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EFFECTS OF DIFFERENT SYSTEMS OF
GRAZING BY CATTLE UPON A WEST-
ERN WHEAT-GRASS TYPE OF RANGE

NEAR FORT COLLINS, COLORADO?

By Herserr C. Hanson®, L. DupLey Love® aNp M. S. Morris’

Scientific range management is dependent upon the application
of knowledge from various fields to the production of livestock. As
complete information as possible is needed about the composition
of the vegetation, the life histories and habits of the most important
species constituting the vegetation, the relations of the most impor-
tant species to environmental influences including grazing, the needs
and habits of livestock, water resources, relation of topographic and
climatic conditions to livestock, and the economic conditions affect-
ing the production and sale of livestock. These seven fields may be
considered basic factors in range management. So many factors,
varying in time as well as in space, make the proper management of
range lands a very complicated task. Thoro knowledge of most of
these factors in each range or locality can only be secured by
detailed studies extending over a period of many years. The purpose
of this bulletin is to analyze, in relation to range management, the
most important of these basic factors on a range near Fort Collins,
Colorado.

The range was located at an elevation of 5,100 feet, about 4
miles west of Fort Collins (Figs. 15-22). It included most of the first
foothill as well as the plain at the base. Only the plains portion is
treated in this bulletin because this part furnished most of the graz-
ing and was fairly homogeneous in vegetation and topography. Up
to 1905 this area was open range (6). It was then fenced and used
until July 1, 1920, as a horse pasture for breeding work. During the
rest of 1920 it was not grazed. In the spring of 1921 it was divided
into two pastures. The plains portion of each of these was about
one-fourth of a mile wide and about three-fourths of a mile long.
Beginning in 1921, one of these pastures was grazed continuously
by cattle, the other was grazed by the deferred and rotation method.

1This bulletin reports the botanical phases of a joint project of the De-
partments of Animal Husbandry and of Botany. The livestock was handled by
the former department.

sFormerly Associate Professor of Botany at the Colorado Agricultural
College; now head, Department of Botany, North Dakota Agricultural College.

Anstructor, University of Arizona.
1Assistant, Colorado Agricultural Coellege.
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The vegetation, chiefly western wheat grass, in these pastures was
typical of much of the plains adjacent to and between the lower
foothills in Northern Colorado. Intensive studies have been con-
ducted in these pastures from July, 1926, to September, 1930.

MEeTHODS

Hawnpring Stock —The deferred and rotation pasture was di-
vided into two parts so that the plains portion (103 acres) was in
one part and the foothills portion (126 acres) in the other. The
cattle (Hereford cows and their calves) were kept off the pasture
during the spring period, from about March 15 to about May 1,
while the soil was moist and the chief grasses were growing rapidly.
From about May 1 to about August 15, the cattle were allowed to
graze only one of the two parts, but after about August 10 they were
given {ree access to both parts. This procedure was continued for
2 successive years. During the next 2 years the part that had been
grazed between May 1 and August 15 was not opened until after
the latter date. Both parts, then, were protected every year from
early grazing, and a 4-year rotation cycle was followed for later
deferred grazing on each part.

The pasture (total area including foothills, 157 acres) that was
grazed continuously was open to stock the year round. Usually
grazing did not begin in the spring until about April 15. There was
little evidence of grazing for several weeks, but there were numer-
ous signs of trampling and sliding. During winter and early spring
the cattle limited their activity chiefly to the feeding yard and water
trough.

Usually there were 28 head of cattle in the deferred and rota-
tion pasture and 19 head in the continuously grazed pasture. This
makes an average of about 8 acres per head in each pasture.

During the winter the cattle were fed hay and a small amount
of cottonseed cake. A shed afforded protection during storms (Fig.
17.) Water was supplied by means of a spring, which fed continu-
ously into a tank. Additional water was available in a small lake in
the continuously grazed pasture. The calves were usually born
early in the spring and were removed from the pastures in the au-
tumn. The cows were frequently weighed.

VEGETATION STUDIES.—An isolation transect (1) was located in
each pasture (Figs. 15 and 16). These were so arranged that in each
a square, 20 by 20 feet in area, was opened to grazing every year
and another square was closed to grazing. Records of the vegetation
in these squares were secured by means of square-meter quadrats
and occasional larger quadrats.

The vegetation of the pastures as a whole was analyzed by
means of list quadrats arranged systematically over the entire area.
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Weekly notes were taken thruout most of the year on the con-
dition of the vegetation. Detailed growth and other phenological
records were secured of important species.

EnvironMENTAL Factors.—Continuous records were secured of
soil temperature and of the temperature and humidity of the air.
Soil-moisture data were collected thruout the growing season. The
evaporating power of the air was measured during the frostless sea-
son by means of atmometers. Mechanical and chemical analyses and
profile studies were made of the soil. Precipitation records were
also secured.

ENVIRONMENTAL FACTORS

PrecipITATION.—The mean annual precipitation at Fort Collins
during a period of 41 years was 15.06 inches (8). It varied from 7.11
to 27.57 inches. Most of the precipitation came during the spring
and summer months, as is shown in the following monthly means:

Inches Inches
January ... .. 0.35 July ..o 1.81
February ............. 0.60 Aungust Lo oo 1.2
March ........ ..., 1.06 September ....... ... 1.30
April oL 2.16 Qctober ... oo 1.19
Mayv ... 2.81 November ............. 0.46

June ... 1.57 December ... ... ... 0.51

The average number of days during the year with 0.01 inch or
more of precipitation was 80. The average annual amount of snow-
fall was 42.8 inches.

The precipitation record (7) is given by weeks in Table 1 and
in Figure 1 for the period that the range was intensively studied.

The data in Table 1 may be summarized by comparison with
the monthly means. The spring of 1926 was moister, but the sum-
mer was drier than usual. In 1927 only one-third of the usual pre-
cipitation fell during May. The precipitation in the other months
of the growing season was very satistactory. In 1928, April was
unusually dry, July and August were also dry, but the rest of the
months were above normal. May was characterized by heavy pre-
cipitation. In 1929, March and April were above average, May and
June were slightly below, July and August were about 50 percent
below average. During the week ending August 5, a large amount
(1.40 in.) of rain fell, ending a drought period of about 8§ weeks.
In 1930, March and April were very dry; May was above normal,
especially the week ending May 20, when about 3 inches fell; June
was slightly above normal, due to heavy precipitation during the
week ending June 10; the long drought extending from June 10
thruout July was broken by precipitation of 2.51 inches during the
week ending August 12, followed by 1.90 inches the following week.



“1ed JB3 10 ue 2 IC ) 14 )
A y oo ﬁ\« P \/ﬂuEO_.C LUNy 10§ [e303 3y3 >.~M vw.:;u@ Yy om Sur np uc nejdnaid
Y OM1an YOBY SUL[O]) 1104 1E S 24 $ JO ydeo I0j uone d ,w_ L .>> g /. Bl13
£301 Y] SJUd$1dI D [e21342 e S (o] 10 E S1TD } nejdi d Juimoys 30 : |

wep
——
9261
—|
Lo
520
1261
Tt
Lot
400 -
| | az61
It
TR
92°0 )
—
6261
—t
30°P1
120
o561
—t
§rat c
o |Saur




July, 1931 Errect oF GRAZING ON RANGE 9

Table 1.—Precipitation in Inches at Fort Collins for Weekly Periods from
1926-1930.

Week Week .
Entling 1926 1927 1928 1929 1930 Ending 1926 1927 1928 1929 1930
January 7 16 .. .. .06 14 | July 8 .30 .. .. .37 .04
“ 14 01 .02 .. . .07 * 15 .12 67 06 .. 56
‘“ 21 .05 02 .26 13 .24 ‘ 22 .21 12 12 02 .22
“ 28 03 . .. 02 .. o 29 300 1.34 65 07 11
Totals* .25 .04 .26 .21 ,4."; Totals .93 2,19 .83 .46 .93
Febru'y 4 .. .. .. .. .. | August 5 09 .74 240 1.40 T
“ 11 . 15 . .20 .. - 12 ) 49 07 69 2.51
“ 18 .28 .. .41 .13 .06 - 19 .62 .11 .21 .02 1.0
“ 25 . .. 04 .37 .07 26 .. .69 .. .24 ..
—| Sept. 2 41 13 17 34
Totals .28 .40 .52 N .13
- Totals .86 2.10 G0 235 5.53
March 4 .. .28 07 03 [
“ i1 19 58 . .30 .. | Sept. 9 95 .15 060 1.90 .27
“ 18 .05 .08 1.00 .44 .27 " 6 .04 03 01 01
“ 25 .96 57 .10 .87 14 - 23 NiE .23 A2 .. ..
April 1 48 .65 .28 .14 16 o 30 .. 69 .. .22 .08
Totals 1.54 1.87 1.3 1.78 70 Totals 1.04 1.10 09 2.13 35
April 8 .65 .. 01 .. .. | October 7 06 72 . 16 .22
" 15 68 2.47 .. .08 .18 “ 14 32 14 13
“ 22 1.18 01 .77 1.59 11 ‘ 21 .. . 53 . .02
“ 29 .34 .21 .20 .69 27 ‘ 28 10 .01 12 .05
Totals 2.99 2.69 98 2.37 56 Totals 1.15 1.05 1.50 S9 37
May 6 .18 01 88 12 .:3; Nov 1 1.32 32 61 77
“ 13 .61 7 .75 .35 38 ‘ 11 26
“ 20 07 1.14 100 2.96 18 02 01 15 70
“ 27 67 54 .. 16 25 01 12 14
Totals 1.76 .91 3.35 1.08 3.87 Totals .36 1.00 1.15 03 50
June 3 .23 43 171 1.08 .28 | Dec. 2 87 02 .30 ..
“ 10 05 .79 .34 .39 1.36 ‘ 9 .53 15 .05 .. 09
“ 17 1.47 48 13 11 © 16 12 .01 .. . .05
* 24 .05 18 .20 .. 12 ‘ 23 17 .. .. .09
July 1 01 .40 .39 .03 . 31 01 .09 01
Totals 1.58 2.17 2.73 1.09 1.71 Totals 83 .25 06 .69 BE

Annual 13.57 15.77 13.54 14.08 15.43

Since the period for most active plant growth is during April,
May and June, it appears that well-distributed and ample precipi-
tation during this period is more important than at any other time.
According to this criterion, then, 1926 appears most favorable of
these 4 years for plant growth, and 1929 and 1930 as the least favor-
able. These records are important in the interpretation of measure-
ments and observations of plants later.

EvaproraTiNg PowER OF THE AIR.—Livingston standardized cyl-
indrical atmometers were used to measure the evaporating power
of the air. Measurements taken during four growing seasons are
given in Table 2 and expressed graphically in Figure 2.

*Totals give amounts of precipitation for the calendar month.
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Table 2.—Average Daily Evaporation in c.c. from Livingston Standardized
Cylindrical Atmometers During Four Scasons. Each Reading Is the
Average of the Losses from Two Instruments.

1927 1928 1929 1930
Period c.c. | Period c¢.c. | Period ¢.c. | Period c.c.
May 8-13...... 21
“14-21......00
May 23-30...... 3 May 23-28...... 18 to22-28......30
“ 31-June 6.. 6 #29-Juned.. 8 20-June ¢..20 | May 26-June 2..15
June 7-13....... 17 | June 5-11...... 11 | June 5-11...... 19 | June 2- 9...... 2
14-200.0 .., 15 to12-18... ... 13 C12-18....0030 1017 2
21-27,.. ... 26 19-3250 ... 19 “19-25.. ... 35 18-24...... 46
¢ 28-July 4.. O 26-July 2..15 O 26-July 2. .42 ¢ 35-July 1..53
July 4-11...... July 3- 9...... 28 | July 3- 9%...... 353 1 July 2- 8., 61
o 12-18......27 “10-16.. ..., 25 10-16...... 38 ¢ 9-15 .43
“19-25.. ..., 23 C1T-23. ..., 15 17-23......33 “16-21... ... 13
25-Aug. 1..16 24-30. ... 15 24-30. ..., +7 c21-27......57
Aug. 2- S...... 9 ‘ 31-Aug. 6..21 31-Aug. 9..17 “ 28-Aug. 5..29
“ 9-15...... 16 | Aug. 7-13...... 32| Aug.10-16...... 34 | Aug. 6-12...... 19
¢ 15-22. ..., 22 O 14-200 ... 30 t1T-230 0. 20 t13-19...... 18
“83-29... ... 16 “21-28. ... 37 24-30......23 C20-27.0.....30
Y 30-Sept. 5..29 O 29-Sept. 4..28 ‘O 31-Sept. 6..10 ¢ 28-Sept. 3. .24
Sept. 6-12...... 27 | Sept. 5-11...... 24| Sept. 7-13...... 19 | Sept. 4-10...... 23
1318 ... 3 ¢ T14-200.0.. .. 26
cC.
o0 — /An -
/70
7
4 \
50 — —
40 — —
30 : —]
20 -
w | — p—

May June July Aug. Sept.

Fig. 2. Graph showing daily evaporation in c.c. for weekly periods from Livingston
standardized cylindrical atmometers. Curve composed of long dashes (1)
represents 1927 record: continuous line (2), 1928; dotted line (3), 1929;
short dashes (4), 1930.
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The average daily evaporation for the season is usually about
20 cubic centimeters per day, and the extreme range for weekly
periods is from 6 in June, 1927, to 61 in July, 1930. The years 1930
and 1929 were marked by the greatest losses, especially during
June and July. The years 1928 and 1927 had much lower losses
during these 2 months and were therefore more favorable for the
growth of the range plants. A fairly close and uniform relationship
is noted to precipitation. Usually when the amount of precipitation
is high, the evaporation is low, as in the first part of August, 1929,
when 2 inches of rain fell and the evaporation was only 17 cukic
centimeters per day. When the amount of precipitation was small,
then the evaporation was great, as in the latter part of June and the
first part of July, 1930, when the precipitation amounted to only
0.16 inch in a period of 4 weeks and the amount lost by evapora-
tion averaged about 50 cubic centimeters per day.

These records show further that the evaporating power of the
air varies considerably from season to season and from week to
week during the same season. In 1927 and also in 1928 there were
usually greater losses in late summer than in midsummer, but in
1930 and in 1929 the losses were much greater in midsummer than
in late summer. In 1930 the evaporating power of the air was un-
usually high from June 10 to about July 15.

Records of evaporation from a free-water surface are available
from Fort Collins (8), 4 miles east of the pasture. The average
annual evaporation for a period of 40 years was 43.49 inches. The
monthly distribution in inches was as follows:

Av. Loss, Av. Loss,
Inches Inches
January ..., 1.41 July oL, 5.79
February ............. 1.56 August ..o oo, 5.36
March ................ 2.62 September . ........... .41
April ... o e 4.27 Qctober ... ... .. ... .. 3.28
MAY vttt 4.98 November ............. 1.61
June ... .. ... 00560 December ............. 1.30

The greatest loss by evaporation during the year occurs during
July, the next greatest in June and the next in August. The evap-
oration records for 1929 and 1930, secured from the atmometers in
the pastures, resemble the course of evaporation indicated by the
40-year record more than do the records for 1927 and 1928.

Huwmriiry.—Continuous records of humidity were secured for
4 years by means of a Friez hygrothermograph enclosed in a suit-
able shelter set on the ground. The average winter humidity was
about 72 percent and during July and August about 60 percent.
During the winter the weekly average of the maximum humidity
for each day usually ranged from about 85 to 98 percent. Rarely
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did the average of a week fall below 80 percent. During the rest of
the year averages between 70 and 80, altho never occurring fre-
quently, were more numerous than during the winter months. The
weekly average of the minimum humidity usually ranged during
the winter from about 40 to 60 percent and during the rest of the
year, from about 25 to 40 percent. The lowest daily minima, 5 to 12
percent, occurred rather frequently during the period from March 1
to about November 15.

The fairly low humidity or great saturation deficit prevailing
during the growing season was an important factor in the evapora-
tion of water from the soil and in the transpiration of plants. These
in turn affected the composition of the vegetation, the seasonal
behavior of species and the anatomy of the plants. All of these
vegetational effects are closely related to range management.

