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INTRODUCTION 

The vast range lands of western Kansas occupy 
approximately one half of that area. They are now 
recovering from the terrible destruction wrought by 
overgrazing, drought, and dust-burial during the past 
decade. Since grass is man's most powerful allv in 
soil and water conservation, since pastures are tre- 
mendously important as the cheapest and most satis- 
factory feed for cattle, and since the recovery of the 
western range is not only an economic problem of 
great importance but a phenomenon of outstanding 
ecological interest, the redevelopment of the plant 
cover warrants careful investigation. 

The pastures of western Kansas occupy a diversi- 
fied topography and vary considerably in composition 
of vegetation. Those on the eastern edge of the area 
are a part of the mixed prairie association in which 
certain postclimax tall grasses extend westward in 
long arms and occupy the more moist soil, especially 
in ravines, and often intermix with mid grasses on 
steep hillsides, frequently where the soil is shallow 
and rocks outcrop. The short-grass diselimax, result- 
ing from long continued grazing of the mixed prairie, 
occupies the level and gently rolling lands and ex- 
tends westward over a vast area with decreasing 
precipitation. Since this blue grama (Bouteloua 
gracilis)-buffalo grass (Buchloe dactyloides) type is 
of the greatest extent and importance, it has received 
major consideration in this investigation. The pas- 
tures vary in size from 20 to 40 acres on farms 
where cultivated land is extensive to several thousand 
acres on rough land where growing cultivated crops 
is only incidental to livestock production. In many 
localities the income from the farm is almost entirely 
dependent upon livestock (Fig. 1). 

An understanding of present conditions can be 
had only by a knowledge of past treatment of the 

FIG. 1. Range land typical of westeray Kansas where 
the short grass furnishes most of the forage for live- 
stock. August, 1942. 

ranges. High wind movement was common through- 
out the drought period and especially severe during 
the spring of 1935. Soil which was pulverized by 
excessive cultivation was carried as dust in large 
quantities from cultivated fields and deposited in 
layers or drifts on the drought-stricken prairie plants 
(Fig. 2). The cover of native vegetation was thus 
greatly reduced, in fact, the grasses were almost or 
completely annihilated over vast areas of range land. 

FIG. 2X. Surface soil carried by wind from adjacent 
cultivated land and deposited in layers and drifts on a 
sparse, weakened vegetation. Lakin, Kan. July, 1939. 

Planted crops failed to grow because of deficient 
moisture. This compelled the rancher to increase the 
usual length of the grazing season as well as the in- 
tensity of range utilization. This extreme overgraz- 
ing was responsible for further decline in the amount 
of original plant cover. The soil when devoid of 
native vegetation was often populated by numerous 
weedy annuals (Fig. 3). As a result, many farmers 
were confronted with the problem of increased losses 
in livestock due to the poisoning effect of various 
noxious weeds. 

FIG. 3. Large Russian thistles forming a new cover 
on the drought-swept prairie. Usually the dead crowns 
of native grasses (foreground) furnished the only evi- 
deuce that the area was once clothed with a dense cover 
of short grasses. This is typical of hundreds of ranges 
in western Kansas. Photo August, 1939. 
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The prairie soil was bared by adverse environmental 
conditions and became extremely susceptible to wind 
erosion. It was the source of dust for further great 
storms which greatly damaged the ranges. When 
pastures awere placed under the stress of these un- 
favorable environmental conditions it became evident 
that in those where good management had been prac- 
ticed the original plant population suffered far less 
than where overgrazing or overgrazing with intense 
dusting had occurred. This investigation was initiated 
to determine the effect of drought, different, Inten- 
sities of grazing, and degrees of dusting from ad- 
jacent cultivated fields upon the basal cover and 
vield of the native vegetation. 

METHOD OF STUDY 

The plan of the investigation was to select a series 
of pastures which had been detrimentally affected b1y' 

past usage or environment in different degrees and 
to measure the nature and rate of recovery under 
protection. Increase in basal area, amount of the 
various species concerned, and dry we ght of forage 
produced were the chief criteria used in measuring 
recovery. This included, of course, a consideration 
of the environmental conditions of growth. Effects 
of different intensities of clipping were also asecr- 
tained as well as the monthly yield. 

Basal area gives a good picture of the structure 
of a type of vegetation. When used in permai nt 

quadrats, the increase or decrease in the abundance 
of individual species due to succession or different 
treaments can be followed accurately. Although the 
percentage results are not a sensitive mcasure of the 
change in yield, they definitely reflect any change in 
the nature of the plant cover (Savage 1937; Weaver 
& Albertson 1936). Dry weight of plants is one of 
the best quantitative characteristics of vegetation 
(Hanson 1938), and increase in dry weight is the 
best measure of growth (West, Briggs, & Kidd 1920). 
When basal area and dry weight are combined in a 
study of recovery of sod- and bunch-forming grasses 
a rather clear picture of development should be 
obtained. 

The clip quadrat has been widely used by nu- 
inerous American investigators in obta n ng yields 
(Sampson 1914; Sarvis 1923; Taylor & Loftfield 
1924; Canfield 1939; Hein & Henson 1942; and 
others). Although clipping studies serve as a val- 
uable supplement to grazing experiments, they differ 
in several respects from actual grazing. The chief 
differences have been pointed out by Culley, Camp- 
bell, and Canfield (1933) and Donald (1941). But 
despite these differences clip quadrats are invaluable 
iad are widely used wherever quantitative ecological 
studies in grassland are pursued (West 1936). 

Four pastures, representing various stages in range 
deterioration , were selected near each of four stations 
-Hays, Ness City, Quinter, and Dighton, Kansas. 
In addition, a prairie was selected near Phillipsburg, 
Kansas. Hays is in Ellis County and about 160 
miles from the western state boundary. Phillipsburg 

lies 65 miles directly north of Hays and is in the 
northern tier of counties. Quinter is 50 miles wvest 
and north of Hays and Ness City and Dighton are 
60 and 1100 miles, respectively, southwest. All1 of 
these extensive ranges are in the mixed prairie asso- 
ciation, and all but the prairie at Phillipsburg are 
portions of a great grazing disclimax. At Phillips- 
burg the vegetation has changed from mixed prairie 
to an open stand of short grass solely as a result 
of drought and coverage by dust. 

The pastures at each station, except Phillipsburg, 
were of four different classes as follows: 

Class 1. Lightly grazed and lightly dusted. 
Class 2. Heavily grazed and lightly dusted. 
Class 3. Lightly grazed but heavily dusted. 
Class 4. Both heavily grazed and heavily dusted. 

Intensity of grazing in the class 1 and 2 pastures 
at Hays had been about 1 animal unit for each 20 
acres, and in other class 1 and 2 pastures about 1 
animal unit for each 20 to 30 acres, although the use 
records at Quinter are incomplete. Class 3 pastures 
were similar to class 1 before the heavy dusting. 
Moreover, during years of poor productivity these 
pastures had been withheld from grazing. The heavily 
grazed class 2 and class 4 pastures had been stocked 
at the rate of 1 animal unit for each 8 to 12 acres, 
and grazing was more or less continuous regardless 
of precipitation. 

The class 1 pasture at each station represented the 
best conditions found in that vicnity. Grazing was 
Fght and frequently deferred until about August 1, 
a practice common among the best cattle producers 
even before the dry cycle. Drought damage under 
this type of utilization was reduced to a minimum. 
These pastures were commonly located at some dis- 
tance from cultivated fields or if in close proximity 
to them judicious soil management had been prac- 
ticed to prevent dust blowing. Thus, coverage by 
dust, locally known as dusting, was almost negligible 
(Fig. 4A). At Phillipsburg the vegetation was iden- 
tical with that of a class 1 pasture. 

Class 2 pastures were subjected to considerably 
heavier grazing than were those of the first class. 
Dusting, however, was usually scarcely more intense 
(Fig. 4B). 

In class 3 pastures grazing was so light that it 
did not reduce the plant cover. Considerable dam- 
age, however, had resulted from dust blown from 
adjacent cultivated fields (Fig. 4C). This class is 
placed third since heavy dusting is even more :n- 
jurious to short grass than heavy grazing. 

Class 4 pastures were the poorest that could be 
found in each locality. Grazing and dusting had 
usually been so severe that little or none of the orig- 
inal vegetation remained (Fig. 4D). 

Twenty meter quadrats, arranged in groups of four 
for convenience of examination, were staked out in 
each pasture and clipped annually (Fig. 5). Ap- 
proximately 16 other similar quadrats in each exclos- 
ure were included in 1941 to secure data on the 
monthly yield in relation to intensity of grazing as 
simulated by frequent clipping. Livestock were ex- 
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FIG.. 4. A. Typical view of a. class 1 pasture where thle open cover remained intact throughout most of the 
drought. Dighton, Kan. September, 1940. B. A class 2 pasture with typical open cover. In early spring such 
ranges were usually infested with Lepidiumt densiflorubm, Lappul-a occidentalis, aid other annual w^eeds. August, 
1940. C. View of a class 3 pasture near Ness City, Kan., wohere the original amlounlt of cover and its composition 
had been greatly modified. Many weeds such as Salsola pestifer were scattered over the prairie. September, 1940. 
D. An overgrazed pasture heavily dusted in 1935, near Dighltonl. Most ore the original cover died and hlas been 
replaced by Chenopodiulm album, Helianthus annuus, Am.tranthus retroflexus, and other weedls. June, 1940. 

eluded from these areas by means of barbed wire 
fences. All forage was clipped monthly to within 
one half inch of the surface of the soil except that 
harvested only at the end of the summer. The for- 
age was separated into short grass, mid grass, native 
forbs, and weeds and placed in paper bags. It was 
air-dried and weighed to the nearest tenth gram. 
Yields, exclusive of native forbs, were expressed in 
pounds per acre. Native forbs were not included 

FiG. 5. View of an exclosure in class 1 pasture near 
Dighton. The corners of each quadrat were marked 
permanently with stakes. A thick growth of Lepidium 
densiflorum gives the appearance of a good stand of 
grass. 

since they were absent over 60 percent of the area 
and were inconsequential in the remainder. 

The exclosures and the surrounding pastures were 
examined monthly. Approximately half of the quad- 
rats were charted (that is, the basal area mapped 
at a height of one half inch) each fall by means of 
a pantograph. In charting, only places without cover 
of native perennial grasses and larger than .8 inch 
in diameter were considered bare. The percentage 
of basal cover for each species in each quadrat was 
obtained by use of a planimeter or by superimposing 
circles of known area inscribed on tracing paper 
upon those of the charted quadrat sheet. 

Water content of soil was determined at regular 
intervals throughout the growing seasons of 1940 and 
1941. Records of precipitation and temperature were 
secured from the United States Weather Bureau 
which has an observer at each of the stations. 

ENVIRONMENTAL CONDITIONS 

The climate of the mixed prairie region is char- 
acterized by great fluctuations in the amount and time 
of precipitation, temperature, humidity, and wind 
movement. There are often dong periods during 
the growing season with little or no rainfall when 
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temperature and wind movement are high and the 
relative humidity and available soil moisture ex- 
tremely low. The years 1940 and 1941 immediately 
followed a seven-year period of the most intense 
drought ever recorded. The accumulated deficits in 
precipitation at the five stations varied from 24.4 
inches at Quinter to 43.1 inches at Phillipsburg. 
During the drought, the annual precipitation at any 
of the five stations exceeded the normal only twice; 
the soil became exceedingly dry to a depth of five 
feet, and vegetation was greatly damaged (Weaver 
& Albertson 1940; Albertson & Weaver 1942). 

PRECIPITATION 

Low precipitation in 1939 had a pronounced carry- 
over effect upon the native vegetation and for that 
reason it as well as the precipitation during the 
experiment must be considered. Total annual pre- 
cipitation at Phillipsburg in 1939 was nearly 10 
inches below the normal of 23 inches. The next 
greatest deficit was 8.3 inches at Dlghton. Pre- 
cipitation deficits of 7.8, 7.0, and 5.0 inches, respec- 
tively, occurred at Hays, Ness City, and Qu nter. 
Precipitation during the growing season (except 
June and August at Hays and August at Quinter) 
was below normal and usually far below for all of 
the summer months at all of the stations. The sea- 
son was especially unfavorable to growth because 
of the long period of drought in autumn. It was 
during this time that the vegetation acqu red t-he 
bluish-gray cast common to the short grasses after 
their death. 

