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Abstract

Three methods of calculating forage disappearance from forage
standing crop present on mowed versus protected plots were com-
pared to the actual amount of forage harvested from mowed plots.
The method most widely used by range scientists, the difference
method, displayed a marked tendency to overestimate forage dis-
appearance during periods of rapid plant growth or when plots
were protected for more than 3 weeks. More accurate estimates of
forage disappearance were generally obtained using formulae sug-
gested by Linehan et al. (1947) and Bosch (1956) than could be
obtained by the difference method.

The movable cage technique (Brown 1954, Pieper 1978) is com-
monly used to estimate forage production and utilization of forage
by livestock in range and pasture studies (Pieper 1978). While
forage disappearance—the difference in standing phytomass
between grazed and protected plots—may yield acceptably accu-
rate estimates of forage intake by livestock in some cases (Walter
ane Evans 1979), it substantially overestimates intake in other
cases (Allison and Kothmann 1979, Joint Committee 1943, Line-
han et al. 1946, 1947). Linehan et al. (1952) demonstrated that
estimated forage intake of cattle was from 7 to 49% higher when
based upon forage disappearance than when calculated from
animal performance. This occurred in spite of the fact that a
relatively short (6- to 12-day) grazing period was employed. Over-
estimates may reflect forage lost to trampling {(Laycock et al. 1972,
Pearson 1975) or that consumed by herbivores other than livestock
(Pearson 1975). Higher plant growth rates on protected plots
compared to grazed plots (Cowlishaw 1951, Grelen 1967, Heady
1957) may also contribute to overestimation of forage intake.

Both Linehan et al. (1947) and Bosch (1956) have attempted to
reduce this bias by modifying the formula used to calculate forage
intake from data obtained by the movable cage technique. An
extensive data set was used in deriving the proposed formulae.
However, few data are available to validate these formulae other
than those presented by Linehan et al. (1952) and Bosch (1956)
themselves.

The purpose of this paper is to compare estimates of forage
disappearance (harvest) obtained by direct harvest of perennial
ryegrass-subclover swards to those calculated using (1) the conven-
tional “difference”formula, (2) Linehan et al.’s (1947) formula, and
(3) Bosch’s (1956) formula.

Materials and Methods

The study was conducted on a perennial ryegrass (Lolium
perenne )-subclover (Trifolium subterraneum) hill pasture | km
west of Corvallis, Ore. Elevation is approximately 100 m. Annual
precipitation is approximately 100 cm.

A factorial arrangement of 12 treatments consisting of 3 defolia-
tion intensities (4, 5.5, and 7-cm clipping height above the soil
surface) and 4 defoliation frequencies (clipped every 1, 3, 5,0r 7
weeks) were monitored using plots of 4 m? each in spring 1981. All
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treatment combinations were replicated 3 times. Forage harvested
on each date was collected by mowing the appropriate plots witha
rear-bagging rotary lawn mower. The entire contents of the mower
bag were weighed and a grab sample obtained for dry matter
determination. Total forage harvested was corrected to an oven-
dry matter basis using the percent dry matter calculated from field
weights of grab samples dried for 48 hours at 50° C. Forage remain-
ing immediately following mowing was estimated by clipping I,
0.08-m? quadrat to ground level in each plot. Samples were dried in
an oven at 50° C for 48 hours, then weights recorded. Actual forage
removed from plots clipped each week (disappearance) was deter-
mined for the first 3 weeks (24 March to 14 April), the second 3
weeks (14 April to 5 May), the first 5 weeks (24 March to 28 April),
and the first 7 weeks (24 March to 12 May) by summing the
individual weekly harvests for each defoliation intensity.
Estimates of forage disappearance were calculated by compari-

can nf nlate mawad wa, “. » i
son of plots mowed weekly to “protected” plots which were mowed

only once at the end of a 3-, 5-, or 7-week sampling period. Three
methods were employed: (1) the conventional “difference™ method
(Milner and Hughes 1970, Pieper 1978, Joint Committee 1943):
harvest = d - f; (2) Linehan et al.’s (1947) formula:

harvest = (c - f) 108 d - log f
logc-logf

; (3) Bosch’s (1956) formula:

d-c
2

forage standing crop on both mowed and protected plots at the
commencement of the sample period

harvest = (¢ - f) where

d = forage standing crop on protected (unmowed) plots at the end of
the sample period
f = residual forage present on weekly-mowed plots at the end of the

sample period

Estimates of forage disappearance were compared by Tukey’s w
procedure using P<0.05 as the criterion for significance.

