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Abstract

Stubble height, a measure of the amount of vegetation remain-
ing after grazing, is thought to be a useful variable in the man-
agement of riparian areas. A number of riparian and grazing
processes appear to bedirectly or indirectly affected by theresid-
ual stubble height. Thus, average stubble height is often used to
evaluate the livestock impact a pasture has received, particularly
in riparian zones. Stubble height sampling methodology has
received little previous attention. A sequential sampling proce-
durefor stubble height was investigated. The procedure provides
statistically defensible answersin the shortest possible amount of
time. The procedure does not require a rigid sample size and
involves simple yes/no answers at each observation. A small ini-
tial sample of readings is selected and evaluated. If there is suffi-
cient information to make a clear decision, then grazing is either
continued or stopped. If theinitial evidence does not clearly sup-
port either decision, then sampling proceeds. This may continue
for several iterations before a decision is reached. Statistically
supportable decisions can typically be made within a short time
frame using this method. This method may also be applied to
evaluate trampling and other yes/no responses.
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Stubble height criteria are often applied as guides in the grazing
management of riparian areas (USDA-FS 1993, 1994, Hall and
Bryant 1995, Leonard et al. 1997, Mosley et al. 1997, Oregon
State University 1998, USDA-NRCS 1999). This measure of the
herbaceous vegetation remaining after grazing is most appropri-
ately used as a short-term guide applied to attain long-term eco-
logical objectives. Experienced observation and limited research
have suggested that a number of riparian processes and character-
istics can benefit, directly or indirectly, when a minimum amount
of stubble height remains after grazing (Clary and Leininger
200x). Other than in mountain meadows, the use of stubble
height has not been directly tested in many riparian sites and,
indeed, there have been indications that other management crite-
riamay be more effective in some situations.

When stubble height is used to make management decisions, it
isimportant that those decisions are based upon reliable data. Itis
easier to sample stubble heights than some other attributes, how-
ever, accurate sampling of stubble height is not as simple as it
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Resumen

Se piensa que la altura del restrojo, una media de la cantidad
de vegetacion remanente después del apacentamiento, es una
variable (til en el manejo de areasriberefias. Un niUmero de pro-
cesos riberefios y de apacentamiento parecen ser afectados direc-
ta o indirectamente por la altura del restrojo remanente. Asi, €
promedio de la altura del restrojo a menudo es utilizado para
evaluar € impacto del ganado en € potrero, particularmente en
zonas riberefias. La metodologia de muestreo de la altura del
rastrojo ha recibido poca atencion. Se investigo un procedimien-
to de muestreo secuencial para la altura del restrojo. El proced-
imiento provee respuestas estadisticamente defendibles en €l mas
corta cantidad de tiempo posible. El procedimiento no requiere
de un tamafio de muestra rigido e involucra respuestas simples
de si/no para cada observacién. Una pequefia muestra inicial de
lecturas es seleccionada y evaluada. Si hay suficiente informa-
cién para tomar una decision clara, entonces € apacentamiento
es continuado o detenido. Si la evidencia inicial no soporta clara-
mente cualquiera de las decisiones entonces se procede a
muestrear. Esto puede continuar para varias repeticiones antes
de lograr tomar una decisién. Las decisiones estadisticamente
soportables tipicamente pueden ser tomadas en un corto tiempo
utilizando este método. Este método también puede ser aplicado
paraevaluar € pisoteoy otrasrespuestas de si/no.

may first appear. Although stubble heights can be quite uniform,
as with most variables in nature, substantial variation is often pre-
sent within the sampling domain. Vegetation within some loca-
tions in a pasture may be much shorter than a target height or
standard while other locations may be much taller, making it dif-
ficult to decide whether the average stubble height over the entire
pasture is shorter or taller than a given standard. This complicates
the decision whether or not to continue grazing. Another compli-
cation in many pastures is the presence of several distinctly dif-
ferent strata. For example, 5 cm may be a reasonable stubble
height in stands of bluegrass, but 15 cm may be more appropriate
for streamside sedge communities or wet portions of the pasture.
The management criteria may be to stop grazing when 50% or
more of the possible plots in the drier portion of the pasture are
utilized to an average stubble height of 5 cm or less, or if 50% or
more of the possible streamside sedge plots are grazed to a stub-
ble height of 15 cm or less.

