PERCENTAGE AREA (GM/ GRASSES
COMPOSITION %) SQ F1) (ToNs/
ACRE)
Excellent
Blue grama. . . .. 75
Buffalo grass. ...20 36 42 1.23
June grass. ... .. 1
Good
Blue grama. . . .. 65 44 31 1.32
Buffalo grass. ...33
Fair
Blue grama. . . .. 28
Buffalo grass. . ..68 49 11 0.65
Sand dropseed... 1
Poor
Blue grama. . ... 51
Buffalo grass. .. .41 20 3 0.41
Sand dropseed... 5
Tumblegrass. ... 1 ‘

better than did buffalo grass. Distribu-
tion of buffalo grass in the short-grass
prairie was quite erratic (6).

It is probable that even most of the
highly drought-resistant blue grama died
in pastures heavily grazed during
drought. But in pastures not grazed too
heavily in subsequent years, an almost
continuous cover of short grass, largely

BOTANICAL GAZETTE

[JuNE

buffalo grass, which spreads rapidly by
stolons, covered the soil. This is accord-
ing to the findings of ALBERTSON and
WEAVER (1) on changes in the vegeta-
tion of Mixed Prairie during and follow-
ing the drought years. In pastures that
were continuously heavily grazed, buf-
falo grass spread less widely and less
rapidly, and the result was low basal
cover with much weed-infested, open
ground. In general, pastures of the latter
type were in fair or poor condition.

June grass, which composed only 19,
of the grasses, appeared as scattered,
dark-green bunches in the short-grass
cover. It is a cool-season mid grass which
becomes green and attractive to live-
stock so early in the spring that it is
grazed out.

In good pastures the decrease of blue
grama to 659, was more than offset by
the increase in buffalo grass to 33%.
This was the chief cause for the greater
basal area, 449, compared with the
previous 369%,. Sand dropseed had be-
come slightly more abundant than in
excellent range.

An outstanding feature of the cover in
fair pastures was a further increase of
buffalo grass to 689, and a decrease of
blue grama to 28%. Some of the highest
hills in the extremely dissected portions
of the loess plains had scattered bunches
of blue grama with only small patches
of buffalo grass and much exposed soil.
On the more rolling topography in the
eastern portion of the area, buffalo grass
often formed an almost continuous sod
over the hilltops. Sand dropseed was
slightly more abundant in fair pastures
than in good or excellent ones (table 3).
Tumblegrass was sometimes found in
local, disturbed areas. These changes re-
sulted in a further increase in basal area
to 49%.

In poor range blue grama was some-
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times limited to widely separated
bunches. Erosion had bared some places
almost completely. The average basal
cover was reduced to 209, much less
than half that found in fair pastures. The
soil was too unstable in many places for
buffalo grass to thrive. Sand dropseed,
previously of little importance, had in-
creased to 5%,. Tumblegrass occurred in
smaller amounts.

Big bluestem was rare on hilltop sites,
with a percentage frequency of 2. For
side-oats grama it was less than 1 in all
classes of hilltop pastures. Blue grama
had a very high percentage frequency,
66-97. This was maintained even when
the percentage composition in fair pas-
tures was only 28. Percentage frequency
of buffalo grass varied directly with its
percentage composition; these were 36
and 20 in excellent range and were 83
and 68 in fair pasture.

YIELD OF PERENNIAL GRASSES AND
MULCH.—Yields of grasses ranged from
1.32 tons per acre to only 0.41 ton (table
3). They were less on all hilltop sites
than on hillsides, except in poor pasture,
where they were the same.

In excellent range the spaces between
bunches of blue grama had a cover of
mulch which sometimes exceeded 0.5
inch in thickness. A dry weight of 42 gm.
per square foot, or 3980 pounds per acre,
was found.

Ranges in good condition had an al-
most continuous layer of mulch. Only
near fences and gates, where excessive
trampling and grazing had occurred,
was the soil bare. An average weight of
2980 pounds per acre was ascertained.
This decrease in mulch of 25%, con-
tributed to the decrease in soil moisture
on this site as compared with that in
excellent range (fig. 4).

Only a moderate amount of mulch
(1132 pounds per acre) was found in
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fair pastures on hilltops. They were
usually stocked at such a rate that graz-
ing was uniform over the entire area.

Amount of mulch on hilltops in poor
ranges was extremely small, only about
3 gm. per square foot, or 281 pounds per
acre. The fact that some mulch was
found in all such pastures does not
present an entirely true picture. It was
possible to remove mulch from the
bunches, even though between them the
soil was not only bare but 1-3 inches of
the surface had been washed or blown
away.

