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Abstract

Application of nitrogen (N) fertilizer and atrazine [6-chloro-N-
ethyl-N'-(1-methylethyl)-1,3,5-triazine-2,4-diamine] have each
increased grazeable forage on shortgrass prairie, but their effects
are unknown when applied in combination. Therefore, a 9-year
study was conducted to determine effects of N and atrazine appli-
cations on 1) herbage production, 2) steer gains, and 3) prof-
itability of grazing on shortgrass prairie in north-central
Colorado. Treatments were 1) untreated control, 2) atrazine
applied at 1.1 kg ha' in the autumn of alternate years, 3) N
applied at 22 kg ha* each autumn, and 4) N + atrazine at the
rates specified above. Pastures were stocked at 21-41 (control),
27-54 (atrazine), 24-82 (N), or 18-84 (N + atrazine) cattle-days
ha! during summer. Pastures were stocked with yearling steers
1979-1983 and yearling steers and spayed heifers 1984-1985,
using put-and-take stocking. All treatments increased total
October standing crop and blue grama (Bouteloua gracilis
[H.B.K.] Lag. ex Griffiths) standing crop. Nitrogen increased
cool-season grass and forb standing crops; atrazine nearly elimi-
nated cool-season grasses but did not affect forbs. Under put-
and-take stocking, atrazine andfor N appeared to increase stock-
ing rate and gain/ha, but not average daily gain or average
returns to land, labor, and management. Under optimum stock-
ing rates and grazing strategies, N or atrazine but not both
together might increase returns.

Key Words: blue grama, fertilization, grazing, herbicide, inten-
sive early stocking, put-and-take grazing, weed control, 6-chloro-
N-ethyl-N'-(1-methylethyl)-1,3,5-triazine-2,4-diamine

Although nitrogen (N) fertilization and herbicide application
often have increased forage production on rangelands, livestock
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producers have been reluctant to use them because of uncertainty
about profitability. Nitrogen applied at 22 kg ha' to shortgrass
prairie nearly doubled beef production in a study on heavily
grazed miniature pastures (Hyder et al. 1975). Each additional
kilogram of liveweight gain obtained from applying N returned
about $0.55 above fertilization costs. Despite the potential for
increasing profits, N has increased drought mortality of blue
grama (Bouteloua gracilis [H.B.K.] Lag. ex Griffiths), and has
increased abundance of annual forbs and sixweeks grass (Vulpia
octoflora Rydb.), an unpalatable annual grass. The effects of N
plus a herbicide on production and profitability of shortgrass
prairie are unknown.

Earlier researchers determined that application of atrazine [6-
chloro-N-ethyl-N'-(1-methylethyl)-1,3,5-triazine-2,4-diamine]
benefited vegetation on shortgrass range in 3 ways. Atrazine con-
trolled annual plants (Houston 1977), increased crude protein
content of grasses (Houston and van der Sluijs 1973), and
reduced blue grama susceptibility to drought mortality (Hyder et
al. 1976). Some members of the s-triazine family of compounds,
to which atrazine belongs, have increased yield of some forage
species (Ries 1976). Demonstration that atrazine could materially
increase herbage production on rangelands could lead to study of
similar compounds to increase herbage yields. Manufacturers
have not yet applied to the Environmental Protection Agency
(EPA) to relabel atrazine, a restricted-use pesticide for agricul-
ture, for use on rangelands in the United States. Knowledge of the
effects of applying s-triazine herbicides to rangeland, alone or
with N, and over long periods, is needed.

This study was conducted to determine the effects of treating
native shorigrass range with N and atrazine alone and in combi-
nation on herbage production, steer gains and net return to a
stocker steer enterprise. As an unintended consequence, the study
demonstrated the difficulty of interpreting data from grazing
experiments using put-and-take stocking.

Materials and Methods

Study Site

The study was conducted from 1977-1985 (1977 and 1978 data
were incomplete; only 1979-1985 data will be reported) on the
Central Plains Experimental Range. The Range is at 40° 50" N,
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104° 43' W, about 40 km northeast of Fort Collins, Colo. near the
western edge of the shortgrass plains. Precipitation during the
growing season was below the 54-year average during 1985;
average during 1980; and above average during all other years
(Table 1). Soils were primarily Ascalon fine sandy loam (mixed,
mesic Aridic Argiustoll) and Vona sandy loam (mixed, mesic
Ustollic Haplargids). Both soils have a pH of about 6.6 in the sur-
face 5-cm layer and 7.8 at 50 cm.