Precipitation during 1940 was above normal at 
Ness City and approximately normal at Hays (Fig. 
6). It was somewhat below normal at Quinter and 
Dighton, but about 6 inches below at Phillipsburg. 
This growing season showed much improvement over 
that of 1939 (Figs. 6 and 7). Precipitation exceeded 
the normal, however, only about one third of the 
time. Rainfall for April and June was below nor- 
mal at all five stations. It was normal or above at 
all stations during August, but during the remaining 
three months it was above normal at some stations 
and below at others. 

The year 1941 showed still greater improvement in 
amount and distribution of precipitation. Rainfall 
was above normal more than half the time from 
April to September. It was much above normal at 
all stations during April and June; June, in par- 
ticular, was an unusually wet month, at most stations 
the rainfall was at least twice normal. For example, 
it was 8.7 inches at Phillipsburg and 10.7 at Quinter. 
The rainfall for the remaining four summer months 
was somewhat erratic. At some stations it was much 
above normal, at others considerably below. At Hays, 
for example, rainfall during May was about .5 inch 
below normal, while at Dighton it was more than 
twice normal. Such differences had a significant effect 
upon the amount of soil moisture and the yield of 
forage at the two stations. 
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FIG. 6. Annual precipitation at the several stations. 
Normal precipitation is shown by the heavy horizontal 
lines. 

SOIL MOISTURE 

Determinations of water content of soil were made 

to a depth of 5 feet each month during the growing 

seasons of 1939, 1940, and 1941 at Phillipsburg, 

Hays, and Dighton. Total water content of soil minus 

the hygroscopic coefficient (which was determined for 

each soil depth at each station) is designated as water 

available for growth. The hygroscopic coefficients of 

these silt-loam or very fine sandy-loam soils ranged 

between 9.0 and 13.9 percent. 

At Phillipsburg, the soil was moist to a depth of 

2 feet in April, 1939, but this amount was soon re- 

duced by vigorous absorption by the rapidly grow- 

ing vegetation (Fig. 8). The 0.8 inch of rainfall 

during Mlay was not enough to supply the demands 

for plant growth, and when soil samples were taken 

at the close of the month no moisture was available 

to a depth of 4 feet and less than 2 percent occurred 

in the fifth foot. Showers amounting to 3.6 inches 

during June but only 0.9 inch in July resulted in 

less than 5 percent available moisture in the surface 

foot and none below that depth. Moisture was fur- 

ther depleted dur'ng August. Continued drought 

during the fall resulted in the soil becoming so dry 

that much of the native vegetation died. 

Winter snows and spring rains resulted in moist 

soil to a depth of a foot by April, 1940. This was 

soon exhausted and there was no available water On 
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FIG. 7. Monthly precipitation (April to September inclusive) at each station in 1940 and 1941. The heavy 
horizontal lines indicate normal rainfall. 
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FIG. 8. Available soil moisture to a depth of 5 feet 
in ungrazed prairie at Phillipsburg. 

the dates of sampling during the remainder of the 
growing season. It is probable, however, that some 
moisture was available in the surface soil at inter- 
vals between the samplings. 

In April, 1941, available moisture extended to a 
depth of 2 feet. Moist soil occurred to 4 feet oi 
May 31, and by Juiie 30 more than 20 percent mois- 
ture was available to a depth of 2 feet and from 5 to 
15 to a depth of 5 feet. Moderate drought occurred 
in the upper soil during July but water was avail- 
able below 12 inches. Abundant water for p ant 
growth was found in the soil during August. The 
contrast of the favorable conditions of growth in 
1941 to -the extremely unfavorable ones in 1940 is 
very strik-ng. 

At Havs, the soil was extremely dry in the sprint 
of 1939 (Fig. 9). Water for growth was available 
only in the first foot. This was soon absorbed and 
by the end of May available moisture occurred only 
in the first 6 inches. A month later there was n: 
moo sture available to a depth of four feet and less 
than 2 perccnt was present in the fifth foot. By the 
end of August more than 5 percent available water 
occurred in the uppcr 6 inches as a rcsult of 3.5 
inches of rain received dur'ng the month. 

The precipitation, although normal in amount i-i 
1940, was not sufficient to penetrate deeper than OltL 
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FIG. 9. Available soil moisture to a depth of 5 feet 
in the short-grass type at Hays. 

foot, and the available soil moisture was less than 
10 percent in April. It was less than 5 percent ill 
May and there was none in June. Total rainfall of 
4.2 inches in July resulted in more than 10 percent 
available moisture in the upper 6 inches, but less 
than 2 percent in the second six-inch layer. This 
moisture was quickly absorbed or evaporated and, 
only a small amount was found in August. 

Precipitation during the winter and early spring 
of 1941 greatly increased the moisture content in the 
first two feet of soil. The supply was further aug- 
mented in Mav when more than 20 percent available 
water occurred to a depth of 2 feet, and the third 
foot had nearly 5 percent. Water content in June 
was somewhat less than in May in the upper 3 feet, 
but for the first time since 1933 available soil mo-s- 
ture was present to a depth of 5 feet. The drought 
of July coupled with the rapid growth of vegetation 
reduced the amount of available moisture nearly to 
zero. During August, with rainfall of more than 4 
inches, the amount of available water increased to 
about 20 percent in the first foot and to a smaller 
amount in the second. 

At Dighton available soil moisture extended to a 
depth of only a foot in April, 1939 (Fig. 10). It 
increased during May, but was exhausted in the 
upper foot during June. The continuous drought 
resulted in no available moisture in July. Showers 
during August increased the available moisture con- 
tent in the surface foot to nearly 10 percent. 

Available moisture was found to extend to a depth 
of 2 feet in April, 1940. This was slightly reduced 
during succeeding weeks and only a small amount 

193 9 5 56' 1940 -1 -73 19 41 .-9 

Mo. A M I J A A M I J A A M J I A 
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FIG. 10. Available soil moisture to a depth of 5 feet 
in the short-grass pasture at Dighton. 

was available in May in the upper 6 inches but nearly 
10 percent in the second six-inch level. No available 
water was present when samples were taken in June 
and July, 1940. This extreme drought caused the 
prairie vegetation to become completely dormant. 
August had a total rainfall of nearly 4 inches ancl 
available moisture was restored to a depth of 5 feet.2 

The available soil moisture occurring in August 
was maintained with only a slight decrease during 
the winter of 1940-1941. Hence, when samples were 
taken in April water was found to be available, 
although in small amounts, to 5 feet. The well dis- 
tributed rains of May totaled over 7 inches. This 
not only increased the amount of available soil mois- 
ture to more than 20 percent in the upper 6 inches 
but also replenished it to a depth of 3 feet. During 
June and July moisture was slightly less than in May, 
but it was always available to 5 feet in depth. The 
onlv drought of the season occurred during August 
when wlater became unavailable to 3 feet, with only- 
a small amount available at greater depths. 

TEMPERATURE, EVAPORATION, AND WIND 

Mean annual temperature for 1939 ranged front 
2.8? to 3.40 F. above normal at the several stations. 
The greatest departure from the normal occurred at 
all stations during May, June, July, and September. 
For example, the temperature was 7.7? F. above nor- 

mal during May at Phillipsburg. Temperatures dur- 
ing the growing season of 1940 although usually 
above normal were lower than in 1939. During May, 

2 Cracks and fissures, often concealed at the surface, fre- 
quently occurred in the thoroughly dried soils and permittted 
runoff water to enter and moisten the soil deeply in some 
places, but not generally. 
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1941, the temperature ranged from 3.20 to 4.8? F. 
above normal at the five stations, but during June 
and July it was never more than slightly above and 
frequently below normal. During August and Sep- 
tember the temperature was 10 to 2? above normal. 

Total seasonal evaporation at Hays in inches from 
April to September, inclusive, was 60.7 in 1939, 49.2 
in 1940, and 43.7 in 1941. Evaporation by months 
ranged from 5.8 to 13.6 inches the first year and 
was from 1 to 4 inches higher each month than dur- 
ing either of the two following summers. Evapora- 
tion in 1941 was lower during the early summer than 
in 1940 but that of August and September was 
somewhat higher.3 

Wind movement at Hays from April to September, 
inclusive, was 39,985 miles in 1939 but only 36,621 
the next year and 34,313 miles in 1941. In 1939. 
wind movement ranged between 6,500 and 7,100 miles 
each month except August when there was less. 
Thus, it was much windier, hotter, and drier during 
1939 than during either of the two follow ng years. 
In all these respects 1941 was better suited to plant 
growth than 1940. 

BASAL COVER AND COMPOSITION 
OF VEGETATION 

The mixed prairie of Kansas before and during 
the drought has been described (Weaver & Albert- 
son 1936; Albertson 1937, 1938, 1939, 1941; and 
Albertson & Weaver 1942). The predrought average 
basal cover of the short grasses in 1932 varied be- 
tween 80 and 95 percent. The extreme drought dur- 
ing the succeeding years greatly reduced the cover. 
The amount of decrease varied with the intensity of 
grazing and dusting. In places where judicious range 
management was practiced and where the pastures 
were naturally protected from dust blown from cul- 
tivated fields, reduction in cover was small. In other 
pastures, however, where the plants were weakened 
and coverage by dust was pronounced, the native 
plant population was reduced almost to zero. The 
cover and composition of the pastures studied at 
Hays, Ness City, Quinter, and Dighton follow in 
order. In the spring of 1940 each pasture was care- 
fully examined before the quadrats were selected. 
They.were samples of areas which most nearly coin- 
eided with the average conditions in the particular 
pasture. 

HAYS PASTURES 

Class 1 pasture was given the best care possible 
during the drought, and the cover in the summer of 
1939 was much above normal for ranges in that sec- 
tion of the state. Extended drought in the fall of 
1939, however, caused a decrease in the amount of 
vegetation, and in the fall of 1940 the total cover 
of short grass was only 37 percent (Table 1). Of 
this amount, buffalo grass constituted 23 percent; 

'4Data on evaporation and wind movement were obtained 
from measurements made at Hays, Kansas, by Division of Dry 
Land Agriculture, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture. 

TABLE 1. Percentage basal cover of each species of 
perennial grass in the different classes of. pastures at 
each station, and total basal cover in 1940 and 1941. 

Buffalo Blue Sand Total 
Grass Grama Oropseed Cover 

Location and 
Class 1940 1941 1940 1941 1940 1941 1940 1941 

Hays 1. 23.0 86.5 14.0 7.6 0.0 0.0 37.0 94.1 
Hays 2 ........... 10.3 33.1 13.1 10.7 0.0 0.0 23.4 43.8 
Hays 3 ........... 0.1 0.0 9.3 33.9 0.6 6.8 10.0 40.7 
Hays 4.. 4.6 45.1 0.0 0.0 0.0 4.0 4.6 49.1 

Ness City. 4.2 28.3 14.4 15.0 0.0 0.0 18.6 43.3 
Ness City 2 ....... 3.2 22. 1 6.8 19.1 0.0 0.0 10.0 41.2 
Ness City 3 ....... 8.3 38.3 4.3 12.1 0 0 0.0 12.6 50.4 
Ness City 4 ....... 0.5 11.1 1.5 5.2 0.0 0.0 2.0 16.3 

Quinter 1... 1.6 14.1 2.3 4.0 1.8 17.1 5.7 35.2 
Quinter 2 .........0 .8 9.1 2.5 13.0 0.0 0.4 3.3 22.5 
Quinter 3... 7.9 27.1 1.9 7.4 0.0 0.0 9.8 34.5 
Quinter 4... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Diffhton I. 4.6 43.5 6.0 11.0 0.0 0.0 10.6 54.5 
Dighton 2. 15.4 74.7 3.8 3.1 0.0 0.0 19.2 77.8 
Dighton 3. 15.1 46.6 5.9 4.0 0.0 0.8 21.0 51.4 
Dighton 4. 0.0 0.0 2.2 3.4 0.0 0.0 2.2 3.4 

the remaining 14 percent consisted of blue grama. 
Where lack of soil moisture and not dusting was the 
cause of the decrease in cover, the individual bunches 
of grass were not killed but only reduced in size 
(Fig. 11A). 

