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Abstract 

Nitrogen (N) fertilizer at rates of 0,22, and 34 kg/ha was applied 
annually in the spring or fall over a S-year period to a mixed grass 
prairie. Major species present were blue grama (Boutelouu gmci- 
lis), western wheatgrass (Agropyron smith@, and dryland sedges 
(Carex Sp.). Slim leaf goosefoot (Chenopodium leptophyllum) 
and other annual and perennial forbs were also present. Total 
herbage production, crude protein content, mineral concentra- 
tions, species composition and water use data were collected. Total 
herbage yields and crude protein from all the fertilizer treatments 
were signifkantly greater as compared with the control. Nearly all 
of the variation in phosphorus (P), calcium (Ca), potassium (K), 
and magnesium (Mg) concentrations and species composition 
were associated with the seasonal distribution of precipitation 
(years) and not with N-fertilization treatments. 

Extensive research has been done with both annual and single 
applications of nitrogen (N) to native rangelands. Smika et al. 
(1965) reported annual applications of 0,45,90, and 180 kg N/ha 
with 2 different soil water treatments. Lorenz and Rogler (1972) 
reported an 8-year study in North Dakota using annual applica- 
tions of 0, 45, 90, and 180 kg N/ha with and without elemental 
phosphorus. Wight and Black (1979) studied the effect of annual 
applications of 0 and 45 kg N/ha over a IO-year period in Montana, 
and also a single application of 336 kg N/ha vs. annual rate 
equivalent (336, 168, and 42 kg N/ha for first, second, and eighth 
years, respectively). Power (198 1) reported a detailed study of the 
effect of single high rate applications of N vs. annual rate equival- 
ent. One time applications of high N rates on rangelands have been 
reported by Johnston et al. (1967), Houston and Hyder (1975), and 
Rauzi (1977). Single applications of low N rates (22 to 34 kg N/ ha) 
have not been successful. Lodge (1959) reported that application 
rates below 34 kg N/ha in southwestern Canada did not signifi- 
cantly increase dry matter production. Woodmansee et al. (1978) 
found that 30 kg N/ha are needed to support annual plant growth 
on a shortgrass prairie ecosystem. Westin et al. (1955) studied the 
residual effects of 0,22,45, and 90 kg N/ha on native range forage 
production in western South Dakota. They found that 90 kg N/ha 
applied once in 3-years produced more hay per unit of N than did 
30 kg/year applied annually over a 3-year period. Rogler and 
Lorenz (1957) applied annual applications of 34 kg N/ha over a 
6-year period and doubled the yields from a mixed grass prairie 
near Mandan, N. Dak. 

The purpose of this study was to determine if there are residual N 
effects with time from either spring or fall applications of 22 and 34 
kg N/ha rates on total dry matter production, crude protein con- 
tent, forage mineral concentrations, species composition, and for- 
age water use. Crude protein and mineral concentrations are 
shown for only the 3 major species. 

Study Area and Procedure 

The study, conducted from 1974 through 1979, was located in 
southeastern Wyoming at the USDA High Plains Grasslands 
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Research Station, approximately 7 km west of Cheyenne at an 
altitude of about 1900 m. The soil on the experimental area wasan 
Altvan fine, sandy, clay loam, a member of the mixed, mesic family 
of Aridic Arguistols (Young and Singleton 1977). Altvan soils are 
on nearly level to gently sloping fans and terraces of granitic origin 
and are noncalcareous to 60 cm. The 0 to 15 cm soil depth has a 7. I 
pH (dilution), 3.5% organic matter, and 37 kg/ ha sodium bicarbo- 
nate extractable phosphorus. The soil to the 120 cm depth holds 
about 13 cm of water available to plants. Major plant species of the 
mixed grass prairie consisted of blue grama (Bouteloua gracilis), 
western wheatgrass (Agropyron smithii), and dryland sedges 
(Carex sp.). Other grasses present included needleandthread (Stipa 
comata), junegrass (Koeleria cristata) and sandberg bluegrass (Poa 
secunda). Annual and perennial forbs were also present and their 
abundance varied with the prevailing weather. 