CHANGES IN POPULATION OF FORBS.—
The most abundant forbs found on hill-
tops were prairie cone-flower and skele-
ton-plant. Other abundant forbs were
scarlet gaura, lead-plant, silver-leaf
psoralea, purple prairie-clover, blazing
star, and wavy-leaved thistle. All but the
last decreased with grazing. Forbs of
excellent range that seldom occurred on
this site in other condition classes were
Platte milk-vetch and ground plum
(Astragalus crassicarpus Nutt.). Lead-
plant was more abundant than the two
preceding legumes, and, unlike them, it
was found in other range classes. All the
forbs, except western ragweed and wavy-
leaved thistle, decreased in pastures of
low grade.

The chief forbs that increased with
range deterioration to good pasture were
Short’s milk-vetch (Astragalus shorti-
anus), red false mallow, many-flowered
aster, and ironweed.

In fair pasture, forbs that decreased
were rare. The three species that aver-
aged more than one plant per 50 square
feet were blazing star, skeleton-plant,
and purple prairie-clover. The chief in-
vader, hoary vervain, rare in excellent
pastures and few in good ones, now
showed a considerable increase. Some of
the annual weeds mentioned in poor
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pastures of lowlands and hillsides also
populated the bared soil of hilltops.

Among the relict decreasers found in
poor pastures on hilltops were prairie
cone-flower, scarlet gaura, and purple
prairie-clover. The increaser, western
ragweed, now ranked first in abundance,
although all the plants in its group had
become much more plentiful.

TOTAL YIELD OF VEGETATION

To complete the story of degeneration
of these grasslands, the total yield of the
vegetation will be given. Yield of forage
was ascertained by use of exclosures

TABLE 4

TOTAL YIELD OF VEGETATION (GM/SQ M) IN
EACH OF FOUR PASTURES SELECTED AS REPRE-
SENTATIVE OF SEVERAL RANGE-CONDITION
CLASSES

RANGE-CONDITION CLASS

SITE
Excellent Good Fair Poor
Lowland. ... 572 377 458 772
Hillside. . . . 352 337 301 148
Hilltop. . . .. 300 319 163 127

made of steel posts and heavy woven
wire. Each exclosure protected 30 square
feet of range from grazing animals. A
total of twenty-eight exclosures was
used.

The vegetation in the exclosures was
clipped only at the end of the growing
season. A steel frame enclosing 2 square
meters was placed in the exclosure, leav-
ing approximately a 6-inch border of un-
grazed vegetation. Vegetation in the
frame was clipped to the soil surface, air-
dried, and weighed. Although the sam-
pling areas were necessarily small, they
were carefully selected as representative.
They do give a good general indication as
regards yields.

Total yields on the lowland did not
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differ greatly in the four ranges and were
actually highest in the poor range. How-
ever, most of the yield in the poor range
consisted of forb increasers and invading
forbs and grasses. The most abundant
invader was annual sunflower, which
sometimes reached a height of 10 feet.
Ironweed was by far the most abundant
increaser, its woody stems extending up-
ward 4-5 feet.

In all classes of ranges the yield on the
hillside sites was greater than that from
hilltops. Yield from excellent range was
slightly greater than that from good or
fair ranges and much greater than that
from the poor one, where less than half
as much vegetation was produced.

On hilltops of the excellent range total
yield was slightly less than on hilltops
of good range (table 4). Grasses that in-
creased under grazing contributed great-
ly to this higher yield in the good class.
Total yields on hilltops of the fair and
poor ranges were considerably less than
those in the excellent and good ones. On
hilltop ranges the yield was primarily
grasses. The lowest yield was found on
hilltops in poor condition. Although the
poor range contained many of the species
that occurred in better ranges, the low
height attained and the low basal area
resulted in a marked decrease in produc-
tivity.

In addition to the perennial grasses
and forbs, certain annual grasses, es-
pecially hairy chess (Bromus commuta-
tus), little barley (Hordeum pusillum),
and six-weeks fescue (Festuca octoflora),
furnished a part of the total forage. Since
they matured and dried in early summer,
they were harvested at this time. Other-
wise, the seeds shattered, and plants were
trampled or beaten to the ground by
rain.

In excellent range both distribution
and abundance of annual grasses were
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similar to that in near-by prairie, except
that little barley was more plentiful.
Growth and yield of hairy chess were
usually greatest in all sites in excellent
and good pastures. Here the plants were
better developed. The yield ranged be-
tween 30 and 49 gm. per square meter
in all sites in excellent and good pastures,
but, with one exception, from 2 to 30
gm. in fair and poor ranges.

Little barley and six-weeks fescue,
which were only 3-8 inches tall, were
most abundant in fair pasture. Here
there was less competition for light than
in better ranges, and grazing was not so
close or trampling so uniform as in
poorer ranges. Yields of all annual
grasses were lowest in poor range. Total
average yields per square meter from
excellent to poor range were 56, 42, 42,
and 14 gm., respectively.