Results and Discussion

Estimates of forage disappearance calculated from the 3 formu-
lae are presented in Table 1. Itis interesting to note that in all cases,
the protected plots produced more forage than did plots which
were clipped each week. This observation agrees well with those of
other workers who have reported increased total dry matter yield
from swards as defoliation frequency decreased (Brougham 1959,
Cook and Stoddart 1953, Jones 1974, Ludlow and Charles-
Edwards 1980). This result is believed to reflect increased leaf area
accumulated on plots as frequency of defoliation decreases (Lud-
low and Charles-Edwards 1980, Smetham 1977). Similar growth
rates of both protected and grazed plots are generally assumed in
calculating forage yield and forage disappearance by the “differ-
ence” method. Therefore, increased growth on protected relative to
grazed plots should result in overestimation of forage available on
grazed plots. This appeared to be the case. Both Grelen (1967) and
Wagner et al. (1950) have reported overestimates of pasture pro-
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Table 1. Estimates of forage disappearance (kg/ha) calculated from phytomass parameters (C,F,D) using 4 different methods.!

Relative? Phytomass parameters3
growth rate (kg/ha) Weekly Method

Period (Px/Py) C F D harvest 1 2 3
Harvest height 7 cm

0-3 week 1.6l 2829 2973 3246 118 273 255° 65"

3-6 week 2.15 2829 3106 4359 438° 1252 9cgeb 488"

0-5 week 2.98 2829 3062 4930 468° 1868° 1400 818°

0-7 week 3.81 2829 3178 7733 935° 455%° 2662° 2102°
Harvest height 5.5 cm

0-3 week 1.33 2375 2698 3195 298° 498° 428" 88®

3-6 week 2.13 2375 2658 4518 705° 1860° 1330 790

0-5 week 2.17 2375 2734 5248 110 3420° 1995° 1560°

0-7 week 3.48 2375 2653 8942 1610* 6290° 3040° 3005°
Harvest height 4 cm

0-3 week 1.26 1930 2204 3033 605° 8280 658" 253"

3-6 week 1.91 1930 2242 3683 605" 1441° 1032 565°

0-5 week 2.35 1930 2241 5397 1245 3156° 1828° 1422

0-7 week 3.16 1930 2216 8505 1790* 6289° 2768" 3002°

'Methods in a row not sharing a common letter differ (P<.05).

P,/ Pi is the ratio of standing phytomass on plots mowed once at the end of x weeks/cumulative total yield of plots mowed weekly for the same period.

‘C=Forage standing crop at the beginning of the sampling period.
F=Forage standing crop on weekly-mowed plots at the end of the sampling period.

D=Forage standing crop on protected (unmowed) plots at the end of the sampling period.

duction obtained using the movable cage technique.

Overestimates of forage available may result in overestimates of
forage disappearance, utilization, and forage intake when calcula-
tions are made using the standard “disappearance” method (d - f).
The “difference™ method (method 1) consistently overestimated
forage disappearance in this trial (Table 1). Forage disappearance
calculated by method 1 ranged from 299 to 387% higher than the
actual value obtained from cumulative harvest. The difference
method was most accurate during the first 3 weeks of the trial, a
period of relatively slow growth. Accuracy tended to be less during
periods of rapid growth, such as the 3- to 6-week period. In
addition, length of the period of protection and intensity of defolia-
tion also affected accuracy. Overestimation was observed to be
greatest when the period of plot protection was long and when
potential for growth was greatest (stubble height was highest).
These observations agree with the general properties of the differ-
ence method as discussed by Smith et al. (1962) and Milner and
Hughes (1970). Milner and Hughes (1976) suggested that if cages
must be left in place for long periods of time (more than 1 month),
Linehan et al’s (1947) formula (method 2) may yield more accurate
results than the conventional “difference” calculation.

