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Estimating Cattle Gains from Consumption of 
Digestible Forage on Ponderosa Pine Range’ 

HENRY A. PEARSON 

Rocky Mountain Forest and Range Experiment Station,2 
Flagstaff, Arizona. 

Highlight 
In vitro digestibility measurements 

reduce the variability in estimating 
cattle gains from forage intake mea- 
surements. The daily digestible forage 
intake requirements of range cattle 
appear similar to the requirements of 
cattle in feedlots. 

La Estimation de Ganancias de1 
Ganado Bovino por el Consumo 

de Forraje Digestible 

Resumen3 
Se llev6 a cabo el estudio en un pa- 

stizal tipo pino ponderosa cerca de 
Flagstaff, Arizona, E.U.A. Las ganan- 
cias de1 ganado bovino fueron rela- 
cionadas directamente con el consume 
de forraje digestible y el consume or- 
dinario. El consume de forraje digesti- 
ble explica el 80% de las ganancias y el 
consume ordinario explica el75.3%. Se 
concluy6 que la mejor evaluacih de 
10s pastizales es el consume de forraje 
digestible. 

Range nutritional value is usu- 
ally measured in terms of forage 
production, utilization, and chemi- 
cal analyses, and less frequently in 
terms of animal production. Al- 
though it is generally simpler and 
less expensive to measure forage 
than animals, some conversion of 
forage measurements into animal 
products is necessary to properly 
assess range value. The most mean- 
ingful conversion is based on forage 

l Received January 22, 1971. 
‘Forest Service, U. S. Department of 

Agriculture, Flagstaff, Arizona, in co- 
operation with Northern Arizona 
University; central headquarters main- 
tained at Fort Collins, in cooperation 
with Colorado State University. Au- 
thor is currently Principal Range Sci- 
entist, Southern Forest Experiment 
Station, Pineville, Louisiana. 

3Por Donald L. Huss y Benjamin 
Lopez, Dept. Zootecnia, I.T.E.S.M., 
Monterrey, Mexico. 

intake and digestibility of that for- 
age: digestible forage consumed. 
This conversion provides a better 
evaluation of different ranges re- 
gardless of species composition of 
the animal diet. 

Forage requirements for animal 
maintenance and gain are also im- 
portant in determining range value. 
The energy requirements for domes- 
tic livestock in feedlots have been in- 
vestigated by several workers (Green 
et al., 1959; Garrett et al., 1959; 
Winchester and Hendricks, 1953), 
but little quantitative information 
is available on maintenance or gain 
requirements for grazing animals 
under range conditions. Kromann 
et al. (1961) found no difference in 
the maintenance requirements for 
digestible energy between steers fed 
in a drylot and those grazing ir- 
rigated pasture. They suggest that 
the extra activity involved in graz- 
ing does not materially increase the 
digestible energy requirements of 
cattle. 

Relationships between digestible 
forage intake and yearling cattle 
gain on ponderosa pine (Pinus 
ponderosa Laws.) summer range are 
reported here. Included are (1) the 
beef gain-forage consumption per 
acre relationship, and (2) quantita- 
tive daily requirements of grazing 
cattle. In vitro dry matter digesti- 
bility has been applied directly to 
animal responses instead of being 
converted to in vivo digestibility 
prior to application. 

Since digestible dry matter accu- 
rately describes digestible energy 
and total digestible nutrients 
(TDN), with appropriate transfor- 
mations these terms can apparently 
be used interchangeably when con- 
sidering nutrient requirements for 
livestock (Moir, 1961; Harris et al., 
1959; McCullough, 1959). 
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Methods and Procedures 

The ponderosa pine range stud- 
ied, near Flagstaff, Arizona, is de- 
scribed in detail by Pearson and 
Jameson (1967); it includes seven 
pastures varying from 40 to 250 
acres. The pine stands in four 
pastures were thinned to different 
densities of trees; two pastures were 
clearcut and one was left un- 
thinned. These differing densities 
of overstory provided pastures with 
varying forage yields. Arizona 
fescue (Festuca arizonica Vasey), 
mountain muhly (Muhlenbergia 
montana (Nutt.) Hitchc.), bottle- 
brush squirreltail (Sitanion hystrix 
(Nutt.) J. G. Smith), and sedge 
(Carex geophila Mackenz.) com- 
prised the major portion of the 
herbaceous vegetation. 

Yearling Hereford heifer cattle 
grazed each pasture for a 4-month 
season, June through September, 
1963-67. The average animal 
weight varied between 450 and 600 
pounds. Forage utilization varied 
between 5 and 40%. 

