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Research studies as well as the
experience of individual ranch
operators have shown that range
land has a great potential for in-
creased production. It is known
that reseeding, weed and brush con-
trol, and proper management can
do much to improve the range and
increase the return per acre of
land. A few recent studies on the
use of fertilizers on mnative grass-
lands have indicated that here also
may be a method of range improve-
ment and of increasing the re-
turn per acre.

Unfortunately there is very little
research information available on
fertilization of native grass, espe-
cially in the Northern Great Plains
region. Most of the studies have
been with seeded grasses and re-
sults have been obtained only in
terms of herbage yields. Results
of these studies have shown, in
general, that the response of seeded
cool-season grasses to nitrogen in
particular, even under low rain-
fall conditions, makes the use of
this fertilizer economically feasible
in many cases.

One of the few reports from the
Great Plains region on the effect
of nitrogen fertilizer on gains was
made by Mellvain and Savage
(1950). Their work at the U. S.
Southern Great Plains Field Sta-
tion, Woodward, Oklahoma, showed
that ammonium nitrate applied to
weeping lovegrass at 30 pounds of
nitrogen per acre in 1947 and 53
pounds in 1948, increased grazing
capacity 33 percent and gain of
yvearling steers per acre by 37
pounds.

1Research investigations of the Crops Re-
search Division, Agricultural Research
Service, U. 8. Department of Agriculture.

Another experiment with ferti-
lizers on native range in the Great
Plains is being conducted in west-
ern South Dakota at the Range
Field Station near Cottonwood. A
progress report by Westin, Buntley
and Brage (1955) for the 1952-54
period showed that good responses
in forage yields were obtained from
the application of 20, 40, and 80
pound rates of nitrogen per acre
on pastures that had been grazed
at heavy, moderate and light in-
tensities. The greatest response
was obtained on the heavily grazed
pasture, where 80 pounds of nitro-
gen were applied per acre an-
nually. This treatment produced
3,165 pounds more hay per acre
over the 3-year period than the
check plots. Their studies also
showed that 80 pounds of nitrogen
per acre applied once in three years
produced more hay per unit of
nitrogen than 80 pounds applied
every year for three years. All
rates of nitrogen produced residual
effects for a period of three years.
Marked increases were obtained in
the percentage of protein from the
higher rates of nitrogen.

Williams (1953) conducted a
fertilizer experiment on upland
prairie near Lincoln, Nebraska. He
found the application of 60 pounds
of nitrogen per acre raised the
crude protein and phosphorus
levels in most grasses, especially at
the earlier stages of growth. Nitro-
gen-treated cool-season grasses
were higher in crude protein at
growth stages up to jointing time
than were nitrogen-treated warm-
season grasses at corresponding
growth stages. The application of
nitrogen fertilizer also resulted in
greatly increased dry matter yields.
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Climate, Soil and Vegetation

The climate of the area where
the present study is located does
not differ greatly from that of
other sections of the Northern
Great Plains. Temperatures reach
extremes in both winter and sum-
mer, rainfall is limited, strong dry-
ing winds are ecommon, and there
are frequent drought periods.

Normally about half of the an-
nual rainfall comes in May, June,
and July, and the seasonal precip-
itation from April 1 to September
30 is about three-fourths of the an-
nual. The annual rainfall, as shown
in Table 1, averaged 17.91 inches
during the period of the study.
This compares with a 42-year aver-
age of 16.01 inches. During the
period of study, 1952 was the only
year when the lack of precipita-
tion sharply limited plant growth.
The most favorable year for growth
was 1953.

The soil of the plots is classified
as Williams silt loam. Tt is de-
veloped over calcareous glacial till
and has a dark grayish-brown sur-
face soil. Tests made prior to the
initiation of the experiment showed
the total nitrogen content of the
soil in both a heavily and moder-
ately grazed pasture, where the ex-
periment was conducted, to be re-
latively high, being .257 and .250
percent in the surface six inches
for the heavily and moderately
grazed pasture, respectively.

Table 1. Annual and seasonal precipi-

tation for the 1951-56 period at. the

Northern Great Plains Field Station,
Mandan, North Dakota

Precipitation
Annual Seasonal
total total
Year (Apr.-Sept.)
in. in.

1951 20.31 16.65

1952 10.25 7.46

1953 21.76 16.56

1954 20.17 18.10

1955 18.33 16.24

1956 16.64 14.94
Average

(1951-56) 17.91 14.99
Average

(1915-56) 16.01 12.50
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Under moderate grazing the
vegetation in the area is quite typ-
ical of much of the Northern Great
Plains. Tt is mixed prairie type.
The dominant warm-season grass
is blue grama (Boutelowa gracilis)
and the dominant cool-season grass
is western wheatgrass (Agropyron
smithit). Needle-and-thread (Ntipa
comata) is another important cool-
season species along with thread-
leaf sedge (Carex filifolia), a
erass-like plant. A number of forbs
are normally present in the vege-
tative cover.

