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transducers and a recording sys- 
tem, range cattle can be weighed 
without disturbing their normal 
routine. The weighing procedure 
does not require elaborate prep- 
aration. One person can insert 
the load rings and prepare the 
instrument for recording in about 
30 min. 

It should be stressed that the 
weighing system described here 
is a pioneer model, and that 
many refinements are possible. 
The use of commercially built 
load cells or transducers might 
well improve the performance 
of the instrument. For example, 
the experimental load rings must 
be shaded because they are not 
temperature-compensating, as 
most commercial units are. Ade- 
quate scale platforms can be 
built more cheaply from lighter 
weight materials. Some mechani- 
cal means of damping the scale, 
or a method to momentarily stop 
the animals on the scale, would 
eliminate some of the oscillating 
traces due to movement. 

Cattle weights can be obtained 
with the experimental scale, but 
an operator is required. To fully 
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automate the scale would require 
the following additional features: 

A recorder with sufficient 
range to accommodate the 
full range of weights antici- 
pated. The recorder we used 
required a change of attenu- 
ator setting for heavy ani- 
mals. 
Remote control of the chart 
drive, such that an animal 
would start the chart by step- 
ping on the platform, and that 
the chart would run 1 or 2 
seconds after the animal 
leaves, in order to establish 
the base or “no load” line. 
Since long intervals may 
elapse between animals, it is 
essential that the chart not 
run all the time. 
Where individual animals 
must be identified, numbers 
could be painted on the ani- 
mals. These numbers could be 
recorded by a camera tripped 
by the signal that starts the 
chart drive. 

A scale with these additional 
features will soon be completed. 
If it is successful, we will pro- 
ceed with tests to learn how to 
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year was probably caused by greater 
growth on caged than on open quad- 
rats. 

When forage consumption is 
computed as the difference be- 
tween herbage weight on pro- 
tected and grazed plots, greater 
growth on protected plots may 
distort the estimate. The longer 
the period of protection, the 
greater the discrepancy is likely 
to become (Joint Committee, 
1962). To assess the magnitude 
of this error, various measure- 
ment techniques were compared 
in a 2-year study on pine-blue- 
stem range. 

Procedure 
The study was made in 1963-64 

on a 570-acre range unit of the 
Palustris Experimental Forest in 
central Louisiana. Longleaf pine, 
Pinus palustris Mill., had been 

distinguish between gain or loss 
of tissue and changes in fill. 

When perfected, the electronic 
scale will offer several cost ad- 
vantages. One set of instruments 
can be moved about to obtain 
cattle weights on inexpensive, 
permanent platforms at several 
locations. Since cattle are not 
restrained, elaborate, expensive 
corrals are not needed. One man 
can set up and calibrate the sys- 
tem and record weights as ani- 
mals cross the platform, or, he 
can set the system to operate 
automatically. 

In its present stage of develop- 
ment, the system should work 
well where cattle visit a certain 
area regularly for feed or water. 
Weighing at water offers promise 
in the Southwest, where many 
animals drink daily during 
warm, dry weather, and where 
cool, moist weather is unusual. 
Until automatic operation is 
worked out, however, much op- 
erator time can be saved by clos- 
ing the water the day before 
weighing, and allowing most of 
the cattle to gather before letting 
them cross the scale. 
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clearcut more than 20 years be- 
fore. The woody cover now con- 
sists mainly of scattered second- 
growth pines, scrub oaks, Quer- 
cus spp., and southern wax- 
myrtle, Myrica cerifera L. Pine- 
hill bluestem, Andropogon diver- 
gens (Hack.) Anderss. ex Hitchc., 
and slender bluestem, A. tener 
(Nees) Kunth, dominate the her- 

baceous cover. Herbage averages 
about a ton (oven-dry) /acre/ 
year. Annual rainfall is about 58 
inches. 

Before the study, l/3 of the unit 
was burned each April in a 3- 
year rotation. A cow herd grazed 
yearlong, and utilization aver- 
aged about 75% on the newly 
burned portions and 25% on the 
unburned. For 1963, the study 
site was a 190-acre area burned 
in April. To intensify use during 
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the second year, only 20 acres 
were burned in April 1964, and 
the grazing herd was kept con- 
stant. 

Measurement units were repli- 
cated 20 times in a randomized 
block design because a prelimi- 

Yield and herbage remaining 
after grazing were measured by 
three methods: stationary-cage, 

nary survey indicated that this 

transient-cage, and plucked- 
quadrat. All are variations of 

sampling intensity would be re- 

what is called the difference 
method (Joint Committee, 1962) 
or cage technique (Brown, 1954)) 
whereby herbage weights on 
protected plots are compared 
with those on adjacent, unpro- 
tected plots. Utilization at the 
end of the grazing period is com- 
puted, in percent, from differ- 
ences. 

quadrats are free of grazing influ- 
ences throughout the growing sea- 
son, however, growth on them may 
exceed that on open quadrats. As a 
result, yield and utilization estimates 
may be too large. 