In pastures where drought and dusting were ex- 
treme, the cover of blue grama usually was greater 
than that of buffalo grass. In the better pastures, 
however, the reverse was frequently true. The con- 
tinuous, fairly dense cover of short grass prevented 
any great amount of invasion of weedy annuals. In 
the spring of 1940, the class 1 range at Hays was 
.sparsely populated with annuals, especially Hordeurn 
pusillum,, Lepidium densiflorurn, and Lappula occi- 
dentalis. Nowhere, however, was this crop of weeds 
detrimental to the pasture grasses. The favorable 
growing conditions of 1941 were all that were needed 
to promote a good growth of buffalo grass. The 
cover of this short grass increased to 86.5 percent, 
while during the same period that of blue grama 
was reduced from 14 to 7.6 percent. 

In class 2 pasture, the amount and composition 
of basal cover were similar before the drought to 
that of class 1. The reduction in 1940, or earlier, 
was considerably greater, however, due to adverse 
environmental conditions. The total cover of short 
grass in 1940 was only 23.4 percent and consisted 
mostly of small scattered tufts (Fig. liB). In most 
locations the cover was rather evenly divided be- 
tween the two dominants, but frequently a pure 
stand of one species took possession of areas vary- 
ing from one to several square meters in extent. 
Here, as in class 1 pasture, the blue grama lost con- 
siderably during the growing season of 1941. Con- 
versely, buffalo grass made a great increase and had 
an average cover of 33.1 percent when charted in the 
fall. 
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Fig. 11A. Typical meter quadrat showing basal cover of short grass in a class 1 pasture at Hays. 

In class 3 pasture buffalo grass had nearly dis- 
appeared. Blue grama constituted only 9.3 percent 
and sand dropseed .6 percent. The basal cover and 
the composition varied so greatly in these dusted 
areas that it was difficult to select any quadrat that 
was representative of the area as a whole. The pres- 
ence of sand dropseed was common to all quadrats, 
but in some either remnants of buffalo grass or small 
tufts of blue grama were present. The condition 

where blue grama formed a greater cover than that 
of buffalo grass is typical for this area (Fig. liC). 
The growth of blue grama during 1941 was phenom- 
enal; its cover increased to 33.9 percent by fall. The 
number of tillers in each tuft increased manyfold 
and, as a consequence, the peripheral area occupied 
by each bunch was extended greatly. It seems that 
blue grama retained good vitality where it was not 
buried too deeply by dust, and when the rains came 
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Fig. liB. Meter quadrat showing open cover of short grass in a class 2 pasture at Hays. 
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to this rich soil it grew vigorously. This is quite in 
contrast to its losses in the other quadrats. Sand 
dropseed had also made fairly large gains and con - 
stituted 6.8 percent cover. 

Class 4 pasture was located on rather low ground 
where both mid and tall grasses were formerly com- 
mon. Due to intensive grazing, however, the com- 
position of this area had gradually changed from 
that of mid and tall grasses to one of short grasses. 
The cover had been dense, perhaps 80 to 90 percent, 
until several years after the beginning of the drought 
in 1933. The storms of 1935 deposited a thick layer 
of fine dust over most of this entire area. In many 
places the native vegetation was completely smoth- 
ered, in others only small remnants remained. The 
condition that prevailed in the fall of 1940, when the 
first charting was done, represented the cover not at 
its worst but after considerable improvement had 
taken place during the normal growing season of 
1940. The cover of buffalo grass, however, was only 
4.6 percent and no blue grama occurred. Seedlings 
of sand dropseed were present (Fig. liD). The 
small scattered bunches of buffalo grass grew vigor- 
ously through the favorable season of 1941 and cov- 
ered nearly half the soil when charted in the fall. 
Sand dropseed increased from a few seedlings to a 
cover of 4 percent. 

The absence of blue grama and the presence of so 
small an amount of buffalo grass in 1940 resulted 
from heavy dusting and much overgrazing. Dusting 
in 1935 was so great that every vestige of native 
prairie vegetation was removed. Buffalo grass in- 
vaded these barren areas much more rapidly than 
did blue grama during the less severe drought years, 

such as 1938, and had made some growth during 
1940 before it was charted in the fall. The rapid 
increase of basal cover from 4.6 percent the first 
year to 45.1 in 1941 is eloquent testimony of the 
recuperative powers of buffalo grass. 

NESS CITY PASTURES 

Intensity of grazing of the pastures near Ness 
City was similar to that at Hays. The degree of 
dusting, however, was considerably more intense. 
Pastures not severely dusted during the period of 
drought, and particularly in 1935, were found only 
with great difficulty; in fact, the condition that pre- 
vdiled was one where there was not only a rather 
continuous layer of dust to a depth of 1 to 3 inches 
but also great drifts extending in various directions 
across the range. The characteristic damage from 
such layers and drifts was the complete obliteration 
of all vegetation over comparatively large areas. It 
was not uncommon to find nearly level tracts, even 
160 acres in extent, where no native vegetation re- 
mained except on sharp inclines where dust failed 
to accumulate. 

Class 1 pasture at Ness City had been given the 
best treatment that could be found in the locality. 
Light grazing was common and deferred grazing had 
been practiced occasionally. Studies had been made 
in this pasture several years previous to 1939. The 
average cover in 1937 was about 5 percent. It con- 
sisted mostly of blue grama and buffalo grass. The 
favorable growing conditions during 1940 resulted in 
a considerable increase, and when charted in the fall 
a total basal area of 18.6 percent was found. It was 
composed of 4.2 percent buffalo grass and 14.4 blue 
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grama (Fig. 12A). In 1941 the amount of vegeta- 
tion had increased to 43.3 percent, 28.3 being buffalo 
grass and 15.0 blue grama. The increases occurred 
mainly through the enlargement of small tufts of 
grass that were alive in the fall of 1940. In many 
places, the spread of buffalo grass was very vigorous 
and greatly exceeded that of blue grama. In fact, 
when charted in the fall of 1941, some of the bunches 
of blue grama had disappeared. 

In 1940, the cover in class 2 pasture was only 
10 percent, about one third was buffalo grass and 
two thirds blue grama (Fig. 12B). The character- 
istic small, isolated tufts of grass prevailed. The 
increase during 1941 was not equally shared by both 
short grasses, since buffalo grass ihcreased sevenfold. 
Of the total cover of 41.2 percent, buffalo grass con- 
stituted 22.1 and blue grama 19.1 percent. Tufts of 
short grasses were less numerous in 1941 than in the 
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previous year, This doubtless resulted from the 
merging of the smaller ones through growth. 

Cover in class 3 pasture had been materially re- 
duced during the dry years and especially in 1939. 
In the fall of 1940 it was 12.6 percent; 8.3 percent 
was buffalo grass and only 4.3 blue grama (Fig. 
12C). In 1941 the cover of buffalo grass had in- 
creased to 38.3 percent but that of blue grama only 
to 12.1, making a total basal cover of 50.4 percent. 

Native vegetation in class 4 pasture had been com- 
pletely destroyed over large areas and it was with 
considerable difficulty that representative quadrats 
were located. The one shown in Figure 12D repre- 
sents conditions better than the average. Basal area 
in 1940 was only 2 percent, being composed of 1.5 
percent blue grama and .5 of buffalo grass. Of the 
total of 16.3 percent cover in 1941, blue grama con- 
stituted 5.2 and buffalo grass 11.1 percent. Thus, 
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in all four pastures both species of short grass made 
good gains, but those of buffalo grass were the 
greater. 

QUINTER PASTURES 

Pastures in the vicinity of Quinter showed consid- 
erable variation in the intensity of grazing and 
amount of dusting. Those on rolling topography, 
which were usually largest, suffered least from ad- 
verse environmental conditions. Even under the 
most favorable circumstances, however, the extreme 
drought of 1939 destroyed much of the grass. In the 
spring of 1940, a large percentage of the short grass 
on the better pastures had lost the golden straw 
color which characterizes it when it is dormant but 
alive. Improvement during 1940 was extremely 
slow, due to the greatly weakened condition of the 
vegetation. It seemed as if the urge to grow had 
been almost completely lost by the drought-resistant 
relicts even though the plants were still alive. 

Pastures on level or only slightly rolling topog- 
raphy were usually subjected to the most intense 
grazing and dusting, and consequently had suffered 
the greatest amount of damage. Frequently where 
the original vegetation had been largely or totally 
destroyed some of it was replaced by invading peren- 
nials such as Sporobolus cryptandrus, Schedonnardus 
paniculatus, or in extreme cases, by weedy annuals- 
often Salsola pestifer, Helianthus annuus, Chenopo- 
dium album, and Amnaranthus retroflexus. 

Class 1 pasture had an average cover of 5.7 per- 
cent in 1940. Buffalo grass was present throughout, 
but it was often concentrated in groups of small 
tufts. In Figure 13A, its average cover was only 
1.6 percent. Blue grama furnished a cover of 2.3 

and sand dropseed 1.8 percent. In the fall of 1941 
buffalo grass had increased to 14.1 percent and blue 
grama to 4. Sand dropseed had made a rather phe- 
nomenal growth, and even exceeded buffalo grass in 
increasing its area. 

Although class 2 pasture had not been seriously 
overgrazed according to stocking records, continuous 
drought, especially in the fall of 1939, had nearly 
destroyed all vegetation. Relict plants were so weak- 
ened that the rainfall of 1940, even though nearly 
normal, failed to produce any improvement. When 
charted in the fall, the total cover was only 3.3 
percent (Fig. 13B). The gain during 1941 was 
somewhat below normal, due no doubt to the weak- 
ened condition of the grasses. The cover of buffalo 
grass was only 9.1 percent in 1941 and that of blue 
grama 13. Sand dropseed had only .4 percent basal 
cover. 

Class 3 pasture, where dusting was much more 
severe than in either of the preceding, apparently did 
not suffer so greatly from the 1939 drought. Amount 
of vegetation in 1939 was considerably less than in 
the other pastures but the improvement during 1940 
was much greater. Consequently in the fall of 1940, 
buffalo grass (7.9 percent) was much more abun- 
dant than in the better classes of pastures. During 
the next season it increased to 27.1 percent and blue 
grama to 7.4 (Fig. 13C). 

Class 4 pasture had no native grass in its cover 
during either of the two years. Improvement in 
other pastures at this station occurred almost en- 
tirely in 1941, so severe had been the drought. But 
in 1941 good growth occurred, the gains made by 
buffalo grass equalling or exceeding those of blue 
grama. 
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DIGHTON PASTURES 

Range lands near Dighton had suffered somewhat 
less from dusting than those at Ness City, 30 miles 
eastward. Exceptions were pastures surrounded by 

cultivated fields. These had experienced extreme 
losses. 

Class 1 pasture had not only been stocked lightly 
through most of drought years but it was surrounded 
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by other pastures. Therefore the intensity of dust- 
ing was reduced to a minimum in comparison with 
that of the other prairie land in the community. 
The cover of the pasture was from 15 to 20 percent 
in 1939 (Fig. 14A). The loss during the late fall, 
however, was severe and growth during 1940 was 
meager in comparison with that of nearby pastures. 
This was due primarily to variations in local show- 
ers. The cover in the fall of 1940 was only 10.6 
percent, 6 percent of which was blue grama and 4.6 
percent buffalo grass. The excellent environmental 
conditions during the summer of 1941 resulted in 
vigorous growth. The small tufts of blue grama 
were greatly enlarged and the cover in 1941 was in- 
creased to 11 percent. Buffalo grass increased in the 
usual manner, sending out myriads of long stolons. 
Its basal area increased to 43.5 percent. 

