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Effect of Fertilization on Yield on an Irrigated 
Mountain Meadow1 

ROSS W. LEAMER2 
Soil Scientist, Soil and Water Conservation Research 
Division, Agricultural Research Service, U. S. Depart- 
ment of Agriculture, University Park, New Mexico. 

Ranchers utilizing mountain 
ranges in the Rocky Mountain 
region usually have areas of val- 
ley land on which they produce 
hay for winter feed. Approx- 
imately 3,800,OOO acres of such 
land in the 11 Western States is 
classified as mountain meadows 
(Rouse et al. 1955). Commonly 
these meadows are pastured in 
the spring, cut for hay in the 
summer while the cattle are on 
higher ranges, and pastured 
again in the fall. Grasses pre- 
dominate in these high altitude 
valleys. 

Burton and DeVane (1952) re- 
viewed the literature on the ef- 
fect of nitrogen fertilization on 
growth and chemical composi- 
tion of grasses in pastures in the 
southeast and Willhite et al, 
(1955) studied grasses in moun- 
tain meadows in Colorado. They 
all agreed that nitrogen on pure 
stands of grass increased the 
yields on most soils. Generally, 
yield increases were accompan- 
ied by increases in protein con- 
tent. 

Shipley and Headley (1948), 
working on the high altitude 
meadow areas of Nevada have 
shown that late harvesting re- 

1In cooperation with the Soil Con- 
servation Service, USDA, and the 
New Mexico Agricultural Experi- 
ment Station. Submitted as Journal 
Paper No. 194 of the New Mexico 
Agricultural Experiment Station 
Series. 

duced the nutritive value of hay. 
Miller et al. (1955) found that 
highest protein yields were ob- 
tained when the first harvest 
was at the end of June. Willhite 
et al. (1955) found that, in high 
mountain valleys in Colorado, 
hay cut the first of August was 
superior in feeding value to hay 
cut in early September. In their 
experiment, one pound of 43 per- 
cent crude protein cake supple- 
ment per animal per day was re- 
quired to raise the feeding value 
of late cut hay ration to equal 
early cut hay. They also found 
a direct relationship between 
pounds of crude protein in the 
daily ration and the rate of ani- 
mal gain. Many ranchers cut 
hay in the early stages of matur- 
ity to maintain the high protein 
content and then use the fall re- 
growth for pasture when the 
high mountain ranges are cov- 
ered with snow. 

This report summarizes a four- 
year study on an irrigated mea- 
dow in the Cimarron Valley one 
mile west of Cimarron in north- 
ern New Mexico. The valley at 
this location is 6500 feet above 
sea level. The average frost free 
period is 158 days (May 1 to 
October 11). The mean tempera- 
ture for July is 70 degrees. Aver- 

2The author is indebted to person- 
nel of the Soil Conservation Serv- 
ice for their help in collecting the 
data, and to the W-S Ranch for the 
use of the site for this experi,ment. 

affecting change and rate of 
change in a vegetation of annuals 
in Idaho. Ecology, 32: 53-72. 

STEWART, GEORGE AND A. C. HULL, JR. 
1949. Cheatgrass (Bromus tee- 
torum L.) An ecologic intruder in 
southern Idaho. Ecology, 30: 58-74. 

age annual precipitation is 15 
inches. There is ample water for 
irrigation. 

Materials and Methods 
The field was leveled for irri- 

gation in 1956 to a slope of 0.95 
feet per 100 feet. Maximum cut 
in the experimental area was 
1.10 feet; maximum fill was 0.70 
feet. The soil was described as 
a well-drained, undifferentiated 
mountain alluvium. Barnyard 
manure, at the rate of five tons 
per acre, was spread on the 
whole field in 1956 following 
leveling. In 1957, 100 pounds of 
8-32-O and 100 pounds of 33-O-O 
were spread, and the area was 
disk plowed. About July 1, 1957, 
a mixture of Kentucky 31 fescue 
(Festuca arundinacea), orchard- 
grass (Dactylis glomerata), tall 
wheatgrass (Agropyron elonga- 
turn), and Madrid sweetclover 
(Melilotus officinalis) was 
planted. The area was irrigated 
before planting, and good rains 
followed planting. The grasses 
emerged to a good stand. The 
field was sprayed with 2,4-D 
about the middle of August. 
Most of the weeds and clover 
were killed but a good stand of 
grasses remained. 

The treatments were initiated 
in 1958 and terminated in 1961. 
The main variables were time 
and rate of application of nitro- 
gen as ammonium nitrate. One 
application was made early in 
the spring when the first growth 
was apparent (March 1); another 
was made when growth was well 
started (April 15); and a third 
was made after the first cutting 
of hay had been removed (July 
1). The amounts of fertilizer ap- 
plied at the various dates are 
shown in Figures 1, 2 and 3. All 
rates were doubled the last year. 
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Each treatment was replicated 
six times in a randomized block 
design. The area was irrigated 
as necessary to prevent the 
grasses from wilting. 

