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Abstract

Two grazing trials were conducted in separate years on a 5.86
ha winter wheat (Triticum aestivum var, Chisholm) pasture divid-
ed into 10 experimental paddocks. Paddocks were differentially
grazed with beef steers to produce an array of different herbage
mass levels, expressed as kg dry matter (DM)/ha. Each experi-
mental paddock was then continuously stocked with 3 beef steers
during each 7-day forage intake trial. Daily forage intake,
expressed as kg organic matter (OM)/100 kg body weight (BW),
was estimated from fecal output (Cr,O; dilution) of the beef
steers and in vitro organic matter disappearance of esophageal
masticate collected from each paddock. Estimated daily gain was
calculated from forage intake and net energy values calculated
from organic matter disappearance data. Forage intake, organic
matter disappearance, and estimated daily gain were related to
daily herbage allowance, expressed as kg DM 100 kg BW-1 day-,
and herbage mass utilizing a quadratic equation with a plateau
function. As herbage allowance increased, organic matter disap-
pearance improved (Y = 62.18 + 1,08 herbage allowance - .022
herbage allowance?; r2 = .64, MSE = 5.06) as did forage intake (Y
= 1.3 +.12 herbage allowance - .003 herbage allowance?; r2 = .52,
MSE = .07), and estimated daily gain (Y = - .059 + .12 herbage
allowance - .003 herbage allowance?; r? = .59, MSE = .07).
Plateaus were achieved at herbage allowance between 20 to 24 kg
DM 100 kg BW-! dayl. Results of this study indicate forage
intake and estimated daily gain declined severely as herbage
allowance fell below 20 to 24 kg DM 100 kg BW-! day-l. This data
may provide a threshold herbage allowance for initiation of ener-
gy supplementation programs for growing cattle on wheat pas-
ture.
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Annual forage species such as wheat (Triticum aestivum) and
rye (Secale cereale) are the primary cool-season forages grazed
by growing beef cattle in the southern Great Plains region of the
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United States. A problem frequently encountered by producers in
the region during winter months is limited herbage mass for graz-
ing livestock. Herbage mass is a function of such factors as plant-
ing date, seeding rate, variety, precipitation, temperature, and
stocking rate. Interactions between cultural and management
practices and environmental influences may serve to reduce
herbage mass during any year. However, stocking rate may be the
most important variable that can be directly manipulated by the
producer.

Better understanding of the impact of limited herbage mass on
forage and nutrient intake, thus animal performance, would aid in
the development of supplemental feeding programs designed to
economically maintain a desirable level of gain in growing cattle.
Hodgson (1990), who has studied perennial ryegrass (Lolium
perenne L.) and perennial ryegrass/clover (Trifolium spp.)
swards, stated herbage intake and animal performance would
increase with increased herbage allowance, expressed as kg dry
matter (DM) 100 kg body weight (BW)-1 day-!, but platean at a
herbage allowance of about 10 to 12% of body weight. Ellis et al.
(1984) studied annual ryegrass (Lolium multiflorum Lam.) intake
as paddocks were progressively defoliated. Daily intake declined
as herbage allowance was reduced below 30 kg DM/100 kg BW.
However, fecal output remained constant as herbage allowance
decreased from 70 to 10 kg DM/100 kg BW, which indicated that
the reduction in forage intake was due to reduced digestibility of
the diet rather than the inability to prehend forage. Little is
known, however, about the relationship between herbage
allowance of wheat forage and growing cattle, This study was
designed to determine the relationship between herbage
allowance and in vitro organic matter (OM) disappearance in
diets of cattle grazing wheat forage, the relationship between
herbage allowance and forage intake (kg OM/100 kg BW), and
the relationship between herbage allowance and estimated daily
gain of growing beef cattle grazing wheat forage.

Materials and Methods

The study was conducted at a facility approximately 5.6 km
west of the Oklahoma State University main campus at
Stillwater. In February 1991, and January 1992, a 5.8-ha paddock
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of winter wheat forage (Triticum aestivum var. Chisholm) was
subdivided into 8 paddocks of 0.4 ha each and 2 paddocks of 0.8
and 1.8 ha (n = 10), respectively. Paddocks were differentially
grazed with beef steers to produce a range of herbage mass values
in each of the paddocks. Differences in herbage mass were estab-
lished initially by ocular estimate but subsequently determined by
hand-clipping forage samples. We clipped forage from within a
0.25-m? sample frame to ground level in each paddock and dried
the samples to a constant weight in a forced-air oven at 60°C. We
then weighed the dried samples to the nearest 0.1 g to determine
the initial herbage mass for each paddock before grazing trial ini-
tiation. There were no targeted ranges of herbage mass intended;
the intent being to establish an array of herbage mass levels typi-
cal of those encountered under typical production systems. The 2
larger paddocks allowed for observations of herbage mass similar
to those of the smaller paddocks, but at a herbage allowance in
excess of those of the smaller paddocks.