Table 1. Precipitation at the Central Plains Experimental Range.

1 April- Preceding 1 Oct-
Growing season 30 Sep 30 Sep
------ Precipitation, mm- - - - - -
1979 397 472
1980 263 410
1981 334 380
1982 423 510
1983 345 424
1984 362 449
1985 225 320
1937-1985 mean 261 320

Blue grama was the dominant forage species on all soils. Vona
soils initially supported about 2,500 fourwing saltbush (Atriplex
canescens [Pursh] Nutt.) plants ha' and a small amount of cool-
season grasses, mostly western wheatgrass (Pascopyrum smithii
[Rydb.] A. Love), and needleandthread (Stipa comata Trin. &
Rupr.). Ascalon soils generally supported few cool-season grass-
es. Annual grasses were rare during the study. Common forbs
included scarlet globemallow (Sphaeralcea coccinea [Pursh.]
Rydb.), miner’s candles (Cryptantha spp.), stickseeds (Lappula
spp.), prairie spiderwort (Tradescantia occidentalis [Britt.]
Smyth), and prairie pepperweed (Lepidium densiflorum Schrad.)
Plains pricklypear (Opuntia polyacantha Haw.) was also com-
mon.

Treatments

Treatments were 1] control, 2] atrazine at 1.1 kg ha' a.i., 3]
nitrogen (N) fertilizer at 22 kg ha of N, and 4] N + atrazine, both
at the above rates. On the N and N + atrazine treatments, ammo-
nium nitrate was broadcast between 16 October and 20
November each year except 1977. The application scheduled for
1977 was postponed until after rain in May 1978, because apply-
ing N could have intensified drought mortality of blue grama
(Hyder et al. 1975). Atrazine was applied to dormant vegetation
in October or November of 1976, 1978, 1979, 1981, and 1983 in
7.6 1 ha! of water.

The control and atrazine treatments were assigned to 64.8-ha
pastures, and the N and N + atrazine treatments to 32.4-ha pas-
tures. Each treatment was applied to 2 pastures; the pastures were
arranged in 2 randomized blocks, an east and west block. East
block pastures had been lightly grazed during the summers of
1957-1973. West block pastures had been moderately grazed
during the winters of the same years, except for the control pas-
ture which had been moderately grazed during summers. All pas-
tures were moderately grazed during the summers of 1974-1976.
No chemical or mechanical treatments had been applied
1938-1975.
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Vegetation Measurements

Current standing crop of herbage was estimated on grazed and
exclosed areas of each pasture in October of 1979-1985.
Estimates were to a precision of < 10% of the mean of total
herbage, using the micro-unit forage inventory method (Shoop
and Mcllvain 1963). Two quadrats were estimated inside and 2
outside of each of 80 exclosures/pasture, with every fifth quadrat
clipped, dried, and weighed as well as estimated to develop equa-
tions for correcting estimated values. Standing crop is expressed
as oven-dry weight. Standing crop outside exclosures was simi-
larly estimated each time cattle were weighed.

Livestock and Grazing Management

In 1979 through 1983, pastures were stocked about 1 June each
year with 12- to 15-month-old Hereford steers. In 1984 and 1985,
only about half the animals in each pasture were steers; the other
half were spayed heifers, weighing an average of 174 kg in 1984
and 223 kg in 1985. Average steer weights ranged from 210 to
243 kg. Put-and-take cattle were added or removed to adjust
stocking needs (Fig. 1), as determined from herbage estimates
each time the steers were weighed.

All steers were implanted with Ralgro' before grazing began.
Grazing continued into October each year; the goal was to reduce
the herbage remaining to about 400 kg ha”, an amount slightly
above the level recommended by Bement (1969). Grazing sea-
sons lasted an average of 132 days.

Average daily gain and gain ha! were calculated from total
gains of all cattle on each pasture during the grazing season. At
the beginning and end of the grazing season, weights of each ani-
mal were the average of 2 weights taken at 5-day intervals.
Weights during the season are single-day weights.

