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Highlight 
Applied nifrogen increased calm- 

petition between cheafgrass and 
intermediate wheaigrass for soil 
moisture and resulfed in death of 
wheaigrass. Grazing further in- 
creased this effect. Forage increases 
occurred in iwo of four years but did 
nof justify cost. 

Fertilization of seeded peren- 
nial grasses in sagebrush areas 
of the West is mostly experi- 
mental. Previous studies by Eck- 
ert et al. (1961)) Kilcher (1958)) 
and Sneva et al. (1958) indicate 
fertilizers will increase yield and 
quality of forage in areas having 
an average precipitation of 10 
inches or more. Kay et al. (1957, 
1958) reported yield increases of 
annuals, particularly cheatgrass 
(Bromus tectorum L.), in re- 
sponse to nitrogen application. 
Such increased growth of annual 
species would offer greater com- 
petition to seeded perennial 
grasses. 

The study presented here was 
established: (1) to determine 
the responses of a mixed stand 
of intermediate wheatgrass (Ag- 
ropyron intermedium (Host) 
Beauv.) and cheatgrass to vari- 
ous rates and combinations of 
fertilizers; (2) to ascertain the 
competitive effects of each 
species under various fertility 
regimes; (3) to determine the 

effects of environmental factors, 
especially precipitation, on re- 
sponses of both species to fer- 
tilizer, and (4) to determine the 
practicability of fertilizing es- 
tablished stands of intermediate 
wheatgrass and cheatgrass under 
semi-arid conditions. 

Methods 

The study was conducted on 
the University of California 
Demonstration Range, 2 miles 
northeast of the town of Likely 
in the extreme northeast corner 
of the state? The area is com- 
monly referred to as tableland, 
and usually grows big sagebrush 
(Artemisia tridentata Nutt.), 
cheatgrass, squirrel tail (Sitanion 
hystrix (Nutt.) J. G. Smith), 
Sandberg bluegrass (Poa se- 
cunda Presl), and red-stem fila- 
ree (Erodium cicutarium (L.) 
L’Her.). Annual precipitation 
averages 10 inches, with seasonal 
totals varying widely. The ele- 
vation is 4,500 feet, and the 
growing season is short and vari- 
able. Cheatgrass may germinate 
as early as October or as late as 
March, but seldom is tall enough 
to graze before May. In a warm 
wet season, growth may start as 

- 
1 The cooperation of rancher Warren 

Fluornoy on whose land this study 
was conducted is gratefully ac- 
knowledged. 

early as February. The annual 
grass matures about the first 
week of June and is dry by the 
end of June. Winter tempera- 
tures commonly fall below zero; 
summer temperatures may ex- 
ceed 100” F. The soil is gravelly 
loam over clay superimposed 
over a cemented layer on basal- 
tic bedrock (Yancy series). To- 
tal soil depth averages 10 to 20 
inches. Livestock use generally 
is from April 15 to June 15. 

Two adjacent fertilizer trials 
were established in the fall of 
1958 on a l-year-old seeding of 
Greenar intermediate wheat - 
grass. One trial was fenced to 
exclude cattle, deer, antelope, 
and rabbits; and the small ro- 
dents were poisoned as recom- 
mended by Howard et al. (1957). 
The second trial was identical in 
design, but left open to grazing 
by all animals. Nine fertilizer 
treatments were replicated four 
times in each trial in a random- 
ized block design. Nitrogen was 
applied as ammonium nitrate at 
rates of 30, 60, or 120 lb actual 
nitrogen per acre. Each of these 
nitrogen rates also was applied 
in combination with 40 lb/A sul- 
fur applied as gypsum. The re- 
maining treatments were 40 lb/A 
sulfur alone, 60 lb/A nitrogen as 
ammonium sulphate, and an un- 
fertilized check plot. Each treat- 
ment plot was 15 x 15 ft. All ni- 
trogen (N) and nitrogen plus sul- 
fur (NS) treatments in the 
fenced trial were split in half at 
the end of the first growing sea- 
son (1959) and the nitrogen ap- 
plication repeated on one-half 
(R) . This same half of the plot re- 
ceived a third application of ni- 
trogen at the end of the second 
growing season (1960). The re- 
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maining half received only the 
initial application of nitrogen. 
Sulfur application was not re- 
peated. 

