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Highlight 

Forage yields were measured from 1959 to 1968 in response to a single ferti- 
lizer application in the fall of 1958 in southern British Columbia. The ten-year 
accumulated forage yield of beardless wheatgrass increased from 3000 pounds 
per acre at zero nitrogen treatment to 7750 pound per acre at 450 pounds per 
acre nitrogen treatment. Yield response from the lower application rates was 
greatest in the earlier years of the experiment. The general yield levels declined 
in the later years of the experiment. Nitrogen concentration in plant tops 
increased from 0.7 percent at the zero application level to 1.5 percent at the 
450 pound application level in the first year. Nitrogen concentration gradually 
declined over the first eight years at the higher application rates. By the last 
two years, there was no effect remaining of treatment on nitrogen accumu- 
lation. Plant analyses for Ca, K, Mg, Zn, Mn and Fe showed sharp declines in 
Ca and Zn but only minor changes in other elements from increasing nitrogen 
application levels. Plant crown diameter had increased from 4.4 to 5.2 inches 
with increasing nitrogen rates by the fifth year of the experiment. 

The forage yield response of na- 
tive range grasses to nitrogen fertil- 
izer in the interior areas of north- 
west United States and southwest 
Canada has been well documented 
in recent years. Yield increases up 
to two and three times the check 
have been recorded (Hubbard and 
Mason, 1967; Kilcher et al., 1965; 
Johnston et al., 1968; Mason and 
‘Miltimore, 1959, 1964, 1969; Rogler 
and Lorenz, 1957; Sneva et al., 1958). 
Considerable increase in seed pro- 
duction as a result of nitrogen fer- 
tilization has also been reported 
(Miltimore et al., 1962). 

Most of the literature records rel- 
atively short-term responses up to 
approximately three years. The ex- 
periment reported in this paper was 
carried on for ten years after a sin- 
gle nitrogen fertilizer application. 
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Yield and nitrogen analysis data 
for the 10 years are presented. Min- 
eral analysis data for 2 years is also 
presented. 

Materials and Methods 

The experiment was laid out on 
a terrace near the southern end of 
Okanagan Lake, British Columbia. 
The soil type is Penticton silt loam, 
a Brown soil, and the natural cover 
is an association of beardless wheat- 
grass (Agropyron inerme (Scrib. and 
Smith) Rydb.), Sandberg bluegrass 
(Pea secunda), and big sagebrush 
(Artemisia tridentata). The test 
area was mown close to ground level 
with a heavy-duty rotary moiwer to 
remove the sagebrush before the 
plots were established. The area 
had not been grazed for several 
years and was not grazed during the 
test period. 

Precipitation at the weather sta- 
tion of the Research Station, Sum- 
merland, located about one mile 
from the plots has averaged 10.99 
inches over 52 years and is fairly 
evenly distributed from month to 
month. Elevation of the site is 
about 1300 feet above sea level. 
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The experimental design was a 
randomized complete block with 12 
treatment levels and 10 replications. 
A single application of nitrogen 
fertilizer was applied to the plots 
as commercial ammonium nitrate 
fertilizer (33.5-O-O) in late Novem- 
ber, 1958. The twelve rates of ap- 
plication were: 0, 25, 50, 75, 100, 
150, zoo, 250, 300, 350, 400, 450 
pounds of actual nitrogen per acre. 
Plots were 8 by 20 feet. A strip 36 
inches wide by 20 feet long was har- 
vested through the center of each 
plot in the same place each year for 
the ten years the experiment was 
carried on. Harvesting was done 
close to the seed-set stage of ma- 
turity. The total harvest from each 
plot was oven-dried at 95 C and the 
weight recorded. The oven-dried 
grass was ground in a Wiley mill 
and thoroughly mixed in an end- 
over-end tumbler box. Nitrogen 
was determined by the A.O.A.C. 
microkjeldahl method (A.O.A.C., 
1955) and Ca, K, Mg, Zn, Mn and 
Fe by atomic absorption spectro- 
pho tolme try. 

Plant diameters were measured 
by pushing a thin steel desk ruler 
horizontally through the plant just 
above the crown. The diameter was 
then read from the bottom edge of 
the ruler. 