Thirty beef steers (mean weight = 313 kg in 1991, 267 kg in
1992) were randomly allocated by weight to groups of 3 head and
assigned to an experimental paddock. The steers had been graz-
ing wheat forage for several weeks before trial initiation to pre-
clude variation due to radical change of diet.

In both February 1991 and January 1992, each paddock was
continuously stocked with 3 beef steers during the 7-day grazing
trial. Wheat was in the same vegetative stage of development dur-
ing the grazing trial for both years (Feekes stage 5). Forage intake
was calculated as the ratio of fecal output and diet indigestibility.
Fecal output was estimated using chromic oxide dilution (Pond et
al. 1987). Each steer was dosed twice daily (0700 and 1700) with
4 g of chromic oxide administered orally in a gelatin capsule.
Marker administration began 3 days prior to grazing the experi-
mental paddocks and continued through the subsequent 7-day
grazing trial. Fecal samples were collected twice daily (0700 and
1700) on the final 4 days of each 7-day grazing trial. This result-
ed in a 6-day equilibration period and a 4-day collection period.
Although marker recovery was not determined by total fecal col-
lections, previous studies on wheat pasture at this location have
demonstrated that this method provided estimates of total fecal
output that were not different (P>0.05) from total fecal collec-
tions (Vogel et al. 1985). Fecal samples were composited across
days within steers, frozen, and dried in a forced air oven to a con-
stant weight. Chromium concentration was determined by atomic
absorption spectrophotometry as described by Williams et al.
(1962).

Diet indigestibility was determined by in vitro organic matter
disappearance of esophageal masticate. Masticate samples were
collected from each paddock on days 1 and 3 of the fecal sam-
pling period during each trial. On these days, esophageally fistu-
lated beef steers were fitted with collection bags with plastic lin-
ers and allowed to graze each paddock for 15 to 30 min. The beef
steers and fistulated steers were not on the test paddocks at the
same time. Two steers were used to obtain masticate samples
from each paddock. All cattle had been grazing adjacent wheat
pastures for a minimum of 8 weeks under identical stocking den-
sities. Forbes and Beattie (1987) have suggested that esophageal-
ly fistulated and nonfistulated animals of similar background and
nutritional history would not be expected to differ in grazing
behavior. Therefore, we assume that the diet samples obtained
from the cannulated steers were typical of those selected by the
test steers. The cannulated steers had been prepared by licensed
veterinarians at the Oklahoma State University College of
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Veterinary Medicine and all procedures concerning the fistulated
animals had been reviewed by the University Animal Care
Committee. Masticate samples were composited across steers
within paddocks and across collection days, then frozen and
lyophilized. In vitro organic matter disappearance was measured
using a modified Tilley and Terry (1963) procedure. Samples
were inoculated at 39°C for 48 hours in buffered rumen fluid fol-
lowed by a 24-hour period in acid-pepsin. The buffer was as
described by McDougall (1948), except that urea (1 g/liter) was
added and the CaCl, was reduced to 0.10 of the specified concen-
tration. Inoculum for the procedure was obtained from rumen
cannulated steers grazing wheat forage. Daily gain of beef steers
was estimated from forage intake data and net energy values cal-
culated from the organic matter disappearance values of the
esophageal masticate samples (NRC 1984). Equations utilized in
the net energy calculations are as follows:

Digestible organic matter = total digestible nutrients [TDN (Moore,
1994)]

1 kg TDN = 4.4 Mcal of digestible energy (DE) kg DM-!

Metabolizable energy [ME, (Mcal energy kg DM-!)] = 0.82 DE

Net energy for maintenance (Mecal energy kg DM-1) = 1.37 ME - 0.138
ME?

