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Abstract

A comparison of the response of varying classes of growing
beef cattle to protein supplementation was conducted on
Northern Great Plains rangeland during the summer and early
fall. Response was evaluated in 2 experiments, conducted in 1988
and 1989, by measuring organic matter intake and body weight
gain in 13-month-old (spring-born steers) and 7-month-old steers
(fall-born steers), which received either a 26% crude protein sup-
plement or no supplement. Weight gain was also monitored in 7-
month old heifers (fall-born heifers). In experiment 1, spring-
born steers were fed 1.28 kg and fall-born steers and heifers 1.64
kg of protein supplement every other day. During experiment 2,
spring-born steers were fed supplement at a rate of 1 kg and fall-
born steers and heifers at 1.8 kg every other day. Intake of forage
organic matter for steers was not affected (P > 0.10) by supple-
mentation in either experiment. In experiment 1, total organic
matter intake tended to be increased by protein supplementation
in June but not in August (date x supplementation level interac-
tion, P = 0.08). Forage organic matter digestibility was greater (P
< 0.01) in June than in August during experiment 1 and in
August than September in experiment 2. In experiment 1, this
difference was greater for fall-born steers than spring-born
steers. In experiment 1, supplementation increased (P < 0.01)
average daily gain of cattle from 0.63 to 0.78 kg/day. In experi-
ment 2, daily gain of cattle was increased (P < 0.01) from 0.62 to
0.82 kg/day with protein supplementation. Also, in experiment 2,
cattle receiving supplement were 18 kg heavier (P < 0.05) at the
end of the grazing season than unsupplemented controls. Protein
supplementation increased weight gains of growing cattle in the
late summer in the Northern Great Plains. The advantage was
most consistent for fall-born steers with higher relative protein
requirements.
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Past research has shown that range forage in eastern Montana may
become deficient in protein for growing cattle during late summer
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(Adams and Short 1988). Unsupplemented steers grazing native
range in late August and early September have been shown to cease
gaining or even to lose weight (Currie et al. 1989). Protein supple-
mentation may alleviate this depression in weight gain by supplying
a limiting nutrient. In addition, protein supplementation may improve
nutrient intake and utilization through an increase in forage intake
and digestibility (Caton et al 1988; DelCurto 1990a,b; Sanson et al.
1990). However, the effect of protein supplementation on forage
intake is not consistent (Kartchner 1980). Protein requirements for
growth differ by sex and body weight (NRC 1984). As cattle grow,
protein requirements, per unit of body weight and per unit of gain,
decrease. In addition, heifers require less protein at high rates of gain
than steers. Due to differences in requirements and growth rates,
response to supplemental protein may vary with age and sex of graz-
ing cattle. The objectives of this study were to evaluate the effects of
protein supplementation on intake and weight gain of cattle in differ-
ent stages of growth, grazing Northern Great Plains rangelands.

Materials and Methods

Experiments were conducted in a single 176 ha pasture of native
range at the Fort Keogh Livestock and Range Research Laboratory,
Miles City, Mont. (46> 22’ N 105° 5° W). Dominant forages were
western wheatgrass (Pascopyrum smithii, [Rydb.] Love); Japanese
brome (Bromus japonicus Thunb.), blue grama (Bouteloua gracilis,
(H.B.K.] Lag. ex. Griffiths) and needle-and-thread (Stipa comata,
Trin. and Rupr.). Precipitation was 134 mm in 1988 and 383 mm in
1989 compared to a 92-year average of 338 mm (Fig. 1).

In the first study (1988), the pasture was stocked with twenty-four
13-month-old steers (spring-born steers), eleven 7-month-old fall-
born steers and 13 fall-born heifers. Protein supplementation was
provided to 13 spring-born steers and 12 fall-born calves (6 steers, 6
heifers) at rates of 1.28 and 1.64 kg of supplement (335 and 429 g
crude protein) every other day, respectively. Supplementation was by
group feeding of each animal type. This level of supplement was
expected to meet the needs of cattle (NRC 1984) gaining about 0.8 to
1.0 kg/day, assuming a daily dry matter intake of 2% of body weight
of a forage containing 6 to 6.5% crude protein (Adams et al. 1987;
Ward et al. 1990a). In study 2 (1989), the same pasture was stocked
with 24 spring-born steers (12 control, 12 supplemented), 24 fall-
born steers (12 control, 12 supplemented) and 11 fall-born heifers (6
control, 5 supplemented). Spring-born steers were fed 1.0 kg (274 g
crude protein) and fall-born calves 1.8 kg (493 g crude protein) of the
supplement every other day. Differences in the amount of supple-
ment fed in the 2 years were because of different initial weights of
catile. Cattle were group fed by animal type, except during the fecal
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Fig. 1. Monthly precipitation during the 2 years the studies were conducted (1988 and 1989). Bars represent actual precipitation while the line repre-

sents a 92-year average.

collection period, when cattle were individually fed. The supplemen-
tal protein was provided as a pelleted 50% soybean meal, 25% bar-
ley, 25% wheat cake. Chemical composition of the supplement is
shown in Table 1. Animals were allowed access to minerals and
water at all times.