Air TEMPERATURE.—Thermographic records of air temperatures
were secured in the pasture from April, 1927, to December, 1930.
The air temperatures were taken at a height of about 6 inches by
means of a Friez hygrothermograph, properly housed. The daily
maxima as well as the daily minima were averaged for weekly
periods. These data are given in full in Table 3 and expressed
graphically in Figures 3 and 4.

The data given in Table 3 and in Figures 3 and 4 may be sum-
marized in a few lines. From the latter part of November to Febru-
ary, inclusive, the average weekly maximum temperatures usually
ranged between 25 and 55° F.; from March to the third week in
June the temperature rose. From the last week in June to about the
first week in September the range in weekly maximum averages
was usually between about 80 and 90° F., and from the second week
in September thru most of November the temperature fell. This
general course was also taken by the average minimum tempera-
tures. The range of average minimum temperatures during the win-
ter was usually between about 0 and 25° F.; during the summer
between 45 and 58° F. The graphs show that there was considerable
variation in different years. Outstanding are the low temperatures
during January, 1930, the cool April and June in 1928, cool May in
1929, warm April, June and July in 1930, warm May in 1927, and a
great drop in early September, 1929. During this entire period
there were only 8 weeks when the weekly maximum average was
90° F'. or above. In Figure 5 is reproduced a hygrothermograph rec-
ord for the week, June 25 to July 2, 1930. The daily fluctuations and
the relationship of temperature and humidity are clearly shown.

According to Weather Bureau data the mean annual tempera-
ture at Fort Collins is 46.5° F. The mean maxima during July and
August are 82.9 and 83.1° F. respectively. The mean minimum dur-
ing January is 11.9° F. The season free from killing frosts averages
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Table 3.—Averaze Weekly Maximum and Minimum Air Temperatures in De-
zrees Fahvenheit.

—1927——— ——1928——~ ——1929 ——1930——-o
Week Ending Max. Min. Max. Min. Max. Min. Max. Min.
January T . .. 32 14 35 11 38 10
4. ... . .. .. 59 35 55 27 14 -5
b .. .. 35 16 41 17 6 -17
28 .. .. 48 18 27 2 28 - 4
February 4............ .. .. 52 23 42 14 38 -9
11, ..., .. .. 55 24 21 -7 52 25
1S, ... L. .. .. 38 11 31 3 52 25
2. . .. .. 39 9 33 3 52 21
March 4o .. . 44 20 34 15 39 10
63 26 59 31 52 24
3 23 41 22 51 22
65 29 49 24 49 23
April . 56 20 54 25 47 21
32 50 25 61 28 T4 35
23 53 21 65 33 70 41
22 58 26 58 37 66 35
38 64 32 57 31 60 33
May [ NN 75 39 66 34 58 34 69 38
3.0 . 74 39 69 42 62 37 56 33
200 ... .. S1 42 69 43 70 37 58 33
27, oo 77 42 74 17 77 41 70 33
June S 68 42 64 47 72 41 66 42
0., 75 194 65 43 73 19 73 43
7. 68 46 69 13 78 47 86 47
4L N 53 73 41 79 44 83 51
July oo, N 56 HE] 50 a0 52 S6 50
S 87 52 87 47 84 50 95 56
5. ... 83 54 87 53 S9 53 N 57
22,0 89 57 S5 36 40 57 86 58
2%, S4 56 N 55 a0 58 84 54
August S 7 54 S4 52 N 60 90 59
120000000 S2 54 N 49 S1 55 $2 59
9. . . 81 52 91 49 89 53 6 53
26 . S4 53 N 15 S8 56 $6 54
September 2......... ... 87 52 83 19 §S 57 76 51
87 54 S8 48 54 37 S0 49
87 54 79 43 73 40 78 48
7 44 75 42 32 45 S0 47
60 41 76 38 59 39 2 39
October T 59 30 77 33 69 42 64 41
4.0 67 27 63 38 67 36 69 41
21 75 35 57 32 69 35 54 235
28 73 38 60 26 60 24 62 30
November 4............ 60 36 35 18 35 12 65 27
b O 62 23 53 25 42 20 63 29
18 . o 50 19 50 23 52 21 50 21
25 32 24 51 17 38 [} 33 19
December 2............ 49 1R 35 12 39 11 52 19
9 31 6 33 3 49 22 52 18
I6. ..l 30 8 32 7 53 26 44 20
23 ... 33 6 41 13 27 1 37 9
31 35 7 54 31 49 20 45 9
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Fig. 3. Weekly averages of maximum air temperatures. Long dashes (1), 1927; continuous line (2), 1928; dotted line (3), 1929;

short dashes (4), 1930.
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Fig. 4. Weekly averages of minimum air temperatures. Long dashes (1), 1927; continuous line (2), 1928; dotted line (3), 1929;

short dashes (4), 1930.
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Fig. 5. Hygrothermograph record for the week June 25 to July 2, 1930, in degrees Fahrenheit.
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138 days, extending from May 8 to September 27. The latest spring
frost has come as late as June 3 and the earliest in the fall on
September 7.

Sor. TEMPERATURE.—By means of a Friez soil thermograph
located in the pasture, continuous records were secured of temper-
ature at a depth of 4 inches. Data secured from these records are
given in Table 4 and expressed graphically in Figure 6.

Table 4.—Average Weekly Soil Temperatures at a Depth of 4 Inches.

Week Week

Knding 1927 1928 1429 1930 Knding 1627 1928 1620 1930
Jan. To.... 0. 24 30 29 July S..... ... Il 75 72 9
4. .. 32 30 27 T 76 7 .
21 33 30 25 ki 73 77 78
28 30 27 25 73 73 1 77
Feb., 4.......... 31 27 27 Aug. S, 69 68 ™% 79
S 33 26 32 12000000, 70 73 73 N
IS, .. 33 27 33 0. ... 71 73 76 72
25,0 . 33 28 36 26 ... 69 72 75 T4
Mar. 4.......... 33 28 33 Sept. 2.......... 72 68 5 70
I1.......... 35 33 3t G 71 70 55 63
IS, ... 37 35 41 16.......... 73 65 59 67
25 ... 42 36 39 23 ... 63 64 64 66
Apr. 1.0 .. 43 39 33 300000 52 61 60
S 52 45 45 48 Qet. T 51 5 .. 56
5. ... .. 45 45 45 55 4. ... .. 51 48 54 55
230 L. 46 50 483 54 21, 56 46 54 17
29000, 55 52 EN 56 AR 54 48 47 46
May 6.......... 59 57 52 57 Nov. 4.......... 47 2 39 14
13, ... .. 57 57 54 50 11.......... 3 41 36 12
200 ..., 63 53 61 53 T 41 42 . 41
27 66 66 66 58 25 39 37 30 3
June 3........ .. 64 87 63 59 e, 2.0, 38 37 .. 32
0. ..., 68 63 66 66 36 33
17 L 63 63 68 70 35 33 a0
24 T0 66 70 72 33 33 27
July 1... 73 70 1 33 30 25

S
oy
(2]

During the winter the average weekly temperatures ranged
from 25 to about 35° F. During July and August they were from
68 to about 80° F. The general course of the soil temperature at
this depth is very similar to the courses of maximum and minimum
temperatures. From about December 1 to about March 6 the graph
rezording the soil temperature thruout the week failed to show
diurnal variations, but during the rest of the year they were pro-
nounced. The thermograph record for 1 week, July 21-28, 1930,
reproduced in Figure 7, shows the daily variations. During most
of the period from about February 4 to about the middle of May,
1929, the soil ranged from about 3 to 6° F. cooler than during the
same period in other years. During July, 1930, and August, 1929,
the soil was warmer than in the other years. Usually the average
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Fig. 6. Weekly averages of temperature at a depth of 4 inches in the soil. Long dashes (1), 1927; continuous line (2), 1928; dotted
line (3), 1929; short dashes (4), 1930.



SATURDAY

L WD W VA VD Wl W i
) W, W X

1
X

X

R W W
e

¥
X

T\
A"

Ay
X

LV W .
X Ay

LY
)y

L W W W
A T . T -

L -
X

Ly
T

s Centigrade.

degree

n

30,

1

28

¢ week July 21 to

cord for th

aph re

Soil thermogr

Fig. 7.



20 CoLORADO EXPERIMENT STATION Bulletin 377

temperatures for any given week in the different years do not vary
more than 4 to 8° F. from one another.

A long record of temperatures at various depths has been se-
cured at the Colorado Experiment Station (8). The averages for
each depth are given in Table 5.

Table 5.—Monthiy Average Soil Temperatuves in Degrvees Wahrenheit, at Va-
rious Depths, over a Period of 39 Years, at Colorado Experiment
Station., (Taken from Trimble.)

Depthin ) -

Inches Jan. Feb., Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
3. T 2046 365 46.6 56.5 Ti.4 o 693 61.1 483 36.7 207
[ 3 306 37.1 474 56.8 T8 T4 62,8 50.8 300 30.2

12........ S 31.1 386 43.5 55.8 9 T001 637 523 4007 33.2
2 327 36.8 453 533 GRS 640 G44 437 365
3 32,6 371 43.6 51.1 66.6 63, 55.5 46.0 38.9
7: 405 408 442 488 61.8 62.0 580 531 46.5

The month when the surface foot of soil is warmest, according
to Table 5, is July, followed by August and then by June. Below 1
foot the soil is warmest in August, followed by July or September
and then by September or July. At 3 and at 6 inches the soil is
coldest in January, but below these depths it is coldest in February.
In January the average temperature varies with depth from 27.7° F.
at 3 inches to 35.4 at 3 feet and 42.5 at 6 feet. In July the tempera-
ture at 3 inches averages 71.4° F'.| at 3 feet, 65.2, and at 6 feet 59.2.

Soi1r. ProFiLE, PHySicAL AND CHEMICAL CHARACTERISTICS OF THE
Soi’.—Rock particles of various sizes were scattered over the sur-
face and in the soil. Usually the textural grade of the soil was a
clay, but in a few places marked by growth of three-awn grass, it
was gravelly. Since the fine-textured condition was more general,
the profile description is based upon it. This soil is classified as an
alluvial soil but the material from which it has been formed was
modified by colluvial material.

The A horizon in most places extended down to about 15 inches.
It was grayish-brown in color and contained from 55 to 60 percent
clay and 20 to 23 percent silt (Table 6). The surface inch was very
finely granular or powdery in dry weather, but in wet weather it
was very sticky. Large chunks mixed with grass stalks would form
on the hoofs of the cattle when it was inthat condition. The soil grad-
ually became lighter in color as the depth increased to the B: hori-
zon. The B: horizon was very light gray, due largely to an accumu-
lation of lime carbonate. Below the surface inch or so the soil in
drying, due to vertical and horizontal cleavages, formed very hard,

1The authors are greatly indebted to Professor R. D. Hockensmith, As-
sociate Agronomist at the Colorado Experitment Statien, for determination of
the horizons in the soil profile and for the data on the mechanical and chem-
ical analyses of the soil
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small lumps or clods, varying in size and shape. It was very difficult
to separate roots from these adobe-like masses. Roots were most
abundant in the A: horizon, between 1 and 8 inches, and slightly
less abundant in the A: horizon, between 8 and 15 inches.

The B horizon extended from about 15 inches to about 42
inches. The color gradually became lighter gray as the depth in-
creased, so that at about 23 inches, or near the bottom of the B:
horizon, it was a fairly light gray. The B: horizon was composed of
about 52 percent clay and 28 percent silt (Table 6). Granules and
masses of calcium carbonate were infrequent at 15 inches, but they
increased rapidly with depth so that from about 25 to 42 inches,
the B: horizon, so much had accumulated that a very compact hard-
pan layer had formed. Roots decreased in number very rapidly in
the B: horizon and below 26 inches they were scarce. During most
of the year the soil was very dry below 18 to 20 inches, but the
spring rains usually caused the soil to become moist for several
weeks, down to about 26 inches.

The C horizon, consisting of reddish-colored gravel and sand,
began at about 42 inches. Accumulations of calcium carbonate were
not present in this layer.

In Table 6 are given mechanical analyses of soils from various
depths in places where profile studies were made, based upon the
portion that passed thru a 2-m.m. sieve.

Table 6.—Mechanical Analyses of the Range Pasture Soils from Various

Depths,
Total Fine Coarse Medium Fine YVery Fine Colloidal
Sand Gravel Kaid Sand Rand Nand Silt Clay Clay
Daopth,  (2.0-0.03  (2.0-1.4 (1005 (0.5-0.25  (0.23-0.1 (.1-.05  (L03-.003 (8.005-000¢(0.002-00
Inches m.m.) m.m.} m.m.) m.m.) m.m.) man.) m.om.} m.m, Y n.m)
- ———— —— == “ALL IN PERCENTAGER —
Surface 6 18.78 1.23 .98 2.38 6.86 .26 20.70 60.52 51.37
6-12 21.18 1.79 1.45 2.32 6.37 014 23.50 55.32 43.96
12-24 20,22 1.494 1.61 1.09 A58 $.02 2817 31.61 35.40

The total proportion of clay and silt combined is close to 80 per-
cent for each horizon of soil. This very fine texture is important in
relation to the plant cover, which consists chiefly of western wheat
grass.

In Table 7 is given a partial chemical analysis of soils from dif-
ferent horizons in the range pasture. Since buffalo grass replaces
wheat grass when the latter is too closely or improperly grazed, it
was thought advisable to compare the amount of certain chemical
constituents beneath each type of cover. The roots of buffalo grass
are concentrated near the surface to a much greater extent than
those of wheat grass. The latter penetrate more deeply. Wheat grass
has a long growing season, buffalo grass a short one. The former
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develops an open sod with much bare soil between the stalks; the
latter forms a dense mat with very little bare soil exposed. The
shoots of wheat grass grow 8 to 12 inches or more tall, those of buf-
falo grass only 2 to 4 inches.

Table 7.—~Partial Chemical Analysis of Soils frem Range Pasture, May, 1930,

Total Total Total
Vegetation Description of Sample Nitrogen Phosphorus Lime
-—————Percentage———
N .Or
A,—Surface, 8 inches 2440 (1688 11.70
0.2434 0,1713 11.50
A, —Subsurface, 8-15 inches 0.1834 0.1509
Western 01813 ...,
Wheat B,—Subseil, 15-26 inches 0.1277 0.1606
Grass 0,1286 01563
B.—Subsoil, 26-42 inches, hardpan 0.0060 ...,
i 0.0920 ...,
C—Gravel, 46-50 inches [ ... 0.0015
..... 0.0883
A —Surface, 1-8 inches 0.2349 0.1756 9.60
0.2361 0.1839 9.50
A, —Subsurface, 3-15 inches 0.1790 0.1731 26.55
Buffalo 0.1800 0.1738 26.15
Grass B,—Subsoil, 15-24 inches 0.1420 0.1719 35.70
0.1408 0.1851 35.70
B,—S8ubseil, 24 inches, hardpan 0,0823 0.13565 47.65
0.0788 0.1334 47.20

The nitrogen contents were high and the lime contents were
extremely high. About February 10, 1931, another analysis for
nitrogen gave the following average readings: Under wheat grass
0-1 inch, 0.2709 percent; 1-8 inches, 0.1926; 8-15 inches, 0.1564; under
buffalo grass, 0-1 inch, 0.3750 percent; 1-8 inches, 0.1706; 8-15 inches,
0.1398 percent. There was slightly more nitrogen in the A: and A:
horizons (to 15 inches) in the wheat-grass type than in the buffalo-
grass type. At all depths there was slightly more phosphorus in the
buffalo-grass type than in the wheat-grass type, altho the difference
was probably within experimental sampling error.

SorL Moisture.—Data on soil moisture were gathered at weekly
or fortnightly intervals during four growing seasons, from 1927 to
1930. Since there were so many rocks in the soil, a soil-tube could
not be used, so a small trench had to be dug with a spade. Samples
were secured in clay soil in the continuously grazed pasture at three
depths, 0 to 6 inches, 6 to 12, and 12 to 24 inches. The soils were
dried out in an oven at 100 to 110° C. and percentages of water cal-
culated in the usual way. The data for the four seasons are pre-
sented in Table 8 and in Figures 8, 9 and 10. Each reading is the
average of two samples.
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Table S.—Percentages of Total Soil Moisture at Three Depths During Four
Growing Scasons, 1927-1930, in Range Pasture. Hygroscopie Coef-~
ficients: 0-6 Inches, 14.34 Percent; 6-12 Inches, 13.28 Percent; 12-24
Inches, 11,16 Pereent, Heavy Type Indicates that the Water Content
Is Below the Hygroscopic Coefficient for that Layer of Soil.