Although Canfield (1942) proposed a shortcut method for esti-
mating grazing use, his procedure lacks statistical rigor and it
may not be applicable beyond the southwest area in which it was
developed. Instead, perhaps the classical method for answering
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such questions is to determine utilization
for a predetermined number of randomly
sampled plots and use the sample informa:
tion to make inferences about the entire
population, which is the pasture. If the pro-
portion of plots utilized in the random
sample is “much” less than the standard,
grazing is alowed to continue. If the pro-
portion of plots utilized in the sample is
"much" more than the standard, then graz-
ing is stopped. A rigorous definition of
“much more” and "much less" may be
developed using statistical hypothesis tests
with adiscussion of sample sizes necessary
to obtain specified type | and Il error rates.
Introductory statistical methods texts such
as Ostle and Mensing (1975) or Moore and
McCabe (1989) provide thorough coverage
of classical statistical testing.

An dternative to classical testing meth-
ods is to take repeated small samples until
enough evidence for a decision is accumu-
lated. This process is known as sequential
sampling, and is the focus of this paper.
Mood et a. (1974) or Ostle and Mensing
(1975) provide readable methodological
background and development material .

Sequential Sampling

Sequential sampling starts by selecting a
series of relatively small samples and eval-
uating the cumulative evidence after each
sample. At each evaluation, 1 of 3 deci-
sions is made: continue grazing if the data
show “clearly” that the stubble height uti-
lization percentage is less than the target;
stop grazing if the data show “clearly” that
the stubble height utilization percentage
exceeds the target; or take another sample
if the data are indeterminate. “Clearly” is
used to indicate that enough information
has accumulated to alow a definitive con-
clusion for a statistical test. When 40 to
50% of the population of plots have been
grazed to an average stubble height lower
than some target value, grazing should
stop. However, the difficulty comesin try-
ing to decide when this stage has been
reached based on arelatively small sample
of plots. Sequential sampling provides 1
method of resolving this difficulty.

Although actual measurements could be
made at each sampling location and a run-
ning mean and standard error computed
after each sample, this is more precision
than required for our purposes. Instead, we
classify a sampled plot as utilized or not
(yes/no). The running proportion of utilized
plots is then used to make inferences about
the utilization level of the entire pasture.

We define a plot as utilized if the aver-
age stubble height in the plot is equivalent
to or shorter than a specified target value.

For example, if a manager feels that it is
time to stop grazing when the average stub-
ble height over the pasture is 5 cm or less,
then 5 cm would be the target value. An
individual plot would be utilized if the
average stubble height over the plot is less
than 5 cm. If the entire pasture were divid-
ed into uniform sized plots, it would be
defined as fully utilized if the proportion of
utilized plots (denoted 1) exceeded some
specified target value. For example, if more
than 50% of al plots are utilized, then the
entire pasture is defined as utilized.

Four values must be specified to define
a sequential sampling procedure. First is a
target value defined as the optimum or
desired percent utilization. Without |oss of
generality, if 40% or less of a pasture is
utilized, then it is generally safe to allow
grazing to continue. This 40% would be
the value specified in the classical null
hypothesis of statistical testing using a
random sample, i.e., Hy: Utilization pro-
portion (15,) < 0.40. The target utilization
proportion (0.40 or 40% here) isin general
denoted 11, and the null hypothesis is writ-
tenin general termsasHy: TS TR, .