Yield data were taken on 
fenced plots only. The entire plot 
area was harvested to a 2-inch 
stubble height, using a rotary 
lawn mower with bag attach- 
ment. Original plans included 
harvesting periodically during 
the growing season to simulate 
grazing, with the number of clip- 
ping depending on the amount of 
growth produced and length of 
growing season. Because of the 
low-rainfall years encountered, 
the actual numbers of clippings 
were none in 1959, two in 1960, 
and one each in 1961 and 1962. 

Botanical composition in terms 
of percent ground cover was de- 
termined by the step-point meth- 
od described by Evans and Love 
(1957) in both the fenced and 
unfenced plots. Thirty points and 
five squarefoot cover estimates 
were taken per plot (a total of 
120 points and 20 cover estimates 
per treatment) each year. 

Results and Discussion 

Precipitation during the 4 years 
of this study was considerably 
below normal - 4.92 inches in 
1958-59; 7.28 inches in 1959-60; 
5.37 inches in 1960-61, and 9.75 
inches in 1961-62. In addition to 
the extremely low total rainfall 
in 1958-59 and 1960-61 there was 
an almost complete lack of rain 
during the spring months in 
those same years - the period 
when nearly all plant growth 
normally occurs. The drought 
was reflected in the differential 
responses of the species as well 
as in total herbage yield. 

Effects cm Ground Cover 
Fenced plot. -The first year 

after treatment (1959)) ground 
cover of cheatgrass was increased 
over four times by the high nu- 
trient treatment (from 5% to 
21%). Ground cover of wheat- 
grass was doubled by the same 
treatment (from 6% to 12%), 
while total ground cover tripled 
(from 13% to 38%). Earlier 
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Table 1. Effects of fertilizer on percent ground cover-fenced plots. 

Cheat- Wheat- 

1960 

Treatment1 grass grass Total 

None (check) 

P-P 

10.0 3.0 13.0 
N30 15.5 4.8 22.8 
NaoR 17.8 7.3 25.3 
Neo 23.8 4.0 28.0 
N6oR 27.8 5.0 33.3 
N120 27.8 4.5 33.8 
m12oR 29.0 3.5 34.0 
s40 10.0 6.0 16.0 
AS-300 25.8 5.0 31.3 
AS-300R 31.3 5.0 36.5 
N30S40 16.5 4.0 20.8 
N3oS4oR 20.5 4.8 25.5 
NSOS40 23.8 3.5 28.3 
NBoS~OR 23.5 4.8 39.8 
N120S40 32.5 3.8 37.0 
N12oS4oR 34.3 4.5 41.5 
LSD .05 8.2 NS 8.3 

.Ol 11.0 - 11.0 

Cheat- Wheat- 
grass grass Total 

1961 

- 
2.0 3.8 6.0 
6.3 3.7 10.0 
4.5 4.8 9.8 
9.0 4.0 13.0 
6.3 3.0 10.0 
9.0 1.8 11.0 
5.0 1.8 7.0 
3.0 5.3 8.3 

11.5 4.3 15.8 
6.5 4.5 11.0 
5.5 4.0 9.8 
7.3 5.3 12.8 

12.5 3.3 16.0 
8.3 1.8 10.5 
7.0 1.5 8.8 
4.3 1.7 6.0 
4.8 2.0 4.6 
6.5 2.7 6.1 

Cheat- Wheat- 
grass grass Total 

5.3 

1962 

22.8 30.0 
24.5 16.3 42.5 
32.5 15.8 52.5 
30.5 13.8 47.5 
54.0 13.0 67.5 
49.0 14.0 70.0 
54.3 6.0 67.5 

7.0 22.0 30.0 
40.5 15.8 57.5 
65.3 7.3 77.5 
16.3 17.5 35.0 
27.8 13.5 42.5 
30.3 16.8 52.5 
52.8 5.3 65.0 
54.8 6.0 65.0 
71.8 6.5 85.0 
16.3 8.6 13.4 
21.7 11.5 17.9 

IRates of nitrogen (N) and sulfur (S) are given in lb/A, R refers to annual 
reapplication of nitrogen. AS refers to ammonium sulfate and lb/A of 
this material. 

growth of cheatgrass was noted 
on the N plots than on the check 
plots. 