Preweaning weight gains of fall-born calves were 0.76 kg/day in
1988 and 0.62 kg/day in 1989. Winter weight gain of spring-born
cattle in 1989 averaged 0.77 kg/day. One-half of the spring-born cat-
tle used in 1987 were purchased prior to the study and previous win-
ter weight gain was unknown for these animals.

Forage intakes were estimated for steers only. In experiment 1, 10
fall- and 10 spring-born steers were fitted with fecal collection bags
during 5-day periods in June (20 - 24 June) and August (15 - 19
August). Fecal bags were emptied each morning and a subsample
collected and dried at 60° C. A 5-day composite was then made using

Table 1. Chemical composition (% of dry matter) of protein supplements
fed to growing cattle in Experiments 1 and 2.

Item Experiment 1 Experiment 2
(%)

Organic matter 95.3 877
Crude protein 262 274
Neutral detergent fiber 184 139
Acid detergent fiber 73 8.0
Acid detergent lignin 1.1 1.4
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0.1% of the daily fecal dry matter. Forage organic matter indigestibil-
ity was estimated by marker ratio techniques using indigestible neu-
tral detergent fiber (Cochran et al. 1986). In experiment 2, 24 steers
were given a sustained release bolus containing chromic sesquioxide*
with a daily Cr release rate of 1123 mg. Rectal grab samples of feces
were collected once daily over two 5-day periods (31 July - 4
August, 11 - 15 September), dried at 60° C, and composited on an
equal dry weight basis for each animal. Fecal samples from both
experiments were ground to pass a 1-mm screen in a Wiley mill and
analyzed for dry matter, organic matter (AOAC 1989), and indi-
gestible neutral detergent fiber. Fecal samples from experiment 2
were also analyzed for Cr by atomic absorption spectrophotometry
(Williams et al. 1962). Fecal organic matter output was estimated by
dividing Cr released by the sustained release bolus by the concentra-
tion of Cr in the feces. Fecal output attributed to supplement was
subtracted from total fecal output to estimate fecal output attributed
to forage intake. For both experiments, forage organic matter intake
was estimated by dividing fecal organic matter output from forage by
forage organic matter indigestibility. Estimates of fecal output using
the sustained release bolus have been reported to be within 10% of
total fecal collections for steers on similar forage (Adams et al.
1991).

Five mature (3-4 years old) steers, fitted with esophageal cannulae,
grazed with the other cattle during the week of fecal collections.

"Captec Chrome, Nufarm, Auckland, Néew Zealand
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Table 2. Chemical compeosition of diets consumed by esophageally-fistu-
lated steers at the time of intake trials.

21 Jun.

21 Aug.
------------ (% of dry matter) - - ----------
Organic matter 89.8 89.6 90.7 88.2
- mmeeeaeaa (% of organic matter) - - ---------
Crude protein 8.1 6.2 8.8 94
Neutral detergent
fiber 77.0 77.4 74.8 75.4
Acid detergent
fiber 49.1 539 519 59.0
Acid detergent
lignin 6.1 52 7.0 16.2
Acid detergent
insoluble nitrogen  0.29 0.28 0.36 0.77

Esophageal collections were made once during each intake trial.
Steers were penned at 1600 with water but no feed available.
Collections were made the following morning at 0700. Collection
periods lasted from 20 to 30 min. Esophageal masticate samples were
oven dried at 55°C, ground through a Wiley mill, and analyzed for
dry matter, organic matter, and acid detergent fiber by AOAC (1989)
procedures, acid detergent lignin and neutral detergent fiber by the
procedures of Goering and Van Soest (1970), indigestible neutral
detergent fiber, and crude protein (Hach 1987).

