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Residual Effects of Phosphorus and High 
Rates of Nitrogen on Shortgrass Rangeland 

FRANK RAUZI 

Abstract 

Plots on shortgrass rangeland in southeastern Wyoming that 
received high rates of nitrogen applied once in 1970 or four times 
(1970 through 1973) were split, and phosphorus (P,O,) at 56 kg/ha 
was applied to half of each plot in the spring of 1975. Over a3-year 
period (197577), average total herbage yields and yields of 
individual species were generally less for all treatments during the 
residual period (197577) than during the years of fertilization 
(1970 through 1973). Blue grama density decreased during the 
nitrogen fertilization period but increased during the 3 residual 
years, so that in 1977 density was almost the same as that in 1970. 
Western wheatgrass increased in all nitrogen treatments and 
generally remained high during the 1975-1977 period. During this 
residual period, previous nitrogen fertilization tended to increase 
the yield of western wheatgrass, forbs, and total herbage and 
decrease that of blue grama and dryland sedges. The application 
of phosphorus did not influence herbage yields or crude protein 
content of western wheatgrass or blue grama. Phosphorus also did 
not influence concentrations of calcium, magnesium and potas- 
sium in blue grama. 

During the past 30 years, many studies on rangeland 
fertilization have been conducted in the Great Plains. Most early 
studies involved a single application of less than 112 kg/ha of 
nitrogen (N). Also, many of these studies were of short 
duration, 1 to 3 years. 

McIlvain and Shoop (1970) showed that applications of 39 kg 
N/ha increased forage production about 40% and beef 
production about 3 1% over the control in a4-year grazing trial at 
Woodward, Okla. Westin et al. (1955) found residual N 
affected forage production for 3 years after the application of 
22,45, and 90 kg N/ha on heavily and lightly grazed pastures in 
South Dakota. Also, the 90 kg N/ha application once in 3 years 
resulted in more hay per unit of N than did 90 kg of N applied 
once each year for 3 years. 

Rogler and Lorenz ( 1957) applied 0,34, and 10 1 kg N - ha-’ - 
yr-’ to moderately and heavily grazed pastures for 6 years at 
Mandan, N. Dak. The 10 1 kg N/ha treatment produced an 
average of 2,543 kg/ha air-dry forage from the heavily grazed 
pastures; whereas, the 0 and 34 kg/ha N rates produced an 
average of 834 and 1,485 kg/ha air-dry forage, respectively. 
Dwyer ( 197 1) applied 0,45 and 67 kg N. ha -l- yr-’ for 6 years 
to blue grama (Bouteloua gradis) range in southcentral New 
Mexico and found grass production was significantly increased 
over the control. Dwyer found that production of forbs was not 
significantly affected by N fertilization. 

High N fertilization rates (over 112 kg/ha) were first 
investigated by Johnston et al. (1967) and Choriki et al. (1968), 
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who found that 672 to 1,120 kg N/ha drastically affected 
botanical composition. Annual forbs increased and perennial 
grasses decreased in these treatments. In Oregon, Baldwin et al. 
(1974) found a variety of forbs in all plots, but they did not 
respond noticeably to N rates of 0, 333,665, and 1,33 1 kg/ha. 
Wight (1976) concluded that high N rates (112 to 1,008 kg/ha) 
on an upland range site in Montana significantly affected 
species composition: western wheatgrass (Agropyron smithii) 
increased and accounted for most of the forage yield. 

Power (1970) found that 538 kg N/ha immediately 
established a large pool of soil NOB-N for plant use, and 
fertilizer that was not used in one season was carried over to the 
next in mineral form. In all instances where fertilizer N was 
added, about 353 kg N/ha was immobilized in various compart- 
ments of the N cycle (Power 1972). He also stated that N 
immobilizing capacity of a given system may vary with soil 
texture, vegetation, and other parameters. In southeast 
Wyoming, Rauzi (1978) found that blue grama and buffalograss 
(Buchloe dactyloides) decreased and western wheatgrass 
increased on plots that received 672 kg N/ha at one time or 168 
kg N/ha each year for 4 years. 