EXTENT OF DEGENERATION

Ranges were examined at approxi-
mately 10-mile intervals in three direc-
tions from the center of the loess-hills
area to its periphery, in order to ascer-
tain the extent of degeneration. Each
range was placed in a condition class
only after comparing the composition of
its vegetation with that of ranges known
to be representative of each class. This
included the taking of a large number of
square-foot samples.

Of 148 ranges examined, only 5%, were
found in excellent condition. Eighteen
per cent were in the good condition
class. Almost half, 499, had degener-
aged to the fair condition. Distinctly
poor ranges composed the remaining
289, of the total.

Summary

1. An extensive area of Mixed Prairie
in the loess hills of central Nebraska was
studied to ascertain the degree of degen-
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eration that had resulted from long
periods (60-70 years) of grazing.

2. The topography is mostly that of
steeply rolling and hilly land. The soils,
derived from loess, have A horizons
varying from 6 to 20 inches in depth,
carbonate accumulations in the thick B
horizons, and C horizons of deep, mellow
loess. Water from the 23.5 inches of
precipitation penetrates the soil to 5 feet
or more.

3. Ungrazed hilltops and upper slopes
were covered mostly with short grasses.
Ravines and ravine banks supported a
post-climax vegetation of tall and mid
grasses derived from True Prairie. Typi-
cal climax Mixed Prairie of taller grasses
with an understory of short grasses
occupied the long mid slopes.

4. Each type of vegetation demarked
different environments or pasture sites.
Various degrees of deterioration of the
vegetation in each site were revealed in
four range-condition classes—excellent,
good, fair, and poor.

5. In lowland the chief grasses which
decreased under grazing were Andropo-
gon gerardi and other tall grasses. In
excellent range A. gerardi composed 58%,
of the perennial grasses, but decreased to
29%,, and then to 39, and finally in
poor pasture to 19,. Conversely, short
grasses (Bouteloua gracilis and Buchloe
dactyloides) increased from 10 to 829,
from excellent to fair pasture, and then
decreased to 53% in poor range. Poa
pratensis and Bouteloua curtipendula
were other increasers.

6. Basal area of grasses increased with
lowland range deterioration from 15%, in
excellent pasture to 519, in fair range,
but it was only 219, in poor range.
Organic mulch steadily decreased, as
vegetation degenerated, from 8540
pounds per acre in excellent range to
634 pounds in poor pasture, and yield of
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perennial grasses from 2.44 tons per acre
to only 0.27 ton.

7. On hillside sites Andropogon ger-
ardi, Bouteloua curtipendula, and Poa
pratensis all decreased from their respec-
tive 8, 10, and 39, composition of the
vegetation to less than 19 in fair range.
Bouteloua gracilis maintained a high per-
centage composition (50-75) throughout.
Buchloe dactyloides increased from 5 to
45% in fair pasture and then decreased.

8. Basal area on hillsides increased
from excellent pasture (27%) to fair
range (43%) and then decreased to 18%.
In the same sequence, yields of perennial
grasses were 1.44, 1.33, 0.92, and 0.41
tons per acre. A yield of 5900 pounds per
acre of mulch in excellent range de-
creased to 281 pounds in poor pasture.

9. On hilltop sites there were no tall
and few mid grasses to decrease. The two
short grasses composed 959, of the basal
area in excellent pastures and 92% in
poor ones. Here degeneration consisted
largely of the fragmentation of the more
or less continuous cover of excellent
range to one with much bare interspace.

10. Basal area of grasses increased
under grazing from 36 to 499, and then,

BOTANICAL GAZETTE

in poor range, decreased to 20%. Mulch
was reduced from 3980 pounds per acre
to only 281 pounds in poor range. Yields
of grasses were moderate in excellent
and good range (about 1.28 tons per
acre) but low (0.65 and 0.41 ton) in fair
and poor range.

11. The same species of forbs often
grew in different sites, but some were
more or less confined to a single site.
Each pasture type had a characteristic
group of forbs which consistently de-
creased with degeneration of prairie, as
Amorpha canescens, Lygodesmia juncea,
and Ratibida colummnaris.

12. Chief forbs that increased with
deterioration of grassland were Vernonia
baldwinii, Aster multiflorus, Ambrosia
psilostachya, and Cirsium undulatum.
Among forbs that invaded degenerated
grassland were Verbena stricta, Grindelia
squarrosa, and, in poor pastures, Helian-
thus annuus and many other weedy
annuals.

13. Of 148 ranges examined, only 5%
were in excellent condition, 189, were in
good condition, fair ranges composed
499, and distinctly poor ranges were
289, of the total.
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