The ground cover of wheat- 
grass was reduced considerably 
in all plots the second year, 1960 
(Table 1). This probably was the 
result of the extremely low rain- 
fall the previous year. Cheat- 
grass increased proportionately, 
and total ground cover remained 
unchanged even though total 
precipitation was increased con- 
siderably over the preceding 
year. 

Total ground cover on all plots 
was considerably lower the third 
year (1961) than the second as 
the result of another dry year. 
Wheatgrass showed a slight in- 
crease on the check, probably the 
result of the improved rainfall 
the previous year. However, fer- 
tilized wheatgrass continued to 
decline in ground cover, ap- 
parently because of the mortality 
suffered in this series of dry sea- 
sons, combined with the com- 
petitive effects of an increased 
amount of cheatgrass resulting 
from fertilizer treatments. Cheat- 
grass was much less on all plots 
in the third year than the second. 

The fourth year (1962) had 
about average rainfall, but was 
unusually productive because 
much of the rain fell during the 
spring growing period. Ground 
cover was increased considerably 
for both species over the third 
year on both the checks and on 
the fertilized plots. However, the 
fertilized plots again produced 
an excessive amount of cheat- 
grass; and, although wheatgrass 
was able to recover somewhat 
from the previous year, the 
amount of recovery was con- 
siderably less than that on the 
unfertilized checks. 

Grazed plot.-The plots were 
not grazed except by wildlife in 
1959 because of an almost com- 
plete lack of forage production. 
Grazing in 1960 did not affect 
total ground cover or ground 
cover of cheatgrass of either the 
check or the N120S40 plot, but 
wheatgrass on the check was de- 
creased to 1.3% by grazing com- 
pared with 3.0% on the fenced 
check. The grazed-fertilized 
wheatgrass also was reduced 
more than the fenced and fer- 
tilized wheatgrass (reduced to 
0.5% compared to 3.8%). 
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FIGURE 1. Grazed study-N12&o in foreground and check in rear. Photographed in 
third year of study, May 16, 1961. 

Table 2. Effects of fertilizer on percent ground cover-grazed plots. 

1961 
~___ 

1962 

Treatment1 
Cheat- Wheat- 
grass grass Total 

None (check) 
N30 
N60 
N120 
s40 
N30S40 
N60S40 
N120S40 
AS-300 
LSD .05 

.Ol 

1.9 
2.4 
1.2 
1.0 
1.4 
2.0 
1.7 
0.7 
2.4 
0.7 
1.0 

3.3 
1.3 
0.6 
0.3 
4.1 
2.2 
0.9 
0.1 
1.9 
1.6 
2.2 

5.2 
3.8 
1.9 
1.3 
5.6 
4.2 
2.6 
0.9 
4.7 
2.2 
3.0 

Cheat- Wheat- 
grass grass Total 

17.3 18.3 36.3 
39.5 7.5 47.5 
53.5 1.0 55.0 
45.2 2.3 47.5 

9.3 26.8 36.3 
38.3 10.0 50.0 
51.0 2.5 55.0 
40.0 2.5 46.0 
49.0 4.0 55.0 
14.3 5.7 11.5 
19.4 7.7 15.6 

IRates of nitrogen (N) and sulfur (S) are given in lb/A. AS refers to 
ammonium sulfate and lb/A of this material. 