The experiment was not initi- 
ated in time for the early appli- 
cation the first year, and the late 
application was not made in the 
last year. In addition to the ni- 
trogen variables, an N + P treat- 
ment and an N +P + K treat- 
ment were included. In these 
treatments N, P, and K rates 
were 240, 44, and 150 pounds per 
acre, respectively. P and K were 
applied in March and N in April. 

Annual hay and regrowth 
yields were determined about 
July 1 and September 15, respec- 
tively, by weighing the forage 
clipped from a measured portion 
of each plot. A subsample of 
both hay and regrowth from 
three replicates was used to de- 
termine dry matter and N con- 
tent. Protein content was deter- 
mined by multiplying the nitro- 
gen content obtained by Kjel- 
dahl analysis by 6.25. The amount 
of nitrogen recovered in the for- 
age was calculated for each year. 
The percentage of the applied 
nitrogen recovered in the crop 
was calculated as follows: 

1961 I-\ 

5 0 0 60 0 
60 60 120 0 0 0 0 
60 60 0 160 240 240 240 

7/l 0 0 0 0 0 0 60 60 0 0 0 0 

NITROGEN T R E A T M k NzKT 
FIGURE 1. Average hay and regrowth yields for irrigated mountain meadow plots. 

crease per pound of nitrogen. 
Rates greater than 60 pounds 
produced increases but they 
were less per pound of nitrogen 
applied. All 1960 yields were 
lower than other years, but the 
increase was more uniform over 
the range of nitrogen applied 
and the response curve was more 
linear than other years. The 

varied significantly from the 
April application. The July ap- 
plication had no residual effect 
on the protein content of hay in 
the following year. Protein con- 
tent of the regrowth increased 
linearly with the total amount of 
nitrogen applied. In all years 
except 1961, the protein content 
of regrowth on plots receiving 

N in forage from fertilized plot-N in forage from check plot 1 
Total 

L 

Results and Discussion 

Hay Yields 

Hay and regrowth yields are 
presented in Figure 1. Average 
yields of 1958-1960 are compared 
with 1961 yields because the fer- 
tilizer rates were doubled in 
1961. Each year there was a 
statistically significant linear in- 
crease in yield with increasing 
amounts of nitrogen applied. The 
yield increases were not as great 
in 1958 as in the following years. 
The manure and fertilizer ap- 
plied before the field was seeded 
apparently supplied enough nu- 
trients for near maximum yields 
in 1958. In 1959, the 60-pound ap- 
plication gave the largest in- 

N applied 1 
linear response indicated that 
maximum yield had not been at- 
tained so the fertilizer rates were 
all doubled in 1961. The response 
to the doubled rates was linear 
up to the 240-pound rate but was 
less per pound of nitrogen above 
that rate. 

Proiein Confenf 

Protein content increased gen- 
erally as nitrogen fertilizer rate 
increased. The averages of the 
protein percentages in the hay 
and regrowth are shown in Fig- 
ure 2. Each hay crop gave a 
highly significant linear re- 
sponse to the nitrogen applied 
April 15. Neither the early appli- 
cation nor the split application 

X 100 = percent N recovery. 

240 pounds of nitrogen per acre 
was above the line established by 
the lower rates of application. 
Nitrogen applied in the spring 
was as effective in maintaining 
the protein content of regrowth 
as nitrogen applied in mid-sum- 
mer. 

The two spring dates of appli- 
cation were equally effective, 
and splitting the nitrogen be- 
tween the two dates was no bet- 
ter than applying the same total 
amount at either date. The July 
application of nitrogen tended to 
increase yield of regrowth but 
did not increase the total yield 
above that obtained when an 
equivalent amount of nitrogen 
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FIGURE 2. Average protein content of hay and regrowth from irrigated mountain meadow 

plots. 

was applied in the spring. There Protein Yield 

was no residual effect of the The amount of protein pro- 
July application on hay yield the duced is a reliable measure of 
following year. Neither phos- the effectiveness of a meadow 
phorus nor phosphorus with PO- management program. There is 
tassium gave statistically signifi- a direct relationship between the 
cant increases in yield of hay pounds of crude protein in a feed 
during the four years. ration and the pounds of animal 