Weok 0-6 In. 6-12 In. 12-24 In.

Ending |"oh7 1uag 1029 1930|1927 1928 1929 19301927 1928 1929 1930

Mar. 25 27 3 27 |” .. 23 25 22 | .. 16 17 16

Apr. 1 26 26 .. | .. 23 21 .. | .. 19 18 ..
8 .21 22 | 22 .. 22 17 | 20 .. 16 14
15 93 24 22 .. | 23 22 21 .. | e4 19 1T ..
22 | 25 27 es 21 | 22 23 25 20 | 21 18 20 14
29 .26 .. |s0 . 22 .. 120 .. 21 ..

May 6| .. 26 22 16 | .. 25 22 17 | .. 23 20 13
13 21 28 22 20 P21 25 20 17 | 20 23 19 14
20| 19 .. 18 28 | 19 .. 21 2+ | 19 .. 18 23
270 15 26 17 21 | 16 21 17 21 | 19 20 18 20

June 3| 25 .. 1% 2 | 15 .. 17 20 | 14 .. 16 20
10| 24 26 20 19 | 15 24 17 1% | 18 23 17 18
17 1 18 2t 17 13 | 1w 21 17 16 | 17 22 16 18
24 | 14 .. 14 13 | 16 .. 14 15 | 18 .. 14 15

July 1] 14 18 11 2 | 17 20 15 14 | 15 20 13 14
] 12 12 12 12 | 13 16 14 13 | 13 16 13 13
15 | 13 13 11 2 | 13 15 14 13 3 15 13 13
22 | 13 .. 11 .. {1z .. 13 .. 12 .. 12 ..
20 | 19 19 .. 12 | 14 15 .. 121 14 15 .. 12

Aug. 6§ 21 .. 28 12 13 .. 15 11 11 . 13 11
12| 15 13 .. 27 |11 15 .. 13 | 12 14 .. 11
19 14 .. 15 23 |1z .. 20 20§ 11 .. 14 12
26 | 14 11 .. .. |13 15 .. o1 1

Sept. 2| .. 15 1S | .. .. 16 204 .. .. 14 17
9| 12 1 |12 .. .. 19| 10 .. T
16 25 22 15
20| 16 .. 21 .. |1 .. 18 .. |11 .. 14

Oct. 7| 21 .. oo | 1
21| 17 .. .. .. |1 .. .. T

Nov. 11 19 .. .. R 13 .. .. . 11
25 | 16 .. .. ..z .. .. .1

Dec. ] 23 .. .. .. 13 .. .. .. 12

Examination of Table 8 and the graphs shows that in these 4
years soil moisture was ample in the upper 2 feet during the latter
part of March and during April, May and the first half of June. Dur-
ing the latter part of June and in July, August and September, the
water-content in the first foot frequently fell below the hygroscopic
coefficient. This occurred particularly in July. The water-content
did not fall below the hygroscopic coefficient as early in the 6-12-
inch layer as in the 0-6-inch layer. In the second foot the hygroscopic
coeflicient was not reached until in August and in some years the
soil moisture was not exhausted to that point during the entire sea-
son. By late summer or fall the moisture in this layer was fairly well
exhausted and it was not replenished until early the following
spring. During March, April and into May the water penetrated
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Fig. 8. Total soil moisture and the hygroscopic cocfhcient at 0 to 6 inches in
the continuously grazed pasture, clay soil. Long dashes (1), 1927;
continuous line (2), 1928; dotted line (3}, 1929:chort dashes (4), 1930.

more and more into this layer, increasing the total supply from
about 16 percent to 20-23 percent. The rate at which the water-
content increased and the maximum amount which it reached in
different years depended upon the degree of depletion during the
preceding season and upon the time and amount of precipitation in
the spring.

The data demonstrate that the soil was drier for longer periods
in 1927 and 1930 than in 1928 and 1929. The 1928 season was espe-
cially favorable because of the high water-contents from March 25
to July 8, the period of most active growth for the more important
species, especially western wheat grass. The other seasons, espe-
cially those of 1930 and 1927, were much less favorable. During the
summer and fall of 1927 the soil in the 6-12 and the 12-24-inch layers
was especially dry.

During 1928 soil-moisture determinations were made in the
deferred and rotation pasture as well as in the one continuously
grazed. In nearly every case the water-content was slightly higher
in the former pasture.

Witp Animars.—Rodents appeared to be very scarce. A few
jack rabbits and mice were seen occasionally. Grasshoppers, how-
ever, were very abundant in some years (as in 1926) and caused
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considerable damage. Bulbilis appeared to be the first choice but
Gaura, Aster, Agropyron and Bouteloua were also eaten and dam-
aged by having the stems and leaves cut off.

SuMMARY oF ENVIRONMENTAL Factors.—In 1927 the precipitation
was very low during May, but it was very favorable during the rest
of the growing season; evaporation was intense in May, but fairly
low the rest of the summer; the maximum air temperature was con-
siderably higher during May, but lower in August than in the other
3 years; air and soil temperatures rose very rapidly during the latter
part of April; soil temperature was lower in August and higher in
September than in the other years; and the soil moisture was less
for longer periods in 1927 and 1930 than in 1928 and 1929.

In 1928 the first part of April was unusually dry, July and Aug-
ust were also dry, but the period from the middle of April thru June,
especially May, was marked by unusually favorable precipitation;
evaporation was less intense during June and July but more intense
in August than in any of the other years; air and soil temperatures
were high during January, February and March, but unusually low
in June; and soil moisture was especially favorable from March 25
to July 8, the period of most active growth for the more important
range plants.

In 1929 the precipitation during March and April was fairly
satisfactory, but during May, June and July it was deficient; the evap-
oration intensity was great from early in May to August; tempera-
tures were fairly low from February to the latter part of May ex-
cept during the middle of April; they were high in August and there
was a pronounced drop during the second week in September; soil
moisture was usually favorable except from June 24 to July 22,
when it fell below the hygroscopic coefficient in the 0-6-inch layer.

In 1930 precipitation was unusually low during the first 4
months, unusually high in May and August and low in June and
July. Except for 1 rainy week in May when about 3 inches fell,
there was a shortage of precipitation from January until August.
Evaporation was unusually intense during most of June and July.
Temperatures were unusually low in January and for a week or
two in the middle of May. They were high during the latter part of
April and from the latter part of June to the first part of August.
Soil moisture was lower in the 6-24-inch portion of the soil during
April and the first half of May than in the other years and it was
below the hygroscopic coefficient in the 0-6-inch layer for a longer
continuous period (June 17 to August 12 inclusive) than in any
other year. The soil was much drier in the growing season of 1930
than in 1928 or 1929.

During these 4 years the best season for the growth of the
range plants appears to have been 1928 and the poorest season, 1930.
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SeEASONAL DEVELOPMENT IN RELATION TO ENVIRONMENTAL FACTORS

PuENoOLOGY.—It is necessary to understand interrelations be-
tween the vegetation and the chief factors of the soil and climate
before the effects of different systems of grazing may be evaluated.
Changes in the vegetation that may appear to be due to grazing may
have been caused by changes in climatic or soil factors. Even when
these latter factors have been measured, it may be difficult to evalu-
ate the grazing effects, partly because of the residual effects of fac-
tors, as depletion of soil moisture, or excessively close grazing, dur-
ing preceding seasons.

Seasonal DeverormenNT.—Growth of the range plants usually

began about the middle of March when grasses and forbs began to
show green at the base of the previous year’s stalks or new shoots
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Fig. 11. Blooming periods of 20 important forbs in cach of 4 years. Long
dashes (lowest line for each specics), 1927; continuous line, 1928:
dotted line, 1929; short dashes (uppermost linc for cach specics), 1930.

1. Mertensia cibiata 11, Stanleya pinnata

2. Musincon divaricatian 12, Psoralca tonuiflova
3. Senccie perplevus 13, Sephora sevicea

4. Astragalus missouricnsis 14, Linum Lcwisii

5. Astragalus hypoglattis 15, Hchanthus pumilus
6. Astragalus drionmondii 16, Liatrs punctata

7. Astragalus bisulcatus 17. Aster hebecladus

3. Allium reticudatuon 18, Argemone intermedia
9. Gaura coccinca 19, Guticrrezia longifolia
10. Malvastrum coccincum 20. Scnccio spartioides
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appeared (Figs. 11 and 18). Some of the first ones to show green
were Agropyron Smithii, Stipa comata, S. viridula, Astragalus bisul-
catus, Lesquerella, Linum Lewisii, Aragallus albiflorus, Cogswellia
ortentalis and Townsendia exscapa. By the first week in April the
range had a pale-green or yellowish-green color, due to the mixture
of the new growth with the old growth of chiefly western wheat
grass and other grasses.

Plant growth during April varied considerably in different
years but usually the rate of growth was slow (See Figs. 12-14)
because of low temperatures (mean soil temperature at 3 to 4 inches
was about 46° F., and average minimum temperatures were fre-
quently below 32° F.). Species that began to bloom during April
were Townsendia exscapu, Cogswellia orientalis, Thlaspi colora-
dense, Musineon divaricatum, Mertensia ciliata, and Viola nattallii.
Toward the end of April, due to rising temperatures, the grasses be-
gan to grow in height more rapidly, changing the aspect of the vege-
tation to a greener shade. The yellow caused by old stalks still per-
sisted.

During May development was very rapid. The grasses were
growing at their maximum rate and numerous forbs came into
bloom (See Figs. 11-14). The dominant color of the vegetation be-
came bluish green, due to the abundance of western wheat grass.
Yellowish-green patches or mats of the short grasses, the clumps of
forbs, usually darker green in color, and the scattered blue, yellow
and white flowers gave considerable variety to the bluish-green
background. Species whose flowers added conspicuously to the
aspect during this period were Musineon and Mertensia in the first
part, Senecio perplexus, Astragalus hypoglottis, A. drummondii,
Linum Lewisii and Aragallus albiflorus in the latter part (Fig. 20).
The last species to begin growth were Sophora, Psoralea, Helianthus
pumilus and Malvastrum.

The vegetation reached its maximum of development during
June (See Figs. 11 and 21). Western wheat grass and the porcupine
grasses completed their growth and there were more species in
bloom than at any other period. Some of the forb species, especially
Psoralea, had overtopped western wheat grass, so there was an
upper yellowish-green layer composed of scattered forbs and a
bluish-green understory or background of western wheat grass. The
bluish-green background was spotted with yellowish-green mats of
short grasses and the whole aspect was dotted with a variety of
flowers that changed from day to day. In the morning the light-blue
flowers of flax were especially conspicuous. The variegated colors
of the flowers of Astragalus bisulcatus and the creamy white flowers
of Sophora, the yellow flowers of Stanleya, the large white flowers
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of Argemone, and others less conspicuous, intermingled in profusion
in June.

Moisture conditions have great influence in determining the
length as well as the stage of development of this climax period. The
development was poorer in 1930 than in 1929, but excellent in 1928,
In 1930 Astragalus drummondii failed to bloom but in 1928 the
blooming period lasted a month. A. bisulcatus had very few flowers
in 1930, but very many in 1928.

During July, grasses, as western wheat grass, bloomed and the
herbage began to dry. Species with conspicuous flowers were
Psoralea, Argemone, Stanleya, Helianthus pumilus, Carduus and
Gaura. The yellowish flower stalks of Agropyron and Stipa became
prominent. Many species, as Astragalus spp., Aragallus spp., Allium,
Linuwm, Stipa spp., Schedonnardus, Sitanion shed or began to shed
their fruit at this time.

By August the vegetation had usually become fairly dry and
yellowish to yellowish green in color (Fig. 22). Many of the early
species, as Cogswellia, had disappeared. Favorable rains, as in 1929
and 1930, would revive the vegetation for a while, causing a second
period of blooming in some species (Bulbilis, Bouteloua, Linum,
etc.). Leaves of many species, especially grasses, as Bulbilis, be-
came dry. Grasshoppers sometimes became abundant and caused
much damage. Most plants had completed blooming and were either
shedding or had completed shedding fruit. The few late summer spe-
cies that bloomed at this time were Liatris, Aster hebecladus,
Gutierrezia, Senecio spartioides, Grindelia and Artemisia spp.

In September the ripening and drying of the vegetation con-
tinued (Fig. 16). Aster, Senecio and Gutierrezia usually continued
to bloom into Oc¢tober. Psoralea plants were soon broken off at the
ground level and were blown into heaps along fences. Some of the
grasses became yellowish in appearance. Shedding of fruit continued
in many species. Sophora, Stipa spp., Linum, Aristida, Malvastrum
and several other species usually remained conspicuously green
thruout September.

By the latter part of October the late summer species had all
completed blooming. Agropyron and Stipa spp. were usually fairly
green, especially the latter, but the other grasses, especially Bulbilis
and Boutelowa, were dry. The range had a dull yellow appearance.
Several species, as Senecio spartioides, Sideranthus, Liatris, Aster,
Gutierrezia and Carduus were shedding seed at this time.

In Figure 11 are shown the blooming periods of 20 important
forbs during 4 seasons.

Most of these 20 species were in bloom in the latter part of May
or in June. There was considerable uniformity in the beginning of
the blooming period but less in the closing for the same species in
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different years. For most species the blooming period closed several
days to a week or more earlier in 1929 and in 1930 than it did in
1928. This was apparently due to the more favorable soil moisture
conditions in 1928 during May and June than in the other 2 years
(See Table 8 and Figs. 8, 9 and 10).

GrowTH RatTe oF Grasses.—The chief species of grasses fall
into two groups according to measurements of growth rates. The tall
grasses, Agropyron Swmithii and Stipa viridule are early growers;
the short grasses, Bouteloua gracilis, Bulbilis dactyloides, Schedon-
nardus paniculatus and Aristida longiseta, are later growers. The
growth curves of these six species are illustrated in Figure 12.
Growth began in the latter part of March in all species except Bul-
bilis, which did not begin until a week later. Stipa grew most rap-
idly, Agropyron next, and Bouteloua, Aristida and Schedonnardus
grew even more slowly. During April and May, growth was very
rapid in both Stipa and Agropyron except during the middle of May
when the growth rate of the latter was retarded because tempera-
tures were unseasonably low. (See Tables 3 and 4, and Figures 3,
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Fig. 12. Curves representing average maximum heights of six grasses at frequent
intervals in 1930.

1. Agropyron Swmithii 4. Aristida longiseta
2. Bouteloua gracilis 5. Schedonnardus paniculatus
3. Bulbilis dactyloides 6. Stipa viridula
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4 and 6.) It is significant that the growth rate of Stipa was scarcely
retarded. Growth in height in all species was completed about the
same time, about the middle of June. The total heights reached were
34 centimeters for Stipa, 23 for Agropyron, about 7.5 for Bouteloua,
Schedonnardus and Aristida, and about 5 for Bulbilis.

Growth measurements for 3 years of Agropyron and of Stipa
are given in Table 9. Agropyron was measured under three condi-
tions: Under total protection within an isolation transect, under
deferred and rotation grazing, and under continuous grazing. Ten
clumps of Stipa and 10 of Agropyron under each condition were
carefully measured on each date by the same person. The growth
curves of Agropyron for 3 years are shown in Figure 13, those for
Stipa in Figure 14,

Table 9.—Averaze Heights in Centimeters of Agropyron Smithii and Stipa
viridula on the Dates Indieated, During 1928, 1929 and 1930.