+0.0105 ME3 - 1.12

Net energy for gain (Mcal energy kg DM-1) = 1.42 ME - 0.174ME? +
0.0122

ME3 - 1.65

Data from both trials were combined for statistical analysis.
Non-linear regression procedures (SAS 1987) were used to fit
quadratic models with a plateau function to describe relationships
between organic matter disappearance, forage intake, and esti-
mated daily gain for both herbage mass and herbage allowance.
Values for herbage mass from the 4 larger paddocks were within
the range of the 0.4 ha paddocks, but the herbage allowance was
greater than those observed in the other test paddocks due to the
larger paddock size. Therefore, the relationships between the
dependent variables and herbage mass were evaluated for the full
data set (n=20) and a reduced data set (n=16) in which the 4
observations from the larger paddocks were deleted. Critical
(value of the independent variable at which the dependent vari-
able reaches a plateau) and plateau (value of the dependent vari-
able at the critical point) values were determined for all models.

Results

Herbage mass: Ranges of the dependent and independent vari-
ables for the full data set are shown in Table 1. Regression and
statistics parameters for the relationships of organic matter disap-
pearance, forage intake and estimated daily gain to herbage mass
are shown for both the full and reduced data sets in Table 2. In
general, better fits of the data (i.e., higher 12 values and lower
mean square errors) were obtained with the reduced data set.
However, critical values for the dependent variables ranged from
2,670 to 3,073 kg/ha and were substantially higher than those
(i.e., 1,243 to 1,264 kg/ha) derived from the full data set. We con-
sidered the lower values to be more realistic and more consistent
with previous observations on pasture. Plateau values for organic
matter disappearance, forage intake, and estimated daily gain for
the full and reduced data sets were 72.4 and 75.3%; 2.3 and 2.6
kg/100 kg BW; 1.0 and 1.4 kg, respectively. Fecal output (g/100
kg BW) was not affected by herbage mass.
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Table 1. Ranges of the dependent and independent variables for 7-day
forage intake trials using the full data set (n=20) for years 1 and 2.

Variable Minimum Maximum Mean
Herbage mass, kg/ha 672 2645 1256
Daily herbage allowance, kg/100 kg BW 55 64 14.8
Diet in vitro OM disappearance, 5% 62.4 714 708
Daily forage intake, kg OM/100 kg BW L5 29 2.2
Estimated daily gain, kg 0.1 1.4 0.36
Fecal output, kg/100 kg BW 0.54 0.73 0.63

Herbage allowance: Regression and statistics parameters for
relationships of the dependent variables to herbage allowance are
shown in Table 2. Diet organic matter disappearance increased
with increasing herbage allowance to a critical value of 24.3
kg/100 kg body weight and reached a plateau at a value of 75.3%.
Fecal output ranged from 0.54 to 0.73 % of body weight with a
mean fecal output of 0.63% of body weight and was not influ-
enced by herbage allowance. Conrad et al. (1964) reported that
fecal output of lactating dairy cows averaged 1.07% of body
weight and Owens (1991) reported that fecal output of forage-fed
cattle ranged from 0.4 to 1.3% of body weight (mean = 0.83%;
SD = 0.2). Forage intake responded to increasing herbage
allowance in a manner similar to organic matter disappearance.
Peak forage intake of 2.57 kg/100 kg BW occurred at a herbage
allowance of 21.1 kg/100 kg BW. Estimated daily gain of steers
reached a plateau of 1.3 kg at a herbage allowance of 23.0 kg/100
kg body weight.

Discussion

In vitro organic matter disappearance of wheat forage declined
from about 75% at a herbage mass of 2,670 kg/ha to approximate-
ly 66% at a herbage mass of about 700 kg/ha. Jamieson and
Hodgson (1979) reported diet in vitro organic matter disappear-
ance declined in one experiment from 79 to 72% as a perennial
ryegrass sward was progressively defoliated from 2,373 to 1,643
kg/ha. Ellis et al. (1984) reported that dry matter digestibility by
steers grazing annual ryegrass was progressively decreased
(P<0.01) as herbage allowance was reduced to less than 30 kg/100
kg BW. In the present study, organic matter disappearance
declined as herbage allowance fell below 24.3 kg/100 kg BW.

With regard to forage intake, our data were consistent with the
results of previous studies on ryegrass pasture in which forage
intake generally reached a plateau at a herbage mass between
1,500 and 3,000 kg DM/ha (Hodgson 1977). With respect to
herbage allowance, our results were similar to those reported for
annual ryegrass (Ellis et al. 1984, Telford 1980) in which forage
intake decreased at herbage allowances of less than 25 kg/100 kg
BW. Recent work on wheat pasture demonstrated that weight
gain of steers declined as herbage allowances fell below 24
kg/100 kg BW (W.E. Pinchak, unpublished data). Our data, how-
ever, suggested a higher herbage allowance plateau than the 10 to
12% of animal body weight reported by Hodgson (1990).