The experimental design was a randomized block with 5 fertil- 
izer treatments and 3 replications. Ammonium nitrate wasapplied 
annually in the spring and fall at rates of 0,22, and 34 kg N/ ha to 24 
by 30 m plots. Fertilizer applications were made each year in late 
October or March for fall and spring, respectively. Five 0.18 m* 
subplot sample areas were randomly located annually on each 
main plot and the previous year’s vegetation was removed to 
ground level by hand rubbing the soil surface in the spring before 
the initiation of new plant growth. Harvest of the subplots was 
done by clipping to ground level and separating the vegetation by 
species. The mature vegetation was harvested each year during 
August and the plant material was weighed and ground in a 
stainless steel mill equipped with a 40-mesh screen. Crude protein 
(Kjeldahl N X 6.25) was determined by the Kjeldahl procedure 
(Bremner 1965). Phosphorus (P) was determined by the vanado- 
molybdophosphoric yellowcolor method in nitric acid system 
(Jackson 1958). Calcium (Ca), potassium (K), and magnesium 
(Mg) were determined by atomic absorption spectrophotometry 
on a perchloric acid digest. All data were reported on a dry weight 
basis. 

Neutron access tubes were placed in each main plot and soil 
water measurements in % by volume were made near April 1 of 
each year and at monthly intervals throughout the growing season. 
Water use efficiency for each plot was determined by adding the 
centimeters of water used from the soil to the growing season 
precipitation and dividing the total centimeters of water into the 
dry matter yield. Water used was evapotranspiration. 

Analysis of variance was made on data for a randomized block 
design and Duncan’s multiple range test was applied at the 5% level 
of probability. 

Results and Discussion 

Herbage Yields 
The amount and distribution of precipitation during the grow- 

ing season influenced N response in herbage production. Western 
wheatgrass is a cool-season species and responds to early spring 
soil water while blue grama, a warm-season species, responds to 
July and August precipitation. 

The April through July precipitation was variable and generally 
least in April and greatest in May (Table 1). Even though the May 
precipitation was greater than for other months, the western 
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Table 1. Annual and April through July precipitation (mm) for 1975 
through 1979 at the High Piains Grassiands Research Station, Cheyenne, 
Wyo. (Unshielded rain gauge). 

Year Annual April May June July Total 

1975 324 20 71 54 47 192 
1976 343 48 60 42 92 242 
1977 351 ‘47 68 50 IO1 266 
1978 319 13 115 79 8 215 
1979 440 17 71 71 46 205 
Average 355 29 77 59 59 224 

wheatgrass did not show significant herbage yield differences 
among treatments (Table 2). While the yields from 1976 through 
1979 showed a trend toward an increase of western wheatgrass 
production on the fertilizer treatments, the differences were not 
significant due to wide variability in two or more treatments each 
year. However, average annual dry matter yields increased from 
204 in 1975 to 395 kg/ha in 1979. The 1979 average yields were 
significantly greater than for other years suggesting that 1979 
conditions with above average precipitation in March, and June 
were near optimum for this species. On an annual basis, yields of 
blue grama were not significantly different between treatments, but 
the 5-year average shows that the 22 kg N/ha spring applied 
treatment produced significantlymoredry matterthan thecontrol. 
There were significant differences in average yields of blue grama 
between years, with the greatest yields occurring in 1977, a year of 
relatively high July precipitation. The dryland sedges had no pro- 
duction increase from the N treatments, but were significantly 
different between years with a marked decrease in 1977 and 1979. 
Forb production, mainly slim leaf goosefoot (Chenopodium lepto- 
phyllum), increased on all N treatments, but especially on the 34 kg 
N/ha treatments. During the 5-year period, forbs accounted for 22, 
25, and 26% of the total herbage produced on treatments of 22 kg 
N/ha spring, 34 kg N/ha spring, and 34 kg N/ha fall, respectively. 
The yields of forbs were due mainly to the 1979 production. The 
forb species made a rapid response to N fertilization that year. 
While precipitation for April was below normal, it had been 
greater. than average during March. Significant differences in 1979 
total herbage yields resulting from the N treatments were mainly 

Table 2. Average 5-year production (kg/ha) of western wheatgrass, blue 
grama, dryiand sedges, and forbs; and total annual herbage from a 
mixed prairie range fertilized annually spring or fail with 0,22, or 34 kg 
N/ha, at the High Plains Grasslands Research Station, Cheyenne, Wyo., 
1975 through 1979. 