Steers were weighed on a non-shrunk basis and average daily gain
was calculated as final weight minus initial weight divided by the
number of days of the study. Experiment 1 was terminated after 64
days (9 June to 11 August) because of low forage availability associ-
ated with low precipitation (Fig. 1). Experiment 2 was conducted
over an 80-day period (30 June to 18 September).

Data were analyzed as 2 separate experiments because sample
dates and techniques for intake measurement varied between years.
Intake and digestibility data were analyzed using the general linear
models procedure of SAS (1989) with a model that included steer
age, supplementation level, steer age x supplementation level, steer
within age by supplementation level, date, steer age x date, supple-
mentation level x date, and steer age x supplementation level x date.
Steer age, supplementation level and the interaction were tested using
steer within age by supplementation level (16 df, experiment 1; 20
df, experiment 2) as the error term. Animal growth data were ana-
lyzed with a 2 x 3 (supplementation level x animal type) arrangement
of treatments. The residual error was used to test effects. When a sig-
nificant F value was obtained, individual (1 df) orthogonal contrasts

were used to test control vs supplemented cattle within animal type
(spring-born steer, fall-born steer, and fall-born heifer).

Results and Discussion

Diet Quality

In experiment 1, dietary crude protein concentrations (Table 2)
were less than expected for the summer months for this area (Adams
and Short 1988). Low precipitation (Fig. 1) during the year apparent-
ly reduced both quality and quantity of forage. In experiment 2, diet
quality appeared to be greater than in experiment 1. Based on esti-
mated intakes, about 80% of the NRC (1984) requirement for crude
protein of steers was met through forage consumption. Addition of
the protein supplement increased crude protein intake to 85% of
requirement in experiment 1 and 98% of requirement in experiment

Intake and Digestibility

In experiment 1, intake of forage organic matter (g/kg BW) and
forage organic matter digestibility (%) were not affected by supple-
mentation, but total organic matter intake was greater (P < 0.01) in
June for steers fed supplement than for non-supplemented controls
(Table 3). Total organic matter intake was not affected by supple-
mentation in August. Organic matter intake (forage and total) was
greater (P < 0.01) in August than June (Table 4). There was an effect
of steer age (P < 0.01), with fall-born steers consuming more organic
matter per unit body weight than spring-born steers. Digestibility of
forage organic matter was greater (P < 0.01) in June than August,
which may be associated with the higher diet quality in June. There
was a greater difference in digestibility between June and August for
fall-born steers than for spring-born steers (type x date interaction, P
< 0.05).

In the second experiment, intakes of forage and total organic mat-
ter (g/kg BW) and forage organic matter digestibility for steers were
not affected (P > 0.10) by supplementation. Fall-born steers con-
sumed more (P < 0.01) organic matter on a body weight basis than
did spring-born steers and forage digestibility was 1.5% lower (P <
0.05) in fall-born steers (Table 4). Differences (P < 0.01) were
observed between July and September trials for forage and total
organic matter intake and organic matter digestibility. Diet digestibil-
ity averaged 19.5% less in September than in August. This may be
related to the large difference in dietary acid detergent lignin

Table 3. Least squares means of organic matter (OM) intake (g/kg BW) of steers, Experiments 1.

Spring-born Fall-born

Contro] Supplemented Contro} — Supplemented
Item Date 12 Date 2 Date 1 Date 2 Date 1 Date 2 Date 1 Date2 SEM
Experiment 1
No. of animals 5 5 5 5
Total OM intakebede 14.1* 187 17.8" 204 16.9* 234 203* 242 0.5
8Dates for intake trials were 20 - 24 Jun. and 15 - 19 Aug. 1988.

re was a significant effect of date in the model (P < 0.01).
‘:There was a significant effect of steer age in the model (P < 0.05).
Means comparing control and supplemented cattle within age and date differ at P < 0.05.
ere was a tendency toward an effect of supplementation level (P = 0.06).

©There was a tendency toward a date x supplementation level interaction (P = 0.08).
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Table 4. Least squares means of organic matter (OM) intake (g/kg BW)
and digestibility in steers, Experiments 1 and 2.