Water and salt were manipulated 
to provide uniform grazing in each 
pasture. Trap gates at the water 
facilities were used to catch ani- 
mals for weighings. Animals were 
held off water 12 to 16 hrs prior to 
weighings. Animal gain was deter- 
mined by difference between initial 
animal weight in June and ending 
weight in September. 

Forty-five pairs of 9.6-f@ plots 
(one caged, one uncaged) were lo- 
cated in each of the seven pastures 
to measure utilization production, 
and forage digestibility. The caged 
plots were clipped at 6-week inter- 
vals during the season to resemble 
cattle grazing on the uncaged plots. 
Digestibility of the clipped forage, 
which duplicated cattle intake or 
consumption ranged from 52.1 to 
60.3% and was determined by the 
two-stage in vitro technique (Til- 
ley and Terry, 1963). The remain- 
ing forage on the caged plots was 
clipped to near ground level at the 
end of the growing season. Total 
production was obtained by adding 
all clippings. 

Least squares regression analyses 



DIGESTIBLE FORAGE 19 

were used to determine simple pre- 
diction formulas based on pasture 
mean values. The independent var- 
iables (seasonal forage intake and 
seasonal digestibility) were subject 
to large sampling error, however. 

Animal weight gains and forage 
intake varied according to stocking 
rate, grazing intensity, and forage 
production. From these relation- 
ships a regression equation was cal- 
culated to describe the maintenance 
and gain requirements of grazing 
cattle. The maintenance and gain 
requirements are determined by use 
of the equation f = awb (1 + kg) 
described by Winchester and Hen- 
dricks (1953), where f is the daily 
energy intake, w is the mean body 
weight, b is the basal metabolism 
factor, and g is the mean daily 
weight; a is the intercept constant 
determined from the linear rela- 
tionship between energy intake and 
weight gain while k is a constant 
determined by dividing the regres- 
sion coefficient from the linear rela- 
tionship by the intercept constant. 

Results and Discussion 

Beef Gain-Forage Consumption 
per Acre 

Beef gain per acre was directly 
related to in vitro digestible forage 
consumption per acre (Fig. 1) and 
ordinary forage consumption. The 
regression equation expression of 
beef gain per acre to digestible for- 
age consumption was: 

G = 0.257 DC - 1.013 

where G is the seasonal yearling 
beef gain in lb./acre and DC is the 
mean product of in vitro digestible 
dry matter consumption in lb./ 
acre. Digestible forage consumed 
explains 80% of the variation in 
gains. The equation for ordinary 
forage consumption per acre was: 

G = 0.141 C - 0.643 

where C is dry matter consumption 
in lb./acre. Consumption alone ex- 
plains 75.3% of the variation in 
gains. Relative precision of the 
equations is computed as the ratio 
of the coefficients of determination 

40 
r 

20 40 60 60 100 
Digestible forage consumption (pounds per acre) 

FIG. 1. Relationship between digestible 
forage consumed and beef gain per acre. 

(1 - r2). The relative gain in pre- 
cision by inclusion of digestibility 
was 25”/0, which is significant at the 
0.0 1 probability ‘level (Williams, 
1959). 

Since forages can differ in nutri- 
tive value from year to year on 
various ranges, the digestibility 
measurements enhance forage eval- 
uations. Forage from different 
ranges can be compared, regardless 
of species composition. 

These relationships are most use- 
ful for predicting beef production 
from studies in which forage can be 
measured but beef gains cannot. 
The in vitro digestibility measure- 
ments are especially useful in range 
evaluations. Only small forage sam- 
ples are necessary for determina- 
tions and an acceptable level of 
precision can be prescribed. The 
specific relationships described here 
apply only to beef yields per acre 
for yearling heifers grazing pine 
summer range in the southwestern 
United States, however. 

Daily Nutrient Requirement 

The equation used to describe 
daily intake requiremen ts was: 

DDM = 0.033 w3/4 (1 + 0.479g) 

where DDM represents the mean 
daily in vitro digestible dry matter 
intake in pounds, w is the mean 
body weight in pounds during the 
grazing season, and g is the mean 
daily weight gain in pounds. The 
constants a (0.033) and k (0.479) 
were calculated from the data, 

while the constant b (%) was as- 
sumed (Garrett et al., 1959). A 
scatter diagram between digestible 
forage consumed and weight gain 
per animal shows that this equa- 
tion has little predictive value. 

