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Abstract 

Nitrogen (N) alone, and in combination with phosphorus (P), 
was applied to sagebrush (Artemisiu cana)-grassland vegetation 
which formed part of a traditional winter range for pronghorns 
(Antilocapra americana) in southeastern Alberta. Fertilizer was 
applied once, in April of 1975, and forage quality, forage pro- 
duction, and pronghorn response were monitored for the next 
three growing seasons. Forage quality on fertilized plots increased 
initially, but by late summer of each year, nutritional content was 
essentially similar in fertilized and control areas. Forage pro- 
duction increased markedly in each of the 3 years. The application 
of P in addition to N had little impact on forage quality and 
production. In year two and three following fertilizer treatment, N 
levels of 84, 168, and 252 kg/ha resulted in progressively more 
forage produced with each increase in N. Pronghorns selectively 
utilized the fertilized plots more heavily than adjacent control 
areas. The inability to increase protein content in cured samples of 
sagebrush and pasture sage through fertilizer treatment detracts 
from the value of this procedure for improving pronghorn winter 
ranges. The general increases in total forage production and hence 
total protein production and the preference of pronghorns for 
treated areas, however, suggest that the procedure should be 
evaluated further. 

For many years wildlife managers have been investigating the _ _ 
nutritional requirements of most species of indigenous un- 
gulates (Bandy et al. 1956; French et al. 1956: Dietz 1965; 
Murphy and Coates 1966; Ullrey et al. 1967; Nagy et al. 1969). 
More recently, greater emphasis has been placed on the inter- 
actions of range quality, environmental factors, and bioener- 
getics in determining the welfare of wildlife (Silver et al. 1969, 
197 1; Ullrey et al. 1970; Nordan et al. 1970; Wesley et al. 
1973). There has also been a proliferation of literature con- 
cerning the nutrient content of a wide variety of plant species 
consumed by wildlife. Some authors have outlined nutritional 
limitations in forage available to ungulates (Nagy et al. 1969; 
Ullrey et al. 197 1). Wallmo et al. (1977) have modelled the 
protein and energy requirements of mule deer (0docoileu.s 
hemiorw hemionus) and suggest that estimates of carrying 
capacity of ranges for wildlife should reflect the nutrient 
supplies available. 

Range managers have conducted extensive research into the 
value of fertilizer as a tool for increasing the quality and quantity 
of forage produced for domestic livestock. Wight (1976) 
reviewed the effect of fertilizer in the Northern Great Plains 
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region and concluded that nitrogen (N) in particular, greatly 
increased forage production, water-use efficiency, forage 
quality, and palatability. Fertilizer application on traditional big 
game ranges has been explored on a limited basis for years 
(Gibbens and Pieper 1962; Wood and Lindzey 1967; Bailey 
1968; Abel1 and Gilbert 1974; Anderson et al. 1974; Bayoumi 
and Smith 1966; George and Powell 1977) but despite obvious 
potential, the practice has never become a widely used tool of 
wildlife management. 

In Alberta, winter range is critical for the survival of 
pronghorns (Arztilocupru umericunn), as the quality of forage 
and the distribution of suitable vegetation types within the 
pronghorn winter range are limited (Barrett 1974). Numerous 
fertilizer trials have been conducted on the semiarid grasslands 
of the northern Great Plains (Kilcher et al. 1965; Johnston et al. 
1967; Lorenz and Rogler 1973) but no study has focussed on the 
sagebrush (Artemisiu cunu)-grassland vegetation type that con- 
stitutes the critical element of pronghom winter ranges in 
Canada. Furthermore, no infomration appears available on the 
results of fertilizer on any pronghom winter range. 

The general objectives of this study were to evaluate the 
effects of nitrogen and phosphorus (P) fertilizer on a traditional 
pronghom winter range in Alberta. Specifically, efforts were 
made to document changes in (1) nutrient content of forage, (2) 
forage production, and (3) pronghom response to forage as a 
result of fertilizer application. 

Study Area and Methods 

The study area was a fenced 256-ha pronghorn enclosure located in 
the extreme southeastern corner of Alberta. The enclosure was 
established in 1973 and is situated on a portion of a traditional 
pronghom winter range. As part of a long-term study on the carrying 
capacity of winter range, about 22 pronghoms were contained 
continuously in the enclosure at the time the fertilizer trials were 
conducted from April 1975 to November 1977. All fertilized plots 
were located within the enclosure but the total plot area represented 
less than 0.1% of the enclosure. 