Species & year 

Fertilizer N applied (kg/ ha) 
Spring Fall 

Control; 22 34 22 34 Mean 

Western 
wheatgrass 

Blue grama 
Dryland sedges 
Forbs 

161” 271’ 277 2092 301’ 
4oob 473” 42iab 44Sb 44Yb 
162 135” 167 206’ 163” 
llF 271ab 29? 146h 324’ 

Total herbage 
1975 
1976 
1977 
1978 

848” 871” 963’ 854” 937” 
759 1205” 1177” 1049” 1176’ 
76@ I 170” 1028ab 908b 1038*b 
803; 1066.P 102o”p 95ob 1151. 

1979 108-? 1730’” 1711ab 14W’ 1926’ 
.^_ .h ._ ._a Mean 851C 1208” 1179” lW4” 1245” 

‘Values followed by the same letterfora species or total herbage withina year, in verti- 
cal mean column, or as a horizontal mean are not significant at the 0.05 level. 

899 
lO73b 
98ik 
996 

1572 

due to production by the western wheatgrass and forbs. 

Crude Protein 
The average percent crude protein of western wheatgrass, blue 

grama and dryland sedges was significantly increased by N treat- 
ments over that of the control (Table 3). Crude protein concentra- 
tion of the 3 species varied significantly between years, perhapsdue 
to distribution and amount of precipitation. The fertilized vegeta- 
tion produced an average of 32 to 40 kg/ ha more protein annually 
than the control, and the palatability of the grasses and dryland 
sedges may have been enhanced (Samuel et al. 1980). However, 
increased crude protein production did not economically justify 
the fertilization treatments. 

Phosphorus, Calcium, Magnesium, and Potassium 
Average concentrations of P, Ca, Mg, and K of the three major 

species are shown in Table 4. Since these species were essentially 

Tabk 3. Crude protein (%), in western wheatgrass, blue gmma and dryiand sedges from a mixed prairie range fertilized annually, spring or fail, with 0,22, 
or 34 kg N/ha at the High Plains Grasslands Research Station, Cheyenne, Wyo., from 1975 tbrougb 1979. 

Species and year 

Western wheatgrass 
1975 
1976 
1977 
1978 
1979 

Mean 

Control 

7.3”’ 
12.0” 
I 1.8b 
7.8” 
8.8” 

9.9 

Spring Fall 
22 kg N/ha 34 kg N/ha 22 kg N/ha 34 kg N/ha Mean 

10.5” 9.6’ 9.4” 9.5” 9.F 
15.F 13.7 13.3” 14.1. i3.T 
14.4” i3.8a 12.4ab 14.4” 13.4’ 
9.3’ 9.4” 9.P 9.f 9. ic 

l0.Y IO.9 10.3’ 9.9” 9.9b 

i2.V 1 l.4b 10.9 ll.Sb 

Blue grama 
1975 
1976 
1977 

8.P 1i.V 9.6’ 11.0” 
i0.8b 

li.F 10.sb 
13.6’ 13.8” i4.V 14.1’ 13.3a 

9.Sb 11.7” il.9 i0.P 11-V l1.P 
1978 9.r 1 i.Yb 12.7 i1.4.b I I 4ab 1l.P 
1979 8.8b 11.4a 11.3* 12.4’ 11:s 1i.P 

Mean 9.P 
I 

12.1’ 1i.Y 11.9” 12.1” 

Dryiand sedges 
1975 
1976 
1977 
1978 

1979 

Mean 

9.9- i2.P 12.6’ 1i.s 12.5” il.9c 
12.9 i6.4a 15.Vb 15.0ab 15.7 15.0” 
11.4’ 13.7’ i3.iab 12.P 
9.6b 