AGROPYRON SMITHII Vleli%DﬁxLA
Week
B | peotation | RSESTES | conpuous | BSEEHEEd
Transect Pasture Pasture Pasture
1928 1929 19301928 1929 193011928 1929 1930 | 1928 1929 1930
March 18...... 5 4 ‘ .. .. 4 3 3 .. 4
25... ... 5 2 4 3 2 4 3 2 3 4 3 4
April T...... 5 3 5 4 3 4 3 2 4 7 1 5
S 5 4 4 7 ..
1I5...... [ 5 S 5 6 7 4 5 6 9 9 12
22...... 5 10 6 7 9 5 6 8 11 12 6
29...... .. 6 .. N .. G .. 13 ..
May 6...... N 8 12 9 9 12 7 7 10 1 15 20
13...... 11 9 14 12 11 13 10 N 11 22 17 22
20...... . 12 16 14 15 .. 9 3 . 22 24
27, 18 15 138 16 17 17 13 i1 15 32 27 27
June ..., .. 16 21 . 19 20 12 17 .. 30 31
..., 2 20 22 18 2 22 1 14 18 10 33 34
7...... 23 22 23 19 21 23 1 15 18 12 33 34
2 .. 23 23 . 22 23 15 18 .. 3t
July 1...... 25 23 21 22 N 15 43
S...... 26 22 k .. 43
15...... 26 22 19 .. .. 13

The best growth during these 3 years in both Agropyron and
Stipa was in 1928. The growing season was longer and the total
heights were greater. Soil moisture conditions due to well-distrib-
uted precipitation were more favorable during May and June of
this year than they were during the same period in 1929 or in 1930.
Growth was more rapid during most of April in 1930 in both species
than it was in either 1928 or 1929. This was due to the higher aver-
age soil and air temperatures that prevailed during much of April
in 1930. The growth of Agropyron was retarded during the latter
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Fig. 13. Growth rate of Agropyron Smithii in 3 different years. Each point on
the curves represents the average maximum height of 10 clumps in an
isolation transect. Continuous line, 1928; dotted line, 1929; short
dashes, 1930.

part of April and the first week in May in 1929 due to low temper-
atures. From about February 4 to about the middle of May, 1929,
the soil temperature at 4 inches was from 3 to 6° F. cooler than
during the same period in the other years. This may account for the
retardation of the growth rate during this period (see Figure 13).
Comparison of Figures 13 and 14 indicates that the growth rate of
Stipa was retarded somewhat less by the low temperatures that
prevailed during this period than was that of Agropyron. The de-
crease in the growth rate for the week ending June 3, 1930, was evi-
dently due to lower temperatures and was more pronounced in
Agropyron than in Stipa.

The chief factors that influenced the height growth of these
two grasses appear to be temperature and soil moisture. Tempera-
ture determined in large measure the time when growth began
in the spring and influenced the rate of growth, particularly during
the early part of the season, the latter part of March, April and
the first part of May. The growth rate did not appear to reach the
maximum in Stipe until the air temperatures ranged from a weekly
minimum of 41 or 42° F. to a maximum of 69 or 70° F.
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Fig. 14, Growth rate of Stipa viridula in 3 different years. Each point on the
curves represents the average maximum height of 10 clumps in an iso-
lation transect. Continuous line, 1928; dotted line, 1929; short dashes,
1930.

Soil moisture is important in limiting the total height growth
and perhaps in determining the close of the growing season for
height. It is significant that about the middle of June the soil moist-
ure in the first 6 inches usually fell below the hygroscopic coef-
ficient. In 1928, however, it did not fall below this point until July
8 (See Table 8 and Figures 8, 9 and 10).

ErrEcts oF DIFFERENT SYSTEMS OF GrRAzZING UPoON THE VEGETATION

Different systems of grazing may affect the vegetation in va-
rious ways. The composition of the vegetation, i. e., the kinds of
species present, may become different as two pastures that orig-
inally had the same kind of vegetation are grazed by different meth-
ods. The composition may remain the same, but the density or
abundance may become modified. The frequency, i. e., the distri-
bution of species over the area, may become different. One, or more
likely, all of these floristic effects may be produced. The vegetative
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Tahle 10.—Frequency and Abundance of Species in 30 Quadrats in the De-
ferred and Rotation Pasture and 30 in the Continuously Grazed
Pasture., June 11-28, 1929, The IFollowing Abbreviations Arve Used:
VS, Very Searce: S, Seavee: I, Indrequent; 17, Frequent; Ab, Abun-

dant.
Deferved and X .
Totation Pasture Continuous Pasture
SPECIER Frequaency Abuwndanee Fregueney Abundance
Pereentaze Number Peceentase Number
Desirable species:
Agropyron Smithii Rydb 100 27,460 100 17,921
Schedonnardus paniculatus (Nute.) Trel a0 I [ s
Senecio perplexus A, Nelsoon. 70 a1 10 L5
Ewrotia lanata (Pursh) Moq... i} 69 ] 0
Astragalus drimmondii Dougl. f0 113 30 61
Boutcloua gracilis (H. B. K.} Lagoooiin. 47 I 73 T
Aristida longiscta Steud.. 37 S G4 3
Helianthus promius Nutt. . a0 01 40 91
Stipa vividula Trin. e 20 110 0 0
Vicia lincaris (Nutt.) Greene 3 23 3 7
Carex stemophylla Wahl 0 0 3 241
Trifolium repens L. 0 0 2 1
Poa sp. 0 0 3 VS
Undecsirable specics:
Guticrresia longifolia Grecne v o 75 73 438
Tva axillaris Pursho..... 67 716 13 606
Psovalea tenuiflora Pursho 63 165 100 544
Linum Lewisii Pursh 47 102 33 107
Artemisia gnaphaledes Nutt 43 278 53 260
Bahia eppositifolia Nutt.___.. 40 138 37 275
Bulbilis dactyloides (Nutt.) Raf 37 I 23 S
Helianthus annmuus L 35 31 10 3
Opuntia humifusa Raf....... 23 S 13 3
Quincula lobata (Torr.) Ra 29 22 7 3
Muhlenbergia gracillima Torr. 17 S 3 Vs
Yucca glauca Nutt. ..o 17 & 20 8
Artemisia frigide Willd 17 12 47 57
Aster hebecladus DC. 13 282 3 193
Artemisia dracunculoid 3 17 27 9
Argemone intermedia Sweet 10 & 17 9
Sitanion brevifolium J. G. Smith 10 23 27 34
Hordeum nodosum L. 7 2 10 20
T 10 0 0
Grindelia squarrgsa (Pursh.) Dunal. B 1 13 4
Nothocalais cuspidata (Pursh) Green 1] 0 10 9
Bromus tectorum L. 0 0 17 35
Asclepias pumila (Gray) Vail. 0 1] 3 30
Euphorbia marginata Pursh... 0 0 3 1
Astragalus bisulcatus (Hook.) Gray. 1] 0 2 12
Sporobolus ¢rvptandrus (Torr.) Gray ¢ 0 3 Vs
Stanleva pinnata (Pursh) Brit..... 7 9 0 0
Cuarduus undulatus Nutt i} 0 3 2
Immaterial species:
Sophora sericea Nutt 100 466 43 173
Gaura coccinca Nutt. 07 342 93 194
Musincon divaricatum (Pursh) C. and R. 97 1,010 07 771
Malvastrum coccinenm (Pursh) Gray S3 537 83 33
Draba nemorosd Lo 80 956 (] 958
Sophia pinnata (Walt.) Brit 70 131 3 211
Allium reticulatum Fraser... 67 67 3 16
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I{“Jt):::(ll:lk;{dl\?:}” Continuous Pasiure
SPECIES [Feeesiey Abundance Frequeney Abundance
Pereeniagze Nunbher Percentage Number
Viola nuttalbti Pursh 63 67 30 18
Polygomwn donglasii Greene. GO 73 13 12
Lepidium  apetalum Willd 50 194 53 78
Lappula occidentalis (Wats.) Greene. 50 126 23 58
Astragalus hypoglottis L 43 246 47 303
Lithospermum angustifolinm Mich 46 3 7 2
Astragalus shortianus Nutt......... 37 15 17 13
Lactuca pulchella DC.. 33 20 27 12
Evolvudus pilosus Nutt. 35 116 50 194
Allionia lincaris Purshoo 27 17 33 24
Petalostemon oligophyllus (Torr.) Rydb. 27 59 20 20
Lesquerella montana (Gray) Wats 20 16 10 11
Plantago purshii R, and S.... 17 108 23 38
Taraxacum officinalc Weber. 17 14 7 3
Eriogonum effusum Nutt.. 17 18 27 15
Androsacc occidentahis Pursh.. 13 23 7 10
Liatris punctuta Hook...ooooooei 13 22 13 S9
Astragalus flexuosus (Dougl.) Hook 13 64 33 104
Astragalus missouriensis Nutt 13 23 60 67
Sideranthus spinulosus (Pursh) Swee 13 12 13 6
Euphorbia robusta (Engeim.) Smali 13 23 17 14
Festuca octoflora Walt 10 232 20 141
Leucocrinum montanum Nute. 10 1 13 4
Pentstemon sccundiflorus Benth 7 4 0 [1]
Hcdeoma hispida Pursho...... 7 2 3 1
Astragalus tridactylicus Gray. 3 6 3 1
Specularia leptocarpa (Nutt.) Gr 3 1 0 0
Aragallus albiflorus A, Nels. 3 1 0 0
Cogswellia orientalis Jones.. 3 1 7 10
Pentstemon angustifolius Purs 3 1 17 17
Tragopogon pratensis Lo 3 1 10 3
Colemia micvantha Kelllo . 3 1 0 0
Malacothrix senchoides (Nutt.) T. and G...... 3 3 0 0
Lvgodesmia juncea Don. 0 [ 30 58
Myosurus minimus Lo 3 i1 0 0
Chenopodium album L 3 2 @ 0
Paronychia jamesii T. and G 3 2 3 1
Comandra pallida A. DC...... 3 4 3 9
Thelesperma gracile (Torr.) Gra 0 @ 3 2

In Table 10 the species were grouped on the basis of grazing
value for cattle into three classes—desirable, undesirable and im-
material. The desirable species are those that furnish considerable
forage or that are highly palatable but because of their scarcity may
furnish little feed. The undesirable species are those that are pois-
onous, mechanically injurious, or that are not grazed and in addi-
tion make heavy demands upon essential factors as soil moisture.
Often they are strong and aggressive competitors. The immaterial
species are those that are grazed but slightly, and often perhaps
accidentally with other plants, or those that are not grazed and,
moreover, appear not to make heavy demands upon the habitat,
nor do they appear to be aggressive competitors. This grouping is



38 CoLORADO EXPERIMENT STATION Bulletin 377

merely for convenience in analyzing the data. Some of the imma-
terial species should perhaps have been placed in the undesirable
group. Two groups may have been better than three because if a
species does not furnish desirable forage it is not particularly
desirable.

Sixty-four species found in the deferred and rotation pasture
were also found in the continuous pasture. Eleven species occurred
in the former that did not occur in the latter, and 12 occurred in the
latter that did not occur in the former. So the total number of
species listed in the 30 quadrats (60 square meters) in the deferred
and rotation pasture was 75, and in the same number of quadrats
in the continuous pasture, 76. The total number of species found
in the quadrats in both pastures was 87. There were 25 other species
found in one or the other pasture, but not found in any of the quad-
rats, making a grand total of 112 species for the area.

In order to secure quantitative expressions of the floristic im-
portance, frequency and abundance, data were secured and are
given in Table 10. The frequency is given in percentage, i. e., the
percentage figure for each species represents the percentage of 30
guadrats in which the species was found, as 90 for Schedonnardus
means that it occurred in 27 of the 30 quadrats. For every species
where it was possible, the stalks growing in the quadrat were
counted. In the case of a few bunch-grasses and mat-formers as
Schedonnardus and Bulbilis only an estimate of the abundance of
the species on the area could be given.

This analysis yielded many facts regarding the structure of the
vegetation and revealed a number of important differences between
the two pastures.

There was only one species, Agropyron Smithii, that was very
high in both frequency and abundance. In both pastures it was
found in every quadrat, making the frequency 100 percent. The
total number of stalks in the quadrats in the deferred and rotation
pasture was 27,460 or an average of 912:£75.23 per quadrat (2 square
meters) ; and in the continuous pasture, 17,921 stalks, or an average
of 597=50.48 per quadrat (2 square meters). The difference be-
tween these average figures well exceeds 3.3 times the mean prob-
able error of the two averages. No other species compared to this
in abundance so western wheat grass must be considered the chief
or dominant species on this area. The great frequency and abun-
dance are related to the soil and climatic conditions, particularly, it
appears, to low soil moisture, beginning in the latter part of June,
and the high clay content of the soil. On gravelly areas in the vi-
cinity there is less western wheat grass and in somewhat lower,
more clayey areas that have been protected from grazing, almost






40 CoLORADO EXPERIMENT STATION Bulletin 377

tures, but in a nearby pasture which had been heavily overgrazed
for some time by cattle and horses, its frequency was reduced to
4 percent.

The conclusion appears valid, then, that the continuous system
of grazing has either not been continued for a sufficient number of
years on this pasture to have produced detrimental effects, or that
the number of stock grazed in the continuous pasture is not exces-
cive. In regard to abundance, however, there was a great difference.
The number of stalks in the quadrats in the deferred and rotation
pasture was 53 percent greater than in those in the continuwous pas-
ture. This was the chief difference, expressed quantitatively, that
was found between these two pastures. Just how much this differ-
ence of 53 percent in 1929 was due to the difference in the grazing
method cannot be definitely determined because similar data are
not available for the beginning of the grazing trial in 1920. Photo-
graphs and other data indicate that there was less western wheat
grass, especially in the continuous pasture, in 1920 than there was
in 1929 (Figs. 15 and 16). Soil variations may, however, account
for the difference in 1920 and part of the difference of 53 percent in
1929. If the continuous pasture had a greater area of gravelly soil
than the other pasture, then less western wheat grass would be
expected. Examination of the data for other species may clarify the
problem.

Bouteloua gracilis grows well on clay soils and it is less abun-
dant or lacking on sandy soils in Eastern Colorado. On a nearby
overgrazed pasture, where the soil was similar, this grass had a fre-
qguency of 100 percent and it was very abundant, forming a sod over
most of the area. Observation indicates that over-grazed western
wheat grass is replaced by blue grama grass. In the deferred and
rotation pasture it had a frequency of 47 percent, in the continuous
one, 73 percent. It was also more abundant in the latter pasture.
Since this grass, as well as western wheat grass, grows better in
clayey than in gravelly soils, the differences in frequency and abun-
dance would indicate that the soil variations are not the cause of the
vegetational differences, but that the system of grazing is the cause.

There are several other species that yield similar evidence.
FEurotia lanata, or winter fat, one of the most palatable plants in this
region, grazed closely by the cattle, had a frequency of 70 percent in
the deferred and rotation pasture, but 0 in the continuous pasture.
Senecio perplexus, also very palatable and much grazed by cattle
in May and June, had a frequency in the former pasture of 70 per-
cent and 40 in the continuous one. There were 591 stalks recorded
in the former, only 85 in the latter. Stipa viridule, also relished by
the livestock, had a frequency of 20 percent in the deferred and
rotation pasture, but 0 in the continuous one. Schedonnardus pani-
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The data on some of the undesirable species lead to conclusions
similar to those derived from the data on some of the desirable
species. The most significant species appears to be Psoralea tenui-
flora, which is never grazed, and may grow to a height of 2.5 feet
with a top spread of about 2 feet in diameter. In the deferred and
rotation pasture its frequency was 63 percent and its abundance 165
stalks. In the continuous pasture the frequency was 100 percent
and the abundance, 544. The average number of stalks per quadrat
(2 square meters) was 18+2.254 in the continuous pasture and
5.0%0.9594 in the deferred and rotation pasture. The differences
between these average figures well exceeds 3.3 times the mean prob-
able error of the two averages. The percentage of error in the
former case is about 12 percent, in the latter about 5 percent. These
percentage figures appear to indicate that Psoralea individuals were
more thinly and uniformly distributed in the deferred and rotation
pasture than in the other. This may indicate further that conditions,
especially competition during ecesis with other species as western
wheat grass, were less favorable for Psoralea in the deferred and
rotation pasture than in the continuous one. These figures, concern-
ing a clearly objectionable species, indicate that the difference in
grazing methods has probably caused differences in both frequency
and abundance. The data regarding other species lead to less def-
inite conclusions.