Economic Analysis

Returns to land, labor and management were calculated using
recent prices for cattle, fertilizer, atrazine, application, and mis-
cellaneous costs. Cattle prices were taken from the weekly mar-
ket reports in Bridges (1992, 1993) and fitted to a response sur-
face (Table 2) in which price was the dependent variable and date
and cattle weight were the independent variables. The equation of
the response surface was used to calculate the value of each ani-
mal, according to its weight and the date, when it was put on pas-
ture and again when it was removed. The sum of these changes in
value represented the gross return to the pasture. Sands and Robb
(1993) calculated “other expenses (interest, marketing, health
care, etc.) of $55...for a 550-pound (250-kg) feeder steer ...over a
5-month grazing season,” equivalent to $0.36/day. Hart et al.
(1988) calculated similar costs from data of Jose et al. (1985).
These expenses and the costs of nitrogen, atrazine, and their
application were subtracted from gross returns to provide net
returns to land, labor, and management.

Fertilizer, herbicide, and application costs were supplied by
Jirdon Agrichem, Torrington, Wyo. Ammonium nitrate cost
$0.208 kg ($189 ton) plus $7.50 ha’ ($3.00 A™) to apply.
Atrazine cost $9.61 kg a.. ($15.00 gal', 43% a.i.) plus $8.75 ha
($3.50 A") to apply. Annual atrazine cost was only $9.66 ha'
because it was applied approximately every 2 years.

'Mention of a trademark or proprietary product does not constitute a guarantee
or warranty of the product by the U.S. Department of Agriculture, and does not
imply its approval to the exclusion of other products that may also be suitable.
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Statistical Analysis

The study was conducted as a randomized complete block with
2 replications and repeated measurements over years, which were
treated as split-plots. Data were subjected to analysis of variance;
when significant differences among means were indicated, means
were separated by Duncan’s multiple range test (Hruschka 1973)
at P<0.05.

In 1979 through 1982, when initial stocking rates on all pas-
tures were increased as the season progressed, a strong relation-
ship was apparent between average daily gain and grazing pres-
sure. This relationship was defined by standard regression meth-
ods.

Results and Discussion

Herbage Production and Botanical Composition

Nitrogen or atrazine increased October standing crop of blue
grama by about half; N + atrazine increased blue grama 77%
(Table 3). Years were a significant source of variation in total
forage production (Table 4), but the treatment X year interaction
was non-significant. Nitrogen alone doubled standing crop of
cool-season grasses and nearly tripled standing crop of forbs,
while atrazine alone or with N had no effect on forbs and nearly
eliminated cool-season grasses. Atrazine and N + atrazine did not
significantly reduce forbs below the control level in the current
study because the crop of forbs was very small on all 3 treat-
ments. Although atrazine alone did not reduce the forb standing
crop below that on the control, reduction of forbs by atrazine was
obvious in areas along fences between treatments. Atrazine
reduced annual but not perennial forbs in a 3-year study at CPER
(Houston 1977).

Standing crop left at the end of the grazing season ranged from
a mean of 327 kg ha with N + atrazine to 383 kg ha" with nitro-
gen alone. Residual forage was somewhat less than the 400 kg ha™
objective of this study, but slightly more than the 335 kg ha* (300
Ib A") recommended by Bement (1969). Utilization (standing
crop minus residual divided by standing crop) ranged from 34%
on the control to 60% on N + atrazine. Utilization on the latter
was higher than the common “take half, leave half” recommenda-
tion, but did not appear to reduce average daily gain.

The increase in total herbage standing crop by N over the con-
trol was caused by a large increase in the standing crop of blue
grama and small increases in standing crops of cool-season grass-
es and forbs (Table 3). Application of N at 22 kg ha in an earlier
CPER study increased abundance of western wheatgrass, a cool-
season grass, 66% over the control and increased abundance of
some forbs when weather conditions favored their growth (Hyder
et al. 1975). The increase in herbage production from N fertiliza-
tion in the current study is consistent with other studies on ranges
where blue grama is the dominant grass. Nitrogen at rates up to
45 kg ha increased herbage production as much as 71% (Hyder
and Bement 1964, Rauzi et al. 1968, Dwyer and Schickendanz
1971, Donazt et al. 1978). Increased blue grama production from
N + atrazine over N alone appears to be partially related to a
combination of the increased drought mortality of blue grama
caused by N and the drought-reducing effect of atrazine (Hyder et
al. 1975, Hyder et al. 1976).