—.SPIiﬂg'_mm_- _.Eau_mm_'

Item Date 1* Date 2 Date] Date2 SEM
Experiment 1
No. of animals 10 10
Forage OM
Intake®™ 15.1 187 169 223 0.3
Digestibility, %" 659 64.0% 669  61.7% 03
Experiment 2
No. of Animals 11 13
Forage OM
Intake™ 156 140 228 191 04
Digestibility, % 687 50.0 68.0 483 03
Total OM intake™ 162 146 244 205 04

3Dates for intake trials were 20 - 24 Jun. and 15 - 19 Aug. 1988 for experiment 1 and 31
wil- 3 Aug. and 11 - 15 Sep. 1989 for experiment 2.
ere was a significant effect of date in the model (P < 0.01).
€.CThere was a significant effect of steer age in the model at P < 0.05 and P < 0.01,
respectively.
re was a significant steer age x date interaction (P < 0.05).

observed between the 2 intake periods in experiment 2. There was no
difference in lignin content between dates in experiment 1 and this
may partially explain the smaller differences in organic matter
digestibility observed in experiment 1 compared to experiment 2.

Goestch et al. (1990, 1991) has suggested that fall-born calves
would have lower capacity than yearlings for consumption of low-
quality forages. This was not found to be the case for steers grazing
Northern Great Plains rangelands during the summer months. Across
both experiments, fall-born steers consumed 39% more forage on a
body weight basis than did spring-born steers. Coleman and Evans
(1986) found no difference in intake on a metabolic body weight
basis between fall- and spring-born calves fed alfalfa pellets.
Differences in intake between animals of different age and
liveweight may be dependent on forage quality.

Differences in organic matter intake over time varied between
years. In experiment 1, steers consumed more forage in the second
intake trial than in the first with the opposite occurring in experiment
2. Differences between experiments may be related to the difference
in timing of intake studies. In contrast, we previously observed no
effect of advancing maturity of eastern Montana native range vegeta-
tion on organic matter intake in yearling steers from early May to late
October (Adams et al. 1987).

Intake response to protein supplementation on rangeland has been
varied. No response (Krysl et al. 1989) or positive responses have
been observed (Caton, et al. 1988; DelCurto 1990a,b; Sanson et al.
1990). Differences in response have been suggested to be related to
forage quality (Caton et al. 1988) and environmental conditions
(Kartchner, 1980). Ward et al. (1990b) found no effect of protein
supplementation on forage or total organic matter intake by steers
grazing southeastern Montana rangeland in winter. In the current
study, total organic matter intake was increased due to supplementa-
tion in June during experiment 1, indicating that steers were not sub-
stituting supplement for forage at this time.

Animal Performance

Average daily gains were increased (P<0.01) by protein supple-
mentation in the first experiment. Final weights were increased by
supplementation (P<0.01) for fall-born steers but not for spring-born
steers or fall-born heifers (Table 5).

In experiment 2, average daily gain of fall-born steers was again
increased (P<0.01) by protein supplementation (Table 5). Final
weights were also increased (P<0.05) by supplementation. Spring-
born steers and fall-born steers and heifers fed supplement were 18,
20, and 15 kg heavier, respectively, at the end of the grazing period
than their nonsupplemented counterparts. _

The decreased response of final weight to supplementation
observed in the first experiment compared to the second was due to
the shorter period that the cattle were fed supplement in experiment 1
(60 days versus 80 days in experiment 2). Although standing crop
was not measured, cattle were removed from pastures in August of
1988 due to limited forage during severe drought.

Table 5. Least squares means for weight and average daily gains of steers and heifers in 2 years.

| Fall-born steers N
Item Control Supplemented Control  Supplemented Control Supplemented SEM
Experiment 1
No. of animals 11 13 5 6 7 6
Initial weight, kg* 334 327 205 226 215 212 3
Final weight, kg™ 376 380 237** 2717** 261 259 3
ADG, kg/day* 0.66 0.83 0.50 0.78 0.72 0.74 0.02
Experiment 2
No. of animals 12 12 12 12 6 5
Initial weight, kg* 383 389 184 183 185 182
Final weight, kg* 422 442 241 260 236 251
ADG, kg/day¥ 0.52 0.65 0.71 0.95 0.63 0.85 0.02

8There was an effect of animal type (P < 0.01).
ere was an animal type X supplementation level interaction (P = 0.05).

€.AThere were effects of supplementation level in the model at P < 0.05 and P < 0.01, respectively.

**Means within animal type differ (P < 0.01).
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The results of this study show that protein supplementation may be
beneficial to growing cattle grazing Northern Great Plains rangelands
in late summer and fall. The increase in weight gain can occur with-
out an associated increase in forage intake. Response may be limit-
ed, however, if forage availability or quality is decreased due to
drought. Younger (fall-born) cattle respond to protein supplementa-
tion more consistently than do older (previous year’s spring-born)
cattle. The decision to supplement should be made based upon
expected response coupled with economic and management consid-
erations.
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