The data on abundance was summarized by securing the total
number of stalks of desirable species, of undesirable species, and
of immaterial species. A number of species as Stipa, Bouteloua,
Schedonnardus, Aristida and Bulbilis whose stalks could not be
counted, had to be omitted. If these could have been included it
appears that they would have about offset each other. These figures
on abundance are as follows:

Deferred and  Continuous

Rotation Pasture I’asture Ratio
Stalks of desirable species.................... 28,415 18,407 1.54
Stalks of undesirable species ................. 1,874 2,271 0.82

Stalks of immaterial species.................. 5000 4,001 1.27

The number of stalks of desirable species and of immaterial
species was greater in the deferred and rotation pasture than in the
continuous pasture; but the number of stalks of undesirable species
was lower. This strengthens the conclusion stated above that differ-
ences in the vegetation in 1929 were due, at least in part, to differ-
ences in the grazing systems. Increases in frequency and abundance
of Psoralea tenuiflora and Bouteloua gracilis and decreases in fre-
quency and abundance of Agropyron Smithii, taken together, appear
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Table 11.—Maximum Heights (Averages of 100 Measurements) of Agrvopyron
Smithii and Stipa virvidula in Each of the Pastures, August 9, 1926,

Species Pasture Height, Inches
Agropyron Smithii Deferred and Rotation..................... 23.0 =+ .2263
Continuous ... .. . 18.7 =+ .2063
Stipa viridula Deferred and Rotation...... ... ... .. ...... .. 32.1 + .3834
Continuous ... ... . . . 24.1 4+ 3737

The data in Table 11 show that the average height of Agropyron
Smithii shoots was 23 percent greater and that of Stipa wviri-
dula 33 percent greater in the deferred and rotation pasture than in
the continuous pasture. In both cases the differences between the
average figures, as given in Table 11, exceeds 3.3 times the mean
probable error of the two averages. On August 1, 1927, similar
measurements were made. In the deferred and rotation pasture
(grazing not deferred this year) the average height of 100 stalks of
Agropyron was 20.5 inches, in the continuous pasture 18.9 inches.
The corresponding measurements for Stipa were 21.7 and 18.7
inches. Soil-moisture determinations in the 1928 season showed
that the water content was slightly higher in the former pasture, so
the moisture supply may have been the determining factor, altho
differences in the vigor of the plants may also have been important.

The oven-dry weight of 500 seeds of Stipa viridula collected on
July 9, 1926, was secured for both pastures. The weight of 500 seeds
from the deferred and rotation pasture was 2.483 grams, 28.3 percent
heavier than those from the continuous pasture, which weighed
1.935 grams. A germination test in the Colorado Seed Laboratory
on February 18, 1927, showed 32 percent for seeds collected on
July 9, 1926, in the deferred and rotation pasture and 12 percent
for those from the continuous pasture.

IsoLaTroN TRANSECT STUDIES.—An isolation transect (1) was
located in each pasture (Figs. 15 and 16). Successive areas, 20 by
20 feet square, along one side of each transect, were opened to graz-
ing each year, beginning in 1922. On the opposite side similar areas
were closed to grazing each year. A carefully placed quadrat was
located in each square and studied, usually at 2-year intervals
(1926, 1928 and 1930) by a combination of the pantograph-chart and
count-list methods (3). A few additional quadrats were located in
other parts of the pastures and studied by the same method. A few
clipped quadrats were also used.

The data gathered, usually from 3 analyses of each quadrat, are
summarized as follows:
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Concrusions.—Since this quadrat had not been grazed since 1921, the decrease
in Agropyron since 1926 was probably due to unfavorable moisture condi-
tions accompanied by increased abundance of Aster, Astragalus hypoglottis,
Psoralea and Linum.

QuaDRAT 8. OPENED TO GRAZING IN 1922.

Competition between Agropyron and Aristida on a gravelly area under contin-
uous grazing.

PrincrpaL SpEcIEs. —Agropyron.—Appears to have increased somewhat since
1821. In 1921 there appear to have been 182 stalks and in 1930, 261 stalks.
In 1926 there were 12 flower stalks; in 1928, 1; in 1930, 7.

Aristida.—2,739 sq. cm. in 1921, 2,073 in 1926, 1,902 in 1928, 1,420 in 1930.

Aster—1 stalk in 1926, 17 in 1928 and 30 in 1930.

Psoralea.—1 in 1926, 4 in 1928 and 9 in 1930.

Less ImporTANT SPECIES.—Helianthus pumilus, Sophora, reduced in abundance.

Schedonnardus—121 sq. cm. in 1926, 22 in 1928, 197 in 1930,

Bromus tectorum, Musineon, remained about the same.

INFREQUENT TO ScArRCE—Senecio perplexus, Malvastrum, Evolvulus, Linum,
Gaura, Lactuca, Gutierrezia, Sitanion, Astragalus tridactylicus, Petaloste-
mon, Opuntia humifusa, Lithospermum, Liatris, Euphorbia glyptosperma,
Salsola, Allionia.

ABSENT.—Bulbilis, Iva, Artemisia gnaphalodes, Astragalus drummondii, Stipa.

Concrusions.—The apparent increase in Agropyron and the considerable reduc-
tion in Aristida is unexpected on this quadrat which has been under con-
tinuous grazing since 1922. These results are opposite to those in quadrat
7, which was closed in 1922. The decrease in Aristida was caused partly by
trampling of the cattle. Agropyron suffered less from this. The decrease in
Aristida and the lack of intense competition from other species may have
been factors in the increase of Agropyron.

QUADRAT 6. CLOSED To GRAZING IN 1924.

Competition under protection from grazing of Agropyron, Bulbilis, Aristida and
Psoralea especially.

PrincipaL SpECIES. —Agropyron.—Abundance about the same in 1926 and in 1928,
decreased about 15 percent from 1928 to 1930. In 1926 there were 41 flower
stalks, none in 1928 and in 1930.

Bulbilis.—1,450 sq. em. in 1926, 1,656 in 1928, 1,680 in 1930.

Aristida.—618 sq. cm. in 1926, 477 in 1928, 338 in 1930.

Psoralea.—None in 1926, 7 stalks in 1928, 15 in 1930.

Less IMPORTANT SpECIES.—Schedonnardus—144 sq. cm. in 1926, 34 in 1928, 0 in
1930.

Artemisia gnaphalodes.~—0 in 1926, 1 stalk in 1928, 37 in 1930.

Liatris punctata—2 stalks in 1926, 8 in 1928, 19 in 1930.

Linum Lewisii—4 stalks in 1926, 5 in 1928, 9 stalks and 18 seedlings in 1930.

INFREQUENT TO ScARCE.—Astragalus hypoglottis, A. missouriensis, Draba nemo-
rosa, Musineon, Senecio perplexus, Sophora, Lesquerella, Gaura, Stipa viri-
dula, Tragopogon, Helianthus pumilus, Evolvulus, Euphorbia glyptosperma,
Sophia, Petalostemon, Allionia.

ABSENT.—Aster, Iva, Astragalus drummondit, Malvastrum.
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QuaDprAT 4. CLosep TO GRAZING IN 1925.

Competition of Agropyron, under protection from grazing, with Aristida, Sche-
donnardus, Psoralea, Iva and other forbs.

PrincrpaL Species.—Agropyron.—About the same in 1926 and in 1928; 346 stalks
in 1928, 321 in 1930; 5 flower stalks in 1926, 0 in 1928 and 1930.

Aristida.—455 sq. cm. in 1926, 512 in 1928, 325 in 1930.

Artemisia gnaphalodes—1 stalk in 1926, 6 in 1928, 31 in 1930.

Less IMPORTANT SpPECIES.—Schedonnardius—246 sq. cm. in 1926, 190 in 1928, 67
in 1930.

Psoralea.—5 stalks in 1926, 2 in 1928, 4 in 1930.

Iva~—19 stalks in 1926, 21 in 1928, 18 in 1930.

Liatris—Increased; 27 stalks in 1928, 34 in 1930.

Musineon.—Appears to have increased; 30 stalks in 1930.

Gaura—Increased; 1 in 1926, 14 in 1928, 18 in 1930.

Astragalus hypoglottis—Increased; 2 in 1926, 5 in 1928, 16 in 1930.

Lygodesmia-—Decreased; 20 in 1926, 17 in 1928, 15 in 1930.

Evolvulus—Remained about the same (29 stalks in 1930).

Vicia.—Increased; 1 stalk in 1928, 24 in 1930.

INFREQUENT TO ScarcE—Senecio perplexus, Malvastrum, Euphorbia spp. Bahia,
Astragalus missouriensis, Lavauxia, Petalostemon, Stipa, Sophia, Asclepias,
Linum, Aster, Gutierrezia, Lesquerella.

ABsENT—Eulbilis, Helianthus pumilus, Astragalus drummondii.

ConcrusioNns.—There were more species of forbs that increased in abundance
than decreased, so the small decrease in Agropyron was accompanied by a
net increase in forbs and a decrease in Schedonnardus and in Aristida since
1928.

QUADRAT 3. OPENED TO GRAZING IN 1925.

Competition under continuous grazing of Agropyron, Bulbilis and Aristida.

PriNcIPAL SPECIES.—Agropyron.—Appears to have increased slightly since 1926.
There was a total of 684 stalks in 1930. In 1926 there were 14 flower stalks,
2 in 1928, 0 in 1930.

Bulbilis.—314 sq. cm. in 1926, 431 in 1928, 640 in 1930.

Aristida—592 sq. cm. in 1926, 874 in 1928, 895 in 1930.

Less IMPORTANT SPECIES.—Astragalus hypoglottis.—9 stalks in 1926, 20 in 1928,
38 in 1930.

Lesquerella—Increased; 9 in 1928, 53 in 1930.

Schedonnardus.—2 sq. cm. in 1926, 8 in 1928, 24 in 1930.

INFREQUENT TO SCARCE—Artemisia gnaphaelodes, Sophora, Lygodesmia, Musineon,
Gaura, Viola, Bahia, Draba, Gutierrezia, Pentstemon, Linum, Psoralea,
Yucca, Evolvulus, Euphorbia glyptosperma.

ABsENT.—Aster, Iva, Helianthus pumilus, Astragalus drummondii, Stipa viridula,
Senecio perplexus, Malvastrum.

ConcrusioNs.—Agropyron.—Increased slightly in abundance under continuous
grazing since the spring of 1925. Its chief competitors, Bulbilis, Aristida,
Astragalus hypoglottis and Lesquerella, also increased. These increases may
have been made possible because the other forbs were infrequent to scarce
or absent in each year, and Bulbilis was not abundant. In 1930 the stand
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still appeared rather open, much more so than the corresponding quadrat
closed in 1925.
QuapRAT 1. Crosep To GRAZING IN 1927,

Competition under protection from grazing of Agropyron, Bulbilis, Aristida,
Aster and Astragalus hypoglottis.

PrINcIPAL SPECIES.—Agropyron.—Decreased somewhat; 479 stalks in 1928, 371
in 1930. In 1926 there were 14 flower stalks, 0 in 1928 and 1930.

Bulbilis—891 sq. ecm. in 1926, 1,429 in 1928, 3,691 in 1930.

Aristida—234 sq. cm. in 1926, 196 in 1928, 187 in 1930.

Aster—21 stalks in 1926, 25 in 1928, 33 in 1930.

Astragalus hypoglottis.—9 stalks in 1926, 31 in 1928, 105 in 1930.

Less IMporRTANT SpeCIES.—Schedonnardus.—136 sq. cm. in 1926, 82 in 1928, 15
in 1930.

Helianthus pumilus—Remained about the same, 8 stalks in 1930.

Musineon.—39 in 1930.

INFREQUENT TO ScarRck.—Lygodesmia, Iva, Artemisia gnaphulodes, Senecio per-
plexus, Gaura, Gutierrezia, Petalostemon, Linum, Liatris, Lesquerella,
Psoralea, Evolvulus, Euphorbia robusta, Lavauxia, Sophia, Argemone, Al-
lionia, Chenopodium, Salsola, Lithospermum, Sophora.

ABSENT.—Astragalus drummondii, Stipa viridula, Malvastrum.

ConcLusions.—Agropyron decreased but little even when Bulbilis, Aster and
Astragalus hypoglottis increased. Other forbs, however, were not very
abundant.

QUADRAT 2. OPENED TO GRAZING IN 1927.

Competition of Agropyron with Aristida and forbs under continuous grazing.

PrINCIPAL SPECIES.—Agropyron.—Decreased somewhat in abundance; 5 flower
stalks in 1926, 3 in 1928, 0 in 1930; total stalks in 1930 was 671.

Aristida—83 sq. cm. in 1926, 153 in 1928, 181 in 1930.

Astragalus hypoglottis—21 stalks in 1926, 22 in 1928, 60 in 1930.

Less IMPORTANT SPECIES.—Artemisia gnaphalodes—3 stalks in 1926, 16 in 1928,
25 in 1930.

Aster—4 stalks in 1926, 2 in 1928, 12 in 1930.

Psoralea.—2 stalks each year.

Schedonnardus.—46 sq. cm. in 1926, 35 in 1928, 36 in 1930.

INFREQUENT TO ScarceE—Gutierrezia, Lesquerella, Liatris, Musineon, Yucca,
Pentstemon, Erysimum, Evolvulus, Linum, Petalostemon, Allionia, Euphor-
bia spp. Lactuca.

ABSENT.—Bulbilis, Iva, Helianthus pumilus, Sophora, Astragalus drummondii,
Stipa, Senecio perplexus, Malvastrum.

ConcrLusions.—The rather small decrease in Agropyron was accompanied by
increases in Aristida, Astragalus hypoglottis, Artemisia gnaphalodes and
Aster. The quadrat appeared fairly open in 1928 and in 1930. The greater
apparent density in 1927 and 1926 was due more to dead stalks of previous
years than to living stalks.

QuabraT 11. CLosep To GRAZING IN 1928.

Effect of a change from continuous grazing to total protection upon a stand
composed chiefly of Agropyron, Bulbilis, Aristida, Schedonnardus.
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PriNcIPAL SpECIEs.—Agropyron.—Appears to have decreased somewhat from
1927 to 1928; decreased from 947 stalks in 1928 to 552 in 1930. No fower
stalks in any of the 3 years.

Bulbilis—T700 sq. cm. in 1927, 643 in 1928, 1,075 in 1930.

Aristida.—269 sq. cm. in 1927, 242 in 1928, 256 in 1930.

Schedonnardus—113 sq. cm. in 1927, 118 in 1928, 56 in 1930.

Less IMPORTANT SPECIES.—Musineon.—Increased, 14 in 1930.

Liatris—Increased, 11 stalks in 1928, 18 in 1930.

Bahia.—12 stalks in 1927, 15 in 1928, 16 in 1930.

Gaura—7 stalks in 1927, 9 in 1928, 10 in 1930.

INFREQUENT TO ScARCE—Psoralea, Senecio perplexus, Leovauxia, Lygodesmia,
Petalostemon, Gutierrezia, Linum, Astragalus missouriensis, Quincula, Lith-
ospermum, Allionia, Evolvulus, Chenopodium, Euphorbia glyptosperma
Malvastrum, Artemisia gnaphalodes.

>

ABSENT.—Aster, Iva, Helianthus pumilus, Sophora, Astragalus drummondii,
Stipa.

Concrusions.—The response to total protection from grazing was increased
height growth of Agropyron which tended to mask the apparent decrease
in abundance which continued into 1930. Bulbilis and some of the forbs
increased somewhat. Unfavorable moisture conditions may have been
partly responsible for the decreased abundance of Agropyron in 1930. Per-
haps the effect of protection is greater the first year or two after the change
than it is later.

QuapraT 12. OPENED TO GRAZING IN 1928.

Effect of a change from total protection from grazing to continuous grazing
upon a stand composed chiefly of Agropyron, Bulbilis, Aristida, Psoralea,
Aster and Artemisia gnaphalodes.

PrincipaL Species.—Agropyron.—Decreased from 1927 to 1928; increased from
406 stalks in 1928 to 465 in 1930; 1 flower stalk in 1927, 2 in 1928, 0 in 1930.

Bulbilis.—1,364 sq. cm. in 1927, 466 in 1928, 1,319 in 1930.

Avristida.—960 sq. cm. in 1927, 608 in 1928, 700 in 1930.

Psoralea—5 stalks in 1927, 9 in 1928, 8 in 1930.

Aster.—4 stalks in 1927, 18 in 1928, 22 in 1930.

Artemisia gnaphalodes—8 stalks in 1927, 12 in 1928, 13 in 1930.

LEess IMPORTANT SPECIES.—Gutierrezia.—0 in 1927, 2 stalks in 1928, 6 in 1930.

Schedonnardus—About 0.5 sq. cm. in 1927, 5 in 1928, 17 in 1930.