Lack of agreement between forage disappearance as calculated
by the “disappearance™ method and forage consumption by live-
stock calculated from animal performance data led Linehan et al.
(1947) to propose a new formula for calculating forage intake from
movable cage data. Their formula is designed to avoid problems of
differential growth between caged versus grazed plots by use of an
assumed relationship between the amount of forage consumed by
livestock, sward growth rate, and standing sward phytomass at any
point in time. The integration of this relationship over time yielded
an estimate of forage consumption by livestock for that period.
The resulting formula (method 2) has some rather interesting
properties. Although method 2 generally overestimated forage
disappearance (Table 1), it tended to be more accurate than
method 1. In addition, it appeared to be relatively insensitive to the
length of the sampling period, working equally well when plots
were protected for 7 weeks as it did when plots were protected for
only 3 weeks. In this regard, method 2 appeared superior to
method 1. Method 2 does, however, have a definite mathematical
peculiarity. In the event that grazed sward phytomass remains
stable over time (i.e. ¢ = f), the formula (¢ - f).

{log d - log f) . .
(log ¢ - log ) will always predict zero forage disappear-

470

ance regardless of the actual amount of forage produced and
consumed. This renders method 2 unusable for instances in which
forage production equals forage consumption.

Using data from Linehan et al. (1947), Bosch (1956) developed a
formula which he contended yielded similar estimates of forage
disappearance to those obtained from the more complicated for-
mula of Linehan et al. (1947). Besides being easier to calculate,
Bosch’s (1956) formula allows calculation of forage consumed by
livestock even when forage production equals forage consumption.
Although the derivation of method 3 is not discussed by Bosch
(1956), forage consumption appears to be estimated as the change
in standing phytomass corrected for any growth which occurred
during the grazing period. Growth on the grazed plots is
estimated as one half that on protected plots (i.e. d_zc ). Itis
not clear how this assumption of growth rate being twice as high on
protected as on grazed plots was determined. While this relation-
ship was true for data presented by Linehan etal. (1947), it was not
true for our data (Table 1). Growth rate ratios for protected-
/mowed plots were less than 2 in the early spring (0- to 3-week
period) when growth was slow. Method 3 tended to underestimate
forage disappearance at that time. When the growth rate ratio was
approximately 2 (3- to 6-week period), method 3 yielded fairly
accurate estimates of forage disappearance. Growth rate ratiosand
the tendency of method 3 to overestimate forage disappearance
increased with increasing period of protection of unmowed plots
(grazing period). In spite of problems associated with the use of a
constant relative growth rate between grazed and ungrazed plots,
method 3 was consistently the most accurate formula of the 3
evaluated for predicting forage disappearance. In addition,
although more sensitive to the length of the protection period for
ungrazed plots than method 2, it was much Iss sensitive than was
method 1.

Conclusions

Data presented in this paper support Linchan etal.’s (1952) view
that the difference method (method 1) tends to overestimate forage
disappearance. Overestimates were most pronounced during peri-
ods of rapid plant growth or where unmowed plots were protected
for long periods of time. Furthermore, since no cages or livestock
were employed in this study, overestimates of forage disappear-
ance cannot be attributed to microclimatic effects of cages or to
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trampling losses. Differences in plant growth on protected com-
pared to mowed plots, possibly due to a higher leaf area index on
protected plots, are believed to be the primary cause of observed
overestimation using the difference method.

Both method 2 (Linehan et al. 1947) and method 3 (Bosch 1956)
generally produced more accurate estimates of forage disappear-
ance than those obtained by the more commonly used difference
method. While method 2 was the most precise, method 3 was the
most accurate. Of the two formulae, method 2 was least sensitive to
the length of time plots were protected. These data suggest that
either method 2 or method 3 should be adopted in preference to the
difference method when substantial amounts of plant growth are
expected to occur during the sampling period.

While adoption of methods 2 or 3 in preference to method 1 can
ameliorate the effects of differential growth between grazed and
protected plots, it is nota solution to the problem. All 3 methods of
calculation examined displayed a marked tendency to overesti-
mate forage disappearance when unmowed reference plots were
protected for more than 3 weeks. It appears, therefore, the refer-
ence plots should be protected for as short a time as practical

regardless of the method of calculation employed to estimate °

forage disappearance. Furthermore, the magnitude of overestima-
tion observed in this study casts doubt upon the usefulness of
forage disappearance or utilization estimates which are derived
from comparison of grazed plots to reference plots which have
been protected for long periods of time.
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