Increases in total herbage standing crop by atrazine and N +
atrazine over the control were caused entirely by increases in blue
grama and occurred in spite of reductions in cool-season grasses
(Table 3). Application of atrazine in another CPER study
(Houston 1977) also reduced abundance of cool-season grasses.
On typical shortgrass range, most cool-season grasses could be
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Fig. 1. Seasonal stocking patterns, 1982 and 1983.
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Table 2. Steer weights, dates, and steer prices; data from Bridges (1992, 1993).

Price = $131.94 + (2093/date) + (16402/weight).

Steer weight, kg
230 252 274 296 318 340 362 384 406
----------------------------------- Calculated steer price, $ per 100 Kkg--------c----ccmcmmmmcaaaacaeaao o

May 25 217.68 21146 206.23 — — —_— — — —
June 5 216.67 21044 205.21 200.77 — — - — —_
June 15 215.86 209.63 204.41 199.96 — — —_ — —
June 25 215.14 208.92 203.69 199.24 195.41 — —_ — —
July 5 — 20828 203.05 198.60 194.77 — — —
July 15 — 207.70 20248 198.03 194.19 190.86 — —
July 25 — — 201.96 197.51 193.68 190.34 —_ — —
August 5 — — 201.55 196.99 193.16 189.82 186.89 — —
August 15 —_ —_ — 196.57 192.74 189.40 186.47 - —
August 25 — — - 196.18 192.35 189.01 186.08 183.48 —
September 5 — —_ — - 191.96 188.62 185.69 183.09 —
September 15 — — — — 191.63 188.29 185.36 182.76 180.45
September 25 - — — — —_ 187.99 185.06 182.46 180.15
October 5 — — — — — 187.71 184.78 182.18 179.87
October 15 —_ — —_ — — — 184.51 181.92 179.60
retained by avoiding application of atrazine to sites where they Cattle Gains

grow, such as sandy or run-on sites. Plots in an earlier CPER
study treated with simazine, another s-triazine herbicide, were
preferentially grazed by cattle over nontreated plots (Hyder and
Bement 1964). Eliminating atrazine application to areas with
appreciable amounts of cool-season grasses might be a desirable
practice to reduce grazing pressure on these grasses.

Reducing the standing crop of annual plants and cool-season
grasses by applying atrazine probably did little to increase stand-
ing crop of blue grama. The proportion of annuals and cool-sea-
son grasses before atrazine application was too small to provide
significant competition. Forb standing crop did not differ in any
year between control and atrazine treatments, and the difference
in standing crop of cool-season grasses, although significant, was
small (29 kg ha"). Various s-triazine treatments increased total
herbage production up to 60% in plot studies at CPER (Hyder
and Bement 1964, Tapia 1973, Houston and van der Sluijs 1973)
and increased total herbage elsewhere (Ries 1976, Waller and
Schmidt 1983, Currie et al. 1987). These reports did not contain
data upon which to judge whether increases in total herbage were
caused by herbicidal reduction of competition or by some other
response to an s-triazine. Some s-triazine treatments have not
increased total herbage production, especially where application
rates were relatively high or when annual plants or s-triazine-sus-
ceptible grasses were abundant (Allinson 1972, Houston and van
der Sluijs 1973, McConnell and Waller 1986).

Table 3. October standing crop, excluding plains pricklypear and
shrubs, 1979-1985.

Nitrogen +
Species or group Control Atrazine  Nitrogen atrazine
------------ kgha------------
Blue grama 450 ¢! 710 b0 680 b 800a
Cool-season grasses 40b 10c 80a 10c
Other grasses 80a 50a 60a 70a
Total grasses 570 ¢ 760b 820 ab 880a
Forbs 40b 30b 130a 40b

'Standing crop figures within a species or species group, followed by the same letter, are
not significantly different (P < 0.05).
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Average daily gains (ADG) of cattle did not differ significantly
among treatments in any year or over all years (Table 4). Gains
may have been reduced in 1984 and 1985 because cattle were
about half steers and half spayed heifers. Shoop et al. (1984)
reported that spayed heifers pastured with zeranol-implanted
steers gained 0.78 kg day" while the steers gained 0.88 kg day.
In 1984, among cattle which remained on the pastures for the
entire grazing season, heifers gained 0.81 kg day vs 0.92 kg day™
for steers. It was not possible to make a season-long comparison
in 1985 because all the steers were removed from all the pastures
from 18 June to 7 August and only heifers grazed the pastures
during that time.