Results 

The accumulated dry matter 
yield of grass was increased by all 
rates of nitrogen fertilizer. From 
1959 to 1963, the yield was approx- 
imately doubled by the highest 
nitrogen level as compared to the 
yield from the check treatment. In 
1962 all yields were low but never- 
theless the highest nitrogen applica- 
tion rate still produced twice the 
yield of the check (Fig. 1). 

From 1964 to 1968, yields were 
still approximately doubled by the 
highest nitrogen application when 
compared to the check treatment. 
However, there was a continuous 
decline in overall yield throughout 
this period. At the beginning of 
the period, the highest rates were 
producing about 1000 pounds per 
acre and at the end of the period 
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Yield of beardless wheatgrass from 1959 to 1968 in response to a single application of nitrogen fertilizer in 1958. 

of the period only about 275 lb./ 
acre. Analysis of variance showed 
highly significant differences (P = 
0.01) in all years between yield and 
N rates. 

The total yield for the ten year 
period was 7,750 lb./acre at the 
highest nitrogen level as compared 
to 3,000 at the zero nitrogen level. 
This is 255% of the zero nitrogen 
yield (Fig. 2). 

The response curve for total 
yield over the ten year period is 
almost linear (Fig. 2). However, 
the curves for the individual years 
show a gradual change in the shape 
of the curve with time. Yields at 
the lower nitrogen applications of 
0 to 200 pounds per acre increase 
sharply at the beginning of the 
period but the increase becomes 

considerably less sharp towards the 
end of the period (Fig. 1). 

Nitrogen concentration in the 
harvested forage ranged from 0.7% 
at the zero nitrogen rate to 1.5% 
at the 450-lb. nitrogen rate in the 
first year of the experiment (Fig. 
3). Differences between treatments 
gradually reduced each year until 
1966, the eighth year of the exper- 
iment. In 1967 and 1968, the last 
two years, there was no change in 
nitrogen concentration due to treat- 
ment. Analysis of variance showed 
highly significant differences (P = 
0.01) for nitrogen concentration in 
the harvested forage resulting from 
different nitrogen application rates 
for all years except 1967 and 1968. 

Analyses of the harvested forage 
carried out on the 1967 and 1968 
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Total yield of beardless wheat- 
grass during the period 1959 to 1968 
from a single application of nitrogen 
fertilizer in 1958. 

only about 500 lb./acre. Similarly, 
at the beginning of the period, the 
check treatment was producing 
about 450 lb./acre but at the end 
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Fro. 3. Effect of a single application of nitrogen fertilizer in 1958, on nitrogen concentration in beardless wheatgrass for succeeding 
10 years. 
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FIG. 4. Concentration of the mineral nutrients in beardless wheatgrass in 1967 and 1968 as affected by a single nitrogen application 
in 1958. 
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harvested material showed that cal- 
cium was reduced with increasing 
nitrogen application levels. In 1968, 
the forage from the zero nitrogen 
treatment contained about 0.58% 
calcium, but the forage from the 
450 lb. of nitrogen treatment con- 
tained only 0.47%. In 1967, the two 
comparable figures were 0.50 and 
0.35. Potassium concentration was 
not affected by the low and high 
nitrogen treatments, but the middle 
treatments caused a small reduction. 
Magnesium was reduced slightly 
with the higher nitrogen applica- 
tions. Zinc was greatly reduced by 
the higher nitrogen rates. In 1968 
it was reduced from 22 to 16 ppm 
from the lowest to the highest treat- 
ment. In 1967 it was reduced from 
20 to 12 ppm. Manganese concen- 
tration was unaffected by nitrogen 
application rate in 1967 and was 
only slightly increased in 1968. 
Iron was reduced from 47 to 41 ppm 
in 1967 and from 40 to 36 ppm in 
1968 as nitrogen rates increased 
from 0 to 450 pounds per acre 
(Fig. 4). 

prospects of higher yields for several 
more years. These results show that 
long-term yield increases can be 
obtained from a single fertilizer ap- 
plication at least under the con- 
ditions of this experiment. Work 
reported before has shown yield 
increases usually for 2 or 3 years 
following a fertilizer application 
(Hubbard and Mason, 1967; Kil- 
cher et al., 1965; Johnston et al., 
1968; Mason and Miltimore, 1959, 
1964, 1969; Rogler and Lorenz, 
1957; Sneva et al., 1958). Long-term 
yield increase from a single fertilizer 
application can be expected to have 
marked beneficial effects on the 
economics of fertilizer application 
to range grasses. 

