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ization were obtained annually (Calamagrostis montanensis) on 
by clipping inside and outside all fields and for Junegrass on 
the 10 cages located in each field. the continuously grazed field. 

Initial, bi-weekly and final There were significant decreases 
weights of the yearling steers in ground cover of Sandberg’s 
were taken throughout the study. bluegrass (Poa secunda) and the 

Table 1. Order of rotating fields during years grazed. 

Season grazed 
Field designations by letters and 

years grazed 

1949 1950 195119521953195419551956 1957 

Spring (May 1 to June 20) A 
Summer (June 21 to Sept. 17) B 
Fall (Sept. 18 to Oct. 27) A 

Annual precipitation was low- 
est during 1949, 1950 and 1952 
and equal to or above the 29- 
year average in the remaining 
six years (Table 2). Precipita- 
tion for April to July, inclusive, 
was lowest during the first and 
last years of the trial. During the 
experimental period the means 
of seasonal precipitation and an- 
nual precipitation exceeded the 
means for the previous 20-year 
period by 20 and 23 per cent, 
respectively. 

Experimental Results 
Vegetation 

Vegetational analyses of the 
fields under the two systems of 
grazing showed no difference in 
total increase of ground cover of 
the main for age species, blue 
grama grass (Bouteloua gracilis), 
needle-and-thread grass (Stipa 
comata), Junegrass (Koeleria 
cristata) and western wheatgrass 
(Agropyron smithii), after nine 
years (Table 3). The total grass 
and sedge ground cover increased 
slightly more on the rotation 
fields than on the continuously 
grazed field, but the difference 
was not significant. 

In general, there was an in- 
crease in ground cover of the 
mid-grasses and a decrease in 
the short-grasses over the nine- 
year period on both the rotation 
and the continuously grazed 
fields. Significant increases in 
ground cover were recorded for 
needle-and-thread grass, western 
wheatgrass and plains reed-grass 

B A B A B A B A 
A B A B A B A B 
B A B A B A B A 

sedges (Carex spp.) and a non- 
significant decrease of b 1 u e 
grama grass on all fields. 

There was no observational 
evidence of overgrazing under 
either system of grazing. Clarke 
and associates (1943) have shown 
that under heavy grazing the 
principal forage grasses, needle- 
and-thread grass, Junegrass, 
western wheatgrass and, to a less 
extent, blue grama, decrease in 
density while Sandberg’s blue- 
grass, fringed sage (Artemisia 
frigida) and low sedge (Carex 
eleocharis) increase in density. 
The significantly large increase 
in ground cover of fringed sage 
from 1950 to 1957 shows that 
very favorable climatic condi- 
tions existed after 1950. 

There were no differences in 

the increased ground cover of 
total forbs and shrubs in the 
fields under the two different 
systems of grazing. Pursh’s plan- 
tain (Plantago purshii), the most 
abundant range weed in 1950, 
was non-existent in 1957. Moss 
phlox (Phlox hoodii) increased 
significantly on the continuously 
grazed field but decreased on the 
rotation fields. Little club moss 
(SeZagineZZa densa) increased in 
ground cover on the rotation 
fields but decreased on the con- 
tinuously grazed field. 

The changes in number of 
plants of the various species per 
square meter quadrat generally 
corresponded with changes in 
their ground cover (Table 4). 
The increased number of plants 
of certain species indicates that 
some natural reseeding may have 
occurred on all fields during the 
years when moisture conditions 
were favorable. The system of 
grazing practiced did not appear 
to affect the degree of natural 
reseeding. The increase in total 
number of grass and sedge plants 
was similar under both grazing 
systems. The large increase in 
number of plants of “Other 
forbs” on the rotation fields was 
due to the widespread coverage 
of golden aster (Chrysopsis vil- 
Zosa) . 

Table 2. Precipitation, herbage yield and herbage utilization during graz- 
ing experiment. 

Year 

Precipitation in inches Rotational grazing Continuous grazing 

Yield in Yield in 
April pounds Percent pounds Percent 

to July, D. M. utiliza- D. M. utiliza- 
inclusive Annual per acre tion per acre tion 

1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
Av., 9 years 

(1949-57) 
Av., 29 years 

(1928-57) 

4.45 11.19 133 39 130 45 
5.83 11.14 200 42 196 48 
6.10 18.06 338 53 377 53 
5.21 11.05 519 51 513 37 
8.40 12.02 572 45 587 46 
7.94 16.87 648 47 603 47 

13.28 16.06 731 45 620 45 
8.19 14.38 621 51 576 38 
4.30 13.67 638 42 587 34 
7.08 13.83 489 46 465 44 

6.28 12.04 
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Table 3. Changes in percent basal area of plant cover under two systems of grazing between 1950 and 1957. 