Wheatgrass recovered some in 
check plots in 1961 as the result 
of the better growing year of’ 
1960, but recovery was not as 
much as in the fenced plots 
(Table 2). Total ground cover of 
check plots was reduced sharply 
over the previous year, with 
cheatgrass reduction accounting 
for the decreases. Wheatgrass 
was almost completely killed out 
in the high-nutrient plots, the 
mortality being much higher 
than in the fenced plots (0.1% 
ground cover on grazed plots 
compared to 1.5% on fenced 
plots, Figure 1). 

Excellent growing conditions 
in the fourth year (1962) were 
reflected in an increase in both 
species and in total ground 
cover. Increase of wheatgrass 
was greatest on the check and 
least on the highest nutrient 
rates, but always less than in 
plots of the same treatment 
under fence. 

Grazing was both early and 
heavy in all years. Deer, ante- 
lope, and rabbits grazed continu- 
ously from the time the first 
growth started at the end of 
winter; and in addition, livestock 
grazed from April 15 to June 20. 

Grazing by all classes of animals 
(wild and domestic) was heaviest 
where nitrogen fertilizers had 
been applied. The checks were 
also grazed harder than the gen- 
eral pasture because of their 
close proximity to the fertilized 
treatments. These factors may 
explain the differences in re- 
sponse between the fenced 
(mowed) experiment and the 
grazed experiment. 

Effects on Forage Producfion 

Forage yields varied more from 
year to year than they did be- 
tween fertilizer applications 
(Table 3). The check varied from 
an estimated 25 lb/A in 1959 to 
920 lb/A in 1962, a 36-fold differ- 
ence which compares with only 
doubled yields by fertilizing even 
in the best year (920 lb/A on 
check compared to 2290 lb/A on 
the NuoS~OR) . 

There was no increase in for- 
age resulting from fertilization 

Table 3. Effects of fertilizer on 
oven-dry forage yield&. 

Yields - lb/A 
Treatment2 19603 1962 ~- 
None (check) 350 920 
N30 360 1150 
NsoR 410 1450 
N60 430 1400 
NsoR 400 1770 
N120 390 1600 
NmoR 420 1770 
s40 290 1040 
N30S40 260 980 
N3oSoR 440 1800 
N60S40 360 1280 
N6o%oR 450 1820 
N120S40 410 1670 
N12oS4oR 520 2290 
AS-300 - 1200 
AS-300R - 2060 
LSD .05 30 280 

.Ol 40 390 -___ __ 
1 Yields for 1959 were not taken, 

yield on check plots was estimated 
at 25 lb/A; yields for 1961 averaged 
35 lb/A, no significant differences 
occurred among treatments. 

2 Rates of nitrogen (N) and sulfur 
(S) are given in lb/A. R refers to 
annual reapplication of nitrogen. 
AS refers to ammonium sulfate and 
lb/A of this material. 

3 Total of two clippings. 
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in either of the two drier years, 
1959 and 1961. Yields were in- 
creased significantly by many of 
the treatments in 1960, but not 
enough to justify the expense of 
the fertilizer. Growth responses 
were much better in 1962, a year 
when the extra feed produced by 
fertilization was not needed. 

The single application of 60 
lb/A nitrogen at the beginning 
of the experiment continued to 
produce forage increases in the 
fourth growing season. The 30 
lb/A treatment failed to pro- 
duce a yield response in any 
year unless repeated. 

Table 4. Effecfs of fertilizer on pro- 
fein contents (percent) of wheaf- 
grass and cheafgrass: 1960 growing 
season. 

April 27, June 2, 
1960 1960 

Cheat- Wheat- Both 
Treatment1 grass grass species ___ 
None (check) 11.9 
N30 - 

N3oR - 

Nso - 

NsoR - 

N120 - 

Nl2oR - 

s40 - 

N30S40 14.0 
&O&OR 17.4 
N60S40 17.6 
N6oS4oR 20.5 
N120S40 17.9 
NlsoS4oR 23.3 
AS-300 - 
AS-300R - 
LSD among 
means of fer- 
tilizer treat- 
ments .05 3.9 
for the same 
species. .Ol 5.8 
LSD between 
means for 
species for the 
same or differ- 
ent fertilizer 
treatments. .05 4.8 

13.3 11.4 
- 13.2 
- 14.8 
- 14.1 
- 19.1 
- 19.4 
- 21.1 
- 12.1 

18.0 11.9 
19.6 14.8 
20.8 15.2 
26.7 19.4 
26.5 18.1 
29.7 23.4 

- 14.6 
- 16.5 

2.2 

2.9 

1 Rates of nitrogen (N) and sulfur 
(S) are given in lb/A. R refers to 
annual reapplication of nitrogen. 
AS refers to ammonium sulfate 
and lb/A of this material. 