Experimental Methods

The experiment was conducted
on areas fenced off from grazing
in 1951 in each of two pastures.
One pasture had been heavily
grazed for a period of 35 years
immediately prior to the start of
the experiment, and the other
pasture moderately grazed for the
same period. Nine plots, 6 by 20
feet in size, were established ran-
domly in each of the enclosed
areas. Three treatments with three
replications were used. Plots in
one treatment received no fertilizer
and were used as checks. In
another treatment, 30 pounds per
acre of nitrogen were applied in
the form of ammonium nitrate in
the early spring the first year but
in the late fall each year there-
after. The other treatment was a
90 pound per acre treatment ap-
plied in the same manner as the 30
pound treatment.

Observational notes were taken
during the course of each season,
and the forage harvested at one
inch in height about the middle of
August after the cessation of
growth. Yields were calculated on
the basis of 12 percent moisture in
the forage. Separations were made
of the forage from plots in the
heavily grazed pasture to deter-
mine the amount contributed by
various species. In addition to the
fertilized plots in the heavily
grazed pasture, an area was fenced
off from grazing each year without
further treatment, except annual
harvest, in order to determine the
natural recovery of the vegetation

Figure 1. Fertilized and unfertilized plots of native grass in a moderately grazed
pasture. The plot on the left shows the early growth and increase in amount of
western wheatgrass on May 15, 1956, after six years of annual fertilization with
90 pounds of nitrogen per acre. The check plot on the right received no fertilizer.

from an overgrazed condition. Soil
moisture samples were taken to a
depth of six feet by 1-foot in-
crements in non-fertilized plots in
both pastures and in the fertilized
plots in the heavily grazed pasture
in the spring and fall of each year.
Crude protein determinations of
the forage from the various treat-
ments were made each year by the
standard K jeldahl method.

Results

At the initiation of the experi-
ment in 1951, response to nitrogen
by western wheatgrass and other
cool-season species in the native
mixture was almost immediate, as
reflected in darker color and in-
creased growth. This marked early
response was evident every year
thereafter (Kig. 1). Observational
notes indicated that on the average
there was sufficient growth on the
fertilized plots to support grazing
10 days earlier than on the check
plots.

Yields obtained during the
course of the experiment are shown
in Table 2. Tt is interesting to note
that in the heavily grazed pasture,
where the vegetation had changed
from a typical mid-grass type to
almost pure blue grama due to
heavy grazing, yields were ex-
tremely low the first vear for the

check plots. The blue grama was
also reduced in vigor due to close
grazing. The application of 30
pounds of nitrogen per acre ap-
proximately doubled the yield the
first year. Ninety pounds more
than tripled it. Remnant western
wheatgrass plants made a rapid
recovery and accounted for most
of the yield inerease. In the moder-
ately grazed pasture, where the
vegetation was in excellent condi-
tion at the start of the experiment
with a high percentage of western
wheatgrass, the vields of the check
plots were considerably higher. The
percentage inerease due to nitro-
gen application was not as high as
in the heavily grazed pasture, but
the total yields were greater. Since
the vegetation wvas in a more vig-
orous condition at that time, yields
naturally were more.

In 1952, when rainfall was much
below normal, yields were ex-
tremely low in the moderately
grazed pasture. Moisture shortage,
as shown by moisture samples, was
more pronounced because of the
previous extraction of soil moisture
by a deeper rooted, more vigorous
grass cover. Soil moisture was
actually higher at the deeper
depths in the heavily grazed pas-
ture, where a reduced root system
had extracted less moisture previ-
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Table 2. Yield in pounds of forage per acre from plots in a heavily grazed and
moderately grazed pasture fertilized annually with two rates of nitrogen com-
pared to no fertilization.

Hveéwily grazed pasture

Moderately grazed pasture

Pounds nitrogen per acre

Pounds nitrogen per acre

ceiving no fertilizer are given in
Table 4. There was a natural re-
covery in vigor and an increase in
western wheatgrass, which was an
indication of an improved range
condition. Even so, two years of

Year 0 i % 0 i %0 fertilization with 90 pounds of
132; 22? 2(1); 1?;2 ;22 gi; 1;12 nitrogen each year did more to im-
1953 1247 2595 5062 944 2217 4341 prove the range condition and to
1954 1172 1593 2334 674 1724 2086 increase yields than six years of
1955 751 1350 2285 841 1414 2101 complete isolation from grazing.
1956 739 1302 1915 533 1242 1754 Most of the increase in yield
Average 748 1326 2271 656 1314 2007 was due to the increased amount of