Rotational Grazing Continuous grazing 
Species 1950 1957 Diff. Percent 1950 1957 Diff. Percent 
Bouteloua gracilis 2.31 2.13 - 8 3.48 3.18 - 9 
Stipa comata 1.04 1.69 + 62”” 1.24 1.72 + 39** 
Koeleria cristata 0.95 1.10 + 16 0.57 1.24 + 118** 
Agropyron smithii 0.32 0.48 + 50** 0.30 0.41 + 37** 
Poa secunda 0.14 0.04 - 71** 0.33 0.03 - 87** 
Calamagrostis montanensis 0.51 1.14 + 124** 0.05 0.49 +880** 
Carex spp. 1.25 0.52 - 58** 1.86 0.92 - 50** 

Total grasses and sedges 6.52 7.10 + 9 7.73 7.99 + 3 
Artemisia frigida 0.09 0.59 +556** 0.11 1.09 +891** 
Phlox hoodii 0.39 0.30 - 23 0.07 0.18 + 157** 
Plantago purshii 0.51 0.00 -loo** 0.66 0.00 -loo** 
Artemisia cana 0.02 0.11 +450** 0.00 0.00 0 
Other forbs 0.16 0.78 +388** 0.07 0.10 + 43** 
Total forbs and shrubs 1.17 1.78 + 52** 0.91 1.37 + 51** 
Selaginella densa 3.36 5.42--- + 61* 2.65 2.33 - 12 

* Significant at the 5% level. 
** Significant at the 1% level. 

Forage production was low in 
1949 and 1950 but was greater 
during the years 1951 to 1957 
(Table 2). Although average 
production of forage on the rota- 
tion fields was greater than on 
the continuously grazed field the 
difference was not significant. 
The slight increase of forage pro- 
duction in favor of the rotation 
fields may be due to deferment 
of a portion of the field during 
the growing period of May and 
early June. 

Average estimates of forage 
utilization over the nine-year pe- 
riod on the rotation and continu- 
ously grazed pastures were 46 
and 44 percent, respectively. 
Utilization throughout the ex- 
perimental period was below the 
recommended 55 per cent level 
(Clarke et al., 1942)) thus allow- 
ing abundant carryover e v e r y 
year. 

To determine whether nutri- 
tional differences existed in the 
herbage on the two pastures, 
checks on protein content were 
made during the years 1951 to 
1956. Average crude protein de- 
terminations were 8.43, 5.88 and 
3.98 percent on the continuous 
pasture and 8.42, 5.36 and 3.73 
percent on the rotation pasture 
at the end of the spring, summer 
and fall grazing periods, respec- 

tively. Herbage clipped from the 
continuous pasture during the 
summer and fall contained sig- 
nificantly (P<O.O5) more protein 
than herbage from the rotation 
pasture. This difference in pro- 
tein content occurred in five out 
of six years. 

Cattle Gains 

Average daily and total sea- 
sonal gains of the yearling steers 
on the two different systems of 
grazing are presented in Table 5. 

There was a significant (P< 
0.01) difference in the total sea- 
sonal gain made by the steers in 
favor of continuous grazing. Av- 
erage seasonal steer gains on the 
continuous pasture were greater 
than those on the rotation pas- 
ture in all years except 1951. 
Over the nine-year period aver- 
age daily gains of the two groups 
of yearling steers were identical 
during the spring or first grazing 
period. During the summer or 
second grazing period daily gains 
were consistently in favor of the 
continuous pasture (P<O.Ol) . At 
this time the steers on rotation 
grazing were moved to a field 
which was last grazed the pre- 
ceding fall and contained more 
mature forage than that found 
on the continuously grazed pas- 
ture. During the fall, or third 

grazing p e r i o d, average daily 
gains were slightly greater on 
the continuous pasture but the 
difference was not significant. 

Discussion 

Under continuous grazing cat- 
tle have access to each plant spe- 
cies when it is most palatable 
and nutritious. With deferred- 
rotational grazing the grasses be- 
come too coarse to be effectively 
utilized towards the end of the 
season. This was shown by lower 
yearling steer gains on the sum- 
mer field deferred from spring 
grazing. Results obtained by 
Rogler (1951) indicate that year- 
ling cattle do not utilize mature 
forage as well as do older cattle. 