Supplementary Studies 

Forage quality. - The protein 
content of cheatgrass and wheat- 
grass were determined separate- 
ly in the first clipping of 1960 
and together in the second. The 
protein contents of both species 
generally were increased by ni- 
trogen fertilization (Table 4). 
Wheatgrass was significantly 
higher in protein than was cheat- 
grass when both were heavily 
fertilized. 

An analysis also was made for 
sulfate-sulfur. Again there was 
a significant difference between 
the species when heavily fer- 
tilized, wheatgrass being higher 
in sulfur (0.464%) than was 
cheatgrass (0.176%). Sulfur was 
also higher in the wheatgrass in 
the NCJO&O plot (0.464%) than in 
the N120S40 R plot (0.350%)) in- 
dicating that the increased 
growth from repeated nitrogen 
applications had depleted the 
sulfur. This analysis also shows 
that sulfur carries over well in 
this soil and is not readily 
leached. 

Soil moisture. - Soil moisture 
was measured gravimetrically at 
two depths-6-10 inches and 12- 
16 inches-on May 17 and again 
on June 2, 1960. There were no 
differences in moisture attribut- 
able to fertilizer treatment on 
the first sampling date, but dif- 
ferences were apparent on the 
second date. Differences in use 
of moisture by cheatgrass and by 
wheatgrass were negligible. 
However, both species removed 
more moisture when fertilized 
than when not fertilized. Soil 
moisture on June 2, 1960 at 6-10 
inches was 12.1% on the check 
and 9.4% on the N120S40 R plot. 
At the 12-16-inch depth moisture 
was 21.4% and 15.6%, respective- 
lY* 

Soil nitrogen.-Total soil nitro- 
gen was measured at two depths 
(O-3 in. and 3-6 in.) at the end 
of the growing season in 1961 in 
the check, N120, and N120 R plots 
to determine if nitrogen had ac- 

cumulated from the repeated ap- 
plications. Total nitrogen in the 
soil samples averaged 0.085%. No 
statistically signif icant differ- 
ences were found. However the 
increases in yield the following 
year indicate that probably con- 
siderable nitrogen remained in 
the nitrogen plots. 

Soil @.-Soil pH was mea- 
sured at two depths in the check 
and N120S4oR plots at the end of 
the third growing season to 
check on the possible effects of 
a lowered pH on the mortality 
of the wheatgrass. The pH in the 
treated plots was significantly 
reduced at both depths, but not 
sufficiently to contribute to the 
mortality. At the O-3 inch depth, 
pH was 7.2 on the checks and 6.9 
on the N120S40 R plots; at the 3-6 
inch depth it was 7.4 and 7.0 re- 
spectively. 

Conclusion 

Results of the 4-year fertiliza- 
tion study on cheatgrass and in- 
termediate wheatgrass indicate 
that applied nitrogen, especially 
at the higher rates, favored 
cheatgrass at the expense of 
wheatgrass. Grazing increased 
the detrimental effects of high 
nitrogen fertilization on inter- 
mediate wheatgrass. 

Increased growth of cheatgrass 
with high nitrogen, coupled with 
extremely dry years, is con- 
cluded to be the principal cause 
of the marked reduction of in- 
termediate wheatgrass. 

Under the soil and moisture 
conditions of this experiment, 
fertilization of intermediate 
wheatgrass and cheatgrass is not 
economical, and also may cause 
serious damage to the wheat- 
grass. 