The study area is located in the Brown soil zone; the climate is 
semiarid. Mean annual precipitation (1941- 1970) in the area as 
measured at the Agriculture Canada Research Sub-Station, Many- 
berries, 22 km southwest from the enclosure, is only 327 mm. 
Precipitation from April to July, inclusive, for the 3 years of the 
fertilizer trial was 295, 175, and 14 mm for 1975, 1976, and 1977, 
respectively (S. Smoliak, pers. comm.). Genera1 descriptions of the 
area have been presented by Coupland (1950; 1961) and by Mitchell 
and Smoliak (1971). Specifically, the fertilized sites reflected a 
sagebrush-grassland vegetation type (Fig. 1). The most prevalent 
browse, forb, and grass species, as determined by point quadrat 
analysis, were sagebrush, pasture sage (A. frigida), and western 
wheatgrass (Agropyron smithii). The sagebrush-grassland vegetation 
type was selected because of its importance in providing winter range 
for pronghoms in Alberta (Mitchell and Smoliak 197 1; Barrett 1974). 
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Table 2. Chemical analyses of forage collected on pronghorn winter range 
in Alberta in late summer of 1975 to 1977, inclusive. 

Forage sampled 

Sagebrush Pasture sage Western wheatgrass 

Parameter n Mean* S.D. n Mean S.D. n Mean S.D. 

Calcium (o/o) 48 0.98a 0.24 43 0.76 0.16 48 0.55~ 0.16 
Phosphorous 

(S) 48 0.36a 0.08 41 0.22b 0.03 48 0.14c 0.03 
Calcium/phos. 

ratio 48 2.72a 0.73 41 3.45b 1.06 48 3.93b 1.32 
Fiber (%) 48 34.42a 3.36 41 40.26b 3.06 48 41.39b 2.36 

* Each mean was derived by pooling data for all fertilizer levels and control 

areas, and represent August and September samples only. 
a Within any row, means which are significantly different (f~O.05) are denoted by a 

difterent letter. 

Forage Production 
Increases in grass and total forage production were evident at 

each level of fertilizer application in the year of treatment (Table 
4). The largest increases occurred for the grass component. Al- 
though the general conditions for plant growth deteriorated from 
1975 through 1977, the increased yield of vegetation in res- 
ponse to fertilizer treatment was apparent in each year. The 
values in Table 4 do not include cactus (Opuntia sp.) growth 
because of the sporadic distribution of this species and the 
potential of distorting forb production for any treatment plot. 
Slight increases in grass and browse production, although not 
significant, were still evident on fertilized plots after three 
growing seasons (Table 4). 

Increased forage production as a result of N+P application 
was not evident when compared to corresponding levels of N 
fertilizer alone (Table 4). Consequently, forage produced for 
each level of N, with and without P, was combined to further 
examine the differences between the three levels of N appli- 
cation (Fig. 2); these values reflect total forage produced, 
including cactus. In 1975, total forage production on the 
fertilized plots was significantly higher (PcO.05) for each level 
of N than on control plots but no significant difference existed 
between the fertilizer levels. In 1976 and 1977, forage pro- 
duction increased consistently with each corresponding increase 
in N application. The 1976 and 1977 forage increases, while 
biologically important, were not statistically different between 
fertilizer levels or between each fertilizer level and control. 

Sagebrush Growth and Pronghorn Utilization 
The mean leader lengths of sagebrush in response to different 

Table 3. Analytical data for soil collected from control plots in October, 
1975. Data from the four control plots were averaged to obtain values 
below. 

__ --- 

Soil elements (kg/ha) 

Depth of 
sample (cm) N P K 

Soil Conductivity 

PH (mmhos.) 

O-10 5.9 69.1 1003.7 7.3 0.2 
lo-30 2.8 36.2 1047.2 7.9 0.3 
30-60 2.0 28.1 879.3 8.5 0.9 

levels of N are summarized in Table 5. Consistently longer 
leaders were documented only in 1975, but presumably as a 
result of the great variability in individual leader lengths, the 
differences between the values for fertilized and control plots 
were not statistically significant. In each year, the growth of 
sagebrush in fertilized plots appeared more vigorous than in 
control areas, but the differences were not measurable by 
October of each year. By comparison, mean leader lengths of 
sagebrush in areas protected from browsing was 8.1 cm in 1976 
and 10.5 cm in 1977. 

On numerous inspections each summer, increased use of the 
fertilized plots by pronghorns was evident. All species of grass, 

2500_ 
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Fig. 2. Annual forage production on pronghorn winter range following jerti- 
lizer application in April, 197.5. Projection at apex of each histogram rep- 
resents one standard deviation. 

Table 4. Annual forage production (kg/ha) on sagebrush-grassland vegetation type in Alberta as determined one, two, and three growing seasons af’ter 
fertilizer treatment. 