Regrowth Yields 

The yields of regrowth (Figure 
l), like the hay yields, showed a 
statistically significant linear re- 
sponse to nitrogen. The manure 
and previous fertilizer main- 
tained high yields on the un- 
treated plots through 1958. Low 
yields in subsequent years re- 
duced the average for the check 
plots. Regrowth yields were not 
affected by the date of applica- 
tion of nitrogen. A total of 180 
pounds per acre applied April 
15 was as effective as the same 
total split in any of the ways in- 
cluded in the experiment. There 
was a tendency in each year 
(except 1961) for the 120-o-60 
treatment to give the highest 
regrowth yield; however, this 
trend was not statistically sig- 
nificant. Neither phosphorus nor 
potassium gave -consistent 
creases in regrowth yields. 

in- 

gain (Willhite 1955). The in- 
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creases in yield and protein con- 
tent of forage from nitrogen fer- 
tilization resulted in linear in- 
creases of protein yield. Average 
protein yields from both hay and 
regrowth are shown in Figure 3. 
Protein yields increased with the 
amount of nitrogen applied, with 
no consistent differences be- 
tween dates of application of the 
same total amount of nitrogen. 

Small but consistent increases 
in protein yield in regrowth 
were obtained from nitrogen 
application rates through 120 
pounds per acre. Yields of pro- 
tein in regrowth from 180 and 
240 pounds of nitrogen per acre 
were greater than those from 
lower rates. This is not consist- 
ent with the results reported by 
Rouse et al. (1955)) who found 
that nitrogen applied in the 
spring at rates up to 160 pounds 
per acre resulted in no increase 
in protein yield in regrowth after 
an early initial harvest. 

Nitrogen Recovery 

Accumulative nitrogen recov- 
ery in forage is shown in Figure 
4. The percentage recovered in- 
creased in each of the first three 

FIGURE 3. 
plots. 

Average protein yield in hay and regrowth from irrigated mountain meadow 
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FIGURE 4. Accumulative nitrogen recovery in forage from annual nitrogen applications to 

irrigated mountain meadow plots. 

years from all rates of applica- 
tion. The low recovery from the 
120-pound rate in 1958 affected 
the accumulative recovery to the 
end of the experiment although 
the difference decreased each 
year. Recovery from the doubled 
rates in 1961 dropped at all rates. 

Nitrogen recovery in this ex- 
periment was in agreement with 
others using the net recovery 
value. Legg and Allison (1959), 
using N15, showed that the net 
recovery (the method used here) 
was considerably higher than the 
actual recovery of tagged N. 
The differences were especially 
marked at the lower rates of N 
application. Cooper, Klages, and 
Schulz-Shaeffer (1962) reported 
recovery up to 107 percent by 
both orchardgrass and smooth 
bromegrass. They postulated 
that fertilized grass had a larger 
root system and utilized more 
soil N than unfertilized. Lewis 
and Lang (1957) reported aver- 
age nitrogen recovery of 78.8 per 
cent of 160 pounds on N per acre. 
Grable and Johnson (1961) ob- 
tained an average recovery of 
77 percent with ryegrass in pots 
fertilized with 200 and 600 

pounds N per acre. They found 
the amount of soil N removed by 
fertilized and unfertilized rye- 
grass from pots was equal. Dot- 
zenko (1960) reported highly sig- 
nificant differences between 
grass species, nitrogren levels, 
and nitrogen level X variety in- 
teraction in the percent N recov- 
ery in Fort Collins soil. He con- 
cluded that rhizomatous species, 
e.g. smooth bromegrass and in- 
termediate wheatgrass, have an 
inherent ability to use higher ni- 
trogen rates more efficiently, 
presumably because of the pro- 
liferation of their root system 
throughout the soil profile. 

The increases to a high level of 
N recovery followed by a drop 
in 1961 for all treatments sug- 
gests that, in the absence of other 
limiting factors, the plants de- 
veloped an equilibrium with ni- 
trogen supply through such fac- 
tors as density of stand or rela- 
tive vigor to each level of nitro- 
gen in the three-year period. 
The doubled rates of fertiliza- 
tion provided more nitrogen than 
the plants could utilize; there- 
fore, the percent recovery de- 
creased. The experiment was 

207 

terminated before a new equili- 
brium was established. 

Summary 
Fertilizer was applied to an ir- 

rigated meadow in a mountain 
valley in northern New Mexico 
annually for four years. Hay 
yields cut July 1 and regrowth 
sampled September 15 increased 
linearly with the amount of ni- 
trogen applied. Applications 
made March 1 were as effective 
as those made April 15. Split ap- 
plications (half on March 1 and 
half April 15) showed no advan- 
tage over single applications. The 
protein content and total protein 
yield followed the same linear 
response pattern to the total 
amount of nitrogen applied. 
Yield and protein content of re- 
growth were increased by a July 
1 fertilization, but the increase in 
protein was less than the in- 
creases in yield and protein con- 
tent in the hay crop when all 
the nitrogen was applied in the 
spring. 