Transient-cage method. - The 
measurement unit was a series of 
quadrat pairs whose members were 
similar in herbage density and com- 
position. The first pair was estab- 
lished immediately after the fire; 
one quadrat, randomly selected, was 
caged, the other left open. 

pair. Open quadrats were limited to 
one/cluster to permit accurate 
matching. The sampling procedure 
was repeated monthly, and quan- 
tities utilized were totaled to deter- 
mine utilization for the whole sea- 

After 30 days, both caged and open 
quadrats were clipped, and utiliza- 
tion was calculated for that period. 
Immediately before clipping, a sec- 
ond pair was located in which each 
member was as similar as possible 
to the open member of the previous 

quired for a sampling error of son 
less than 20% on burned, moder- ’ 
ately grazed range. All quadrats 

Except for 30-day periods when 
yield-measurement quadrats were 

were 3.1 ft square; ungrazed caged, all quadrats were subjected 
guadrats were protected by net- to cropping and trampling. Thus, 

nlots were installed immediatelv 
wire cages 4 ft square. Original 

estimate yield and consumption more 
transient-cage measurements should 

after sites were burned. Final accurately than the stationary-cage. 
measurements were made in the Because quadrats must be frequently 

fall, after growth ceased; the relocated and adequately paired, 

growing season lasted slightly 
however, personal bias in this meth- 

more than 7 months in 1963, but 
od may exceed that of other meth- 
ods. 

only 6 months in 1964. All clip- 
ping was to a l-inch stubble 

Plucked-quadrat method. - The 
measurement unit consisted of three 

height. Samples were oven-dried quadrat pairs, One quadrat/pair, 
at 76 C. randomly selected, was caged 

Stationary-cage method.-A clus- throughout the growing season; the 
ter of four quadrats, similar in herb- other was left open to grazing. 
age density and composition, consti- Three pairs/set were presumed nec- 
tuted the measurement unit. One essary to sample grazed range ade- 
quadrat, randomly selected, was quately. At 36-day intervals, herb- 
caged and left undisturbed through- age on caged quadrats was hand- 
out the growing season. The three plucked to a height judged the same 
remaining quadrats were open to as on corresponding open quadrats. 
grazing; preliminary sampling indi- Herbage plucked from the three 
cated that three open quadrats/clus- caged quadrats/set was combined 
ter would minimize weight variation and the weight averaged. After 
among herbage samples from grazed growth ceased for the year, all quad- 
range. Herbage from open quadrats rats were clipped and weights aver- 
in each cluster was combined and aged for both-open and caged quad- 
the average weight subtracted from rats. 
the weight on the caged quadrat. Caged quadrats were not trampled, 

This method, with the grazing and but periodic plucking simulated 
growing periods coinciding, is the cropping by cattle. Precision of this 
simplest version of the difference, 
or cage, technique. Since caged 

method depends to some degree on 
the observer’s abiIity to pluck caged 

Table 1. Herbage yield and ufiliza- 
tion (oven-dry basis), by year and 
method. 

Herb- Herb- 
Year and age age 
Method yield util. 

1963 Lb./A Lb./A %1 
Plucked-quadrat 1824 925 50 
Stationary-cage 2212 1334 56 
Transient-cage 2047 1135 54 

1964 
Plucked-quadrat 1851 1154 62 
Stationary-cage 2318 1643 69 
Transient-cage 2194 1615 74 

IMean of 20 values/method. 

quadrats to the same height as their 
grazed models. Most of the immedi- 
ate error arising from inaccurate 
plucking should be corrected when 
quadrats are clipped at the end of 
the season. Where plucking intensity 
consistently exceeds grazing inten- 
sity, however, growth on caged quad- 
rats may be less than on the open; 
conversely, insufficient plucking 
may increase production on caged 
quadrats. 

Because the plucked-quadrat 
method provided a direct measure of 
herbage removed by simulated graz- 
ing, it was considered the control 
for this study. 

Because techniques differed in 
subsampling intensity and procedure 
for measuring yield, production and 
utilization variances were hetero- 
geneous both years. Hence, a special 
analysis for comparing means was 
necessary (Snedecor, 1956, p. 285- 
288). 