Forage production (kg/ha) 

Fertilizer 
rate (kg/ha) First growing season, 1975 Second growing season, 1976 Third growing season, 1977 

N P Grasses Forbs* Browse Total* Grasses Forbs * Browse Total* Grasses Forbs* Browse Total* 

84 0 1403.9a 35.2 141.6 1580.7a 964.6 6.0 1701 .3a 29.6 111.5 1082.1 84 39 134.2 
806. 

la 24.4 2537.0a 240.2 1063.7a 398.8 
12.4 96.7 1 1883.ga 45.8 172.ga 168 0 308.7 13.4 2544.9a 230.3 552.4 615.2 

839.2 7.7 199.5 1046.4 
1788.7a 42.8 

337.2 
168 78 

4.2 378.7 
2315.3a 

720. I 
483.8 1002.4a 6.8 55.3 1064.5 252 0 1717.7a 37.0 297.5 2.6 206.5 657.6 2412.3a 506.6 

964.7 3.9 405.9 1640.2a 39.0 1374.5a 252 118 284.9 4.0 2033.7a 441.3 730.2 354.5 
919.2 26.3 202.3 1147.8 Control 298.5 20.0 928.2 30.8 304.5 623.0 264.9 

1223.9 747.7 21.4 190.1 959.2 275.1 17.9 177.5 470.5 

* These forage production values do not include data for Opuntia sp. which was encountered sporadically. 
a Within any column, values which are significantly different (PCO.05) than control values, are denoted by a letter. 
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Table 5. Mean leader lengths (cm) of sagebrush associated 
levels of nitrogen fertilizer on pronghorn winter range. 

Nitrogen ratea 
(kg/ha) n 

Mean leader lengthb (cm) 

1975 1976 1977 

Mean S.E. S.E. Mean S.E. 

84 400 9.28 0.28 6.23 0.20 5.28 0.18 
168 400 9.90 0.33 7.08 0.20 5.78 0.20 
252 400 9.80 0.33 6.70 0.23 6.30 0.20 
Control 400 7.63 0.25 6.65 0.15 5.75 0.23 

g Ferttlmr 
Baaed on 

applied on April 10, I 97s. 
current year’s growth as measured in October of each year. 

forbs, and browse appeared to be more heavily utilized inside 
each fertilized plot than in adjacent areas. A count of pronghorn 
fecal pellets in November 1977 indicated that 20.8% more 
pellets were located in fertilized plots than in adjacent control 
areas. Similarly, a browse use study conducted in November 
1977, showed that 34.4% of the 420 sagebrush leaders ex- 
amined inside fertilized plots were browsed while only 17.5% 
of 350 leaders examined in adjacent control areas were browsed; 
these differences were high significant (PcO.01). Although 
supporting quantitative data are unavailable, signs indicated 
that pronghorns consumed significantly more grasses and forbs 
from within fertilized plots than from control areas. 

Discussion 

Forage Quality 
The lack of persistent increases in protein content of forbs and 

browse sampled from fertilized plots represents a limitation in 
the value of the technique for improving pronghorn winter range 
in Alberta. Although forage quality of cured plants was not 
enhanced greatly by fertilization, increased dry matter pro- 
duction, and hence increased total protein yield, resulted. 
Protein content in winter samples of sagebrush collected from 
Alberta winter ranges was only 7.6 (Barrett 1974) and appears 
to be less than optimal for overwintering pronghorns. Murphy 
and Coates (1966) reported that deer restricted to dietary protein 
rations of only 7% were less productive, had lower survival, and 
were in poorer condition than animals on a higher protein diet; 
pronghorn requirements may be similar to those of deer. 

Pronghoms in Alberta do not appear restricted in terms of 
available summer nutrition and therefore little emphasis was 
placed on monitoring the forage quality during the growing 
season. Pronghorns would derive the most benefit by increasing 
protein values in sagebrush and pasture sage during the fall and 
winter. Our findings, however, were consistent with most 
studies conducted in the Great Plains which showed that 
fertilizer generally increases protein content of forage_ most 
significantly during the growing season (Goetz 1975a, 1975b; 
Hanson et al. 1976; Wight 1976). Goetz (1975b) reported a 
progressive decline in protein content of all grass species as they 
approached maturity, irrespective of fertilizer treatment. He 
also reported that fertilizer treatment accelerated the rate of 
protein loss in late summer. In my study, fall samples of western 
wheatgrass from fertilized plots (Table 1) reflected the effect of 
fertilizer application more than did corresponding samples of 
cured sagebrush or pasture sage. During fall and winter, 
however, pronghoms in Alberta consume practically no grass 
(Mitchell and Smoliak 1971; Barrett 1974). 