The range of estimated daily gain for this trial was in agree-
ment with field observations for beef steers grazing wheat forage
(Homn et al. 1981, Mader et al. 1983, Horn et al. 1992). The val-
ues were greater than those reported by Ellis et al. (1984) in
which average daily gains up to 0.8 kg/day were noted for steers

Table 2. Regression and statistical parameters for relationships between the dependent variables in vifro organic matter digestiblity, organic matter
intake, digestible organic matter intake and estimated daily gain and herbage mass and allowance for both years.

n? 2 MSE B, B, B, Critical value® Plateau®
----------------------- Independent variable: Herbage mass, kg DM/ha - - - - - o e o e cmee oot
In vitro OM Digestiblity,
S 16 0.6685 3.9221 57.7655 0.0131 -0.0000025 2670 75.3
20 04951 7.0607 38.9763 0.0499 -0.0000186 1339 724
Intake, kg/100 kg BW,
OM 16 0.5246 0.0558 1.1046 0.0011 -0.00000019 2852 2.63
20 0.4020 0.0870 -1.3705 0.0060 -0.0000024 1243 2.33
DOM 16 0.6024 0.0370 0.5846 0.0009 -0.00000015 3115 2.04
20 0.4162 0.0687 1.5907 0.0052 -0.0000021 1257 1.69
Estimated daily gaind,
kg 16 0.6173 0.0475 -0.2994 0.0011 -0.00000018 3072 1.40
20 0.4238 0.0508 -2.7784 0.0060 -0.0000024 1264 1.01
-------------------- Independent variable: Daily herbage allowance, kg DM/I00 kg BW = e e e emeeeo oo
In vitro OM digestibility
7 20 0.6382 5.0594 62.1826 1.0806 -0.0222 243 75.3
Intake, kg/100 kg BW,
OM 20 0.5222 0.0695 1.2989 0.1206 -0.0028 21.1 2.57
DOM 20 0.5768 0.0498 0.7748 0.1028 -0.0023 228 1.94
Estimated daily gain,
kg 20 0.5906 0.0645 -0.0593 0.1186 -0.0026 23.0 1.30

“n = 16 for data set with observations from 4 large pastures deleted; n = 20 for full data set.

Critical value refers to that of the independent vanable at which the dependent variable reaches a plateau.

Plateau refers to that value of the dependent anable achieved at the critical value point.

Daily zain estimated from forage intake and net energy values (NRC 1984) from in vitro OM digestibility values of esophageal masticates.
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grazing fertilized ‘Gulf’ ryegrass. Our data also indicated that
estimated daily gain of steers grazing wheat forage reached a
plateau at a much higher herbage allowance than for steers graz-
ing pastures of tropical forages (Mott 1984). Working with tropi-
cal forages, Mott (1984) suggested optimum animal performance
occurred at herbage allowance of approximately 5 kg of DM/100
kg BW.

Conclusions

The daily herbage allowance encompassed in this study are typ-
ical of values encountered in conventional programs for growing
beef cattle on winter wheat pasture in the southern Great Plains of
the United States. Our results agreed with observations previous-
ly reported for cattle grazing annual ryegrass (Ellis et al. 1984,
Telford 1980). Our results agree with conclusions of Ellis et al.
(1984) who observed that decreased forage intake in response to
lower herbage allowance was due to reduced digestibility of for-
age rather than decreased intake due to inability to prehend for-
age. The herbage mass at which forage organic matter digestibili-
ty, forage intake and estimated daily gain of cattle peaked varied
depending on whether or not all pastures were included in the
data set. Herbage mass provides no measure of grazing pressure
and perhaps at best is useful only as a general descriptor of pas-
tures. In contrast, the relationship of forage intake to herbage
allowance as a measure of grazing pressure in this study yielded
results similar to those found in the literature. Our data suggests
that forage organic matter digestibility, forage intake and estimat-
ed daily gain of growing cattle will decline at wheat herbage
allowance below 21 to 24 kg/100 kg BW. These thresholds and
factors affecting them need to be defined more clearly to improve
management of growing cattle grazing cool-season annual for-
ages.
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