The gradual decline in the gen- 
eral level of yield in the last five 
years of the experiment is probably 
related to the extreme harvesting 
technique practiced. Each year, the 
same strip of grass was mowed to 
the usual cutter-bar height at the 
time of seed-set. This treatment 
may exert considerable stress on 
grass plants. Under less rigorous 
normal grazing where only 50% of 
the tops are removed, such a decline 
would be less likely to occur. 
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FIG. 5. Average diameter of plant crowns 
measured in 1963 in relation to nitrogen 
fertilizer rates. 

inches at the 450 lb. nitrogen appli- 
cation level (Fig. 5). 

Discussion 

The results show that very con- 
siderable increases in yield of native 
grassland can be obtained for a 
period of ten years from a single 
nitrogen fertilizer application un- 
der the conditions of this experi- 
ment. Even in the tenth year after 
application of the fertilizer, there 
was still a large yield increase with 
the highest nitrogen application 
rate producing 2.2 times the zero 
rate. There appear to be good 

Plant size, measured as diameter 
of the crown in 1963, showed an in- 
crease from about 4.4 inches at the 
zero nitrogen level to about 5.2 
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FIG. 6. Pounds of yield increase obtained 
per pound of nitrogen fertilizer applied 
for each of the nitrogen application 
rates used. 

The lowest rate of nitrogen ap- 
plication (25 lb./ acre) was the most 
efficient producing 25 lb. of forage 
for each pound of nitrogen applied 
(Fig. 6). At the 100 lb. nitrogen ap- 
plication rate, the yield increase 
had dropped to 16 lb. of forage per 
pound of nitrogen applied. At the 
350-lb. rate, the yield increase was 
reduced to 12 lb. and at the 450~lb. 
level, it was further reduced to 10 
pounds. The lowest application 
rate therefore gave the highest re- 
turns in pounds of forage per pound 
of nitrogen applied. Full economic 
evaluation would need to include 
further cost factors such as fixed 
cost of fertilizer application, vari- 
able costs of transporting fertilizer 
to the application site, and cost 
per pound of nitrogen. These 
would all vary with each proposal 
evaluated. 

The nitrogen concentration in 
the harvested forage was not af- 
fected by nitrogen fertilizer appli- 
cation rate in the last two years, 
1967 and 1968 (Fig. 3). However, 
considerable yield increases were 
still being obtained in these two 
years (Fig. 1). The average yield 
increase in the last two years was 
139% from the zero treatment to 
the 450-lb. treatment. There was 
obviously some improvement in the 
plants which was not reflected in 
the nitrogen concentration in the 
forage. one improvement which 

could very well be associated with 
higher yield is plant size. A measure 
of plant size, the diameter of the 
crown, was taken in 1963. Diameter 
increased from 4.4 to 5.4 inches or 
23% with increasing nitrogen rates 
from 0 to 450 lb./acre. This is 
much less than the yield increases 
of 139%. Diameter of the crown 
can be used as a base for a measure 
of root volume. Calculations of 
spherical, conical and cylindrical 
volume show that a cylinder having 
a height equal to the square of the 
radius has a volume increase of ap- 
proximately the same percentage 
as the yield increase, 144%. 

The reduced Ca and Mg levels 
in the forage would be critical if 
the trend were to continue, though 
the lowest levels recorded are above 
the minimum levels required for 
most classes of ruminants. Zn levels 
are well below the accepted require- 
ments of ruminants and the use of 
increased Zn supplementation be- 
comes essential with the higher 
levels of N fertilization. 

The practical use of these find- 
ings for the ranches is a thorny 
economic problem. Despite the 
large increases in yield possible 
from modest applications of nitro- 
gen fertilizer, the ranchers make 
virtually no use of this practice, and 
technical range advisors do not 
recommend it as a general practice 
although they do make very lim- 
ited recommendations for using it 
to guide cattle to desired locations. 

The method of application of 
fertilizer is also a great challenge to 
the rancher. In New Zealand, large 
tonnages of fertilizer have been 
flown on to range in rough terrain. 
This would seem to be the preferred 
method in mountainous or rough 
terrain. However, a large acreage 
of land is needed as well as special- 
ized high-speed loading equipment 
to keep costs down. 

There does not appear to be 
much immediate practical potential 

for the 
paper. 

findings reported in this 
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