Changes of cover in this pasture were given fur- 
ther study. The remarkable increase in basal area 
from less than 1 percent in August, 1940 (which 
was only about one tenth of that in late fall recorded 
above), to 80 percent in July, 1942, has been re- 
corded by photographs. The severe drought in the 
f all of 1939 reduced the cover of about 18 percent 
to only 1 percent by August of the next year (Figs. 
14A and B). This left nearly all of the soil exposed 
to erosion. The rains during the spring of 1940 
were sufficient to cause the soil to form a crust and 
thus become especially susceptible to loss of mois- 
ture through evaporation. The dark areas in Figure 
14B are due to flaking of the surface soil and its 
removal by wind. This process has furnished abun- 
dant materials for many dust storms. The increase 
in cover during 1940 occurred because of ample 

rains in August and September. The basal area of; 
vegetation increased to about 11 percent. (Fig. 14C) 
The increase was due not only to the enlargement' 
of each tuft of grass but also to an actual increase 
in the number of tufts through revival of the half 
dead crowns just beneath the surface of the soil. 
Growth began early in 1941. By the last of May 
the ground cover had increased to about 20 percent. 
Rapid growth occurred during spring and early sum- 
mer and in early July the cover averaged 30 per- 
cent. Another 10 percent was added before the 
short period of drought occurred in August. Further 
plant growth in the autumn occupied another 15 per- 
cent of the bare soil. Tufts of buffalo grass had 
rapidly developing stolons projecting outward in 
every direction. These leafy offshoots formed ap- 
proximately four fifths of the total basal area. Still 
further improvement in the vegetation in July, 1942, 
is shown in Figure 14D when perennial pasture 
grasses, mostly buffalo grass, covered 80 percent of 
the soil. 

Although the original basal area was nearly re- 
stored by midsummer of 1942, its composition was 
very different from that at the beginning of the 
drought. In 1933, buffalo grass and blue grama 
were about equally represented. In 1942 the for- 
mer comprised at least 75 percent of the mixture 
of the two dominants. Perennial forbs had been 
almost exterminated. 

In class 2 pasture, ground cover was 19.2 percent 
in the fall of 1940. Blue grama constituted 3.8 per- 
cent and buffalo grass 15.4. The greater amount of 
buffalo grass was doubtless due to the increase of 
this species dur ng the summer. Blue grama was 
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FIG. 14. A. View of short grass in class 1 pasture at Dightonl in September, 1939, when the basal cover was 
15 to 20 percent. B. Quadrat in class 1 pasture at Dightonl on August 1, 1940, before any recovery had occurred 
front the drought of 1939. Basal cover is 1 percent. Note the loss of surface soil. a. Same quadrat as in B. 
The cover is now 10.6 percent, an increase of tenfold in 60 days. Photo September 28, 1940. D. Same quad- 
rat as it appeared on July 7, 1942. Buffalo grass has increased greatly and the basal cover is 80 percent. 

reduced to 3.1 percent in 1941, but buffalo grass 
increased nearly fivefold and composed 74.7 percent 
of the grass when charted in late fall. 

In class 3 pasture, the cover was 21 percent in 
1940. Here again, buffalo grass furnished the larger 
amount. It grew rapidly during the season of 1941 
and increased its initial cover of 15.1 percent to 46.6. 
The number of tufts of blue grama was reduced 
considerably, but due to the enlargement of those 
that did survive the former cover of 5.9 percent was 
decreased only about one third. 

Class 4 pasture had been closely grazed for many 
years. Dusting, particularly in 1935, was very severe. 
The drifts of soil were so high and numerous that 
it was impossible to drive over this area for several 
years following the worst storms. The native plants 
were completely smothered over most of the pasture. 
The cover, largely blue grama, was never greater 
than 3.4 percent (Table 1). 

This group of pastures represents well the drastic 
changes that the vegetation had undergone, the actual 
loss or at least slow recuperation of blue grama 
which was all but destroyed, and the extremely rapid 
recovery and wide spread of buffalo grass as soon 
as. conditions favorable to its growth occurred. 

DISCUSSION 

The pastures were examined in the fall of 1939 
when the drought was so intense that it was im- 
possible to separate with certainty living, dormant 
plants from those that were dead. Although the 
plots were selected and fenced in early spring of 
1940, amount of living vegetation could not be deter- 
mined until the occurrence of rains and revival of 
the vegetation. It was for this reason that quad- 
ratting was not done until fall. Hence, the basal 
area was measured only after a summer of very 
variable growth under subnormal and unevenly dis- 
tributed rainfall. Consequently, although the cover 
was invariably least in class 4 pastures it was not 
always greatest in class 1. The exceptions were at 
Quinter where the class 3 pasture recovered best, 
and at Dighton where both class 2 and 3 pastures 
had nearly twice as much cover as class 1. If the 
16 pastures at all four stations are considered to- 
gether as a sampling of a very large range area, 
then the average cover in 1940 in classes 1 to 4 was 
18.0, 13.7, 13.4 and 2.2 percent, respectively. 

When in 1941 an excellent season for growth oc- 
curred after nine or more dry years, these pastures 
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extended their cover to 56.8, 46.3, 44.3, and 17.2 
percent, respectively. The grasses in class 1, 2, and 
3 pastures tripled their basal cover, those in class 4 
increased nearly eightfold. Increases in most of the 
individual pastures were twofold (only one less) to 
fourfold. Class 1 pastures at Quinter and Dighton 
increased their previous cover approximately 6 and 
5 times, respectively, and class 4 at Ness City 8 
times. Class 2 at Quinter, where growth the previous 
year in all pastures was poor, increased its cover 
sevenfold, and the cover in class 4 pasture at Hays 
became ten times as great in a single summer. 

These results illustrate the wonderful recuperative 
powers of both blue grama, the most drought re- 
sistant species of the midwest (Mueller & Weaver 
1942), and buffalo grass, which spreads vegetatively 
with great rapidity. Except for sand dropseed, 
which occurred in certain pastures and has during 
the past few years spread widely over the plains, it 
seems certain that seedling grasses played a very 
minor role in the process of recovery. This is in 
agreement with the earlier extensive work of Savage 
(1937) and Weaver and Albertson (1936). Albert- 
son and Weaver (1942) in their seven-year study of 
ranges in Kansas, state: "Despite quantities of seed- 
lings, and rapid propagation of buffalo grass by 
stolons in 1935 and at other times, periods favorable 
to growth were usually too short to result in estab- 
lishment. Flower stalks were sometimes formed but 
few seeds matured. With dusting and denudation 
rainfall became less efficient and runoff greatly in- 
creased." Weaver and Mueller (1942) ascertained 
that the average distribution of perennial grass seed- 
lings in mixed prairie in June, 1941, was only 2.4 
per square foot. They state that the probability of 
the seedlings of the dominant range grasses com- 
pleting their life cycle by production of seeds the 
first year is remote, since a continuous moisture sup- 
ply rarely occurs. Even if all the seedlings of 
perennial grasses (exclusive of the stoloniferous buf- 
falo grass) had survived and made a maximum 
growth they would have increased the cover less than 
two percent. 

Since most of the increase in cover was due to 
buffalo grass, its abundance in the several pastures 
as compared with blue grama is important. In the 
fall of the first year, blue grama exceeded buffalo 
grass in abundance in all class 1 and 2 pastures, 
except class 1 at Hays and class 2 at Dighton. Aver- 
age amount of each short grass in the group of four 
class 1 and four class 2 pastures was about the same. 
At the end of 1941 there was about 4.5 times as much 
buffalo grass as blue grama in the average of class 1 
pastures and about 3 times as much in the average 
of class 2 pastures. Moreover, the buffalo grass ex- 
ceeded blue grama in amount in 7 of the 8 pastures 
of the first and second classes. In the average of 
class 3 and 4 pastures in 1940, buffalo grass ranked 
greater in basal cover than blue grama in the ratio 
of about 3 to 2 and 5 to 4, respectively. Blue grama 
ranked first in only 2 individual ranges. Buffalo 
grass was not represented in one class 3 pasture 

either in 1940 or 1941. Otherwise it was most abun- 
dant in all in 1941, and its average basal cover was 
nearly 5 times that of blue grama in the other three 
pastures. The grasses in only a single pasture in 
class 4 may be compared in 1940 since either one or 
the other of the short grasses was absent in three. 
But buffalo grass was twice as abundant as blue 
grama in the fourth. Thus, buffalo grass ranked 
higher when it was present in 1941, in every range 
except one. Its average basal cover (34.3 percent) 
was 3.2 times greater than that of blue grama. 

ANNUAL YIELD OF NATIVE GRASSES 
AND WEEDS 

Total yields of short grass, mid grass, and weeds 
were obtained in each class of pasture at the several 
stations including Phillipsburg. All yields are ex- 
pressed in pounds per acre.4 

HAYS PASTURES 

Class 1 range had a fairly even cover of 37.1 per- 
cent in the fall of 1940 which yielded 1,378 pounds 
per acre (Table 2). By 1941 the cover had increased 
to 96 percent. but the average yield increased much 
less. It was 1,524 pounds (Fig. 15). It is signifi- 
cant that the yield of weeds (mostly Hordeum pusil- 
lmm and Festuca octoflora) was only 391 pounds in 
1940 but 707 in 1941. The open places in the sod 
were usually more densely populated by ruderals 
than were the smaller and less numerous ones where 
the cover had suffered little or no deterioration. In 
most locations where the cover of short grass re- 
mained nearly normal, the seeds of many weedy 
plants failed to make sufficient contact with the soil 
to insure germination. The few scattered seedlings 
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FIGS. 15. Percentage basal cover and yield in pounds 
per acre of short grass (crosshatch), mid grass (dots), 
and weeds (black) in the several pastures at Hays in 
:1940 and 1941. 

4 Annual yields are based on a slightly different percent of 
cover than that given in Table 1, since more quadrats wvere 
included. 
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growing in these p'aces barely survived the eompeti- 
tion for water and light and their presenee had little 
dfeet upon the growth of the native vegetation. 

TABLE 2. Basal cover and plant vield in the several 
pastures. 

PEsrCF 
COVix YIELD IN PoryDs PER ACRE 

Class Year 
Short Mid Short 'Mid Total 
grass grass gras- grass grass Weeds 

hAYS 

1 . .1 1940 37-1 1 .... 1,378 1,378 391 
1941 95.6 .... 1,524 1,524 707 

2. .. 1940 20.1 534 534 432 
1941 42.8 90. 2 9 902 2,085 

3. .1940 4.7 12.7 231 378 609 1,546 
1941 21.7 9.3 1,170 1,226 2,396 292 

4........ 1910 2.3 0.2 110 23 133 2,277 
1941 22.6 145 1,092 I 1,455 2,547 596 

NESS CITY 

1.... I 1940 21.0 70-. 703 . 708 1,270 
1941 45 0 1,390 1,390 1,729 

2... . 1940 11 0 478 478 1,655 
1941 42.6 1 - 1,610 1,610 1,240 

3... 1940 10.2 459 499 1,04 
1941 49.6 2,810 1,045 650 

4... 1940 4.3 1 89 118 I 1 2 

1941 29 0 752 ..... 752 1,215 

QUIN-TER 

1 . 1940 4.0 3.0 99 59 151 1,890 
1941 23.7 10.0 1,081 1,517 2,598 2,099 

2. . 194i0 1.7 41 - 41 1,262 
1941 18.5 686 686 1,85O 

3 ... 1940 6.9 0.2 104 104 2,0J4 
1941 32.0 1.2 1,511 226 1,737 2,184 

4.. 1940... . . . 2,700 
1941 . .. . .2,010 

DIGHTON 

1. .1940 10.9 105 105 1,413 
1941 55.3 . 1,854 1,854 108 

2.......... 1940 20.0 . 187 187 1,233 
1941 72.9 2,412 . 2,412 52 

3.. 1940 17.0 . 184 184 185 
1941 67.5 2,401 2,401 40 

4 ..! 1940 | 2.2 98 98 1,210 
1941 3.4 360 360 1,985 

PHILLIPSBURG 

1 . .. 1940 4.8 0.3 163 14 177 864 
1941 16.1 1.2 709 92 t01 3,376 

Class 2 pasture with an averaoe cover of 20.1 per- 
cent yielded .534 pounds in 1940 and 902 in 1941. 
Here the vield increased more in proportion to in- 
rase in cover. The vegetation on this range was 
somewhat patchy, caused by differences in density 
and height of the dominants (Fig. 16). Yield of 
weeds in 1940 was onlv 432 pounds but. due to a 
dense stand of Hordelrlm pisilluna. in 1941 it in- 
creased to 2,OS.5 pounds. 