L.S.D. between treatment means for heavily grazed pasture:

at 5% level—381 pounds
at 19 level—630 pounds

L.S.D. between treatment means for moderately grazed pasture:

ous to the dry weather than that
in the moderately grazed pasture.
With the application of nitrogen,
a more extensive root system de-
veloped which could tap the soil
moisture at the deeper depths.
Natural increase in vigor of the
grass in the heavily grazed pasture
resulted in increased yields over
the previous year in spite of the
extreme shortage of rainfall.
Precipitation was much above
normal in 1953 and yields were ex-
tremely high in both pastures. The
importance of moisture in relation
to yield is shown by the fact that
the check plots in the heavily
grazed pasture yielded more than
fertilized plots in previous years.
Over a 4-fold increase in yield
above the check plots was pro-
duced by the plots receiving 90
pounds of nitrogen. The extremely
high yield was probably due par-
tially to a residual effect of nitro-
gen from the preceding year, when
growth was limited due to drought.
Response to nitrogen continued to
be marked from 1954 through 1956.
The 6-year average shows that in
both pastures, yields were approxi-

at 59 level—210 pounds
at 19 level-—348 pounds

a higher return per unit of nitro-
gen from the 30 pound rate of ap-
plication than from the 90 pound
rate. For hay produection only,
nitrogen fertilizer would be on the
border line of being economical at
present-day prices, since it would
take an approximate increase of
20 pounds of hay per acre for each
pound of nitrogen applied. Other
factors which may be of greater
economic importance than hay pro-
duction must be considered in the
determination of the possibilities
for profitable use of nitrogen ferti-
lizer on native range. Some of these
factors will be considered in this
paper.

One of the evident advantages
of the use of nitrogen was the bene-
ficial effect it had on the vegetation
in the heavily grazed pasture.
Yields in this pasture from plots
isolated from grazing and har-
vested for hay every year but re-

western wheatgrass. In 1956, 83.5
percent of the herbage from the
plots receiving 90 pounds of nitro-
gen in the heavily grazed pasture
consisted of western wheatgrass,
while only 57.5 percent of the herb-
age from plots protected from
grazing six years without fertiliza-
tion was western wheat. The herb-
age from plots protected from graz-
ing only in 1956 contained just 9.4
percent western wheat. It should
be pointed out that under the sys-
tem of harvesting used, the basal
cover or density was greatly re-
duced in the heavily fertilized
plots. Blue grama, which is a short
growing, high density species, was
thinned out because of the shading
effect and competition of the taller
western wheatgrass. In this ex-
periment, as in many others, there
was a definite need for grazing
trials to measure the total effects of
fertilization. The removal of top
growth of western wheatgrass
throughout the season by grazing
animals would have greatly altered
the effects of shading and competi-
tion.

In addition to response to nitro-
gen in increased yields, protein

Table 3. Increase in pounds of hay per acre for each pound of nitrogen applied,
from plots fertilized at two rates of nitrogen in a heavily grazed and moderately
grazed pasture,

Heavily grazed pasture

Moderately grazed pasture

Pounds of nitrogen per acre

Pounds of nitrogen per acre

mately doubled by the annual ap-

. A . Yea 30 90 30
plication of 30 pounds of nitrogen 195; 51 55 ' 9 592
per acre. Ninety pounds approxi- 1 ’ ) ’ ’
. . 952 9.7 9.3 3.4 3.3
The increases in pounds of hay 1954 14.0 12.9 35.0 15.7
per pound of nitrogen applied are 1955 20.0 17.0 19.1 14.0
shown in Table 3. On the basis of 1956 18.8 13.1 21.5 13.6
hay production, the data indicate Average 19.3 16.9 21.6 15.0
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Table 4. Yield in pounds of hay per acre from plots isolated from grazing each
year in a heavily grazed pasture.

Number of years isolated from grazing

Year One Two Three Four Five Six
1956 256 528 603 528 679 739
1955 248 690 524 677 751 —
1954 398 489 733 1172 — —
1953 344 659 1243 — — —
1952 180 321 — — — —
1951 259 — — — — —

content of the herbage was con-
siderably higher for those plots re-
ceiving the high rates of applica-
tion. Here again grazing tests were
needed to determine whether in-

p‘fl’)tclu

creased
would have increased gains beyond
those based strictly on amount of
dry matter produced. Table 5
shows the percentage erude pro-
tein each year from 1952 through
1956 for the plots in both the
heavily grazed and moderately
grazed pastures. In some years the
30 pound application of nitrogen
tended to decrease the percentage
protein of the herbage below that
from the check plots. This was
probably the result of growth
stimulation in the plants without
sufficient nitrogen aceumulation be-
yond the actual needs of the plants
for growth. There evidently was a
dilution effect on the nitrogen in
the plants resulting in a lower per-
centage of protein. '

