
Effect of Nitrogen Content of Beardless 
Wheatgrass on Yield Response to 
Nitrogen Fertilization1 

J. L. MASON AND J. E. MILTIMORE 
Canada Agriculture, Research Station, Summerland, B.C. 

Notable increases in the yield 
of range grass have been ob- 
tained from nitrogen fertilization 
in the Western region of North 
America (Mader, 1957; Mason 
and Miltimore, 1959; Rogler and 
Lorenz, 1957). However, little is 
known about the relationship of 
the nitrogen content of range 
grasses and their yield response 
to nitrogen fertilization. Knowl- 
edge concerning this relationship 
could be used in assessing the 
yield response which might be 
expected from fertilizing given 
areas of range land. It would be 
particularly useful since soil tests 
for available nitrogen are known 
to be not very reliable. This 
paper presents data on the rela- 
tion of nitrogen content of range 
grass to yield. 

Materials and Methods 

The experimental work is di- 
vided into two sections. The first 
is a detailed field plot experi- 
ment to determine the basic rela- 
tionship of nitrogen content to 
yield of range grass. The second 
is a series of 4 field plot experi- 
ments to test the relationship 
found in the first section. 

Yield Response Experiment 
The relationship of nitrogen 

content of beardless wheatgrass, 
Agropyron inerme (Scrib. and 
Smith) Rydb., to yield was in- 
vestigated in a detailed field plot 
experiment. The natural cover 
on the experimental site was an 
association consisting chiefly of 
beardless wheatgrass and sage- 
brush, Artemisia tridentata Nutt. 
The sagebrush was cleared with 
a heavy rotary mower cutting 

1Contribution No. 106, Research Sta- 
tion, Canada Agriculture, Summer- 
land, B. C. 

close to the ground to make it 
possible to use plot machinery. 
All previous growth of grass was 
cut in this operation. 

Nitrogen fertilizer was applied 
to the plots as commercial am- 
monium nitrate fertilizer (33.5-0- 
0) in late November, 1958. 
Twelve rates of application were 
used 0, 25, 50, 75, 100, 150, 200, 
250, 300, 350, 400, and 450 pounds 
of actual nitrogen per acre. There 
were ten replications of each 
treatment. Plots were 8 by 20- 
feet. A strip 36-inches wide by 
20-feet long was harvested 
through the center of each plot 
with a sicklebar mower. The 
grass was harvested at the seed- 
set stage of maturity. The har- 
vested grass from each plot was 
separated from the weeds, oven- 
dried and weighed, and then 
ground in a Wiley mill and 
thoroughly mixed in an end- 
over-end tumbler box. Nitrogen 
content of the grass was deter- 
mined by the micro-kjeldahl 
method (A.O.A.C., 1955). 

Test Experiments 

Four test experiments were 
conducted. As before, nitrogen 
fertilizer was applied to the plots 
as commercial ammonium ni- 
trate fertilizer. There were 4 
rates of application: 0, 50, 150 
and 450 pounds of actual nitro- 
gen per acre. These rates covered 
the same range as the yield re- 
sponse experiment but at greater 
intervals. The fertilizer was ap- 
plied in late November or early 
December, 1959 except at Keller’s 
where it was applied in March, 
1960. There were ten replications 
of each treatment, except at 
Keller’s, where only 6 replica- 
tions could be fitted to the avail- 
able space. However, there were 
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2 strips harvested in each plot 
at Keller’s as compensation. All 
experiments were harvested 
close to the seed-set stage of 
maturity. The grass was sepa- 
rated from the other species for 
dry-matter determinations. Ni- 
trogen content again was deter- 
mined by the micro-kjeldahl 
method (A.O.A.C., 1955). 

All four experiments were lo- 
cated on stands of grass having 
beardless wheatgrass as the dom- 
inant species. It was necessary 
to clear the sagebrush at only 
one site, McDougald’s. 

The average temperature for 
April, May, June and July was 
two degrees warmer in 1960 than 
in 1959. The average for 1959 was 
one degree lower than the 48- 
year mean, and in 1960 it was 
one degree higher. Precipitation 
for July-June was 13.09 inches in 
1958-59 and 9.36 inches in 1959- 
60. The 42-year mean is 10.79 
inches. 