The second value is an aternative pro-
portion. In classical hypothesis testing,
this is the opposite of the null hypothesis,
i.e., Hy Utilization proportion (1) > 0.40
or Hy: 1 >0.40. In sequential sampling,
we instead specify an upper limit. For
example, if 40% is the target value, it may
be reasonable to allow grazing to continue
even if the sample utilization proportion
reaches 50%. Sequential sampling tests
the null hypothesis H,: 11 = 0.40 against
the alternative hypothesis H,: 1= 0.50.
Note that for all practical purposes, the
null and aternate hypotheses may be writ-
ten as before to include ranges of values,
i.e, Hg 1 <0.40and Hy 11 >0.50. The
alternate utilization proportion (0.50 or
50% here) is in general denoted 11, The
indeterminate region between 0.40 and
0.50 where neither hypothesis is supported
may be viewed as a "warning" area, i.e.,
since utilization will increase as long as
the animals are present, time on the pas-
tureis growing short.

Typesof Errors

Before testing, we must discuss the
kinds of errors that can be made. Since
one or a series of samples are being used
to make inferences about the entire popu-
lation or pasture, any decision made could
be incorrect. If we reject the null hypothe-
sis by concluding that the utilization pro-
portion is greater than 40%, a type | error
would be made if the true (but unknown to
us) utilization proportion over the entire
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pasture was in fact less than 40%. The
consequence of this type of error is that
the animals would be moved too early.
From a resource manager’s point of view,
this is a conservative approach which
helps to insure protection of the resource.
The type | error rate is denoted by a and
values of 0.05 and 0.10 are common
(Moore and McCabe 1989).

The flip side is a type Il error, denoted
by B, which can occur only if we fail to
reject the null hypothesis when it is false,
i.e, wefail to reject Hy: 11 <0.40 when in
fact the utilization proportion is really
50% or more. This is a serious kind of
error with a potentially severe conse-
quence: grazing would continue longer
than it should, possibly degrading or dam-
aging the resource.

In classical hypothesis testing, type |1
error rates are difficult to control because
they require the true underlying utilization
proportion to be known. Since this is sel-
dom the case, type Il error rates are typi-
cally computed for arange of true underly-
ing values. However, in sequential sam-
pling, we are technically trying to decide
which of 2 values is correct, the value in
the null hypothesis or the value in the alter-
native, and so "truth" is considerably sim-
plified. Consequently, the type Il error rate
can and, in fact, must be specified in order
to define the sequential sampling proce-
dure. Type Il error rates of 0.05 and 0.10
are often used (Moore and M cCabe 1989).

Sequential Sampling Rules

Given the 4 values, T, T, o, and B, in
combination with a cumulative sample of
n plots, threshold values of X and X are
calculated to respectively indicate when
grazing is to continue or stop. Grazing will
continue if the number utilized in the cur-
rent sample of nisless than or equal to X,
defined as -hy + sn. Similarly, grazing will
stop if the number of utilized plots in the
current sample of nislessthan or equa to
X defined as h, + sn. If the number uti-
lized in the sample is between X and X,
then the sample evidence is inconclusive
and more observations must be taken. The
constants hy , h,, and s are computed as

h, = (log((1-a)/P))/k (€

h, = (log((1-B)a)Vk %)

k = log o) &
n(1-m,)

s = (log(1-m)/(1-m,))k (4)
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Asapractical matter, the smallest X can
be (and by extension n) to make a decision
to continue grazing is the integer just larg-
er than hy /s. Similarly, the smallest X can
be to make a decision to stop grazing is the
integer just larger than -ho/(s-1). Both X,
and X should be rounded up to the next
largest integer and the largest of these 2
values taken as the minimum sample size.
Succeeding sample sizes are chosen for
convenience and can be as small as one.
However, successive sample sizes are
probably better if chosen closer to the ini-
tiadl sample size (e.g., add additional tran-
sects rather than individua plots).