Lo S N ) N, R
111 uiie  nervage

Discussion and Conclusions

Many of the research studies that
have been carried on indicate that
range fertilization has a greater
chance of successful application in
the Northern Great Plains than in
more southern regions of the
Plains, or in many other areas in
the west. The reason for this is
that native grass in the northern
Plains consists of a mixture of both
cool- and warm-season grasses. The
cool-season grasses show a marked
early spring response to the appli-
cation of nitrogen fertilizer, even
on soils high in total nitrogen, be-
cause of the lack of available nitro-
gen from nitrification under the
low soil temperatures that exist.
Later on in the season, warm-season

grasses will provide much of the
forage needed for livestock use.
Even though moisture is limited in
the northern Plains, there is gener-
ally sufficient moisture in the early
spring for plants
advantage of nitrogen that is ap-
plied artificially. Studies at Man-
dan have shown that, even after 32
years of heavy grazing, the total
soil nitrogen under native grass
has not been reduced below that in
non-grazed areas or in moderately
grazed pastures. Production, espe-
cially in the early part of the grow-
ing season, appears to be influenced
primarily by available nitrogen
and available soil moisture.

It has been demonstrated that
the use of fertilizers can be eco-
nomically profitable in the west on
mountain meadows, sub-irrigated
meadows, on irrigated pastures,
and on seeded pastures of cool-
season grasses. Full scale research
would now seem justified on the
problem of increased production of
native range land. The meager in-
formation available is not over-
whelming evidence in favor of the
use of fertilizer, but it does indi-
cate great possibilities. If the fer-
tility level can be balanced with

to be able to take
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the supply of soil moisture, the ef-
ficiency of use of both moisture
and fertilizer would be increased.

Nitrogen fertilizer can be used
along with other range manage-
ment methods as an effective tool
in range improvement. Many of the
present-day management methods
have been designed to maintain the
production of range land. Ferti-
lizer use points up the possibilities
of increased production. Because
of the vast size of the Northern
Plains, even a small increase in
production per unit of area would
amount to great economice value to
the area as a whole. Many other

advantages could well aceruc

the use of commercial nitrogen, in-
cluding a longer grazing period,
better distribution of livestock
over the range, and the mainte-
nance of a better ecological com-
plex of species.

Results of this study indicate a
great potential for more efficient

rance nrodietion and inereaged re
Fafigd ¢ proGuliivil aitt 1iréasth I'e-

turns per acre by the proper use
of range fertilization in the North-
ern Great Plains, where the major
portion of the land is in grass.

from
1Irom

Summary

The effects on native range pro-
duction from the annual applica-
tion of two rates of nitrogen
compared to no nitrogen on a
heavily and moderately grazed
pasture were studied for a period
of six years at the U. S. Northern
Great Plains Field Station.

On the heavily grazed pasture,
90 pounds of nitrogen per acre
applied annually produced an

Table 5. Percentage crude protein of the herbage harvested from plots in a
heavily grazed and moderately grazed pasture fertilized annually with two rates
of nitrogen compared to no fertilization.

Heavily grazed pasture

Moderately grazed pasture

Pounds nitrogen per acre

Pounds nitrogen per acre

Year 0

30 90 0 30 90

1952 7.56 7.56 9.31 7.38 7.44 9.44
1953 6.25 6.31 7.19 6.50 6.44 9.06
1954 7.88 7.38 8.25 7.38 6.63 8.44
1955 7.44 6.75 9.19 7.00 6.56 8.06
1956 7.56 7.75  10.00 7.38 6.75 9.69
Average 7.34 7.15 8.79 7.13 6.76 8.94
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average of 2271 pounds of dry for-
age per acre compared to 1326 and
748 pounds, respectively, for 30
pound and no nitrogen treatments.
On the moderately grazed pasture,
90 pounds of nitrogen, 30 pounds
of nitrogen, and no nitrogen pro-
duced 2007, 1314, and 656 pounds
per acre, respectively.

The increase in yield resulting
from nitrogen fertilization was due
primarily to the increase in west-
ern wheatgrass. This grass showed
a marked response because of the
readily available nitrogen in the
early spring, when low soil tem-
peratures did not permit a rapid

G. A. ROGLER AND R. J. LORENZ

rate of natural nitrification, and
because of its cool-season growth
habits.

A greater return in pounds of
hay produced per pound of nitro-
gen applied was obtained from the
30 pound rate than from the 90
pound rate.

Two years of fertilization of a
heavily grazed pasture at the 90
pound rate of nitrogen did more
to improve range condition and
production than six years of com-
plete isolation from grazing.

The crude protein level in the
herbage was higher every year
from the plots receiving 90 pounds

of nitrogen than from the check
plots but was lower in some years
in the plots receiving 30 pounds
of nitrogen because of a dilution
effect.
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