The addition of P in combination with N, produced few 

consistent benefits in terms of increasing forage production or 
quality. A similar lack of significant response to P application 
was reported by Goetz ( 1975a), Bayoumi and Smith ( 1976), and 
Wight (1976). The phosphorus content in winter samples of 
sagebrush in Alberta was only 0.16% and probably reflected a 
near minimum concentration for overwintering pronghoms 
(Barrett 1974). Phosphorus content in cured forage did not 
appear to be augmented by the application of P fertilizer. By 
contrast, Johnston et al. (1968) observed an increase in P 
content of rough fescue (Festucu scabrefla) on southern Alberta 
grasslands in the Black soil zone that received much higher rates 
of P fertilizer than used in my study. 

Forage Production 
Total forage production generally increased each year as a 

result of the single application of fertilizer (Table 4, Fig. 2). 
These findings are consistent with most reports on the effects of 
fertilizer on native range in the Northern Great Plains (Wight 
1976). Treatment differences in total forage production as a 
result of differences in the rate of N application rates were not 
detected until the second and third growing seasons following 
fertilizer application (Fig. 2). Similarly, Wight (1976) stated 
that single applications of N at 56 kg/ha or less show limited 
carry-over effect, while applications of N over 112 kg/ha may 
have a residual effect for several years. Kilcher et al. ( 1965) 
reported that residual effects of 67 kg/ha N on grasslands in 
western Canada were evident for several years, probably as a 
consequence of low annual precipitation. 

The production of forbs on fertilized plots was difficult to 
assess. Frequent visual inspections suggested that forb pro- 
duction on fertilized sites increased markedly each year but 
because pronghoms preferentially consumed them during the 
growing season, forb production was not accurately measured 
in August clippings. Also, growth of forbs in 1977 may have 
been restricted by the dry conditions during the growing season. 
An initial large increase in forb production following N fertili- 
zation, particularly at high application rates, has been reported 
by several authors (Kilcher et al. 1965; Johnston et al. 1967; 
Wight 1976). Wight (1976) indicated that pasture sage, in 
particular, responds readily to fertilizer but that the response 
decreases after the first year. Contrary to objectives for cattle 
grazing, increased forb production following fertilizer appli- 
cation would enhance the range for pronghoms but if the 
response of forbs is short-lived as Kilcher et al. (1965) suggest- 
ed, then the technique is of less value. 

Despite heavy utilization by pronghorns, increased browse 
production was a consistent measurable response to fertilizer 
treatment (Table 4). Increased leader length and a proliferation 
in growth of lateral twigs were most evident. The substantial 
increase in sagebrush production on fertilized plots, 3 years 
after treatment, was encouraging in view of the importance of 
sagebrush in the diet of pronghoms in Alberta (Mitchell and 
Smoliak 197 1; Barrett 1974). The deep root system of sage- 
brush may account for the continuing response to fertilizer. 
Bayoumi and Smith (1976) reported an increase in production of 
big sagebrush (A. tridentutu) in Utah following fertilizer appli- 
cation but they observed very little carry-over effect. 

The great variation in total forage production between the 3 
years of this study (Fig. 2) is a direct response to differences in 
precipitation. As the April to July precipitation declined from 
295mmin1975toonly175mrnand114mmin1976and1977, 
respectively, forage production of grasses declined proportion- 
ately. The close relationship between spring precipitation and 
annual forage production in southeastern Alberta has been 
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demonstrated by Smoliak (1956). Forage production may be 
particularly enhanced on dry years by fertilizer because of the 
better water use efficiency. 

Palatability 
Pellet group counts and forage utilization surveys indicated 

conclusively that pronghorns spent more time in fertilized plots 
and consumed significantly more of the available forage there- 
in. Increased preference for fertilized range by domestic live- 
stock has been a consistent finding. Similarly, fertilized range is 
usually preferentially utilized by wildlife (Gibbens and Pieper 
1962; Anderson et al. 1974; Bayoumi and Smith 1976). Johnson 
et al. ( 1967) reported that hare @pus townsendi) pellets on 
native range increased proportionately with increased levels of 
N and N-P fertilizer. The ability of pronghorns to select higher 
quality forage in winter has been documented previously (Bruns 
1969; Barrett 1974). The continuation of their selection for 
fertilized range during the growing season, when most plants 
are comparatively high in palatability, underscores the sen- 
sitivity of their ability to detect differences in forage quality. 

This paper represents the first published information avail- 
able on the influence of fertilizer application on pronghom 
range and consequently, the results should be considered as 
preliminary. Some of the findings are encouraging and further 
studies are required to more fully evaluate the technique. 
Particular attention appears warranted on the long range effect 
of fertilizer on forb and browse production, species compo- 
sition, and palatability of forage for pronghorns. 
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