This paper reports on results of an additional 3 years of data to 
determine effects of phosphorus and residual high N appli- 
cations on a shortgrass rangeland in southeastern Wyoming. 

Methods 

The study area was at the Archer Substation about 17 km east of 
Cheyenne, elevation about 1,859 m. Dominant species were blue 
grama, buffalograss and western wheatgrass. Soil on the Experimental 
area was Archerson fine sandy loam, a member of the mixed, mesic 
family of Aridic Argiustols. Archerson soils are on nearly level to 
gently sloping fans and terraces and are of granitic origin. 

In March 1970, plots 3 x 15 m were established on native 
shortgrass rangeland. The experiment was a randomized complete 
block with four fertilizer treatments and three replications. Am- 
monium nitrate was surface broadcast in March 1970, at rates of 0, 
168, and 672 kg N/ha. A fourth treatment of 168 kg N/ha was applied 
annually in March for 4 years ( 1970- 1973). In March 1975, main plots 
were split and 56 kg P,O,/ha was hand applied to one half of each plot. 

Each spring (1975 through 1977) three subplots 0.18 m2 were 
randomly located on each plot, and the previous year’s vegetation was 
removed before plant growth started. Herbage from these same 
subplots was harvested at ground level in mid August and separated by 
major species. Annual grasses, forbs, and Sandberg bluegrass matured 
before harvest and a large part of their production was lost. After 
subplots were harvested, the experimental area was grazed by sheep. 

Air dry herbage yields were determined for the major grass species, 
dryland sedges, forbs, and total herbage. Botanical composition was 
determined by weight of the major species. All data were analyzed by 
split plot analysis procedure. Duncan’s multiple range test for 
significance was used to separate means at the 5% level of probability. 

Blue grama and western wheatgrass plant material was ground in a 
Wiley mill to pass through a 40-mesh screen. These samples were dry 
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Table 1. Annual, April through September, and April, May and June pre- 
cipitation (centimeters) for 197577, and the 57-year (1931-77) average 
at the Archer Substation, Cheyenne, Wyo. 

Year 

1975 
1976 
1977 

Average 
1921-77 
1975-77 

April 
through 

Annual September April 

28.9 20.5 2.6 
28.9 23.8 4.2 
41.7 36.1 5.3 

37.1 28.8 3.8 
33.2 26.8 4.0 

May June 

7.1 4.0 
4.2 1.6 

10.4 1.9 

6.5 6.2 
7.2 2.5 

April 
through 

June 

13.7 
10.0 
17.6 

16.5 
13.8 

ashed, and calcium (ca), magnesium (Mg) and potassium (K) were 
determined by atomic absorption spectrophotometry. Phosphorus (P) 
was determined by the Vanadomolybdophosphoric yellow color 
method in a nitric acid system (Jackson 1958). Total plant N was 
determined by the Kjeldahl method and crude protein was calculated 
(% N x 6.25) (Agricultural Biochemistry Division, University of 
Wyoming). Soil from the 0 to 15cm soil depth was sampled in 1977 
from all treatments and analyzed for available P NaHCO, extraction 
method (Olsen et al. 1954). 

Results and Discussion 

Precipitation during June of 1975 through 1977 was 

considerably below the long-time average, and annual 
precipitation in 1975 and 1976 was below the 37.1 cm long-term 
annual average (Table 1). Precipitation in 2 out of the 3 years 
was above average for April and May. Thus, herbage yields 
were influenced by the amount and distribution of precipitation. 

The 56 kg P205/ha treatment did not influence total herbage 
yield or yields of individual species. For all species, except 
forbs from the control and plots receiving I68 kg N/ha each year 
for 4 years, yields were lower than respective yields for the 
1970-1974 period (Table 2). Western wheatgrass yields were 
29% less for the control and 6 1% less for plots that received one 
appliction 672 kg N/ha that the average yields for the 1970- 1974 
period. Blue grama yields were 28% less on the control and 57% 
less on plots that received 168 kg N/ha each year for 4 years than 
for the 1970- 1974 average. Dryland sedges made up a small part 
of the overall yields, but their yields also decreased on all 
treatments as compared with the previous 5-year average. Total 
herbage yields were less on all treatments for 1975 to 1977 as 
compared with the 1970 to 1974 average. Total herbage yields 
decreased 22% on the control and 53% on the plots that received 
672 kg N/ha once compared to the previous 5-year average. 