INFREQUENT TO SCARCE.—Musineon, Linum, Evolvulus, Viola, Gaura, Lesquerella,
Yueea, Tragopogon, Lithospermum, Astragalus hypoglottis, Euphorbia glyp-
tosperma, Petalostemon.

ABSENT.—Iva, Helianthus pumilus, Sophora, Astragalus drummondii, Stipa viri-
dula, Senecio perplexus, Malvastrum.

ConcrusioNs.—The changes in Agropyron and Bulbilis from 1927 to 1928 were
reductions in abundance; from 1928 to 1930, increases. Aristida decreased
but several forbs, usually not grazed, increased. In 1930 the quadrat ap-
peared much more weedy than in 1927. The change in the appearance
of the Aristida plants was very striking. In 1927 they were up to 10 inches
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Linum.—10 stalks in 1928, 6 in 1930.

INFREQUENT TO ScarcE—Astragalus missouriensis, Evolvulus, Astragalus drum-
mondii, Eriogonum effusum, Paronychia, Sophora, Gutierrezia, Lithosper-
mum, Lygodesmia, Malvastrum.

ABSENT.—Bulbilis, Aster.

Concrusions.—When this quadrat, which contained a large variety of species,
had been closed to grazing for 2 seasons, Agropyron decreased consider-
ably and the forbs and Stipa increased somewhat.

QuaDraT 16. OpeEned 10 GRAZING IN 1929,

Effect of a change from total protection to continuous grazing upon a stand
composed chiefly of Agropyron, Bulbilis, Aristida and forbs.

Principar SpEciEs —Agropyron.—288 stalks in 1928, 332 in 1930; no flower stalks
either year.

Bulbilis.—600 sq. cm. in 1928, 2,316 in 1930.

Aristida.—332 sq. cm. in 1928, 347 in 1930.

Less ImPORTANT SPECIES.—Artemisia gnaphalodes.—9 stalks in 1928, 21 in 1930.

Astragalus hypoglottis.—2 stalks in 1928, 19 in 1930.

Helianthus pumilus.—20 stalks in 1928, 8 in 1930.

INFREQUENT TO ScarRcE—Schedonnardus, Psoralea, Senecio perplexus, Linum,
Musineon, Gutierrezia, Liatris, Evolvwlus, Aster, Lesquerella, Petalostemon
spp., Euphorbia robusta, Tragopogon, Sophia, Draba, Dysodia, Litho-
spermum, Sophora, Yucca.

ABSENT.—Iva, Astragalus drummondii, Stipa, Malvastrum.

ConcrusioNs.—The abundance of Agropyron increased about 15 percent from
1928 to 1930 with continuous grazing starting in 1929. Bulbilis increased
greatly, Aristida remained about the same. The quadrat appeared much
more open in 1930 than it did in 1928, due chiefly to removal of the growth
of preceding years.

Quaprat 41. CLosep To GRAZING IN 1930.

Effect of a change from continuous grazing to total protection upon a stand
composed chiefly of Agropyron, Bulbilis, Aristida, Psoralea and other forbs.

PrincrpaL Species.—Agropyron.—408 stalks in 1929, 483 in 1930.

Bulbilis.—1,143 sqg. cm. in 1929, 972 in 1930.

Aristida.—340 sq. cm. in 1929, 515 in 1930.

Psoralea.—10 stalks in 1929, 9 in 1930.

Artemisia gnaphalodes—22 stalks in 1929, 37 in 1930.

Malvastrum.—30 stalks in 1929, 37 in 1930.

Less ImporTANT SPECIES.—Schedonnardus—35 sq. cm. in 1929, 192 in 1930.

Iva.—14 stalks in 1929, 15 in 1930.

Astragalus missouriensis.—12 stalks in 1929, 17 in 1930.

Musineon.—19 stalks in 1929, 33 in 1930.

INFREQUENT TO ScarRCE~Liatris, Gutierrezia, Helianthus pumilus, Astragalus
drummondii, A. hypoglottis, Linum, Gaurae, Lesquerella, Eriogonum, Sophia,
Pentstemon, Senecio perplexus, Lygodesmia, Allionia.

ABSENT.—Aster, Sophora, Stipa.

ConcrusioNs—There were increases in abundance of Agropyron, Aristida,
Schedonnardus and a few forbs, decreases in Bulbilis and a few forbs.
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These changes cannot be ascribed to the effects caused by differences in
the grazing system because the time was too short. These changes may
have been due entirely to other environmental influences, as moisture and
competition between species.

QuabraT 40. OpPENED TO GRAZING IN 1930.

Effect of a change from total protection to continuous grazing upon a stand
composed chiefly of Agropyron and Aristida.

PrincripaL Species.—Agropyron.—352 stalks in 1929, 522 in 1930.

Aristida.—801 sq. cm. in 1929, 845 in 1930.

Less IMPORTANT SpPECIES.—Bulbilis.—100 sq. cm. in 1929, 247 in 1930.

Senecio perplexus.—17 stalks in 1929, 11 in 1930.

Liatris—17 stalks in 1929, 7 in 1930.

Psoralea—6 stalks in 1929, 2 in 1930.

Helianthus pumilus—5 stalks in 1929, 8 in 1930.

Astragalus hypoglottis.—3 stalks in 1929, 25 in 1930.

INFREQUENT TO Scarce.—Draba, Yucca, Gaura, Lesquerella, Gutierrezia, Evolvu-
lus, Petalostemon, Linum, Viola, Sophora, Musineon, Astragalus missouri-
ensis, Sophia, Euphorbia glyptosperma.

ABSENT.—Aster, [va, Artemisia gnaphalodes, Stipa, Malvastrum.

Concrusions.—Agropyron, Aristida, Bulbilis and a number of forbs increased
in abundance from 1929 to 1930. The increases were greater than in the
corresponding quadrat that was closed to grazing at the same time (spring
of 1930). Part of the increase in abundance appears to be due to the
change in grazing.

QuabraT 140. Grazep CONTINUOUSLY SINCE 1921.

Effect of continuous grazing upon a stand consisting chiefly of Agropyron,
Bulbilis, Aster and Schedonnardus.

PrincrpaL Species.—Agropyron.—About the same from 1926 to 1928, but de-
creased from 463 stalks in 1928 to 172 in 1930.

Bulbilis.~2,080 sq. cm. in 1926, 2,360 in 1928, 2,375 in 1930.

Aster—27 stalks in 1926, 29 in 1928, 59 in 1930.

Schedonnardus.—473 sq. cm. in 1926, 209 in 1928, 201 in 1930.

Less IMPORTANT SpEciEs.—Astragalus hypoglottis—27 stalks in 1926, 15 in 1928,
35 in 1930.

Helianthus pumilus.—2 in 1926, 0 in 1928 and 1930.

INFREQUENT TO SCARCE—DMusineon, Senecio perplexus, Gutierrezia, Linum,
Gaure, Artemisia gnaphalodes, Erysimum, Lesquerella, Sophora, Eriogo-
num, Psoralea, Evolvulus, Bahia, Lithospermum, Euphorbia robusta.

ABSENT.—Iva, Astragalus drummondii, Stipa, Malvastrum.

Concrusions.—The decrease of over 50 percent in the abundance of Agropyron
from 1928 to 1930 was accompanied by a considerable increase in Aster and
decreases in Schedonnardus, Astragalus hypoglottis and Helianthus pumi-
lus. Bulbilis increased slightly from 1926 to 1930.
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decrease from 1926 to 1928. Flower stalks: 64 in 1926, 10 in 1927, 3 in 1928,
0 in 1930.

Bulbilis—2,345 sq. cm. in 1926, 2,247 in 1927, 2,265 in 1928, 2,615 in 1930.

Stipa viridula.—Decreased from 1926 to 1928; doubled from 1928 to 1930 (127
to 275 sq. em.). Flower stalks: 36 in 1926, 6 in 1927, 11 in 1928, 4 in 1930.

Aster—9 in 1926, 11 in 1927, 27 in 1928, 47 in 1930.

LEss IMPORTANT SPEcIEs.—Schedonnardus.—Great decrease from 1926 to 1927,
0 to scarce since.

FrREQUENT.—Senecio perplexus, Musineon.

INFREQUENT TO ScARCE—Sophora, Malvastrum, Astragalus drummondii, A. hypo-
glottis, Gaura, Allionia, Stanleya, Sophia, Lesquerella, Lactuca, Evolvulus.

ABSENT.—Aristida, Psoralea, Iva, Helianthus pumilus, Artemisia gnaphalodes.

ConcLusions.—Bulbilis—Increased slightly since 1928 due perhaps to favorable
precipitation in summers of 1929 and 1930 for spread of this species but
unfavorable for competitors.

Agropyron.—Decreased greatly (about 50 percent) since 1928, due perhaps to
deficient soil moisture.

Stipa viridula.—Decreased a little from 1926 to 1928, increased slightly from
1928 to 1930. This increase may be due to decrease in competition from
Agropyron.

Schedonnardus—Decrease due perhaps to unfavorable conditions for seed pro-
duction and establishment of seedlings.

In this quadrat, which was not grazed during the period 1924-1930, it appears
that environmental conditions, in 1929 and 1930 especially, were favorable
for the maintenance or increase in abundance of Aster, Bulbilis and Stipa,
but unfavorable for Agropyron.

QuapraT 23. CrLosep To GRAZING IN 1925.

Growth under protection from grazing of Agropyron, not in competition with
Bulbilis, Aristida, Stipa or Aster.

PRINCIPAL SPECIES—Agropyron—Abundance about the same in 1926 and in
1928, but decreased from 637 stalks in 1928 to 563 in 1930; 132 flower stalks
in 1926, 3 in 1928, 0 in 1930.

Astragalus drummondii—Increased from 0 in 1926 to 25 stalks in 1930.

Artemisia gnaphalodes—Increased from 4 stalks in 1926 to 21 in 1930.

Helianthus pumilus.—16 stalks in 1926, 42 in 1928, 8 in 1930.

Schedonnardus.—Decreased from 491 sq. cm. in 1926 to 2 in 1928, to 6 in 1930.

LEess IMPORTANT SPECIES.—Iva and Sophora decreased in abundance.

Senecio perplexus.—Remained about the same.

INFREQUENT TO ScaRCE—Sophia, Lygodesmia, Musineon, Linum, Euphorbic glyp-
tosperma, Gaura, Lithospermum, Artemisia dracunculoides, Malvastrum.

ABSENT.—Bulbilis, Aristida, Psoralea, Aster, Stipa.

ConcLusIons.—Decrease from 1928 to 1930 in Agropyron under total protection
from grazing may be due to unfavorable moisture conditions. The increase
in competition due to the greater abundance of Astragalus drummondii and
Artemisia gnaphalodes was hardly counteracted by the decrease in num-
bers of Helianthus, Schedonnardus, Iva and Sophora.
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Quabrat 22. Openep 10 GrAzING IN 1925

Growth of Agropyron not in competition with Bulbilis, Aristida or Aster, under
deferred and rotation grazing.

PrincipaL SpEciEs.—Agropyron.—Decreased slightly since 1926. In 1926 there
were 36 flower stalks, 1 in 1928 and 6 in 1930.

Schedonnardus.—433 sg. cm. in 1926, 274 in 1928, and 826 in 1930.

Less IMPORTANT SPECIES.—Iva.—Decreased; 20 stalks in 1928 and 11 in 1930.

Sophora.—12 stalks in 1926, 6 in 1928 and 6 in 1930.

Gaura.—9 stalks in 1926, 30 in 1928 and 23 in 1930.

Musineon (31 stalks in 1930), Senecio perplexus (26 stalks in 1930), Malvas-
trum, Artemisia gnaphalodes—Remained about the same.

INFREQUENT TO ScarRcE—Astragalus drummondii, Gutierrezia, Eriogonum effu-
sum, Yucca, Artemisia gnaphalodes, Liatris, Stipa viridula, Festuca octo-
flora, Euphorbia glyptosperma, Lactuca.

Apsent—Bulbilis, Aristida, Psoralea, Aster, Helianthus pumilus.

ConcLusIoNs.—In spite of the lack of deferred grazing in 1927 and 1928 and
unfavorable growing conditions in 1929 and in 1930, Agropyron did not
decrease greatly between 1926 and 1930. The absence of strong competitors
as Bulbilis and Aster may have had much influence.

QuabraT 21. CrLoseEp to GRAzZING IN 1927.

Effect of a change from deferred and rotation grazing to protection upon a
stand consisting chiefly of Agropyron, Schedonnardus, Aster and other
forbs.

PrincipaL Species.—Agropyron.—Little change from 1926 to 1928, large decrease
from 1928 to 1930; 98 flower stalks in 1926, 5 in 1928, 0 in 1930. Total number
of stalks in 1930 was 480.

Schedonnardus—1,101 sq. em. in 1926, 110 in 1928, 22 in 1930.

Aster—26 stalks in 1926, 69 in 1928, 90 in 1930.

Less ImporTANT SPECIES.—Sophora.—16 stalks in 1926, 17 in 1928, 7 in 1930.

Artemisia gnaphalodes.—Increased; 2 stalks in 1928, 31 in 1930.

Senecio perplexus.—30 stalks in 1930.

Iva.—Decreased considerably; 4 stalks in 1930.

INFREQUENT TO SCARCE.—Lithospermum, Musineon, Gaura, Viola, Astragalus
drummondii, Lygodesmia, Gutierrezia, Helianthus pumilus, Euphorbia ro-
busta, Draba, Polygonum douglasii, Anogra albicaulis.

AsenT.—Bulbilis, Aristida, Psoralea, Stipa, Malvastrum.

Concrustons.—Agropyron, Schedonnardus, Sophora and Iva decreased consid-
erably, but Aster increased greatly, under total protection from grazing.

QuabRAT 20. OPeNED To GrRAZING IN 1927 (Figs. 32, 33 anp 34).

Effect of a change from total protection to deferred and rotation grazing upon
a stand consisting chiefly of Agropyron, Schedonnardus, Helianthus pumilus
and forbs.

PrinciPAL SPECIES.—Agropyron.—Appears to have increased; 140 flower stalks
in 1926, 0 in 1928, 7 in 1930. Total stalks in 1930, 489.

Schedonnardus—84 sq. cm. in 1926, 229 in 1928, 912 in 1930.

Helianthus pumilus.—Decreased greatly from 1926 to 1928; 5 stalks in 1928, 6
in 1930.
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ConcrusioNns.—Agropyron and Schedonnardus remained about the same; Bul-
bilis and Artemisia gnaphalodes increased; Sophora decreased.

QUADRAT 32. OpENED To GRAZING IN 1928.

Effect of a change from protection to deferred and rotation grazing upon a
stand composed chiefly of Agropyron, Schedonnardus, Aster and other
forbs.

PrINCIPAL SPECIES.—Agropyron—Decreased somewhat from 1927 to 1928; in-~
creased slightly from 1928 to 1930; 1 flower stalk in 1927, 0 in 1928, 1 in
1930. Total stalks in 1930, 540.

Schedonnardus—153 sq. em. in 1927, 65 in 1928, 150 in 1930.

Aster —28 stalks in 1927, 17 in 1928, 92 in 1930.

Astragalus hypoglottis—Increased; 1 stalk in 1928, 47 in 1930.

Less IMPORTANT SPECIES.—Sophora.—About 22 stalks in 1927, 11 in 1928, 4 in
1930.

Artemisia gnaphalodes—9 stalks in 1927, 3 in 1928, 23 in 1930.

Astragalus drummondii—1 stalk in 1927, 3 in 1928, 15 in 1930.

Senecio perplexus—I18 stalks in 1930.

Liatris—Increased; 27 stalks in 1930.

INFREQUENT TO Scarce—Gaura, Helianthus pumilus, Lesquerella, Linum, Mu-~
sineon, Eriogonum effusum, Viola, Yucca, Tragopogon.

ABsENT.—Bulbilis, Psoralea, Iva, Stipa, Malvastrum.

Concrustons.—The abundance of Agropyron and Schedonnardus changed but
little; Aster, Astragalus hypoglottis, A. drummondii, Artemisia gnaphalodes
and Liatris increased; Sophora decreased.

QuabraT 33. CrLosEp To GRAZING IN 1929,

Effect of a change from deferred and rotation grazing to protection upon a
stand composed chiefly of Agropyron, Bulbilis, Schedonnardus, Artemisia
gnaphalodes and other forbs.