13.6* i2.8b 
12.3’ 12.9” 13.0” 

9. lb 
12.5” 12.1C 

11.3. 11.6’ 12.1P 11.6. ll.ld 

10.Sb 13.3. i3.V 12.7 13.2” 

‘Each species value followed by the same letter within each year, across treatment means, and within the yearly mean column do not differ significantly at the 0.05 level. 
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Table 4. Average phosphorus, calcium, potassium and magnesium percent concentrations in western wheatgrass, blue grama, and dryland sedges from a 
mixed grass praide range fertilized annually spring or fall with 0,22, or 34 kg N/ha from 1976 through 1979 at the High Plains Grasslands Research 
Station, Cheyenne, Wyo. 

Spring 

Element Control 22 kg N/ha 34 kg N/ha 22 kg N/ha 

Western wheatgrass 
Phosphorus .15a* .l3a .l4a .14a 
Calcium .37a .36a .34a .34a 
Potassium I .26a 1.42a 1.35a I .23a 
Magnesium .06a .05a .06a .07a 

Blue grama 
Phosphorus .l6a .14a .l6a .lSa 
Calcium .48a .40b .43ab .44ab 
Potassium .85a .86a .75a .78a 
Magnesium .08a .09a .08a .08a 

Dryland sedges 
Phosphorus .14a .14a .14a .13a 
Calcium .48a .4lb .46ab .44ab 
Potassium 1.17a l.27a 1.2Oa 1.14a 
Magnesium .09a .lOa .09a .09a 

*Each species value followed by the same letter for an element does not differ significantly at the .05 level. 

Fall 
34 kg N/ha 

.l4a 

.34a 
1.42a 
.07a 

.15a 

.4lab 

.79a 

.O& 

.l4a 

.42ab 
l.23a 
.08a 

mature, the nutrition is similar to what livestock would obtain 
from winter pasture of the forage. Nutrient levels of P and Mg were 
below nutritional requirements of grazing animals during some 
years. The National Research Council (1968 and 1970) has listed 
the requirements as follows: 

Sheep 
Cattle 

(L $I 
Mg 
(%) & 

0.16 - 0.21 0.22 - 0.34 0.18 - 0.20 0.6 - 0.8 
0.16 0.18 - 0.22 0.18 0.6 - 0.8 

because it starts growth early in the season. The blue grama dry 
matter increase in 1977 appeared to be a response to the June and 
July precipitation. Changes in botanical composition of the forage 
were not especially noticeable except for the slim leaf goosefoot in 
1979. This species was very responsive to the N treatments when 
moisture and energy were relatively high. 

Soil Water 

Average phosphorus concentration in western wheatgrass, blue 
grama and dryland sedges, showed no significant differences due to 
treatments. However, all 3 species had differences in P levels 
between years. Except for 1976, most P concentrations were rela- 
tively low, possibly because of P being tied up in decaying plant 
material accumulated from the first years of the study. 

The Ca concentration of the western wheatgrass, blue grama and 
dryland sedges varied between years. Calcium concentration of 
blue grama and dryland sedges for the spring 22 kg N/ ha treatment 
was significantly less than that of the control. This may be due to 
increased growth and thus a dilution of Ca resulting from the 
fertilizer treatment. Adequate Ca for nutritional requirements was 
expected in the forage since Altvan soil has a relatively high 
amount of exchangeable Ca (Fairbourn and Batchelder 1980). 

The 13 cm of available soil water for plant use, if present, is held 
mainly in the top 60 cm of the Altvan soil profile. The coarse sand 
and gravel material below the 6Ocm depth is not capable of of 
holding much available water for plant use. Thus, a greater portion 
of the stored soil water was positionally available for loss through 
evaporation than would occur in a soil of greater depth (Gardner 
and Gardner 1969). During the 5 years of this study, 75% of the 
growing season precipitation events measured I cm or less, contri- 
buting little to soil water storage. The neutron soil water measure- 
ments indicated the amount of water used from the soil by the 
native range plants during a season varied from 0 to 3.9 cm and was 
usually less than 1.5 cm because of availability. There appeared to 
be no consistent trend in soil water use with any of the fertilizer 
treatments. 