Much bare ground remained on the high N plots, but density 
of blue grama increased. Late July rains in 1977 probably 
increased the amount of blue grama on these plots. A trace of 
buffalograss was found on the high N plots in late summer of 
1977. 

Table 2. Yields (kg/ha) of western wheatgrass, blue grama, dryland sedges, forbs and total herbage from fertilized and nonfertilized plots, Archer Sub- 
station, Cheyenne, Wyoming. 

Year Control 168 kg N-ha-‘.yr-r 168 kg N*ha-‘y-’ 
1970- 1974 

168 kg N * ha- t. yr-l Year 
Mean 

Western wheatgrass 

1970-74 82a1 203y 196y 29oE 
75 59 140 206 141 137a 
76 52 106 140 91 97” 
77 62 72 138 105 94O 

Mean 1975 -77 58” 106ab 161a 112ab 110 

Blue grama 

1970-74 383y 5105 502= 477” 
75 155 224 156 165 175c 
76 239 277 202 190 226b 
77 437 455 295 324 3776 

Mean 1975 -77 277” 319= 21gb 226b 

Dryland sedges 

1970-74 772 114” 105” 103x 
75 64 52 50 65 570 
76 85 56 47 50 59” 
77 63 59 48 39 53a 

Mean 1975-77 71Q 56a 4ga 51” 

Forbs 

1970-74 202 7gf 290y 465= 
75 18 17 174 217 1O6b 
76 130 156 734 570 398O 
77 29 16 15 24 20= 

Mean 1975 -77 59c 63e 308O 2706 

Total herbage 

1970-74 724” 1105” 1 2291” 
75 429 500 588 
76 576 629 1124 
77 679 662 503 

Mean 561c 597h 738” 

’ Means among treatments and years with the same letters are not significantly different at the 5% level. 

13991 
580 524b 
903 8080 
494 585b 
659ab 
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The dominant annual forb on these plots from 1975 to 1977 
were slimleaf goosefoot (Chenopodium Zeptophyllum). Because 
of the amount and distribution of precipitation, growth was 
limited for this species all 3 years. However, in 1976, slimleaf 
goosefoot was abundant particularly on high N plots. During 
1977, forb yields were of minor importance on all treatments, 
but slimleaf goosefoot and scarlet globemallow (Sphaerdcea 
coccinea) were the dominant forbs. 

Composition 
Vegetative composition was determined by weighing the 

separated air-dried herbage harvested from subplots. During the 
8-year period ( 1970- 1977), the vegetative composition of the 
plots was influenced by N treatment and prevailing weather 
(Fig. 1). Weather, particularly the amount and distribution of 
precipitation during the growing season, influenced the 
vegetative composition more during the last 3 years of the study 
(19751977) than did previous N treatments. 

Between 1974 and 1977, western wheatgrass decreased on all 
treatments (Fig. 1). The control and plots treated once with 168 
kg N/ha had slightly less western wheatgrass in the composition 
at the end of the study than at the beginning. Whereas, western 
wheatgrass percentage generally increased for the other two 
treatments. 

During the first Syears of the study, percentage composition 
of blue grama decreased for all treatments (Fig. 1). However, 
blue grama density increased enough in later years so that by the 
end of the study its density was about the same as that in 1970. 
Blue grama density increased 20 to 30% between 1976 and 1977 
on all treatments probably because of a 14.8 1 cm of rainfall in 
late July, 1976. 

Forbs were of minor importance on the control and plots 
treated once with 168 kg N/ha (Fig. 1). The plots treated with 
672 kg N/ha once and those treated with 168 kg N/ha each year 
for 4 years had an abundance of forbs, consisting mostly of 
slimleaf goosefoot and field pennycress (Thlaspi arvense) in all 
years except 1977. In 1977, forbs were not important on all 
treatments. 

The amounts of dryland sedges varied slightly among years 
regardless of treatment. Plots treated with 168 N kg/ha each 
year for 4 years had the least dryland sedges at the end of the 
study period. 