PrincipaL Species.—Agropyron.—Increased in abundance about 25 percent from
1928 to 1930; 3 flower stalks in 1928, 7 in 1930. Total stalks in 1930, 525.

Bulbilis.—309 sq. cm. in 1928, 604 in 1930.

Schedonnardus.—193 sq. cm. in 1928, 62 in 1930.

Artemisia gnaphalodes.—25 stalks in 1928, 54 in 1930.

LEss IMPORTANT SpECIES.—Sophora.—16 stalks in 1928, 22 in 1930.

Senecio perplexus~—29 stalks in 1930.

INFREQUENT TO ScARCE—Musineon, Psoralea, Lesquerella, Allionia, Astragalus
missouriensis, A. hypoglottis, Pentstemon, Lactuca, Liatris, Euphorbia glyp-
tosperma, Gutierrezia.

ABSENT.—Aristida, Aster, Ive, Helianthus pumilus, Stipa, Astragalus drum-
mondii, Malvastrum.

Concrusions.—Increases occurred in Agropyron, Bulbilis, Artemisia gnapha-
lodes and Sophora. A decrease occurred in Schedonnardus.

QUADRAT 34. OPENED TO GRAZING IN 1929.

Effect of a change from protection to deferred and rotation grazing upon a
stand composed chiefly of Stipa viridula, Aristida, Agropyron, Aster and
other forbs.
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PriNcipaL Species.—Agropyron.—Decreased more than 50 percent from 1928
to 1930; 134 stalks in 1930.

Stipa viridula.—339 sq. em. and 18 flower stalks in 1928, 542 sq. cm. and 24
flower stalks in 1930.

Aristida.—182 sq. cm. in 1928, 86 in 1930.

Aster —46 stalks in 1928, 65 in 1930.

Lzss ImporTANT SPECIES.—Iva.-—18 stalks in 1928, 21 in 1930.

Artemisia gnaphalodes.—10 stalks in 1928, 24 in 1930.

Astragalus drummondii~—Decreased; 8 stalks in 1930.

Malvastrum.—17 stalks in 1928, 14 in 1930.

Opuntia.—115 sq. cm. in 1928, 95 in 1930.

Astragalus hypoglottis.—19 stalks in 1928, 93 in 1930.

Gaura.—15 stalks in 1928, 3 in 1930.

Senecio perplexus.—4 stalks in 1930.

INFREQUENT TO ScaRcE—Linum, Musineon, Yucca, Liatris, Lavauxia, Draba,
Lithospermum, Anogra.

ABSENT.—Bulbilis, Psoralea, Helianthus pumilus.

Concrusions.—This is one of the very few quadrats where Agropyron was less
important than other species. Stipa, the chief species, increased consider-
ably while Agropyron decreased more than 50 percent. Decreases also
occurred in Aristida, Astragalus drummondii, Malvastrum and Gaura. In-
creases occurred also in Aster, Astragalus hypoglottis, Iva and Artemisia
graphalodes.

Quabrar 35. Crosep To GRAZING IN 193G.

Grazing was deferred on this quadrat in 1929, but not grazed in 1930.

PrincipaL SpECIES.—Agropyron.—616 stalks in 1929, 645 in 1930. There were
40 flower stalks in 1929, 12 in 1930.

Bulbilis.—1,054 stalks in 1929, 1,501 in 1930.

Stipa viridula.—56 sq. em. and 7 flower stalks in 1929, 107 sg. cm. and 20 flower
stalks in 1930.

Senecio perplexus—33 stalks in 1929, 25 in 1930,

Less ImporTanT SPECIES. —Schedonnardus—0 in 1929, 21 stalks in 1930.

Musineon—60 stalks in 1929, 15 in 1930.

INFREQUENT T0 ScarcE—Gaura, Sophora, Lesquerella, Yucea, Allionia, Stanleya,
Astragalus hypoglottis, Sophia, Artemisia gnaphalodes, Eriogonum, Malvas-
trum, Mamillaria, Psoralea, Polygonum douglasii, Draba, Quincula, Litho-
spermum.

ABSENT—Avistida, Aster, Iva, Helianthus pumilus, Astragalus drummondii.

ConcLusions.—Increases occurred in Agropyron, Bulbilis, Stipa and Schedon-
nardus; decreases in Senecio and Musineon.

QuADRAT 36. OPENED TO GRAZING IN 1930.

There was no change in the grazing on this quadrat because grazing was de-
ferred in 1930.

Principar Species.—Agropyron.—104 stalks in 1929, 101 in 1930.

Stipa viridula—In 1929 the area covered by the clumps was 974 sq. cm., in
which there was a total of 135 live stalks, 16 of which were flower stalks.
In 1930 the area was 481 sq. cm.; total live stalks 254, of which 9 were
flower stalks.









68 CoLORADO EXPERIMENT STATION Bulletin 377

when records were made. Stipa showed a considerable increase in 1926
compared to 1921, but decreased greatly in 1928 and even more in 1930.
This decrease in Stipa may have made possible the increase in Agropyron
due to lessened competition and because Agropyron suffered less from
unfavorable soil-moisture conditions than Stipa. Aster and Artemisia
gnaphalodes increased from 2 each in 1926 to 21 and 20, respectively, in
1930. Schedonnardus and a large number of forbs showed minor fluctua-
tions. The variations in the composition of the vegetation in this quadrat
appear to be due to increase or decrease in the competition pressure of
various species as modified by favorable or unfavorable climatic or soil
conditions, principally soil moisture.

TEN-METER-SQUARE QUADRATS IN CONTINUOUS AND IN DEFERRED
aND RoTatroNn PasTures.—On account of the apparently greater
number of certain weed-like forbs in the continuously grazed pas-
tures, two 10-meter-square quadrats, one in each pasture, were
located and marked by permanent stakes in 1926 in order to secure
quantitative data. These quadrats were located on very similar soil,
close to each other, but separated by the fence dividing the pastures.
The results of the counts are given in Table 12.

Table 12.—Number of Planis in Each 10-Meter-Sguare Quadrat in 4 Years.,

Deferred and Rotation

. Pasture Continuous Pasture
Species —

1926 1927 1928 19530 1926 1527 1928 1930
Psoralea tenuiflora 53 46 940 128 40 94 97 165
Carduus undulatus oo 0 0 0 0 13 11 G 2
Argemone  intermedia. [ 3 8 8 7 7 8 5
Senccio spartioides 0 0 0 0 4 4 5 5
Opuntia $pp...... 4 5 5 6 4 7 6 12
Guticrrezia longifolia oo .. .. 18 70 . 4 50
Stanicva pinnata .. 1 1 [i] .. 0 0 4
Artemisia frigida 7 6 .. i 4 2 2
Tucca glauca 1 1 1 1 0 0 0 0
Astragalus drummondii.. i 161 .. .. 0 27
Helianthus puomilus.. 12 16 .. .. 34 37

All of the species in Table 12, except the last two (Helianthus
and Astragalus) were usually not grazed by the cattle, but the last
two were usually closely grazed. Both of these desirable species
increased in both pastures, and the increase from 1 to 161 plants
of Astragalus in the deferred and rotation pasture between 1928 and
1930 is particularly noteworthy. Psoralea and Opuntia, both very
undesirable from a grazing viewpoint, increased more rapidly in the
continuous pasture; but Gutierrezia, which is also very undesirable,
increased more rapidly in the deferred and rotation pasture.

The effects of the differences in the grazing systems upon these
species is conflicting. It seems that the desirable grazing plants
should increase more rapidly where deferred and rotation grazing
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Table 13.—Abundance of Scelected Species on Quadrats 16 by 16 XFeet Sqguare
Within the 20-by-20-Fect Areas Opened or Closed to Grazing in 1927,
Isolation Transect, Continuwous Pastuve. Figures are Number of
Staiks Unless Otherwise Indicated. Ah, Abundant; I7, Fregquent; I,
Infrequent; S, Searee.

Area Opened to Grazing Area Closed to Grazing

Species 1927 Th2s 1930 1927 1828 1930
Bulbihe, sq. dem .. 108 o1 112 137 123 162
Boutclouu, sqg. dem. 6.5 7.5 9.0 22.3 17.6 25.6
Aster e 35 78 126 205 1960 339
fva ... 0 0 [} r 405
Psoralca 77 103 43 58
Guticrrezia . 5 30 2 6 6
Liatris 15 25 67 20 18 53
Linum [ . 18 28 .. 35
Artemisia gnaphalodes .. 153 271 35 43 76
A. frigida 6 . 1 ..
Gaura ... .. 22 23 .. 93 64
Tucca ... 5 2 4 4 7 9
Astragalus hypoglott .. 197 475 .. 174 773
Lygodesmia 3 i 5 44 48 S3
Petalostemon 3 9 23 23 .. 141
Evolvulus is 33 63 62 S$3 134
Allionia 1 3 8 3 6 5
Sophora .. - 3 5 . 41 37
Helianthus pumailus. .. 14 (cl) 16 58 (st)) 20 (el 39 150 (st.)
Bahia ...... 25 55 19 i4
Erysimum .. 1 23 . 3
Euphorbia robusta 3 2 15 40
Opuntia .. 1 . 1 6
Agropyron Ab Ab Ab Al AD
Aristida F r P F i
Schedennardus B s s I S S
Stipa oo 3 S O S
Astragalus drummondii. .. .. . 3
Malvastrum ... 4 29 23 25
Astragalus missourien 12 24 27 69

is practiced, but the evidence is not convincing that such is the case.
It also seems that under centinuous grazing the desirable plants
which are cropped at all seasons of the year would be replaced by
undesirable plants, but again the data are conflicting. Some undesir-
able species did increase, but others, just as undesirable, decreased.
In order to secure clearer evidence, quadrat counts of this sort
should be extended over at least a 10-year period and detailed
studies should be made of the life history of every important species
in each quadrat.

MaJsor QUADRATS IN IsoLATION TrAnSECTS IN THE CONTINUOUS
Pasture.—The vegetation in each of the 4 areas (20 by 20 feet
square) opened and closed to grazing in 1927 and in 1928 was
studied intensively in 1927, 1928 and 1930 for the first two, and in
1928 and 1930 for the last two. A strip, 4 feet wide, was discarded
in each area because of the effect of cattle extending their heads
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Table 14—Abundance of Selected Species on Quadrats 16 by 16 Feet Sqguare
Within the 20-by-20-Feet Areas Opened or Closed to Grazing in
1928. Isolation Tramnsect, Continueus Pasture. Ab., Abundant; ¥,
Frequent; I, Infrequent; S, Scarce.

Area Opened Area Closed
Species to Grazing to Grazing

1628 14930 1928 1930
Bulbilis, sq. dem. 89 195 25 23
Bouteloua, sq. dem. ... Q 0 5.0 7.2
ASET v 71 192 414 578
Tva .. . 1 2
Psorulea oo ceeereeeeeeeee. 103 122 42 9
Gutierrema 25 63 3 4
LIS oo e ne e 14 41 32 87
Linwnm 79 S1 16 19
Artemisia gnaphaledes 110 204 113 139
A. frigida 2 1 . e
Gaura 21 35 77 80
Yucca 13 11 4 3
Astragalus hypoglottis 48 118 98 313
A. missouriensis 7 6 22 34
A. drummondii - .. 3 .. ..
Lygodesmia 1 1 13 18
Petalostemon 78 53 56 75
Evolvudus ... 133 159 27 99
Allionia 11 4 .. ..
Sophora 3 13 .. 5
Helianthus  pumilu 27 24 30 79
Bahia .. .. 15 31
Erysimuwm .. 11 1
Euphorbia robusta 7 11 12 21
Opuntia - 3 2 1 .
Agropyran Ab Ab AD Ab
Aristida Ab F ko i
Schedonnardus S S I I
Stipd oo 0 0 IS s
Malvastrum ... 16 8

thru the fence and grazing. The size of the quadrats was therefore
16 by 16 feet. Each quadrat was permanently marked with an iron
stake in each corner. The results of the listing and mapping for the
quadrats in the areas opened in the early spring of 1927 and 1928
and the areas closed at the same times are given in Tables 13 and
14. Data are given for only selected species because there was in-
sufficient time to count or map all of the species on such large areas.

Analysis of Tables 13 and 14 reveals a few definite changes that
appear to be due to opening or closing of the areas to grazing. A few
species, Psoralea, Gutierrezia and Artemisia gnaphalodes increased
on both areas opened to grazing and decreased in abundance or in-
creased less on both areas closed to grazing. Two species, Petaloste-
mon oligophyllus and Helianthus pumilus, increased less, or actually
decreased, on the areas opened to grazing than on the areas closed
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Table 13.—Dry Weights (Oven Dried at 100-110°C.) of Grasses and Forbs of
8 Square-Meter Quadrats Located in Various Types of Grassland,
Clipped Once a Year at the Close of the Growing Season.

1927, 1428, 1929, 1930,

Quadrat Grams Grams Grams Grams
Grasses 266.1 310.3 132.2 173.7

1. Agropyron, dense stand Forbs O 56.4 57.3 0.6
Totals 266.1 366.7 189.5 174.3

Crasses 115.5 88.4 15.7 21.3

2. Agropyron, medium dense stand...o Forhs 21.0 44.3 58.0 42.3
Totals 36.5 132.7 73.7 63.6

Grasses 54.7 51.4 26.8 22.7

3. Agropyron, open stand Forbs 32.2 16.2 56.3 23.3
Totals $6.9 97.6 83.1 46.2

Grasses S 0.7 45.9 29.6

4. Bulbilis, dense stand Forbs 19.5 16.40 16.3
Totals 131.4 104.2 61.9 45.9

Grasses 98.7 111.4 43.3 32.2

9. Stipa wiridula, medium dense stand............... Forbhs 39.7 30.7 28.5 15.8
Totals 138.4 142.1 71.8 48,0

Grasses 181.6 57.0 33.7 3%.1

6. Andropogon scoparius, medium dense stand....Forbs 14.2 14.5 9.3 4.8
Totals 195.8 76.5 43.0 43.9

Grasses 123.7 587 37.4 39.4

7. Andrepogon furcatus, medium dense stand........ Forhs 15.3 25.7 7.9 121
Totals 1390 S4.4 45.3 51.5

Grasses 38.6 341 27.7 5.7

8. Bouteloua, dense stand......cociiiniiinnans Forbs 138.5 39.0 60.6 24.0
Totals 57.1 73.1 88.3 29.7

to grazing. The first three of these five species were usually not
grazed, the second two, especially Helianthus, were grazed. It ap-
pears, then, that increases in the abundance of Psoralea and Gutier-
rezia especially, and decreases in Helianthus pumilus, indicate de-
terioration of this range. Decreases in Psoralea and Gutierrezia and
increases in Helianthus pumilus indicate range improvement. These
species appear to be fairly sensitive indicators of range manage-
ment. Some of the species in the tables increased under both condi-
tions (closing or opening), some decreased, and other species did
not show consistent results. These species may be less sensitive to
changes in grazing or other factors may obscure the effect of grazing
or protection from grazing. In order to secure further definite con-
clusions it is necessary to extend the investigation over a longer
period of time as well as to include additional areas.
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CL1ipPED QUADRATS.—Eight square-meter quadrats were estab-
lished in different types of grassland to measure the dry weight of
the forage produced each year. Each quadrat was located in an area
not open to grazing. The vegetation was clipped at a height of 3
inches, except in the Bulbilis and Bouteloua quadrats, where the
height was 1 inch, and in Stipa, where it was 4 inches. The clipping
was done after growth had been completed and before the seeds
began to fall. The plants were separated after clipping into forbs
or grasses, and the dry weights (at 100-110° C.) of each secured.
These data are given here because they may be of some importance
in interpreting the other quadrat data as well as to indicate varia-
tions from year to year in the amount of forage available to the live-
stock. The results are tabulated in Table 15.

The chief significance of the data presented in Table 15 appears
to be that the forage production in 1929 and in 1930 was much below
that of 1927 and 1928. In most cases less forage was produced in
1930 than in 1929. These decreases appear to be due to the unfavor-
able moisture conditions during these 2 years. This conclusion
may not be warranted by the data because there is a progressive
decline in dry weight in half of the quadrats from 1927 to 1930. The
declines may be due to the effects of clipping, but this appears un-
likely because the vegetation was cut so high (1 to 4 inches) and
after the close of the growing season.