Nitrogen fertilization of other ranges with a major blue grama
component also has increased gain per head, carrying capacity,
and total beef production over no fertilization (Dwyer and
Schickendanz 1971, Retzlaff et al. 1974, Donart et al. 1978). In
an earlier CPER experiment in which 1.4-ha pastures were grazed
heavily for various I-month periods each summer, N applied at
22 kg ha" increased steer days of grazing 17 days ha' and daily
gain by 0.15 kg head" (Hyder et al. 1975). The increase in days of
grazing on moderately grazed range in the current study was
greater than that reported by Hyder et al. (1975), but daily gain
did not increase.

Average daily gains of cattle in the current study (Table 3)
were much higher than gains reported by Klipple and Costello
(1960) in a study of 3 grazing intensities, but they grazed heifers
for 175 to 184 days whereas we grazed mostly steers, treated with
Ralgro, Tor 132 days in the present study. All these factors
increased gains in the present study over those reported by
Klipple and Costello (1960). Gains probably were much reduced
in the last month or so of the Klipple and Costello (1960) study.
Klipple (1964) found that ADG of a mixture of steers and heifers,
beginning on the tenth of each month, were 0.92, 0.89, 0.84, 0.73,
0.60, and 0.12 kg in May, June, July, August, September, and
October, respectively.

Under set-stocking, maximum heifer gains of 0.66 kg day"
were reached at about 23 heifer-days ha' (Bement 1969) on
unfertilized range producing about 600 kg ha' yr' at the CPER
(unpublished data). As in the Klipple and Costelio (1960) study,
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Table 4. Vegetation, management, steer gain, and returns to land, labor
and management, 1979-1985.

October Return to
standing  Stock-- Gain land, labor
Year Treatment crop ing rate ADG ha’
& man- agement
Cattle
kgha' daysha' kg kg $ ha?
1979  Check 540 2L1a* 1.00 216a 21.68a
Atrazine 698 26.7a 099 263a 14620
Nitrogen 986  25.6a 1.04 264 a 3.76¢c
N + atrazine 864 289a 1.01 289a -3.82¢
Mean 172C 1.01 A
1980 Check 549  292b 078 228b 1820a
Atrazine 576  40.2ab 0.78 314ab 1552a
Nitrogen 783 438a 0.87 379a 11.70a
N + atrazine 588 478a 0.69 330a -6.71b
Mean 624C 078D
1981 Check 712 373b 068 257b 18.16a
Atrazine 1042 505ab 0.76 382ab 19.87a
Nitrogen 993 558a 0.80 447a 1522ab
N + atrazine 1053  56.l1a  0.81 45.6a 1145b
Mean 950 AB 0.76 D
1982  Check 704 413¢ 072 29.7c¢  22.16a
Atrazine 993 540b  0.76 40.7b  2198a
Nitrogen 1150 820a 074 609a 26.17a
N +atrazine 1339 83.6a 071 586a 1239b
Mean 1047 A 073D
1983 Check 589 350b 096 334b  30.08b
Atrazine 755 48.7b 096 46.6b  31.25b
Nitrogen 1010 70.1a 094 66.5a 388la
N + atrazine 857 69.4a 097 674a  30.73b
Mean 803 BC 096 B
1984 Check 526 294c¢ 098 28.8¢c 2591a
Atrazine 612  436b 093 40.8b 25.22a
Nitrogen 950 646a 085 554a 2667a
N + atrazine 891 54.0ab 098 52.8ab 18.29b
Mean 745C 093 B
1985 Check 689 244ab  0.83 204ab 17.04a
Atrazine 874 347a 088 31.2a 1520a
Nitrogen 743 23.5ab 0.89 21.2ab -243b
N + atrazine 809 184b  0.94 172b  -1520c¢
Mean 779C 0.88C
Mean Check 616X 0857 21.88Z
Atrazine 793Y 087Z 20522
Nitrogen 9457 0.88Z 21702
N + atrazine 915YZ 0.87Z 673Y

' Ammonium nitrate costs $0.208 kg? ($189 T*) + $7.50 ha' ($3.00/A") to apply, for a
total cost of $20.96 ha* yr'. Atrazine costs $9.61 kg* ad. (515.00 gal', 43% a.i.) + $8.75
ha?($3.50 A?) to apply; total cost is only $9.66 ha' yr! because atrazine is applied every
2 years, Prices from Jirdon Agrichem, Torrington, Wyo.