Resulfs 
Yield Response Experiment 

The yield of beardless wheat- 
grass increased from 433 pounds 
per acre at the 0 level of nitro- 
gen to 931 at the 450 pound level 
of nitrogen. However, there was 
little increase in yield above the 
150 pound level of nitrogen 
which produced 862 pounds per 
acre. 

The nitrogen content of the 
grass increased from 0.73 per 
cent at the 0 level of nitrogen 
application to 1.49 per cent at 
the 450 pound level (Table 1). 

The “F” test for the signifi- 
cance of differences between 
means for both yield and nitro- 
gen was significant at P = 0.01. 
Tukey’s confidence interval, D, 
was calculated according to the 
procedure of Snedecor, 1956. 

Test Experiments 

The yield in the four test ex- 
periments was approximately 
doubled as a result of the nitro- 
gen applications. Some burning 
of the plants was observed at the 
higher application rates, and in 
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Table 1. Yield and nitrogen content 
of beardless wheafgrass resulting 
from increasing nifrogen feriilizer 
applications, 

Fertilizer 
applied, Yield Nitrogen 
actual of grass, content 

nitrogen dry matter of grass 

(pounds/ (pounds/ (percent) 
acre) acre) 

0 4331 0.731 
25 573 0.79 
50 685 0.89 
75 775 0.99 

100 794 1.10 
150 862 1.25 
200 768 1.29 
250 894 1.38 
300 898 1.37 
350 946 1.42 
400 885 1.46 

Table 2. Yield and nitrogen content of beardless wheafgrass obtained in 
4 fesf experiments. 

interval 65 0.049 
1“F” test significant at the 1% level. 

some experiments reductions in 
yield occurred. The nitrogen con- 
tent of the grass increased as the 
nitrogen applications increased 
(Table 2). 
Effect of nitrogen content on yield 

A linear regression equation 
was calculated for the yield and 
the nitrogen content of the grass 
from the yield response experi- 
ment. Yield was calculated as 
“per cent of maximum yield” by 
dividing the actual yield for a 
treatment by the maximum yield 
as read off a hand-drawn mean 
curve of the data and multiply- 
ing by 100. This expression was 
further transformed to LOG 
(100-y) by substracting the “per 
cent of maximum yield” from 
100 and finding its logarithm. An 
excellent linear relationship was 
found between LOG (100-y) and 
per cent nitrogen content of the 
grass (Figure 1). 

A belt of confidence intervals 
was calculated for the regression 
line at 95 per cent probability by 
the procedure of Ezekial and 
Fox, 1959. This belt is plotted on 
Figure 1. 

The data from the test experi- 
ments were also transformed as 

Pounds of actual nitrogen Tukey’s 
applied per acre “F” Confidence 

0 50 150 450 test Interval 5% 

Yield, lb/acre dry matter 
Bulman 193 
Keller 236 
McDougald 319 
Hamilton 352 

403 399 334 **1 42 
330 366 482 ** 58 
620 745 446 ** 55 
658 589 312 ** 40 

N 

- - - - 
mean 275 503 525 394 

trogen content, % 
Bulman 0.72 1.13 1.69 2.16 ** .051 
Keller 0.75 1.49 1.96 2.46 ** .082 
McDougald 0.78 1.05 1.53 1.78 ** .047 
Hamilton 0.71 1.05 1.71 2.12 ** .035 

- - - - 
mean 0.74 1.18 1.72 2.13 

1 * * Significant at the 1% level. 

450 931 

Tukeys confidence 

280 
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LOG( 100-y) = -0.9073(% N) + 2.3670 

// 0.8 1.0 1.2 1.4 

NITROGEN CONTENT OF GRASS, PER CENT 

y = Per cent of moximu m yield 
0 = Yield response experiment 
x = Test experiments 

FIGURE 1. Yield expressed as percent of maximum yield and its relation to nitrogen 
content of grass as determined in a yield response experiment and in 4 test 
experiments. 



described above. One point for 
each of the four experiments 
relating nitrogen content to per 
cent maximum yield in the check 
treatment was plotted on Figure 
1. All four are within the 95 per 
cent confidence belt. 