Quadrat 1 (Figs. 38, 39, 40 and 41) was particularly interesting.
It was located in as dense and pure a stand of Agropyron Smithii
as could be found in the area under study. In 1927 no forbs were
present. In 1928 a rather large number of forbs (56.4 g. dry weight)
had invaded. These were Leptilon canadense, Helianthus annuus,
Lactuca and Iva axillaris. In 1929 there was about the same dry
weight of forbs, but Lactuce was the chief one. Iva and Tragopogon
were also present but scarce. In 1930 the forbs had practically dis-
appeared (weighed only 0.6 grams). The causes of this invasion
and disappearance were not studied, but there was no relationship
to grazing because this quadrat was located in a fairly large ex-
closure. The chief factors involved appear to be those associated
with migration, establishment of seedlings, and competition of Agro-

pyron.

The results in Quadrat 3 were contrary to expectations. Agro-
pyron decreased from about 75 percent of the stand in 1927 to less
than 10 percent in 1930. Stipa viridula increased from 3 small plants
in 1927 to 4 large plants and 1 small one in 1930. There were pro-
nounced changes in the forb population also. Artemisia dracuncu-
loides and Malvastrum decreased greatly, while Artemisia gnaph-
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alodes increased considerably. In Quadrat 5, also, Stipa increased in
vigor and abundance, while Agropyron decreased.

If variations as these appear from year to year in vegetation
in clipped quadrats under protection from grazing, similar varia-
tions, not caused by grazing, may be expected in vegetation that is
being grazed. If the vegetation were being grazed, however, and
such variations appeared, there would be a tendency to ascribe them
to some phase of grazing, as too frequent or too close cropping,
changes in the grazing system, etc. It should be emphasized that
changes in the vegetation should not be ascribed to the influence of
any one factor until ample, clear evidence is at hand.

SuMMAaRY oF QUADRATS.—The data from most of the quadrats
in the isolation transects indicate that the abundance of Agropyron
Smithii increased under continuous grazing and decreased under
total protection from grazing. There appears to be an important re-
lationship in some of the increases of Agropyron to the abundance
of Aristida. The isolation transect was located on soil that contained
considerable gravel. Under protection this soil was more favorable
for the growth of Aristida than for the growth of Agropyron. When
‘razed continuously, however, Aristida usually decreased, while
Agropyron increased, because the tufts of Aristida were, more or
less, cut, kicked or pulled out of the soil by the cattle. Agropyron
was not damaged in any of these ways and the lessened competition
of Aristida would favor its spreading.

In some quadrats, however, there were decreases under protec-
tion and increases under continuous grazing in the abundance of
Agropyron when no Aristida was present. There were increases in
the numbers of forbs under both conditions. In these gquadrats it
appears that moderate intensity of continuous grazing, as was prac-
ticed here, on the gravelly clay type of soil, was more favorable for
the production of stalks of Agropyron than was total protection from
grazing.

When opened or closed to deferred and rotation grazing, there
were more quadrats that showed decreases than increases in the
abundance of Agropyron. This soil was much less gravelly than in
the isolation transect in the continuous pasture. The results for the
quadrats closed to deferred and rotation grazing were similar to
those for the quadrats opened to this method of grazing. It appears,
then, that entire protection from grazing has little or no advantage
over deferred and rotation grazing in promoting increases in abund-
ance of Agropyron.

Hard and fast conclusions regarding the behavior of Agropyron
cannot be derived from the quadrats in the isolation transects be-
cause of the small numbers, short period of time (1926-1930) that
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they were under investigation and because of the variations in soils
and competing species from quadrat to quadrat. The data of each
quadrat must be interpreted on the basis of the particular condi-
tions; especially soil and climatic factors, grazing methods and com-
peting species, that prevail on each quadrat thruout the period of
study. This requires intensive methods, not merely measuring areas
or counting stalks once a year.

The species that appear to have given the most severe competi-
tion to Agropyron were: Stipa viridula, Aster, Psoralea, Artemisia
gnaphalodes, Bulbilis, Aristida, Boutelouwa, Astragalus spp., Iva
and Malvastrum. Brief statements regarding the behavior of a num-
ber of these species may aid in determining the effects upon the
vegetation of the grazing systems and of changes in grazing.

Stipa viridula gave surprising results in a number of quadrats.
In the quadrats opened to grazing in 1924 and 1929, located in the
isolation transect in the deferred and rotation pasture, Stipa in-
creased while Agropyron decreased. In some of the quadrats closed
to grazing, Stipa increased somewhat, but in the one not grazed since
1920, Stipa decreased considerably while Agropyron increased. In
the clipped quadrats, 3 and 5, Stipa increased in abundance while
Agropyron decreased, even tho the plants were clipped only once
during the season and after vegetative growth had been completed.
Since Stipa is a bunch grass and Agropyron a sod former, opposite
results would have been expected.

The area occupied by Bulbilis in each quadrat usually increased
from 1926 to 1928 and from 1928 to 1930. There were more quadrats
in the continuous pasture that had Bulbilis than in the deferred and
rotation pasture. The results in the 16-by-16-feet quadrats that were
opened or closed to grazing in 1927 and in 1928, were conflicting.
In the Bulbilis quadrat that was clipped once a year at a height of
1 inch, the yield decreased each year from 1927 to 1930. In all of
these changes soil-moisture conditions, as determined largely by
precipitation, probably had greater influence than grazing.

Aristida was present in all 14 of the quadrats in the isolation
transect in the continuous pasture but present in only 3 in the de-
ferred and rotation pasture. This was probably due to the more
gravelly soil in the former transect. Most of the quadrats that were
opened to grazing showed increases in Aristida from 1926 to 1928
and from 1928 to 1930, but a few showed considerable decreases.
Most of the quadrats that were closed to grazing showed small de-
creases from 1926 to 1930.

The abundance of Schedonnardus fluctuated considerably in
every quadrat where it was present. There were more quadrats,
however, that showed decreases than showed increases from 1926 to
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1930. There were more increases than decreases in the quadrats
opened to grazing, but more decreases than increases in those closed
to grazing. Fluctuations as these occurred. In the quadrat opened to
deferred and rotation grazing in 1922 there were 358 square centi-
meters in 1926, 155 in 1928, 284 in 1930; in the guadrat opened to
deferred and rotation grazing in 1924 there were 164 square centi-
meters in 1926, 56 in 1928, 42 in 1930. Chief factors causing these
changes were the abundance of the seed crop, seeding conditions as
trampling by stock, conditions affecting germination and growth of
the seedlings and the short duration of life of the plants.

In almost every quadrat where Aster hebecladus occurred it
increased in abundance from 1926 to 1928 and from 1928 to 1930.
It increased also in each of the large quadrats, 16 by 16 feet square,
and was more abundant in the areas that had been grazed than on
those that had been protected. Usually the increase from 1928 to
1930 was greater than that from 1926 to 1928. More of the quadrats
opened to grazing contained Aster than those closed to grazing and
there were greater numbers of stalks in the former than in the lat-
ter. Aster was usually not grazed at all by the cattle and has shown
considerable resistance to drought.

Psoralea tenuiflora was present in more of the quadrats in the
transect in the continuous pasture than in those of the other tran-
sect. In the major quadrats it increased more from 1927 or 1928 to
1930 in the areas opened to grazing than in those closed to grazing.
In the 10-meter-square quadrats located in the continuous pasture it
increased more from 1926 to 1930 than in the deferred and rotation
pasture. So it appears that Psoralea is a sensitive indicator of graz-
ing practices.

Artemisic gnaphalodes, not grazed by cattle, increased from
1926 to 1930 in most of the quadrats in which it occurred. It in-
creased somewhat more in the major quadrats (16 by 16 feet) that
were opened to grazing than in those closed to grazing.

Senecio perplexus was much less abundant in the continuous
pasture than in the deferred and rotation pasture. Decrease in num-
bers of this plant appears to be a sensitive method of determining
improper grazing methods.

Helianthus pumilus (closely grazed by the cattle) increased in
more quadrats, and decreased in fewer, under deferred and rotation
grazing than under continuous grazing. When protected from con-
tinuous grazing it increased more than when subjected to continuous
grazing. Protection from deferred and rotation grazing had about the
same results as when grazed. In the major quadrats (16 by 16 feet)
it increased more in the areas closed to continuous grazing than in



78 CoLORADO EXPERIMENT STATION Bulletin 377

those opened to grazing. This species then is favored by deferred and
rotation grazing or protection as compared to continuous grazing.

Sophora sericea increased in more quadrats and decreased in
fewer quadrats under continuous grazing than under deferred and
rotation grazing or total protection. This species is not grazed by
cattle.

Astragalus hypoglottis, usually not grazed, increased more from
1927 or 1928 to 1930 in the major quadrats (16 by 16 feet) closed to
grazing than in those opened to grazing, altho the increases were
large under both conditions. In nearly every quadrat, where it was
present, in the isolation transects this species showed increases.
Changes in grazing had little effect upon this plant, so other factors,
especially drier conditions causing decreased competition from other
species, must have caused the increases.

Astragalus drummondii (closely grazed) was present in many
more quadrats in the deferred and rotation pasture than in the other
pasture. In the 10-meter-square quadrats it was over five times more
abundant in the former pasture than in the latter. The abundance
of this species, therefore, is favored by the deferred and rotation
system of grazing.

GENERAL SUMMARY AND CONCLUSIONS

The purpose of this experiment was to determine the effects
of two different systems of grazing, the continuous system and the

deferred and rotation system, upon the range vegetation near Fort
Collins, Colorado.

The range was located at an elevation of 5,100 feet, 4 miles west
of Fort Collins. The experiment was started in 1921 and the data
presented in this bulletin are based chiefly upon investigations dur-
ing the period from 1926 to 1930 inclusive. The vegetation consisted
chiefly of western wheat grass (Agropyron Smithii). Other impor-
tant species were blue grama grass ( Bouteloua gracilis), buffalo grass
(Bulbilis dactyloides), porcupine grasses (Stipa spp., especially S.
viridula), three-awn grass (Aristida longiseta), Texas crab-grass
(Schedonnardus paniculatus) and a number of forbs, chiefly So-
phora sericea, Gaura coccinea, Aster hebecladus, Musineon divari-
catum, Malvastrum coccineum, Senecio perplexus, Astragalus drum-
mondit, A. hypoglottis, Psoralea tenuiflora and Iva axillaris.

Data were secured for the following environmental factors:
precipitation, evaporation, humidity, soil and air temperature, soil
profiles, soil moisture and mechanical and chemical analyses of the
soil at various depths.

The mean annual precipitation during a period of 41 years was
15.06 inches and the annual variation was from 7.11 to 27.57 inches.
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The months in which most precipitation falls are April and May;
least in November, December, January and February.

The average daily evaporation for the season, based on losses
from Livingston cylindrical atmometers during four seasons, was
about 20 cubic centimeters per day, ranging from 6 to 61 cubic
centimeters per day (average of weekly periods). The average an-
nual evaporation from a free-water surface for a period of 40 years
was 43.49 inches, the greatest losses occurring in June, July and
August.

The average humidity during winter was about 72 percent;
that of summer about 60 percent.

The mean annual temperature was 46.5°F. The range in
average weekly maxima during winter was 25 to 55° F.; during
summer 80 to 90° F. The range in average weekly minima during
winter months was 0 to 25° F; during summer, 43 to 58° F. The
frostless period averaged 138 days, from May 8 to September 27.
During winter the average weekly soil temperature at a depth of 4
inches ranged from 25 to 35° F.; during summer, 68 to 80° F.

The soil is classified as alluvial, modified by colluvial material,
and consists of about 80 percent of clay and silt down to a depth of
at least 2 feet. The nitrogen and lime contents of this soil are ex-
tremely high. Hardpan is present at about 2 feet.

Soil moisture in the upper 2 feet was usually ample from the
latter part of March to the first part of June, but during the rest
of June and extending into September it was frequently deficient,
especially in the surface foot during July. Available moisture was
usually not present below 2 feet.

The seasonal development of the vegetation was studied during
4 years. Earliest growth usually began about the middle of March.
During May the season’s growth was most rapid. In June the bloom-
ing of the vegetation was at its height. In July drying began in sev-
eral species and by the first part of August many species had dried
and disappeared. Ripening and drying continued thruout August
and September and a few late summer species bloomed.

In early spring the growth rates of grasses was retarded by low
temperatures. Stipa viridule was less sensitive than Agropyron
Smithii and both of these were less sensitive than Bouteloua, Bul-
bilis, Schedonnardus or Aristida. Vegetative growth was usually
completed by the latter part of June, when soil moisture usually was
depleted. Bouteloua and Bulbilis, however, renewed vegetative
growth later in the summer if soil moisture became ample, due to
showers.

The effects of the two systems of grazing upon the vegetation
were not as pronounced as would have been the case if the inten-
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sity of grazing had been greater. The effects of the different systems
of grazing may be obscured by variations in climatic factors, espe-
cially soil moisture, and by variations in the competition pressure of
numerous species which may be favored or hindered by changes in
climatic factors. Quadrat data, therefore, cannot always be readily
interpreted. The most reliable data are secured from large numbers
of quadrats and from quadrats that have been under observation for
long periods of time.

The most valuable data on the effects of the grazing systems
upon the vegetation in this study appear to be those secured from
the 30 list quadrats (2 meters square) systematically distributed in
each of the pastures. In 1929 there was an average of 912%=75.23
stalks per quadrat (2 meters square) in the deferred and rotation
pasture, and 597%50.48 stalks per quadrat in the continuous pasture.
This great difference (53 percent more stalks in one than in the
other) appears to be due chiefly to the different systems of grazing
in operation for 9 years. This is the chief effect that was found.

Bouteloua gracilis, Psoralea tenuiflore, Artemisia gnaphalodes,
Aster hebecladus and Artemisia frigide were among the species that
had greater abundance and frequency in the continuous pasture
than in the deferred and rotation pasture. Bouteloua was the only
one of these species that was grazed to any extent. Some of the spe-
cies in addition to Agropyron Smithii that had greater abundance
and frequency in the deferred and rotation pasture were Eurotia
lanata, Schedonnardus paniculatus, Senecio perplexus, Stipa viri-
dula and Aristida longiseta. All of these species were grazed by the
cattle. The total number of stalks of desirable species that could be
counted was 54 percent greater in the deferred and rotation pasture
than in the continuous one, the total number of stalks of undesirable
species was 18 percent less and the stalks of immaterial species was
27 percent greater.

In 1926 and in 1927 the average heights of flowering stalks of
Agropyron Smithii and Stipa viridule were greater in the deferred
and rotation pasture than in the continuous one. The weight and
percentage of germination of seeds from Stipa viridule plants grow-
ing in the deferred and rotation pasture were greater than of those
from the continuous pasture.

The data secured from the quadrats in the isolation transects,
clipped quadrats and major quadrats (10 by 10 feet, and 16 by 16
feet) were less decisive. For the period of time during which the
quadrats were under study (1926-1930), Agropyron increased more
under continuous grazing than under total protection from grazing.
Deferred and rotation grazing had effects similar to total protec-
tion. These results are not considered as reliable as those that are
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based upon the large number of list quadrats, mentioned above,
because of the smaller number, the shorter period over which each
kind of grazing extended, and the smaller portions of the pastures
that were covered.

It appears from these data, however, that increasing abundance
of Psoralea, Artemisia gnaphalodes and Sophora sericea (none
grazed) and decreasing abundance of Senecio perplexus, Helianthus
pumilus and Astragalus drummondii (all grazed) may be used as
delicate indications of grazing methods that are not suitable for the
maintenance of the kind of vegetation best suited to cattle. Many
changes that developed in these quadrats, particularly in the case of
Schedonnardus, appear to be due more to environmental conditions,
or to competition pressure, than to differences in the grazing sys-
tems.

In Concrusion.—In intensive studies on the relation of range
management to vegetation it is essential to know the life history
and habits of all of the important species and how these life his-
tories and habits may be modified by variations in soil and climatic
conditions and competition pressure from neighboring plants, in
addition to the direct effects of grazing. To acquire this knowledge
it is necessary to study the vegetation and the environment week in
and week out during the year. Examinations or quadrat studies
once or twice a year are very inadequate for thoro understanding
of these complicated interrelations.
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