Changes in vegetation in the 
area-list quadrats were not as 
great as those reported from 
other investigations (Clarke et 
al., 1943). The vegetation re- 
sponse under the two systems of 
grazing was similiar, therefore, 
the increase in grass cover dens- 
ity and productivity from 1950 
to 1957 may be attributed to fa- 
vorable climatic conditions. 
Coupland (1959) has shown that 
during the decade following 
1944, with prevailing favorable 
weather conditions, grass cover 
density and productivity in- 
creased remarkably in the mixed 
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Table 4. Changes in average number of planfs per square mefer under two systems of grazing befween 1950 and 
1957. 

Species 
Average number of plants per square meter 

Rotational Grazing Continuous grazing 

1950 1957 Diff. percent 1950 1957 Diff. percent 

Bouteloua gracilis 
Stipa comata 
Koeleria cristata 
Agropyron smithii 
Poa secunda 
Calamagrostis montanensis 
Carex spp. 

112.6 116.2 + 3 131.0 128.3 -2 
48.4 56.9 + 18* 47.7 66.8 + 40** 
67.3 90.8 + 35** 29.1 100.1 -j-244** 
31.7 48.0 + 51** 30.6 40.9 + 34** 

9.6 2.8 - 71** 15.2 2.5 - 84*” 
50.8 114.4 +125*” 4.8 49.1 +923** 

124.8 52.6 - 58** 179.5 91.6 - 49** 

0 Total and sedges grasses 445.2 481.7 + 8 437.9 479.3 + 9 
Artemisia frigida 1.8 9.1 +406** 2.2 10.2 +364** 
Phlox hoodii 15.6 22.1 + 42** 3.0 10.7 +257** 
Plantago purshii 51.2 0.0 -loo** 65.7 0.0 -loo** 
Artemisia cana 0.2 0.7 +250** 0.0 0.0 0 
Other forbs 11.0 64.9 +490** 4.3 8.3 + 93** 

Total forbs and shrubs 79.8 96.8 + 21 75.2 29.2 - 61 
* Significant at the 5% level. 

** Significant at the 1% level. 

prairie (Stipa-Bouteloua associ- 
ation) of the northern Great 
Plains. 

The results obtained indicate 
that little benefit can be ex- 
pected from deferred-rotational 
grazing of short-grass prairie in 
south-eastern Alberta when the 
range is in a good condition. The 
extra water development, fenc- 
ing, and handling costs entailed 
in this system of management do 
not appear to be justified, at 
least under these conditions. It 
is possible that deferred-rota- 
tional grazing might give bene- 
ficial effects in the restoration of 
overgrazed ranges. As pointed 

out by Sarvis (1941)) “if cattle 
have enough native forage avail- 
able to put on the maximum 
gains it will produce, no other 
method or system of grazing can 
be expected to increase them.” 

Summary 
A two-field deferred-rotation 

system of grazing was compared 
with continuous grazing over a 
nine-year period. There were no 
significant differences in the re- 
sponse of the vegetation between 
the two pastures. The main for- 
age producing species, blue 
grama grass, needle-and-thread 
grass, Junegrass and western 

wheatgrass, r e a c t e d similarly 
under both systems of grazing. 
The total grass and sedge cover 
and the total forb and shrub 
cover increased on both pastures. 
Little club -moss decreased on 
the continuous pasture but in- 
creased in ground cover in the 
rotation pasture. 

Forage production was greater 
on the rotation pasture than on 
the continuous pasture but the 
difference was not significant. 
Utilization of forage was lower 
than that recommended, leaving 
abundant carryover in all years 
on both fields. 

Total seasonal gains of year- 
Table 5. Average daily and fofal seasonal gains of yearling steers on rofafion and confinuous pasfures. 1949-1957, 

inclusive. 

Year 1st. period 

Avekage daily gain 

2nd. period 3rd. period Seasonal 

Total 
seasonal 

gain 
Rota- Contin- Rota- 
tion uous tion 

- -- 
1949 2.30 
1950 2.15 
1951 2.36 

( 1952 2.97 
1953 1.90 
1954 2.04 
1955 1.31 
1956 1.38 
1957 2.02 
Av., 9 years 2.05 

-- 
2.23 
2.21 
2.22 
2.91 
1.95 
1.93 
1.18 
1.61 
2.20 
2.05 

- -- 
1.83 
1.93 
2.02 
1.49 
1.96 
1.96 
1.91 
2.18 
1.63 
1.88 

Contin- Rota- Contin- 
uous tion uous 

- (Pounds) - - - - 
2.01 -1.25 -0.98 
2.15 0.18 0.85 
2.11 0.92 0.82 
1.63 0.69 0.50 
2.12 0.54 0.39 
2.06 0.61 0.63 
2.10 0.76 0.76 
2.22 0.68 0.71 
1.77 -0.36 --0.38 
2.02 0.31 0.37 