The K concentrations in the three species varied between years, 
whereas there was no significant difference between treatments. 
This result could be due to the differences in size of and time 
between precipitation events which would cause variations in the 
leaching of K into the soil from decaying plant materials. Tempera- 
ture variations may also have affected K uptake. The K concentra- 
tions in the plant material were generally not great enough to cause 
a nutrient imbalance that could depress Mg utilization (Fairbourn 
1980). 

-- 
----22 kq N/ha rprino 
. . . . . . . . . . 34 h N/b wpring 

---22 kg N/ha fall 
---34 kg N/ho toll 

The Mg concentration of the 3 species showed no significant 
differences between treatments. The 1977 concentrations in the 
blue grama and dryland sedges were significantly lower than con- 
centrations in other years. The Mg in these forages was only 30 to 
50% of the level livestock require for adequate nutrition. 

Species Composition 
The vegetation dry matter composition by species was influ- 

enced by N treatments and weather as shown by the data of Figure 
1. The 1979 forb production referred to earlier caused a sharp 
decline in blue grama and carex yields that year. These species were 
less competitive with the forbs than western wheatgrass, probably 

Fig. 1. Species percent dry matter composition by weight over a 5-year 
periodfrom a mixed grass prairie fertilized wirh 0.22 or 34 kg N/ha each 
year in the spring orfallfor 5 years, 1975 through 1979. at the High Plains 
Grasslands Research Station, Cheyenne, Wyo. 
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Table 5 . Water use effkiency for N-fertilized treatments of native range, 
1975 through 1979, at Cheyenne, Wyo. 

gen and energy to apply it. The main value of low N rates on 
rangelands would be to increase the palatability and crude protein 
of the herbage to enhance livestock grazing distribution. 

Treatment 1975 1976 1977 1978 1979 

0 kg N/ha 
22 kg N/ha-Spring 
34 kg N/ha-Spring 
22 kg N/ha-Fall 
34 kg N/ha-Fall 

-kg/ ha/cm HzO----- 
45al 29b 27a 34a 5lb 
42a 49a 44a 45a 80b 
48a 49a 37a 41a 77a 
42a 4lab 33a 40a 66ab 
44a 44ab 38a 49a 84a 

‘Values followed by the same letter within colums do not differ significantly at the0.05 
level. 

Water Use Effkiency 
The fertilizer treatments did not make a significant difference in 

water use efficiency until 1979 (Table 5). This could have been due 
to two factors, precipitation distribution and residual N-fertilizer 
effects. Precipitation events of 1 cm or more occurred during each 
month of the 1979 growing season and a more constant water 
supply was available for plant growth than for other years of the 
study. The residual N-fertilizer effect could have been similar to 
that found by Wight and Black (1979) for a 45-kg N/ha annual 
application where maximum yield responses did not occur until 
after the fourth year of their study. 

Conclusions 

The annual application of 22 or 34 kg N/ha in either the spring 
or fall increased significantly the amount of total herbage pro- 
duced compared to the control. Crude protein content in the 
western wheatgrass, blue grama, and dryland sedges was sign& 
cantly increased by the N treatments. The dry matter production 
from the total herbage and the crude protein concentration of 
major species did indicate a sustained residual N effect after the 
first year of the study. However, the work of Power (1981) suggests 
the amount of annual residual N was smallfromlowfertilizer rates 
of 22 and 34 kg N/ha. At this time, neither spring nor fall applica- 
tion appears to have an advantage. 

Mineral composition of the species showed little response to the 
fertilizer treatments, but was mainly affected by annual weather 
differences during the study. 

No great shift in vegetation composition occurred as a result of 
the N treatments except the 1979 increase in slim leaf goosefoot on 
all N treatments. Western wheatgrass increased on all treatments, 
but the increase was not significant until 1979. 

Treatment differences in water use efficiency did not occur until 
1979 and may have been due to precipitation distribution and 
residual N. 

The use of annual low rates of N for increasing herbage produc- 
tion is not economically practical because of the cost of the nitro- 
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