Hordeum pusilluim was often represented by 6.000 
to 8,000 plants per square meter (Fig. 17). They 
fomed a dense stand, frequently 20 inches high and 
reebled a field of cultivated barley. The shoots of 
the short grasses were dwarfed and scarcelv able to 
car on photosynthesis with the small amount of 
sunlight that dihfused through the overtopping little 

i;;sa~~~~~~~~~. iW1 7 

FIG. 16. View of class 2 pasture at Hays. Differenees 
in height are due to alternating patches of blue grama 
and buffalo grass and to intensity of grazing. Sep- 
tember, 1939. 

barley. Yield of perennial grasses was materially 
reduced where the stand of this weed was so dense 
that growth in the spring was seriously delaved. 
The harmful effect of little barley upon the growth 
of the short grasses was further complicated by the 
fact that after ripening, early in June, it lodged and 
formed a dense mat which completely overtopped the 
short grasses. 
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FIG. 17. View of elass 1 pasture where the short 
grasses are overtopped by a dense stand of Hordeus 
pusillvU. More than a ton per acre of this weedy 
grass was often produced -in pastures of west-central 
Kansas. 

In class 3 pasture, the basal cover was consider- 
ably less than in classes 1 and 2. It had the char- 
acteristic open-bunch appearance that so often oc- 
curred when dusting had been severe. The isolated 
bunches of blue grama that survived the adverse en- 
vironmental conditions during the previous years of 
drought spread rapidly, due to the growth of new 
tillers. Sand dropseed behaved in a manner very 
similar to that of blue grama. The growth of both 
grasses was unusually rank in 1941 which accounts 
for the heavy production. Yield of short grass in 
1940 was only 231 pounds, but that of mid grass was 
378. In 1941, yield of short grass was 1.170 pounds 
and that of mid grass, 1,226. Thus, the increases 
were about fivefold and fourfold, respectively. Yield 
of weeds, mostly Lepiditrm densiflortum. averaged 
1,546 pounds in 1940 and greatly reduced the amount 
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of water available to the grasses. The unusually 
cool, wet spring of 1941 was not conducive to growth 
of weeds and their vield was reduced to only 292 
pounds. 

Class 4 pasture had almost no cover in the spring 
of 1940. Yields of short grass and mid grass during 
this year were only 110 and 23 pounds, respectively. 
In 1941 the cover of both was greatly increased. The 
harvest of short grass vielded 1,092 pounds and that 
of mid grass 1,455. Thus, the mid grass with only 
slightly more than half as great a basal area as 
short grass yielded more (Fig. 15). Sand dropseed 
is not only a very drought resistant species but it 
also furnishes a moderately good grade of forage. 

NESS CITY PASTURES 

Class 1 pasture had a basal cover of 21 percent in 
1940, which was the result of good management dur- 
ing the previous years of severe drought. The vield 
of short grass was 708 pounds. By 1941 the cover 
had increased to 45 percent and the yield to 1.390 
pounds (Fig. 18). There were no mid grasses in any 
of the Ness City pastures. Hordetim ptisillitm formed 
a dense stand throughout most of class 1 pasture and 
yielded 1,270 pounds in 1940 and 1,72'9 in 1941. 
Thus, the yield of this weedy annual even in the 
best pasture type exceeded one half ton and was far 
greater than that of native perennials during both 
years. 
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FIG. 18. Percentage basal cover and yield in pounds 
per aere of short grass (crosshatch) and weeds (black) 
at Ness City. 

Class 2 pasture, located less than a mile from the 
first, had been subjeeted not only to more severe 
grazing but also to a greater degree of dusting. The 
short-grass cover of 11 pereent in 1940 yielded only 
478 pounds. The improvement was rapid, however, 
during the growing season of 1941 and the vield of 
short grass was 1,610 pounds from a cover of 42.6 
percent. Thus, cover and yield increased in almost 
the same proportion. The vield of weeds, mostly 

Cha enopodium vlbuma. was 1,655 pounds in 1940 but 
much less, 1,240 pounds. in 1941. 

Cover in e!ass 3 pasture was reduced to only 10.2 
percent in 1940; the yield of short grass was 459 
pounds. But in 1941 g-reat improvement occurred. 
and the short-grass cover of 49.6 percent produced 
the very high yield of 2,S10 pounds. Yield of weeds 
was 1,045 pounds in 1940 but only 6530 in 1941. 

Class 4 pasture had a sparse initial cover of 4.3 
percent. Growth was slow and an average acre yield 
of only 11S pounds was harvested during 1940. The 
cover had increased to 22 percent in 1941 from which 
752 pounds of short grass were harvested. The weed 
population was composed of Chenaopodifnm (albu(m, 
Helianath us a nyus, Salsola pestifer. Eragrosti.S cil- 
ianensi.s. and Eiphaorbia marginata (Fig. 19). A 
total of 892 and 1.215 pounds was harvested during 
the seasons of 1940 and 1941, respectively. 

FIG. 19. Class 4 pasture at Ness C(ity in August, 
1941. Much of the soil had been partially reclothed 
with buffalo grass. 

The variability of the weed population in these 
diselimax short-grass prairies, where half or less than 
half of the surface was occupied, is shown by the 
great variation in the production of ruderals. Under 
conditions 1 and 4 (Table 2) the population of weeds 
increased in 1942 over that of the previous year, 
while under conditions 2 and 3 it diminished. 

QUIN-TER PASTURES 

Class 1 pasture had been subjeeted to severe dust- 
ing, in 1935, but to little thereafter. Grazing was 
moderate. The 4 percent basal cover of short grass 
yielded only 99 pounds in 1940 and a 3 percent cover 
of mid grass (Sporobolus cryptandrts) 52 pounds 
(Fig. 20). Both speeies made considerable gains in 
1941 when the cover was 23.7 and 10 percent, re- 
spectively. The vield of short grass was 1,081 pounds 
and that of the mid grass, 1,517. Lepidiuam densi- 
florum , Monolepis nittalliana, and other weeds 
yielded 1,S90 pounds in 1940 and 2,099 in 1941. 

A cover of 1.7 pereent in class 2 pasture yielded 
only 41 pounds in 1940. The basal area increased 
to 18.5 percent in 1941 and the 'yield to 686 pounds. 
Thus, the basal area was 11 times greater and the 
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FIG. 20. Basal cover and yield in pounds per acre of 
short grass (crosshatch), mid grass (dots), and weeds 
(black) at Quinter. 

yield about 17 times more than in the preceding 
year. There was a heavy yield of weeds each year, 
1,262 and 1,850 pounds, respectively. 

Class 3 pasture had been grazed similarly to that 
of class 2 but the degree of dusting was much 
greater, in fact, large drifts of soil were common. 
The damage from the drought of 1939 appeared to 
be less on this area than on class 2 pasture. The 
cover of short grass in 1940 was 6.9 percent, and it 
yielded 104 pounds. Basal cover increased to 32 per- 
cent in 1941 and the acre yield to 1,511 pounds. The 
cover of Sporobolus cryptandrus was negligible in 
1940 but by 1941 it was 1.2 percent and yielded 226 
pounds. Weeds in 1940 were composed primarily of 
Salsola pestifer, Amaranthus retroflexus, and Cheno- 
podium album (Fig. 21). Yields in 1940 and 1941 
were 2,094 and 2,184 pounds per acre, respectively. 
Thus, the foliage cover in all the Quinter pastures 
was high and to the casual observer their condition 
appeared to be good. 

_!I 
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Fia. 21. View of class 3 pasture at Quinter. Large 
plants of Salsola pestifer and other weeds form a fairly 
continuous cover over the short grass beneath. 

The class 4 pasture had been subjected to heavy 
grazing for several years previous to 1940, and dust- 
ing from adjacent cultivated fields was extreme in 
1935 and occasionally severe subsequently. As a con- 
sequence, the native vegetation had been practically 
destroyed. No native grasses were found in the areas 
marked for clipping. Weeds, however, were abun- 
dant. Large plants of Salsola pestifer 2 to 3 feet 
high, and 4 to 6 feet in diameter were common. The 
yield of weeds in 1940 was 2,700 pounds and in 1941 
it was 2,010 pounds. 

DIGHTON PASTURES 

Class 1 pasture was composed of short grasses 
and weeds; here, as at Ness City, no mid grasses 
occurred in the clip quadrats (Fig. 22). The cover 
in 1940 was 10.9 percent and the yield was 106 
pounds. In 1941, the cover had increased to 55.3 
percent and the yield to 1,854 pounds. The yield 
of weeds, primarily Lepidium densiflorum, was 1,413 
pounds in 1940, but only 108 in 1941. 
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FIG. 22. Percentage basal cover and yield in pounds 
per aere of short grass (crosshatch) and weeds (black) 
at lDighton. 

Class 2 pasture, with 20 percent cover, yielded 187 
pounds of short grass in 1940. The next year the 
cover had increased to 72.9 percent and it yielded 
2,412 pounds. The yield of weeds was 1,233 pounds 
the first year, but only 52 the second. Thus, while 
weeds were abundant at the preceding station, con- 
ditions for germination and establishment were poor 
here despite the presence of abundant seed. 

Class 3 pasture had a cover of 17 percent in 1940 
and yielded 184 pounds of short grass. The cover 
during the next year increased to 67.5 percent and 
yielded 2,401 pounds. The yield of weeds was al- 
most negligible being 185 pounds in 1940 and 40 in 
1941. 

Class 4 pasture was grazed severely previous to 
1935. The dusting front adacent cultivated fields 
was extremely severe during the spring and as a con- 
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sequence most of the vegetation was smothered. The 
cover of short grass in 1940 averaged only 2.2 per- 
cent, from which only 98 pounds were harvested. In 
1941 it increased to 3.4 percent and the yield of short 
grass to 360 pounds. Weeds were abundant. Yields 
of 1,210 and 1,985 pounds, respectively, were ob- 
tained in 1940 and 1941. 

Class 1 pasture at Phillipsburg (actually a drought- 
and dust-depleted mid-grass prairie) yielded 163 
pounds per acre of short grass in 1940 from a cover 
of 4.8 percent. The yield of mid grass, nearly all 
Boutelowt curtipendlda, was only 14 pounds from 
.3 percent cover. In 1941 the cover of short grass 
had increased to 16.1 percent from which 709 pounds 
per acre were harvested. The yield of mid grass was 
92 pounds from 1.2 percent cover. The yield of 
weeds, mostly Lepidibm densifloruin and Hordeutm 
p11.silflrn, was 864 pounds per acre in 1940 but dur- 
ing the next year of more abundant rainfall 3,376 
pounds. 

DISCUSSION 

Examination of the data shows that there is only a 
general correlation between cover and yield. This is 
because of the great variability in vigor of the 
drought-stricken vegetation at the several stations 
and differences in degree of burial by dust in dif- 
ferent pastures. This resulted in varying degrees of 
dormancy and protection from drought. Moreover, 
differences in time and amount of water available for 
growth prevented close agreement between amount 
of basal cover and yield. Some relationships, how- 
ever, stand out plainly. During the good year of 
growth (1941) the weakened vegetation was greatly 
invigorated. But at both Hays and Ness City the 
production per unit of plant cover in class 1 and 2 
pastures decreased compared with the yield in 1940 
when the basal cover was much smaller (Table 3). In 
class 3 and 4 pastures where dusting had been heavy 
and the original cover very open, production per unit 
basal cover increased. At Ness City this increase was 
great. 