Rota- Contin- Rota- Contin- 
tion uous tion uous 

--- -- 
1.50 1.62 
1.65 1.91 
1.83 1.80 
1.69 1.71 
1.56 1.62 
1.62 1.65 
1.46 1.51 
1.62 1.71 
1.37 1.49 
1.59 1.67 

(Pounds) 
273.3 294.5 
286.6 332.2 
337.4 331.5 
284.7 288.0 
284.8 294.5 
300.7 304.9 
266.0 274.9 
294.4 310.6 
251.5 273.2 
286.6 300.5 



EFFECTS OF GRAZING 243 

ling steers were greater on the 
continuously grazed pasture than 
on the rotation pastures. The 
major portion of this advantage 
in gain occurred during the sum- 
mer grazing period when steers 
on the rotation pastures were 
moved to a field deferred from 
spring grazing. This field con- 
tained more mature forage, 
which was lower in protein con- 
tent, than the continuously 
grazed field during this period. 
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Yield, Quality, and Fertilizer Recovery of 
Crested Wheatgrass, Bromegrass, and Russian 
Wildrye as Influenced by Fertilization’ 

D. E. SMIKA, I-L J. HAAS, AND G. A. ROGLER 

Soil Scientists, Soil and Water Conservation Research 
Division, and Research Agronomist, Crops Research 
Division, AgricuZturaE Research Service, U. S. Depart- 
ment of Agriculture, Mandan, North Dakota 

Fertilization of grasses on the 
Great Plains and adjacent areas 
has been studied by several in- 
vestigators in recent years. The 
literature contains numerous re- 
ports from these areas on the 
effect of fertilizers on yield and 
protein content of cultivated 
grasses. 

Anderson, et al. (1946) re- 
ported that bromegrass herbage 
yields increased with increasing 
nitrogen rates to approximately 
100 pounds of nitrogen per acre. 
Beyond this rate, the fertilizer 
became less effective in stimu- 
lating yield but more effective 
in increasing protein percent- 
ages. Sneva, et al. (1958) found 
that yields and protein content 
of crested wheatgrass were in- 
creased by nitrogen rates up to 

Tooperative investigation of the 
Soil and Water Conservation Re- 
search Division and Crops Research 
Division, Agricultural Research 
Service U.S. Department of Agricul- 
ture. 

30 pounds of nitrogen per acre. 
Stitt, et al. (1955) and Whitman, 
et al. (1957) reported that crested 
wheat gr a s s yields were in- 
creased by nitrogen applications 
up to 150 and 200 pounds of ni- 
trogen per acre, respectively. 
Stitt, et al. (1955) also found that 
protein percentages increased 
with increasing nitrogen rates. 

Kilcher (1958) and Stitt (1958) 
studying several grasses, con- 
cluded that crested wheatgrass 
showed the greatest response to 
nitrogen fertilizer with Russian 
wildrye responding somewhat 
less. Kilcher, who also used 
several sources of nit r 0 gen, 
found that yield increases of the 
grasses studied were not related 
to nitrogen source. 

The present study was con- 
ducted at the Northern Great 
Plains Field Station, Mandan, 
North Dakota. The objectives 
were (1) to determine which 
fertilizer treatments would pro- 
duce highest yields, (2) to de- 

termine the effect of various 
fertilizer treatments on protein 
and phosphorus content of the 
forage, and (3) to determine the 
percentage recovery of the ap- 
plied nitrogen and phosphorus. 

Experimental Plan and 
Procedure 

This study involved s e v e n 
commercial fertilizer treatments 
(30-o-0, 30-30-0, 30-30-30, 60-o-0, 
60-60-0, 60-60-60, a n d 90-0-O 
pounds of N - P205 - K20 per 
acre, respectively); one barnyard 
manure treatment (15 tons per 
acre); and one no-fertilizer treat- 
ment (O-O-O). There were two 
randomized replications of each. 
The fertilizers were broadcast 
annually in late fall, except in 
the first and fourth year, when 
they were broadcast in the 
spring. The grasses used in this 
study were crested wheatgrass 
(Agropyron desertorum (Fisch.) 
Schult.) ; Russian wildrye (Ely- 
mus junceus Fisch.) ; and brome- 
grass (Bromus inermis Leyss.) . 
The sources of nitrogen and 
phosphorus varied during the 
experiment. Nitrogen sources 
used were sodium nitrate, am- 
monium sulfate, and ammonium 
nitrate. Phosphorus sources were 
superphosphate (20 p e r c e n t 
P&5) and treble superphosphate 
(approximately 45 p e r c e n t 
P205). Potassium was supplied 