The values X and Xq give a rigorous
definition of “clearly” mentioned above. If
the number of utilized plots in the sample
is less than or equal to X, then the evi-
dence is clear that the pasture is not yet
utilized to the prescribed level. When the
number of utilized plots in the sample is
greater than or equal to X, then the evi-
denceis clear that the pasture is utilized to
at least the prescribed level and grazing
should stop. If the number of utilized plots
in the sample is between X, and X, then
the sample evidence is inconclusive and
further sampling must be done.

Simulation Results

Figure 1 depicts results from 1,000 sim-
ulations at each of 5 values of the true
underlying utilization proportion (labeled
Thrye)- The minimum, maximum, and aver-
age total number of observations to make a
decision for a sampling plan with type |
and |1 errors both set to 0.05 and the target
and alternative utilization proportions set
to 0.40 and 0.50, respectively, are illustrat-
ed. Note that for true utilization propor-
tions between the target and alternative
proportions, the maximum sample size can
get very large. In practice, if the evidence
isnot "clear" or conclusive after the cumu-
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lative sample size exceeds 100, it is gener-
ally safe to conclude that the underlying
proportion is likely close to or between the
target and dternative values and so prepa
rations should begin to halt grazing.

Example

Using the above values, T, = 0.40, 1, =
0.50, a = 0.05, and 3 = 0.05, k and s are
0.4055 and 0.4497, respectively, making
hq and h, both equal 7.26. This makes the
minimum sample size for continuing and
stopping grazing 17 and 14, respectively,
hence the initial sample should be 17
observations.

If a transect covering the pasture is
about 400 paces, a sampling fraction of
400/17 = 23.5 may be computed, meaning
that a utilization plot should be classified
every 23" pace after a random start. For
example, if 12 were the random number
selected from 1 through 23, samplin%
would occur at the 12", 35" (12 + 23), 58"
(35 + 23), etc. paces along the transect.

For this sample size and these values of
T, Ty, a, and B, the continue grazing
value (Xo) is-hy + sn=-7.26 + .4497*17
= 0.3849 which is rounded up to 1. The
stop grazing value (X) for 17 observations
ishy +sn=7.26 + .4497*17 = 15. Hence,
if 1 or fewer of the 17 sampled plots are
classified as utilized after walking the
transect, grazing can continue. However,
if 15 or more of the 17 sampled plots are
classified as utilized, grazing should stop.
Otherwise further data should be collect-
ed. For convenience, 20 plots are taken for
each succeeding transect. Figure 2 shows
the acceptance/rejection envelope for this
plan (an initial sample of 17, succeeding
samples depending on the cumulative
number of utilized plots). Figure 3 dis-
plays the same information as a cumula-
tive percentage. The information in
Figures 2 and 3 is also presented in the
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Fig. 1. Simulation resultsfor 1,000 trialswith 1, = 0.40, 1, = 0.50, a = 0.05, and 3 = 0.05.
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Fig. 2. Sequential sampling plan for 1, =
0.40, i, = 0.50, @ = 0.05, and 3 = 0.05.
Stop grazing if cumulative utilization is
above the upper band, continue grazing if
cumulative number of utilized plots is
below the lower band, otherwise continue
sampling.

1.0

o
=)

o
»

N
IS

o
N

Cumulative Proportion Utilized

0.0
7 17 27 37 47 57 67 77 87 97
Sample Size (n)

Fig. 3. Sequential sampling plan for 1, =
0.40, my = 0.50, a = 0.05, and B = 0.05.
Stop grazing if cumulative utilization is
above the upper band, continue grazing if
cumulative % utilized plots is below the
lower band, otherwise continue sampling.

figures and in the table portion of the
spreadsheet in Figure 7. In practice, if
more than 5 or 6 transects are needed, i.e,,
if the cumulative sample size exceeds 100,
arrangements should be made to stop graz-
ing soon because the actual utilization is
likely greater than the target value and fast
approaching the alternative value.