Crude Protein and Mineral Concentration 
Phosphorus applied in the spring of 1975, did not influence 

the crude protein content, Ca, Mg, or the K concentrations in 
herbage of blue grama and western wheatgrass. 

Average crude protein content of blue grama fertilized each 
year for 4 years ( 1970- 1973) with 168 kg N/ha of fertilized once 
in 1970 with 672 kg N/ha was significantly greater than the 

WESTERN WHEATGRASS 

70- 

60 - 

50 - 

40 - 

30 - 

20 - 

Control 
166 kg N/ha 
one time (1970) 

168 kg N/ho each 
year for 4 years 

(1970-1974) 

672 kg N/ha 
one time (1970) 

70- 

60 - 

1970 71 72 73 74 71 76 77 

Fig. 1. Percentage composition by weight over an 8-year period OJ a shortgrass 
rangelandfertilized with 0, 168, and 672 kg N/ha one time and 168 kg N - 
ha-’ - yr-’ for 4 years. 

control during the last 3 years (1975-77) (Table 3). In 1977, 
mean crude protein content was similar in blue grama fertilized 
each year for 4 years with 168 kg N/ha and fertilized once in 
1970 with 672 kg/ha. During the 1975 to 1977 period, there was 
no significant difference in crude protein content of western 
wheatgrass among years or fertilizer treatments (Table 3). 
However, the mean crude protein content of fertilized western 
wheatgrass for 1975 to 1977 was significantly greater than that 
for the control. Crude protein content of blue grama and western 
wheatgrass at the time of harvest was more than adequate for 
livestock nutritional requirements (National Research Council 
1975, 1976). Most of the growth made by blue grama resulted 
from late July and early August rains, whereas western 
wheatgrass made its limited growth earlier in the season. 

Phosphorus concentration in blue grama at harvest (Table 4) 

Table 3. Percentage crude protein for blue grama and western wheatgrass from fertilized and nonfertiliied plots, Archer Substation, Cheyenne, 
Wyoming. 

Year Control 
Blue grama 

168 kg N/ha’ 168 kg N/ha 672 kg N/ha’ 
(1970-74) 

Control 

Western wheatgrass 

168 kg N/ha’ 168 kg N/ha 672 kg N/ha’ 
(1970-74) 

1970-742 8.3Z3 11.4y 14.42 14.3” 7.6” 9.4y 12.1x 12.02 
1975 12.5c 12.9” 14.7” 13.7b 10.1” 11.8O 13.9” 13.1a 
1976 12.9 13.3ab 14.00 13.1b 13.oa 13.6” 13.3a 13.w 
1977 13.6b 14. lb 15.10 14.7ab 17.2a 18.0a 18.7a 18. la 

Mean 13.0” 13.4ti 14.6a 13.8b 13.4C 14.V 15.3a 14.7=b 

1 Fertilized once in the early spring of 1970. 
* Average from 1970- 1974 period. 
3 Means within rows among treatments and years with the same letters are not significantly different at the 5% level. 
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Table 4. Percentage phosphorus, calcium, magnesium, and potassium in 
blue grama tissue from fertilized and nonfertilized plots, Archer Sub- 
station, Cheyenne, Wyo. 

Yearand 
constituent 

Phosphorus 

1975 
1976 
1977 

Mean 

Calcium 
1975 
1976 
1977 

Mean 

Magnesium 
1975 
1976 
1977 

Mean 

Potassium 

1975 
1976 
1977 

Mean 

Control 

Blue grama 

168 kg 168 kg 672 kg 
N/ha2 N/ha N/ha’ Mean 

( 1970- 1974) 

. 13a2 .12a .12Q .12” .12* 

.16= .15” .15” .14a .15” 

.15” .15” .16= .16” .15” 

.14@ .14a .14Q .14a 

.45a .44a .52a .46” .47a 

.46O .45” .41a .45” .44” 

.44a .42” .44a .44a .43” 

.45a .44a .46” .45” 

.13” .13” .16” .15” .14a 

.14” .14” .13” .14” .14a 

.13a .12a .13a .13a .13a 

.13” .13” .14” .14” 