Neither phosphorus nor potas- 
sium increased the yield or pro- 
tein content of grasses grown. 

Recovery of applied nitrogen 
increased in successive years. 
However, when nitrogen rates 
were doubled in 1961, the percen- 
tage of recovery decreased. 
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A Subalpine Grassland Seeding Trial 
JUSTIN G. SMITH 
Range Conservationist, Pacific Northwest Forest and 
Range Experiment Station, Forest Service, U. S. Depart- 
ment of Agriculture, Portland, Oregon 

Subalpine grasslands make up 
a very small part of the total 
summer range area of north-cen- 
tral Washington, but they are 
important because of their high 
value as watersheds and their 
great potential grazing capacity. 
For the most part, these high 
grasslands in good condition are 
dominated by greenleaf fescue 
(Festuca viridula), a palatable 
bunchgrass. 

Many areas once highly pro- 
ductive are now severely de- 
teriorated as a result of exces- 
sive use by both livestock and 
big game. These inferior ranges 
are characterized by a mixture 
of plants which are largely un- 
desirable as forage and, in some 
cases, ineffective from the stand- 
point of soil protection. Green 
fescue is often reduced to the 
status of a relict. 

The objective of the study re- 
ported here was to test a num- 
ber of species for adaptability to 
subalpine areas. Broad guide- 
lines for seeding summer ranges, 
gleaned from this species trial 
and based on observations of the 
first two growing seasons, were 
reported by Rummell and Hol- 
scher (1955). 

Species And Methods 

Species selected for trial in- 
cluded the following 14 grasses 
and eight legumes: intermediate 
wheatgrass (Agropyron inter- 

termedium), bearded wheat- 
grass (A. subsecundum), slender 
wheatgrass (A. trachycaulum), 
pubescent wheatgrass (A. tricho- 
phorum), reed foxtail (Alope- 
curus arundinaceus,) erect 
brome (Bromus erectus), moun- 
tain brome (B. marginatus), 
orchardgrass (Dactylis glomer- 
ata), blue wildrye (Elymus 
glaucus), sheep fescue (Festuca 
ovina), hard fescue (F. ovina 
var. duriuscula), dryland timo- 
thy (Phleum phleoides), tim- 
othy (P. pratense), big bluegrass 
(Poa ampla); Nomad, Sevelra, 
and Ladak alfalfas (Medicago 
sativa), chickpea milkvetch (As- 
tragalus cicer), bramble vetch 
(Vicia tenuifolia), birdsfoot 
deervetch (Lotus corniculatus), 
flat peavine (Lathyrus sylves- 
tris), common sainfoin (Ono- 
brychis viciaefolia). 

The site selected for study was 
on a ridge at about the 5,700- 
foot elevation on the Okanogan 
National Forest near Winthrop, 
Wash. The soil, which was de- 
rived from shale, was coarse and 
loose and varied in depth from 
exposed bedrock to more than 
24 inches. 

For many years the area had 
been grazed by livestock, first 
by sheep and later by cattle, al- 
though it had been closed to all 
livestock for the five years im- 
mediately preceding the species 
trial. Deer also used the site as 

summer range. Native peren- 
nial grasses were scarce and no 
green fescue was found on the 
study area. The vegetation con- 
sisted mainly of perennial forbs 
and shrubs among which west- 
ern yarrow (AchiZZea millefo- 
Zium var. Zanulosa), stickweed 
(Hackelia sp.), lambstongue 
groundsel (Se n e ci o integerri- 
musk eriogonum (Erigonum 
sp.) , big sagebrush (Artemisia 
tridentata), and snowberry 
(Symphoricarpos sp.) were 
prominent. 

The original plan called for a 
planting to be made in the fall 
of 1952, and the site was disked 
in August of that year. This 
disking did such a poor job of 
reducing the native vegetation 
that the planting was postponed. 
In June 1953, the site was 
thoroughly disked again and 
then culti-packed to firm the 
seedbed. All grasses, the three 
alfalfas, and chickpea milkvetch 
were seeded the following day 
on 12- by 60-foot plots, using a 
six-foot single-disk drill and rice 
hulls as a diluent. Unfortunately, 
seeding rate information was in- 
advertently destroyed. Legume 
seed was inoculated with nitro- 
gen-fixing bacteria. After plant- 
ing, the entire area was pro- 
tected from livestock grazing by 
a pole fence. 

Gypsum was broadcast on all 
legume plots and sulphate of am- 
monia was broadcast on half of 
each grass plot, both at a rate of 
200 pounds per acre. The entire 
site was then gone over again 
with the culti-packer. 

Additional plantings were 
made in June 1957. A seven- 
pound-per-acre mixture of tim- 