Discussion 

A relationship between the ni- 
trogen content of range grass 
and the yield response to nitro- 
gen fertilization has been found. 
This relationship could be useful 
in assessing the yield response 
of a site from the nitrogen anal- 
ysis of the grass. 

Some burning occurred from 
the higher rates of nitrogen ap- 
plication. However, it seems dif- 
ficult to avoid burning entirely if 
rates high enough to attain max- 
imum yields are to be used. 
Earlier application of the fer- 
tilizer in September might re- 
duce the burning. The treatments 
in these experiments were all 
applied in the very late fall. 

The stage of maturity at har- 
2Range ecologist, Research Station, 

Kamloops, 33. C., Canada; private 
communication. 

NITROGEN CONTENT 

vest is critical, because the nitro- 
gen content is still falling rather 
rapidly. According to MacLean2, 
the nitrogen content falls from 
2.40 per cent at the leafy stage 
to 1.39 at flower, 1.05 at seed, 
0.66 at seed-set and 0.49 at the 
cured stage. Therefore, care must 
be taken to harvest at the chosen 
maturity to reduce variation in 
maturity to a minimum. 

Summary 

The nitrogen content of range 
grass has been shown to be re- 
lated to yield response to nitro- 
gen fertilizer. A comprehensive 
yield response experiment on 
Agropyron inerme (beardless 
wheatgrass) gave the basic rela- 
tionship between nitrogen con- 
tent and yield. The linear regres- 
sion equation is LOG (100-y) = 
-0.9073 (% N) + 2.3670 where y 
is yield expressed as a per cent 
of the maximum yield obtained 
in the experiment. A series of 
four test experiments was used 
to evaluate the relationship. The 
yield of the check plots ex- 
pressed as per cent maximum 
was plotted against nitrogen con- 
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tent. The points from all four 
experiments were within the 
95% confidence belt of the re- 
gression line. The data suggest 
that nitrogen analysis of range 
grass could be used as a measure 
of the fertilizer response to be 
expected. Grass was harvested 
at the seed-set stage of maturity. 
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Response of an Orchardgrass-Subclover Mixture 
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And Fertilizing Practices1 
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Introduction 

Considerable attention in both 
California and Oregon has been 
directed toward establishment of 
subterranean clover (Trifolium 
subterraneum L.) , usually re- 
ferred to as subclover (Williams 
et al., 1957; McGuire, 1961). Few 

ITechnical Paper No. 1724 from the 
Oregon Agricultural Experiment 
Station. 

2 Assistance and Counsel of Dr. T. L. 
Jackson, Prof. of Soils at O.S.U. is 
acknowledged. 

studies in the United States, 
however, have been concerned 
with management of established 
stands. Most of the work under- 
taken in the United States on 
grass-legume mixtures has been 
with white clover (Trifolium 
repens L.) and trefoil (Lotus 
spp.) with various grasses, e.g., 
Austenson and Law, (1955) and 
Davis and Bell, (1957). A num- 
ber of studies on subclover- 
perennial grass management 
have been made in Australia. For 
example, Andrew, (1960) has in- 

dicated the necessity of keeping 
grass rows fairly widely spaced 
for maximum production; other- 
wise not enough underground 
transfer of nitrogen from the 
subclover is obtained to keep the 
grass growing vigorously. 

In view of this need for in- 
formation on management of 
established stands in western 
Oregon, a 5-year study was un- 
dertaken in the Willamette Val- 
ley to better assess the influence 
of various fertilizer and cutting 
practices on the production of 
an orchardgrass (Dactylis glo- 
merata L.) -subclover mixture. 
Common orchardgrass and 
Nangeela subclover were the 
varieties used in this experi- 
ment. Subclover is a winter an- 
nual that germinates with the 
first substantial rain (0.5 inch or 
more followed by several cloudy 
days) in September. Growth of 