At Quinter and Dighton there were increases in 
yield per unit percent of cover in all classes of pas- 
tures. Gains in classes 1 to 3 varied only from 21 
to 32 pounds per unit of cover, except in elass 2 at 
Quinter where the gain was only 13 pounds. The 
gain ill the class 4 pasture was 61 pounds per unit 
of vegetation. Environmental conditions at these 
stations were less favorable to growth than those at 
Hays and Ness City in both 1939 and 1940. When 
the drought was finally broken in 1941, the cover 
increased rapidly and plant production per unit of 
cover was relatively high. 

The basal area of sand dropseed is not considered 
in this comparison of cover and yield since this grass 
did not occur regularly, and especially because yield 
of this mid grass per unit of basal cover is usually 
several times that of either of the short grasses. 

;,This prairie was mowed annually except during the worst 
years of drought. Being unfenced, it was subjected to some 
zrazing during winter. 

TABLE, 3. Percentage basal cover of short grasses, 
seasonal yields in pounds, and yields in pounds per 
one percent of cover. 

HAYS NESS CITY QUINTER DIGHTON 

Yield Yield Yield Yield 
Pounds Pounds Pounds Pounds 

1940 

1 37.1 1,378 37.1 21.0 708 33.7 4.0 99 24.8 10.9 106 9.7 

2 20.1 534 26.6 11.0 478 43.5 1.7 41 24.1 20.0 187 9.4 

3 4.7 231 49.1 10.2 459 45.0 6.9 104 15. 1 17.0 184 10.8 
4 2.3 110 47.5 4.3 118 27.4 . . 2.2 98 44.5 

1941 

1 95.6 1,524 15.9 45.0 1,390 30.9 23.7 1,081 45.6 55.3 1,854 33.5 

2 42.8 902 21.7 42.6 1,610 37.8 18.5 686 37.1 72.9 2,412 33. 1 
3 21.7 1,170 53.9 49.6 2,810 56.7 32.0 1,511 47.2 67.5 2,401 35.6 

4 22.6 1,09248.3 22. 0 752 34. .... ..... .... 3.4 360 105.9 

The experimental data show the general trends in 
regard to the effects of drought, dust, and intensity 
of grazing on cover and yield. Where disturbance 
has been so widespread and the climatic conditions 
so erratic, certainly the more uniform results often 
obtained from a type of grassland of limited range 
and uniform past history and environment are not 
to be expected. It is believed, however, that this 
sampling of a number of apparently similar but 
widely separated pastures gives a better indication of 
the prevailing amount and development of the re- 
gional vegetation than could be had by more inten- 
sive studies on a single range. 

A comparison of yields with those of similar 
vegetation under predrought precipitation is perti- 
nent. Shantz (1911), working in eastern Colorado, 
calculated the yield of short-grass land from square 
yard areas. Late in August, 1909, it was 116 pounds 
per acre from ordinary cover and 400 pounds froL 
an exceptionally thick one. Weaver (1924) secured 
the average air-dry weight of buffalo grass from a 
series of quadrats at Burlington, Colorado, and 
Phillipsburg, Kansas, during three growing seasons. 
In 1920, it was 874 and 2,587 pounds per acre at 
the two stations, respectively; in 1921, 1,846 and 
2,373; and in 1922, 1,597 and 2,319 pounds in the 
same order. The data show that the yield is variable 
even during a series of good years. The amount of 
available soil moisture gives the explanation of the 
cause of the differences at the two stations and from 
year to year. Soil moisture was greater in amount 
and less often nonavailable for growth at the Kansas 
station. 

In semiarid climates and especially during drought, 
amount and distribution of rainfall varies widelv. 
Of no less importance is the manner in which rain 
falls and the cover and condit on of the soil. A 
light rain on a soil with good cover mav yield a 
greater water supply than a heavy one on bare or 
dust-covered land (Duley 1939; Dudey & Kelly 1939). 
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In true prairie it has been shown that rainfall is 
absorbed approximately three times as fast where 
there is a stabilized cover of prairie grasses (Weaver 
1942; Weaver & Albertson 1943). 

Previous experience with drought and previous 
grazing treatments profoundly affect the vigor and 
future behavior of short grasses as does also a period 
of protection. The latter may have been furnished 
by partial burial by dust. It has been noted that a 
year of great vegetative activity of buffalo grass, as 
expressed in abundant stolon production, may be fol- 
lowed by one with much less vegetative increase. Nor 
is abundant tiller production compatible with the 
greatest yield of seed in blue grama. 

Often the water, light, and nitrogen relations of 
the grasses were greatly affected by the growth of 
weeds. A survey of yield of weeds shows, however, 
that they occurred in large amounts (1,045 to 2?,277 
pounds) in all grades of pastures in 1940. Excep- 
tions where they were fewer were class 1 and 2 pas- 
tures at Hays, class 2 at Dighton, and class 4 at 
Quinter. In 1941 weeds were again very abundant 
and nearly always occurred in larger amounts than 
in 1940 in 9 of the 16 pastures. They averaged far 
more abundant both years in class 4 pastures than 
elsewhere. Weeds, however, were not altogether 
harmful since upon their death they formed a mulch 
which protected the soil from violent impact of water. 
The growth and decay of their roots made compacted 
soil more porous and thus aided infiltration and indi- 
redtly promoted growth of perennial grasses. 

MONTHLY YIELD OF NATIVE GRASSES 

Previous observations and experiments had shown 
clearly that the growth and yield of the native 
grasses varied greatly not only from season to season 
but also from month to month (Weaver & Albertsoii 
1943). Therefore an experimental study was made 
on monthly yields to ascertain variations in the 
amount and the causes of the fluctuations. Quadrats 
were clipped in each of the four classes of pastures 
at the four stations. 

The quadrats were marked out in the spri-ng ot 
1940. Ten were staked in each exciosure where the 
preceding quadrats were located. The yield was ob- 
tained at the end of each month from May to August, 
inclusive. Short grass, mid grass, and weeds were 
air-dried and weighed separately and the yields ex- 
pressed in pounds per acre. Monthly precipitation 
at each station during the growing season is shown 
in Figure 7, and available soil moisture at Hays and 
Dighton in Figures 9 and 10. It should be empha- 
sized that the extended drought in the fall of 1939 
weakened the perennial grasses to such a degree that 
growth was resumed very late in 1940. Hcnce, the 
only vegetation harvested in May was the crop of 
annual weeds, mostly Lepidiunt densiflorint, Lapp ala 
occidentalis, Monolepis nuttalliana, and Hordeumt 
p usillant. 

The total monthly yields of perennial grasses and, 
in certain pastures, the monthly yields of short 

grasses are shown by means of graphs in Figure 23. 
At Hays the total grass produced during June, 1940 
on the class 1 pasture was 416 pounds. During July 
production decreased to 366 pounds but increased to 
596 during August. The yield in 1941 was in reverse 
order. The greatest amount, 750 pounds, was har- 
vested at the end of May when the buffalo grass was 
heavily laden with seed. The staminate flowers ex- 
tended a few inches above the semidecumbent leaves, 
and produced a characteristic spotted appearance of 
the landscape so common when this grass is in full 
bloom. Yield decreased to 431 pounds in June and 
to 95 in July. That of August was only 86 pounds. 

Yields in the class 2 pasture followed somewhat 
the same trends as the preceding but were signifi- 
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FIG. 23. Yields in May, June, July, and August in 
different classes of pastures in 1940 and 1941 at each 
of the four stations. The percentage of basal cover of 
short grasses and mid grasses is also given for each 
pasture. 
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cantly lower. The short grasses were so badly dam- 
aged by drought and competition with little barley 
both seasons that the yields were low. The total 
grass produced during June, 1940 was 150 pounds. 
Yield increased to 185 pounds in July, and to 199 
in August. In 1941 competition with little barley 
was intense during late spring and the yield in May 
was only 240 pounds. It was slightly greater, 290 
pounds, in June. Drought during July reduced the 
yield to only 55 pounds but in August it was 265. 

Total yield in 1940 on the badly dusted and heavily 
grazed class 3 pasture, with a cover of only 7.4 per- 
cent, increased from zero in May to 306 pounds in 
July. In August it was only 146 pounds. The low 
yield in 1940 resulted from feeble growth of the 
drought-stricken vegetation. Excellent growing con- 
ditions in the spring of 1941 resulted in vigorous 
growth of both short and mid grasses. The short- 
grass yield in May was 221 pounds but this increased 
to 519 in June. The July harvest yielded only 113 
pounds. This low yield, however, was offset by one 
of 318 pounds in the wet month of August. The 
difference between the short-grass yield and the total 
yield represents the production of mid grasses, mostly 
Sporobolus cryptandrus. During May the yield of 
mid grass was 262 pounds and in June and July 531 
and 143 pounds, respectively. The yield in August 
was 290 pounds. Rapid recovery of the vegetation 
of this and other badly damaged areas was probably 
due to accumulation of fertile soil from dusting, and 
semi-dormancy through much of the drought period. 

Total yield of grasses in class 4 pasture in 1940 
was much less than that in class 3. The total amount 
of short and mid grasses produced in June was only 
22 pounds. In July it was 59 pounds and in August 
51. The cover of short grass increased to 22.6 per- 
eent in 1941 and the yield in May was 192 pounds. 
Production increased to 426 pounds in June and then 
declined to 97 and 38 pounds, respectively, in July 
and August. The mid grass grew vigorously in 1941 
and in fall had a basal cover of 14.5 percent. The 
yield in May was only 78 pounds. In June, however, 
it reached a value of 959 pounds which, with the 
short grass, exceeded the yield of all the higher classes 
of pastures (Fig. 23). A yield of only 98 pounds 
in July resulted from a drought of short duration; 
in August, it was 320 pounds. 

Yield at Ness City in 1940 was relatively high ill 

June in class 1 pasture but low thereafter. It was 
uniformly low in the other three classes (Fig. 23). 
Extremely low yields were produced in all pastures 
at Quinter in 1940, since the vegetation was sparse 
and had scarcely recovered from the extremely severe 
drought of the previous fall. There was some vield 
at the end of May, 1941, good yields in pasture 
classes 1 and 3 in June and July, but they were low 
following the August drought. At Dighton in 1940, 
low monthly yields were secured, with an increase in 
growth in August. Conversely, the yields even in 
May, 1941, were good at all stations and those of 
June were excellent. Thev were obtained from a 

vigorous, rapidly increasing cover, with the exception 
of class 4 pasture. 

DISCUSSION 

Variability in productivity was due in part to un- 
even distribution of precipitation but also to the 
previous experience of the vegetation especially as 
regards drought, dusting, and intensity of grazing. 
The very low yields at the two westerly stations, 
Quinter and Dighton, in 1940 are attributed to two 
factors-the extremely severe drought that prevailed 
there during the preceding fall and winter and the 
low precipitation and small amount of available 
water in 1940. Rainfall in the spring at these sta- 
tions was lower than at the others (except Hays in 
May) and did not promote much growth (Fig. 7). 
Low precipitation would account for the depressed 
yield in June and July, but the vegetation at neither 
station responded favorably to the 2.5 to 4 inches of 
rainfall and good water content of soil during August 
(Figs. 7 and 10). The late resumption of growth in 
1940 at Hays and Ness City was also an after-effect 
of the fall drought of the preceding year. The 
greater yield at Hays in class 1 pasture than in the 
others is explained on the basis of a more rapidly 
extending and more vigorous cover. While this denser 
vegetation was undoubtedly exhausting available soil 
moisture more rapidly than the more scattered plants 
in the other pastures, the very presence of the cover 
greatly promoted water infiltration and thus com- 
pensated this loss. Moreover, there were more early 
growing, water dissipating, annual weeds where the 
perennial grasses were sparse. 