.98* 1.036 1 .24a 1.15ab 1.10” 

.75c .8pc .95a .87O .84c 

.896 .96* 1.09” .99”b .98* 

.87c .93*c 1.09” 1 .oo” 

’ Fertilized once in early spring, 1970. 
‘? Means within rows among treatments and years with the same letters are not significantly 
different at the 5% level. 

was deficient for adequate livestock nutrition. Phosphorus 
requirements for pregnant and lactating ewes range from 0.20 to 
0.25% and 0.35 to 0.37%, respectively, (National Research 
Council 1975). Phosphorus requirements for pregnant beef 
cows is 0.18% and for lactating cows is 0.25 to 0.37% (National 
Research Council 1976). Concentration of P in herbage of blue 
grama was significantly higher in 1976 and 1977 than for the 
year of application (1975). The overall P concentrations for the 
3-year period averaged 0.14% regardless of N treatment. The 
soil analysis at the end of the study indicated that all plots 
fertilized with P,O, had significantly more available P than did 
plots not fertilized with P205. 

The Ca concentrations in blue grama were more than 
adequate for livestock nutrition. Pregnant ewes require between 
0.2 1 to 0.27% Ca in their diet and lactating ewes require 48 to 
52% Ca (National Research Council 1975). Pregnant beef cows 
require 0.18% Ca in their diet and lactating cows require 25 to 
44% Ca (National Research Council 1976). There was no 
significant difference among treatments in Ca concentrations in 
blue grama (Table 4). The overall Ca concentrations in blue 
grama for the 3-year period averaged 0.45 % . 

Magnesium content in blue grama was more than adequate 
for sheep nutrition at harvest. The National Research Council 
1975, 1976) requirements are 0.06% for an adult ewe and 
0.18% for a lactating beef cow and finishing beef cattle. The 
residual effect of N treatments did not influence the 
concentration of Mg in blue grama (Table 4). Mg concentrations 
in blue grama averaged 0.13 % . 

The residual effects of N treatments significantly influenced 
K concentrations in blue grama. Potassium content was higher 
in the blue grama herbage from plots that received 168 kg N/ha 
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each year for 4 years or 672 kg N/ha in 1970 than that from the 
control or plots that received 168 kg N/ha once (Table 4). The 
yearly mean of K concentrations in blue grama differed 
significantly. The K concentration was lowest in 1976 and 
highest in 1975. Since the K requirement is 0.50% for sheep and 
0.6 to 0.8% for growing and finishing steers (National Research 
Council 1975, 1976), K concentrations were more than 
adequate for all treatments. 

Conclusions 

Residual effects of high rates of nitrogen on shortgrass 
rangeland in southeastern Wyoming were still evident 8 years 
after application. Yields of western wheatgrass, blue grama, 
and forbs were significantly higher during the residual period 
(1975-77) from the plots treated with 168 kg N - ha-‘. yr-’ for 4 
years and plots treated with 672 kg N/ha once than from the 
control or the plots treated once with a single application of 168 
kg N/ha. 

Average crude protein content of the western wheatgrass and 
blue grama were significantly greater from the plots treated with 
the high rates of N than from the control or the plots treated once 
with the single low N application. 

A desirable change in species composition at the end of the 
study was the increase of western wheatgrass on the high N 
plots. Blue grama decreased in composition the first 5 years 
(1970-74) of the study on the high N plots, but by the 8th year its 
density was about he same as it was at the start of the study. 

Over the 8-year period (1970-77) the plots treated with 168 kg 
N/ha each year for 4 years and the plots treated with 672 kg N/ha 
once produced 3,052 and 3,668 kg/ha more total herbage, 
respectively, than did the control. Thus, the total herbage 
increase over the 8-year period on the two high N treatments was 
not economical since it only represented 4.5 and 5.5 kg/ha 
increase in total herbage for each kg N applied, respectively. 

The application of P during the residual period ( 1975-77) was 
not beneficial as it did not increase the yields or crude protein of 
the western wheatgrass or blue grama. Phosphorus also did not 
influence the concentrations of Ca, Mg, or K content of the blue 
grama. 
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