Although the constants from 
these data were somewhat differ- 
ent, this equation was similar to 
the equation by Garrett et al. (1959) 
for estimating TDN requirements 
for maintenance and gain (TDN = 
0.0312~3/~ (1 + 0.633g). Since no 
transformations were calculated for 
converting DDM to TDN, the val- 
ues must be assumed equal for com- 
paring regressions. Within limits, 
however, daily maintenance and 
gain requirement data obtained 
from the feedlot studies can ap- 
parently be applied to range evalu- 
ations. These data are also in gen- 
eral agreement with Kromann et al. 
(1961), who converted TDN mea- 
surements to digestible energy by 
the conversion factor of 2,000 kcal/ 
lb. of digestible feed. Applying this 
conversion factor to these in vitro 
digestibility measurements would 
yield an equation similar to Gar- 
rett’s for daily digestible energy re- 
quirements. 
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Highlight 

Perennial grass production on southern bluestem range 
was not significantly affected by pine straw mulch, ash, 
or leachate. Pine straw mulch and ash significantly re- 
duced the perennial grass basal cover index but increased 
bluestem flower-stalk density. 

To maintain high forage production, southern 
pine-bluestem ranges are customarily burned in 
winter or early spring every few years after con- 
siderable pine straw has accumulated (Wahlenberg 
et al., 1939). This paper reports a study of the pos- 
sible causes for the production decreases that are 
known to occur when pine straw is allowed to ac- 
cumulate. No single cause could be identified. 

Experimental Area and Procedures 

The study area is on the Palustris Experimental Forest in 
central Louisiana. It is longleaf pine-bluestem range that 
had been protected from grazing for 15 years and from fire 
for 7 years prior to study initiation. Herbaceous cover con- 
sisted primarily of pinehill bluestem (Andropogon diver- 
gens) and slender bluestem (A. tener) with lesser amounts 
of panicums (Panicum spp.) and paspalums (Paspalum spp.). 
No tree overstory was present on study plots. 

Treatments consisted of mulching with pine straw, burn- 
ing immediately after mulching with pine straw, watering 
with pine straw leachate, and a nontreated check. The treat- 
ments were designated mulch, ash, leachate, and control, re- 
spectively. Mulch, ash, and leachate treatments utilizing 
pine straw at rates of 5, 10, and 15 tons/acre were designated 
light, moderate, and heavy, respectively. Recently cast long- 
leaf pine (Pinus palustris) needles were collected under 
nearby trees and ovendried 48 hours at 24 C. 
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The 10 treatments replicated four times were randomly 
assigned to 5- by 5-ft plots. Forage data were collected from 
3.1- by 3.1-ft quadrats centered on each plot. 

All plots were burned in early March to remove the old 
herbaceous litter. Pine straw was placed on the ash treat- 
ment plots just prior to the March burning to produce the 
prescribed levels of ash. Pine straw was placed on the 
mulch treatment plots immediately after burning and re- 
mained there until termination of the study. Pine straw for 
the leachate treatments was soaked with tap water in in- 
dividual 30-gallon containers. Three gallons of water con- 
taining the leachate were applied to plots at approximately 
2-week intervals from early April to September. At the same 
time 3 gallons of tap water were applied to all other plots. 
Water was replenished in the leachate container after each 
application. 

Basal cover index of perennial grasses, pinehill and 
slender bluestem flower stalk density, and production of 
bluestems and other perennial grasses were determined in 
mid-September. Basal cover index was estimated by averag- 
ing 100 %-inch-diameter loop readings systematically spaced 
on each quadrat. Flower stalks were counted on each quad- 
rat and production was determined by clipping to l-inch 
stubble and ovendrying for 48 hours. 

Results 

Grass Production 

Although perennial grass production after treat- 
ment ranged from less than 2000 to over 2800 
pounds per acre, none of the treatment means dif- 
fered significantly (0.05 level) from the average on 
control plots (Table 1). Other workers have re- 
ported that herbaceous vegetation decreases when 
pine straw is allowed to accumulate on southern 
pine-bluestem range (Wahlenberg et al., 1939; 
Heyward, 1939; and Hilmon and Hughes, 1965). 
In those studies, however, production was evidently 
influenced by overstory as well as mulch. 

Basal Cover Index 

Basal cover of perennial grasses appeared to be 
less on mulch and ash plots than on leachate- 
treated and control plots when spring regrowth 
began. The low basal cover index persisted 
throughout the growing season on most of the ash 
and mulch treatments (Table 2). Partial to com- 
plete mortality of crowns of perennial grasses was 