In 1941 the heaviest monthly yields occurred in 
May in class 1 pastures at Hays and Ness City but 
a month later in the other class 1 pastures. Precip- 
itation was somewhat higher at Hays and Ness City 
(Fig. 7) and the soil at Hays had much more water 
available for growth than that at Dighton (Figs. 9 
and 10). Moreover, the vegetation seemed much more 
vigorous at the stations where growth was earlier. 
Decrease in monthly productivity after the high early 
yields was undoubtedly due in part to continuous 
clipping (Weaver & Hougen, 1939.). A very dry 
July followed by a wet August at Hays accounts for 
the upward trend of the graph of production at this 
station. From the excellent yield in class 3 and 4 
pastures it would seem that dusting stimulated growth 
under good precipitation, also in both pastures high- 
yielding mid grasses were present. The same effect 
is evident in class 3 pasture at Ness City where mid 
grasses were not found. Growth in the several pas- 
tures at Quinter showed rather uniform monthly 
trends. Less than an inch of rainfall in August re- 
sulted in little development in late summer. At 
Dighton the yields in all pastures directly reflect the 
rainfall of June, July, and August which was about 
5, 4.5, and 2 inches, respectively. Decrease in monthly 
productivity was similar in pastures with only 3 per- 
cent basal cover to those with 55 to 73 percent. Here 
weeds grew in numbers and stature somewhat in in- 
verse proportion to the amount of perennial grasses. 
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Blue grama and buffalo grass have a remarkable 

capacity, except immediately after extremely severe 
and prolonged drought, to revive quickly and grow 
rapidly at any time during the warm season and to 
become dormant but remain alive when available soil 
moisture is exhausted. This is in accord with their 
semiarid environment and normally occurs every year. 
During a drought year it may take place several 
times. But when the spark of life is nearly extin- 
guished, as in 1939, recovery is slow. The difference 
between total denudation and relict vegetation over 
thousands of square miles depended upon the wonder- 
ful drought resistance of these two species. They 
remained where all other perennial vegetation van- 
ished. Sand dropseed, also very drought resistant 
and likewise with remarkable powers of recuperation, 
has spread widely on the bare, dry, warm soils in the 
past five years. 

Revegetation of the central Great Plains area de- 
pends in the main upon the growth and spread of 
these xeric but nutritious grasses. These data show 
clearly their ability, once established, to increase their 
area. Buffalo grass alone can spread with great 
rapidity. Blue grama and sand dropseed increase 
much more slowly and must have good years for seed 
production followed by favorable years for seedling 
establishment (Weaver & Mueller 1942). Although 
the cover may increase fourfold in a single year, 
which is an unusual gain, on the thousands of ranges 
where it was only 2 to 5 percent (Weaver & Albert- 
son 1940a) this process must be repeated several 
times before the cover is completely restored. A 
series of good years are necessary for restoration of 
a plant matrix as dense as that which prevailed be- 
fore the drought. It will not occur quickly. Suc- 
cession even in subseres proceeds slowly and weeds 
will play their inevitable and important part (Clem- 
ents 1916, 1929). The more serious the degeneration 
the longer will be the period of redevelopment. 
Upon the revegetation of the range depends the 
fundamental economy of the Great Plains (Clements 
& Chaney 1937). Retardation of recovery by in- 
judicious grazing must be carefully avoided; crop- 
ping practices must be such as to stabilize plowed 
land and prevent soil from being carried away as 
dust; and the best principles of ecological and agro- 
nomic practices must be used in reclothing marginal 
lands with grass and restoring a normal cover to 
depleted ranges (Savage 1939; Savage & Runyon 
1937). 

EFFECTS OF DIFFERENT INTENSITIES OF 
CLIPPING ON YIELD 

An understanding of the relationship of plant 
productivity to intensity of grazing is very important. 
In order to secure information on this phase of 
range conservation as applied to short grasses, se- 
lected areas were clipped at different intervals and 
the vields determined. The experiments were done 
at all four stations, four classes of pastures being 
used at each station. In each of the 16 pastures, the 

four areas used were closely adjacent and had re- 
ceived the same treatment as regards the amount of 
grazing, severity of drought, and deposition of dust 
previous to 1940, when the study was begun. A total 
of nearly 40 meter quadrats was employed in each 
pasture, approximately 10 under each of the four 
different treatments. The intensity of clipping for 
each of the four treatments was as follows: 

1. Clipped monthly from May to August, inclu- 
sive, in 1940 and 1941. 

2. Clipped monthly as above in 1940, but clipping 
deferred until the end of the season in 1941. 

3. Unclipped in 1940; clipped monthly in 1941. 
4. Unclipped in 1940; clipping deferred until the 

end of the season in 1941. 
The area of the basal cover in the fall of 1941, 

when the quadrats were charted, was approximately 
the same under treatments 1 and 2. It was likewise 
practically the same under treatments 3 and 4. The 
basal cover of short grass and mid grass is given, 
therefore, as the average of conditions 1 and 2, and 
3 and 4 in each class of pasture, respectively (Fig. 
24). It is significant, however, that the total cover 
ranged from 2 to 4 percent greater under treatments 
3 and 4. 

CLASS I CLASS 2 CLASS 3 CLASS 4 
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FIG. 24. Average basal cover and yield in pounds per 
acre in 1941 of short grass in each class of pasture 
when clipped monthly in 1940 and 1941 (treatment 1), 
when clipped monthly in 1940 but only in fall in 1941 
(treatment 2), when unclipped in 1940 but clipped 
monthly in 1941 (treatment 3), and when unclipped 
until the fall of 1941 (treatment 4). 

Yield of short grasses, with one exception, was 
greatest under treatment 4 and least under 1 (Fig. 
24). This indicates that close clipping of short 
grass for two seasons tended to reduce the yield and 
that each of the other treatments were, in order, nearly 
always less detrimental. In class 1 pastures for ex- 
ample, the average yield of short grass was 1,182 
pounds per acre. Under treatment 2 it was 1,463 
pounds or nearly 300 pounds per acre greater than 
under monthly clipping. Under treatment 3 the yield 
was further increased to 1,624 pounds. The greatest 
yield was 1,681 pounds per acre in the pasture which 
had two years of rest (treatment 4). The yield of 
class 2 pastures was somewhat less than that of class 
1, but, with one minor exception, it varied in the 
same sequence. Under treatments 1 to 4 yields were 
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1,203, 1,400, 1,390, and 1,470 pounds per acre, 
respectively. 

Yields of class 3 pastures consistently increased 
from treatments 1 to 4. They were also greater for 
each treatment than the corresponding yield in classes 
1 and 2. Under treatment 1, the production of short 
grass was 1,560 pounds per acre. It was 2,042 pounds 
under treatment 2, and 2,284 and 2,400, respectively, 
under treatments 3 and 4. 

The short grass in class 4 pastures was doubtless 
affected less by intensity of clipping than by compe- 
tition of annual weeds. Yields were therefore not con- 
sistent. From treatments 1 to 4, in order, they were 
575, 624, 370, and 593 pounds per acre. 

The yield of mid grasses, mostly Sporobolits cryp- 
tandrlfs, was always greater under the second treat- 
ment than the first, and usually greater under the 
fourth than the third. This indicates that monthly 
clipping greatly reduced growth and yield. The pres- 
ence of sand dropseed usually indicated a broken cover 
in the original short grass. Its rate of growth varied 
greatly. For example, in the class 3 pastures, the 
yield varied from 0 to 400 pounds per acre in 1941. 

The effect of intensity of clipping upon the monthly 
and seasonal yield in 1941 in representative class 1 
and class 3 pastures is given in Table 4. The yield of 
short grass in the class 1 pasture under the first treat- 
ment was 1,362 pounds per acre. Under treatments 
2, 3, and 4 it was 1,524, 1,976, and 2,185 pounds per 
acre, respectively. The monthly yield for the same 
year was significantly greater under treatment 3 than 
under 1. In May it was 1,216 pounds per acre as 
compared with 750 pounds under treatment 1. In the 
same sequence, it was 462 and 431 pounds in June, 
167 and 95 in July, and 129 and 86 in August. Under 
both treatments, the yields were greatest in May and 
gradually decreased thereafter. 

TABLE 4. Yields in pounds per acre of short grasses 
in 1941 in representative class 1 and class 3 pastures 
under different intensities of clipping. 

YIELDS BY MONTHS 
Station Class Treat- 

ment 
May June July August Total 

1 750 431 95 86 1,362 
2 ... 1,524 1,524 

Hays.. 1 3 1,216 462 167 129 1,976 
4 ... 2,185 2,185 

1 147 542 473 73 1,235 
2 .. 1,511 1,511 

Quinter.. 3 3 125 596 697 200 1,620 
4 ... 1,947 1,947 

The seasonal yield in class 3 pasture under treat- 
ment 1 was 1,235 pounds (Table 4). Under suiceed- 
ing treatments it increased to 1,511, 1,620, and 1,947 
pounds, respectively. Moreover, the yield, as in the 
class 1 pasture, was greater each month, except May, 
in the pastures under the third treatment than under 
the first. The lower yield in May may be attributed- 
to less cover here than in the class 1 pasture 'n spring, 
since the increase in cover was extremely rapid. The 

dry August limited the yield of short grasses to 73 
pounds under the first treatment but 200 under the 
third. 

DISCUSSION 

Grazing, or clipping to simulate grazing, is a more 
or less destructive process since it removes much of the 
photosynthetic area from the plant. Preservation of 
pasture grasses depends upon manufacture and stor- 
age of foods by the plants in excess of those con- 
sumed in growth. Whenever grazing is so intensive 
that it permits complete and frequent removal of the 
green shoots it greatly reduces the manufacture of 
carbohydrates and prevents their storage in under- 
ground parts. Such abrupt decrease in photosyn- 
thetic activity causes a corresponding decrease in 
the growth of roots. Continued defoliation is ex- 
tremely injurious and unless reasonable precautions 
are taken to prevent it the effects are likely to be- 
come cumulative and cause serious deterioration of 
pasture or range. This may be followed by erosion, 
loss of nutrients, and general impoverishment of the 
soil. 

Canfield (1939) found that quadrats of black 
grama. (Bouteloua eriopoda) clipped periodically dur- 
ing the growing season to a height of one inch made 
substantial gains in tuft areas the first year, one of, 
unusually favorable growth, but these gains were 
temporary. Losses in the second and third year 
were greater than these gains, and losses continued 
to the end of the experiment. Similar results were 
obtained where the clipping was 2 inches high. 

Results from studies on the effects of the removal 
of the photosynthetic area are in agreement that the 
yield and vigor of the vegetation vary inversely with 
the frequency of clipping. Aldous (1930) applied 
clipping treatments at two-week intervals to prairie 
grasses (chiefly big and little bluestems) at Man- 
hattan, Kansas. He found that the density of the 
vegetation decreased about 60 percent in three sea- 
sons. Clipping at three-week intervals resulted in 
only 13 percent reduction. Disappearance of val- 
uable species was proportional to frequency of cut- 
ting. The higher nutritive value of the forage gained 
from frequent harvesting did not compensate the loss 
in yield. 

Total yields of quadrats clipped at frequent inter- 
vals at LUncoln, Nebraska, exceeded the single yield 
of the control of Andropogon scoparius by 11 and 
26 percent during two seasons, respectively. Sim- 
ilar yields of Boitelouta gracilis on upland were 6 
percent greater than the control and 30 percent 
greater on lowland. Poa pratensis when frequently 
clipped exceeded the control in yield by 5 percent. 
This increased growth is made at the expense of 
accumulated reserves in the roots and crown. The 
first growth following defoliation is largely "transfer 
growth" from storage tissue to herbage. It results 
In dccreasing the vigor of the plant. Thus, the 
greater frequency of removing the top either by clip- 
ping or grazing at first results in greater yield of 
dry matter, but only unt.l a point is reached where 
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the defoliation is so frequent as to prevent the re- 
building of root reserves. 