* Figures in the same column and year, followed by the same lower-case letter, and year
means and treatment means, followed by the same upper-case letter (A-D and X-Z,
1espectively) are not significantly different (P < 0.05).

heifers gain more slowly than steers and the grazing season was
longer, 183 days (1 May to 31 October), than in the present study.

Ashby et al. (1993) reported gains of steers for 7 years under
heavy stocking only and grazing seasons of 138 to 147 days.
Average daily gain these 7 years was predicted by ADG = 0.665 -
0.00185 GP, when grazing pressure (GP) was expressed as steer-
days Mg of peak standing crop; r* = 0.25. In the present study,
ADG on the control pastures averaged 0.83 kg at a grazing pres-
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sure of 50.6 cattle-d Mg of forage; calculated ADG at the same
grazing pressure, using the equation of Ashby et al. (1993), was
0.57 kg.

From 1979 through 1982, initial stocking rate was low and then
was increased later in the grazing season; the stocking pattern in
1982 is illustrated in Figure 1. In these years, ADG decreased
sharply and linearly as total stocking rate for the season increased
(Fig. 2). Under this management, the highest stocking rates and
grazing pressures occurred at the end of each grazing season
when, as noted above, gains are much reduced. In 1983 and 1984,
initial stocking rate was high but then was reduced later in the
season; the stocking pattern in 1983 is also illustrated in Figure 1.
In these years, ADG was not affected by grazing pressure. The
latter management is similar to intensive early stocking, which
supports higher stocking rates and higher gains than set-stocking
(McCollum et al. 1990, Owensby et al. 1988 and Smith and
Owensby 1978).

Economic Analysis

Under put-and-take management and recent prices, estimated
returns to land, labor and management were 6%, 1%, and 69%
less on the atrazine, N and N + atrazine pastures, respectively,
than on the control pastures (Table 4). However, gains and
returns were influenced by stocking rate decisions, by the time of
year when cattle were added or subtracted from the pastures, and
by differences among years, as well as by the impact of treat-
ments on forage production.

Initially, we intended to base our economic analysis on gains
ha* calculated by multiplying the average daily gain of the tester
cattle (those that remained on the pastures season-long) by the
number of cattle-days ha’'. Mott and Lucas (1952) point out that
this is not a valid method because forage consumption rates and
gains vary widely throughout the season. The gains of put-and-
take animals, for whatever part of the season they are on the pas-
ture, are seldom the same as the gains of tester animals for the
entire season. For example, in 1982 large numbers of put-and-
take animals were on the pastures only during the latter part of
the season when gains were reduced, while in 1984 large num-
bers of put-and-take animals were on the pastures only during the
first part of the season when gains were near maximum. In 1982,
gain on the N + atrazine pastures was estimated at 70.5 kg ha!
when tester gains were multiplied by cattle-days ha’, but actual
gain was only 58.6 kg ha'. In 1984 on the same pastures, gain
was estimated at 48.6 kg ha' when tester gains were multiplied
by cattle-days ha, but actual gain was 52.8 kg ha’. Put-and-take
animals contributed as little as 10% (contro! 1979) to as much as
68% (N + atrazine 1983) of the total cattle-days on pasture.

Although no other treatment produced higher average returns to
land, labor, and management than did the check, returns from the
N-fertilized pastures were 29% higher in 1983 than returns from
the check pastures. These increased returns were attained by a
combination of a favorable growing season which produced a
large increase in forage when N was applied, and a high stocking
rate, particularly early in the grazing season, which efficiently
converted forage into cattle gains. Nitrogen increased forage pro-
duction in other years, but low stocking rate and/or increased
stocking rate late in the grazing season did not allow maximum
gains and retarns.
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Figure 2. Average daily gain (ADG) vs. grazing pressure (GP) of cattle grazing shortgrass prairie. Response of ADG to GP did not differ sig-
nificantly among control pastures and pastures receiving N, atrazine, or N + atrazine.

Conclusions

The most meaningful comparisons of profitability should be
made at optimum grazing pressures and stocking strategies.
Optimum grazing pressures would have been achieved under
heavy stocking early in the season and lighter stocking later. In
1983 and 1984, when pastures were stocked in this way, grazing
pressures on all treatments were below the critical grazing pres-
sure, and the data were insufficient for the development of the
necessary grazing pressure X gain equations (Hart et al. 1988).
Optimum grazing pressures and returns would be somewhat high-
er than those employed in this study, and it is possible that appli-
cation of nitrogen or atrazine might be profitable at optimum
grazing pressures.
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