Summary 

A 4-year fertilizer study was 
established on a l-year old stand 
of intermediate wheatgrass in- 
fested with cheatgrass. Two field 
trials were included, one open to 
grazing and the other protected. 
Nitrogen was applied at three 
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rates, with and without sulfur. Increases in forage yield oc- research. Jour. Range Mangt. 10: 
Initial application of nitrogen curred only in the better forage 208-212. 

was compared with annual re- years. In the poorer years no for- HOWARD, W. E., AND B. L. KAY. 1957. 

application. Plots were sampled age increase resulted from fer- 
Protecting range forage plots from 

for yield and botanical composi- tilization. In no instance did the 
rodents. Jour. Range Mangt. 10: 
178-180. 

tion by ground cover. forage response justify the cost 
Results indicated that applied of the fertilizer. 

KAY, BURGESS L., C. F. WALKER, J. E. 
STREET AND J. L. MYLER. 1958. 

nitrogen, especially at the higher 
rates, favored cheatgrass at the 
expense of the wheatgrass under 
the dry conditions of this study. 
Grazing increased the detrimen- 
tal effects of high nitrogen fer- 
tilization on intermediate wheat- 
grass. Rapid depletion of soil- 
moisture, the result of increased 
growth of cheatgrass under high 
nitrogen in a period of below- 
normal precipitation, was postu- 
lated to be the principal cause of 
reduction of intermediate wheat- 
grass. 
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Highlight 
One applicafion of manure, straw 

and straw - plus- fertilizer increased 
forage producfion significantly up fo 
eight years after freafmenf. Forage 
on these plots generally contained 
greater amounts of nutrients fhan on 
control plots and fhe species compo- 
sition was changed. Ferfilizafion is a 
valuable range management fech- 
nique for increasing livestock pro- 
duction. 

One method of increasing 
range forage production is by the 
use of barnyard manure and in- 
organic fertilizers. Substantial 
forage yield increases from ap- 
plications of barnyard manure 
and inorganic fertilizers on 
Northern Great Plains have been 
shown in recent literature. The 

1 Formerly at Canada Experimental 
Farm, Manyberries, Alberta. 

benefits derived from applica- 
tions of barnyard manure have 
not been separated to indicate 
whether the nutrients within the 
manure, the mulch effect result- 
ing from the scattered manure, 
or a combination of the two fac- 
tors brought about the increases 
in production. 

Clarke, Tisdale and Skoglund 
(1943) reported that one appli- 
cation of 12 tons manure per acre 
more than doubled the forage 
yield of Bouteloua-Stipa vegeta- 
tion over a six-year period. Later 
work at the same location, by 
Peters et al. (1953)) showed that 
when manure was applied at the 
rate of 30 tons per acre the for- 
age yield increase was greater 
than when rates of 15 or 7.5 tons 
were used. Studies conducted by 
Lodge (1959) on Stipa-Bouteloua 
range showed that manure ap- 
plied at rates of 10 and 20 tons 

per acre increased crude protein 
content the first year and in- 
creased forage yield the second 
year. 

In tests with inorganic fertil- 
izers, Clarke and Tisdale (1945), 
Westin, Buntley and Brage 
(1955)) Rogler and Lorenz 
(1957), Lodge (1959)) and Cos- 
per and Thomas (1961) have 
shown that nitrogen fertilizers 
increased forage yields and that 
the fertilized forage contained 
more protein. Phosphorus fer- 
tilizers, in some instances, in- 
creased the phosphorus contents 
of the fertilized forage. 

Changes in botanical composi- 
tion of the sward after nitrogen 
fertilization were shown by Rog- 
ler and Lorenz (1957). Western 
wheatgrass (Agropyron smithii) 
benefited most from the fertil- 
izer, while blue grama (Boute- 
Zoua gracilis) decreased in den- 
sity because of the shading ef- 
fect and competition of western 
wheatgrass. Applications of ma- 
nure at 10 tons per acre, to Stipa- 
Bouteloua vegetation, were 
shown by Heady (1952) to be 
effective in improving the grass 
stand and in decreasing the 
amounts of little clubmoss (Se- 