Quadrats frequently clipped during a second sea- 
son always gave lower yields than a single clipping 
of the controls. In little bluestem the yield averaged 
46 and 49 percent less, in big bluestem 28 percent, 
and in mixed little and big bluestem 43 and 53 per- 
cent less than the control. Yields of quadrats fre- 
quently clipped during two years were likewise much 
lower than those similarly clipped for only a single 
year. In little bluestem, the former yielded 60 per- 
cent less, in big bluestem 37, and in mixed bluestems 
51 percent. Yields were still further reduced where 
clipping was continued a third season. Compared 
with controls they were 56 to 68 percent less, re- 
spectively, in little bluestem and mixed-bluestem 
types. Moreover, when these yields were compared 
with those from quadrats frequently clipped for two 
years, they were found to be 42 and 23 percent less, 
respectively (Weaver & Hougen 1939). Thus, there 
is a rapid decrease in yield following too close 
utilization of a pasture. 

McCarty (1938) has shown that the "initial growth 
of herbage in spring is made at the expense of the 
carbohydrate accumulations stored in the basal or- 
gans during the preceding season. Concentration of 
carbohydrates in both herbage and basal organs of 
the plant is inversely related to the rate of herbage 
ogrowth. This relationship is maintained throughout 
the entire annual evele of growth. The accumulation 
of carbohydrates stores is delayed, therefore, until 
most of the annual herbage growth is produced." It 
is well known that all of the stored food is not ordi- 
narily used in normal early growth of perennial 
grasses. But if the new growth is removed by early 
grazing or clipping there results a diminution in the 
reserve food: a second close clipping may further 
deplete the supply. Thus, the progressive increase 
in yield of the closely clipped quadrats and the final 
death of many plants may be readily understood. 
Mixed prairie, for example, in past decades has lost 
much in its forage production in being reduced to 
the short grass diselimax. Where upland, little blue- 
stem degenerated into pasture of the short-grass type 
at Lincoln, Nebraska, the seasonal yield was reduced 
about half. 

Biswell and Weaver (1933) found not only that 
the total dry weight produced from sods frequently 
clipped after transplanting ranged from 13 to 47 
percent of that of the same species of prairie grass 
unclipped after transplanting but also that the 
clipped plants failed to produce new rhizomes and 
many of the old ones died. The length of the roots 
was greatly decreased, and the relative production 
of roots was more greatly reduced than that of tops. 
Plants weakened by repeated clipping renewed growth 
slowlv if at all after the sods were frozen, although 
the controls made an excellent development. They 
give a comprehensive rev ew of the literature. 

Robertson (1933) has shown the very detrimental 
effects of removing the tops of seedling grasses upon 
the growth of both tops and roots. 

The farmer's experience in recent times has made 
him well aware of the importance of good pastures 
for feed during severe drought, for preventing dam- 
age from wind erosion, and for combatting damage 
by floods which often follow prolonged drought. A 
great problem lies in adjusting livestock to the carry- 
ing capacity of the range. The false creed that 
profits depend on livestock numbers must be replaced 
by the viewpoint that native vegetation is a pereni- 
nial crop and that next year's yields may be lessened 
somewhat in proportion to the extent of this year's 
grazing and trampling. It is only slowly being real- 
ized that larger immediate returns, to say nothing 
of future yields, from the midwestern ranges can be 
obtained from moderate stocking than from over- 
grazing. Man has under his control the season of 
grazing, the frequency of removal of the new growth 
of grasses, and how closely they are grazed. While 
he cannot prevent droughts he can keep the ranges 
in good condition to endure them. 

SUMMARY 

The very extensive range lands of western Kansas 
are now recovering from the extremely damagung 
effects of drought and burial under dust. Those that 
were most judiciously grazed before and during the 
dry cycle and best protected from dust accumula- 
tion, either by large size or by stabilizing nearby 
tilled land, usually suffered the least degeneration. 

At four widely separated stations, Hays, Ness 
City, Dighton, and Quinter, pastures were selected 
for study at the end of the most severe drought ever 
recorded. Four classes of pastures were investi- 
gated at each station where the range use was known 
or where records were obtained. Class 1 had been 
lightly grazed and lightly dusted, class 2 heavily 
grazed and lightly dusted, class 3 lightly grazed but 
heavily dusted, and class 4 both heavily grazed and 
heavily dusted. A prairie at Phillipsburg had de- 
generated like the preceding to short grass but only 
because of drought. 

A record of annual and monthly precipitation 
was obtained for each station, available soil water 
to 5 feet in depth was ascertained monthly during 
the growing season, and other environmental factors 
were studied in 1939, 1940, and 1941. 

Increase in basal area of perennial grasses, amount 
of the various species concerned, and dry weight of 
forage produced were the chief criteria used in 
measuring recovery. Exelosures against stock were 
made. In each exclosure 20 meter quadrats were 
clipped annually and the basal area of the perennial 
grasses charted by means of a pantograph in 1940 
and 1941. Blue grama (BouteloiHa gracilis) and 
buffalo grass (Buchloe dactyloides), both short 
grasses, composed the bulk of the scanty, relict 
perennial vegetation. Sand dropseed (Sporobolats 
cryptandrus), which occurred irregularly and spar- 
ingly, was practically the only mid grass. Native 
forbs were so few as to be almost negligible but an- 
nual weeds were abundant. Increase or decrease of 
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basal area of each species of grass was ascertained, 
and the separate yields of short grasses, mid grasses, 
and weeds were obtained. 

Low precipitation in 1939, 7 to 10 inches below the 
normal 19 to 23 inches, and extremely dry fall fur- 
ther reduced the much depleted plant cover. Drought 
also weakened the vegetation so greatly that it re- 
mained almost dormant at all stations the following 
spring, and nearly throughout the summer at Dighton 
and Quinter. 

The growing season of 1940 showed much im- 
provement over that of 1939, but precipitation was 
below normal at all stations during April and June. 
At Hays and Ness City only was the amount of 
precipitation normal. Despite the moderate rain- 
fall, the thoroughly dried soil was often without 
available water at all stations and growth was not 
continuous nor yields high, except those of annual 
weeds. 

In 1941 the rainfall was above normal more than 
half of the time from April to September. The soil 
was wet from early spring until July; periods with- 
out rain were not prolonged and not severe, and the 
drought was definitely broken. 

Basal area, first determined in the fall of 1940 
after a year of recovery, showed that the cover was 
invariably least in all class 4 pastures at any station, 
and nearly always highest in class 1. Cover in pas- 
ture classes 2 and 3 was intermediate, but often 
higher in the lightly grazed but heavily dusted class 
3. A light cover of dust often furnished some pro- 
tection against drought by aiding dormancy. The 
average basal cover of short grasses in the four class 
1 pastures was 18 percent; that in the others in order 
13.7, 13.4, and 2.2 percent. During the excellent 
season for growth in 1941 these pastures extended 
their basal cover to 56.8, 46.3, 44.3, and 17.2 per- 
cent, respectively. Thus, classes 1 to 3 on an average 
tripled their cover; that in class 4 increased nearly 
eightfold. 

Blue grama exceeded buffalo grass in amount of 
basal area in all but two class 1 and 2 pastures. But 
at the end of 1941 buffalo grass exceeded blue grama 
in basal area in 7 of these 8 pastures. There was 
about 4.5 times as much buffalo grass as blue grama 
in the average of class 1 pastures, and about 3 times 
as much in the average of class 2. In the heavily 
dusted pastures (classes 3 and 4) in 1940, buffalo 
grass ranked somewhat higher in all except 2, but 

percentage of cover was low. In 1941, so great were 
its gains, it ranked far ahead of blue grama, often 
being 3 to 5 times as abundant. In the few pastures 
where sand dropseed occurred it increased rapidly 
but seldom composed more than a small part of the 
vegetation. Despite fourfold increases of cover in 
low grade pastures, several good years for seed pro- 
duction and growth of seedlings will be required for 
complete restoration of the cover. 

Only broad correlations were found between amount 
of basal cover and yield, the drought-stricken vege- 
tation varied greatly in vigor; the amount of dust 
accumulation resulted in varying degrees of dor- 

mancy and protection from drought. Moreover, oc- 
currence *and amount of soil moisture available to 
growth was extremely variable. 

During 1941 an abundance of water greatly in- 
vigorated the weakened short grasses at Hays and 
Ness City. But where increases of the moderately 
small cover in the best pastures had been high in 
1940, seasonal yield in relation to amount of cover 
was less in 1941. The decrease was from 27-44 pounds 
per acre for 1 percent basal cover in 1940 to 16-38 
pounds in 1941. But where dusting had been heavy 
and the original cover very open at these stations, 
production per unit of basal cover increased in 1941, 
often greatly. 

At Quinter and Dighton conditions were unfavor- 
able to growth in 1940 and yield per unit of cover 
was low, 10 to 25 pounds per 1 percent of cover per 
acre. It increased, with one exception, 21 to 32 
pounds per unit cover in 1941 over that in 1940. 
Where the initial cover was least (about 2 percent) 
and dusting greatest (class 4 pastures) the yield was 
even more greatly increased. 

Cover of sand dropseed is not included in preced- 
ing statements of yields since its yield per unit of 
cover is usually several times as great as that of short 
grasses. 

These short-grass yields were mostly far below 
those made at Phillipsburg during the years of more 
nearly normal precipitation, 1920, 1921, and 1922. 
Only in one pasture at Ness City and at Dighton 
where the basal cover was about 70 percent was this 
average yield, 2,400 pounds per acre, attained even 
during the wet year, 1941. 

In many pastures both spread and yield of the 
perennial grasses were greatly reduced by an abun- 
dance of weeds, chiefly Hordeum pusillum, Lepidium 
densiflorum, Chenopodium album, and Salsola, pes- 
tifer. They absorbed much water, and greatly re- 
duced the light both when living and dead. They 
were most abundant in class 4 pastures. Weeds 
usually yielded one-fourth ton to more than one ton 
per acre. 

Monthly yields were obtained from a series of 10 
quadrats in each of four classes of pastures at the 
four stations. Great variability in monthly yield 
resulted from uneven distribution of precipitation 
and previous experience of the vegetation as regards 
drought, dusting, and intensity of grazing. 

Yields in 1940 were extremely low at Quinter and 
Dighton where previous drought had been most se- 
vere. At Hays and Ness City there was no yield in 
any pasture in May, but moderate yields each summer 
month thereafter, except in class 4 pastures. 

The highest or next to the highest monthly yields 
in 1941 occurred in May in class 1 and 2 pastures 
at Hays and Ness City, but after May or June yields 
decreased sharply. But in class 3 and 4 pastures 
thev were the greatest in June, the June yield 
usually far exceeding that in the class 1 and 2 pas- 
tures. Excellent yields from a rapidly increasing 
cover occurred in 1941 at Quinter and Dighton where 
they were high in May but highest in June, and low 



January, 1944 EFFECTS OF DROUGHT, DUST AND INTENSITY OF GRAZING 29 

following the August drought. Early growing, water 
dissipating, annual weeds often reduced the May 
yield of perennial grasses. 

In order to determine the effects of different in- 
tensities of clipping on yield, grasses were (1) clipped 
monthly in 1940 and 1941, (2) clipped monthly in 
1940 but only in fall in 1941, (3) unclipped in 1940 
but clipped monthly in 1941, and (4) unclipped until 
the fall of 1941. These 4 treatments were applied 
in class 1 to 4 pastures at both Hays and Qu nter. 
The cover was approximately the same in the fall of 
1941 under treatments 1 and 2, but 2 to 4 percent 
higher, although similar under treatments 3 and 4. 

In class 1 pastures the average yield of short grass 
was 1,182 pounds per acre under treatment 1; under 
treatments 2 to 4 it was 1,463, 1,624, and 1,681 
pounds, respectively. A sequence of increasing yields 
was also obtained in class 2 and 3 pastures, the class 
3 pasture giving greater yields under each treatment 
than pasture classes 1 and 2. In class 4 pastures 
the short grasses were affected less by intensities of 
clipping than by competition of weeds. 
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