Results and Conclusions 
In 1963, utilization measure- 

ments by the three methods 
varied from 50% for the plucked- 
quadrat to 56% for the station- 
ary-cage (Table 1). These differ- 
ences were not significant at the 
0.05 level. Estimates of herbage 
remaining on open quadrats 
after grazing were likewise simi- 
lar. Yield measurements were 
significantly different; those by 
the stationary-cage method were 
highest. Despite similar measures 
of utilization, therefore, accuracy 
of the stationary-cage method 
was questionable. 

In 1964, utilization measure- 
ments ranged from 62% by 
plucked-quadrat to 74% by tran- 
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sient-cage and differences were The transient-cage method 
significant. As in the previous ’ consistently gave higher esti- 
year, the techniques gave similar mates of -yield than did the 
estimates of herbage remaining plucked-quadrat. Moreover, its 
on grazed quadrats but measures 1964 estimate of utilization sig- 
of yield differed. nificantly exceeded that by the 

The stationary-cage method plucked-quadrat. Measures of 
overestimated yield in both 

open quadrats probably ac- 

years and utilization in one. 

counted for the bias. Cassady 

Greater growth on caged than on 

(1953) found that undisturbed 
plots produced 33% more herb- 
age than plots harvested at 4- 
week intervals. 

residual herbage by the two 
methods were similar in 1964; 
therefore, the high estimate of 

Apparently ‘, exaggeration of 
tilization by the stationary-cage U 

technique is greatest under very 

Where periodic and cumula- 

use was probably due to ex- 

tive measures of production and 
utilization are needed, the tran- 

aggerated yield. Reason for this 
overestimation is not clear. Since 
all quadrats were located by one 
observer, personal bias may have 
been responsible. 

heavy use and diminishes as sient-cage method or a modifica- 
utilization approaches zero. Find- tion of it must be used. How- 
ings show, however, that overes- ever, its general usefulness is 
timation is not serious even questionable. It was only slightly 
when utilization is about 70%. more reliable than the station- 
Therefore, for general use-e.g., 
determining approxima te utiliza- 

ary-ca ge method an .d required 
seven tim .es as much field work 

tion on lightly or moderately and much more computation. 
stocked range - this simple, Estimates of herbage remain- 
economical method is probably ing at the end of the season did 
adequate. not differ significantly either 

Commercial Fertilizers Inf lu- 
ence Crude Protein Conieni 
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of Four Mixed Piairie 
filizafion failed td significantly in- 
crease protein content or retention. 

Grasses1 The majority of studies involv- 
RICHARD F. DEE2 ing fertilization of native range- 

AND THADIS W. BOX land have beeen conducted in 
Research Assistant and Professor of humid areas. The increase in for- 
Range Management, Texas Techno- 
logical College, Lubbock. 

age yield has been the estab- 
lished criterion for success in 
these fertility experiments. 

Results of fertilizer experi- Highlight 
Nitrogen applied ai 33, 100. and 300 
lb/acre, alone and with phosphorus, 
increased crude protein content of 
blue grama, buffalograss, windmill- 
grass, and silver bluesfem. Addition 
of nitrogen caused a refenfion of 
Drofein above the level recom- 
kended for wintering pregnant beef studies, crude protein content of 

fertilized range grasses appeared 
to increase 

ments on the rangelands of the 

independently of 
yield and was apparently less 
affected by environmental fac- 

Great Plains of the United States 

tors than was the increase in dry 

have illustrated great variance in 

weight (Clark and Tisdale, 1945; 
Kapp, Smith, and Potts, 1949; 
Williams, 1953; Carter, 1955; 

forage yield with environmental 
factors. However, in most 

1Portions of this paper were pre- 
sented in a MS. Thesis by the 
senior author to the graduate school 
of Texas Technological College. 

ZCurrentZy Range Conservationist, 
Routt National Forest, U.S. Forest 
Service, Steamboat Springs, Colo- 
rado. 

year. This suggests that the 1: 1 
ratio of open: caged quadrats 
sampled residual herbage as pre- 
cisely as the 3: 1 ratio. Thus, sub- 
sampling intensity for the sta- 
tionary-cage and plucked-quad- 
rat methods could have been 
reduced materially, without loss 
of accuracy. 
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Taylor and Rudman (1960) 
noted that nitrogen fertiliza- 
tion increased protein contents 
of forage throughout a por- 
tion of the winter. Other investi- 
gators have noted that weather- 
ing or leaching of protein from 
mature grass plants is a primary 
cause of low value winter forage 
(Fudge and Fraps, 1945; Wil- 
liams, 1953). 

This paper reports the influ- 
ence of nitrogen and phosphorus 
fertilization on crude protein 
content of four mixed prairie 
grasses during the winter weath- 
ering period. 

Methods and Procedures 
Two replications of each of 10 