Practical Application

Riparian pastures are typically heteroge-
neous in nature and often serpentine in
form. Thus, sampling valley bottoms by
random or systematic grid procedures is
not very efficient, particularly when sam-
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Spreadsheet to define sequential sampling rules

Change the highlighted values to suit your problem

Probability of atypel error 0.05
(stop grazing too early)
Probability of atypell error 0.05
(stop grazing too late) :
Target utilization proportion oo Resulting sequential sampling parameters:
(continue grazing if utilization) )
isless than equal to this value) Target%: 40%
o o

Alternative %: 50%
Allowable difference from target kf 0.4055
(Exceeding target utilization) 0.25 5: 0.4497
by this % of target or more h1= 7.2619
will cause grazing to stop) h2= 7.2619
successive sample size = 10 Smallest sample size to continue grazing: 17
(if initial sample size produces) Smallest sample size to stop grazing: 14
inconclusive result) ' Smallest sample size for this setup: 17

Table 1. Sampling Plan: Continue if cumulative count or percentage is less than or equal,
stop if cumulative count or percentage is greater than or equal to table value

Cumulative | Cumulative | Cumulative | Cumulative | Cumulative
Pass Sample Continue Stop Continue Stop
Number Size Count Count Proportion | Proportion
1 17 1 15 0.059 0.882
2 27 5 20 0.185 0.741
3 37 10 24 0.270 0.649
4 47 14 29 0.298 0.617
5 57 19 33 0.333 0.579
6 67 23 38 0.343 0.567
7 77 28 42 0.364 0.545
8 87 32 47 0.368 0.540

If a ninth pass is needed, arrangements should be made to stop grazing soon because the

target and the alternative values are very close.

Fig. 4. Spreadsheet example for computing a sampling plan.

pling for characteristics applicable to spe-
cific strata such as streamside or drier por-
tions. Under current management approach-
es, typical stubble height criteria might be
a5 cm height on the dry portion of a val-
ley, and/or a 10 cm height on the wet-
meadow or streamside portion of the same
valley. Regardless of whether a single cri-
terion or both are used, a typical riparian
area would have to be stratified into at
least two strata, a comparatively narrow
and sinuous streamside or wet meadow
strata and the remainder. A decision to
stop grazing in either strata would stop
grazing in the entire pasture unless grazing
in the unstopped strata could continue
while stopping in the other strata.

In some cases, the stream is straight
enough and the wet-meadow area wide
enough that a straight pace transect can be
used to sample this strata. Often sampling
is best conducted as a “wandering” tran-
sect changing direction as necessary to
follow the approximate orientation of the
long axis of the stratum. The general pro-
cedure would be to estimate the total

length of the stratum one wishes to sam-
ple. A simple spreadsheet (Fig. 4) can be
used to determine the minimum sample
size and continue/stop criteria for specific
Ty, T, a, and B values. The sampler
would use this minimum or larger number
for the initial sample. For example, if the
stratum is approximately 300 paces long
and the minimum sample sizeis 20, then a
sample plot would be classified every 15
paces. If the first transect does not provide
a definitive answer, additional transects
are taken until a conclusion is reached or
until the sample size exceeds approximate-
ly 100 points (5 or 6 transects). If no con-
clusion is reached after a sample size of
that magnitude, it is generally safe to con-
clude that the true population utilization is
close to a decision point and planning to
stop-grazing in the near futureisjustified.
The transects or portions of transects
would be sampled by picking a distant
landmark and pacing without regard to the
specific ground conditions to the next
measurement point, in this example, every
15 paces. If necessary, the transect would
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change direction when the stratum
changed direction to maintain the orienta-
tion with the long axis of the stratum. If
additional transects are needed to arrive at
a conclusion, they would aso be oriented
to the long axis of the stratum and, there-
fore, would approximately parallel the
original transect.

We found that 1.25 m poles, cut from
clothes hanger rods with a wrist loop
attached and used as walking sticks, were
useful in determining whether a plot was
utilized. Using this pole with plastic tape
bands to mark the height standards, one
could read most plots by merely slowing
one’s pace (see Figs. 5 and 6). Additional
useful equipment includes hand-held tally
meters. These are used to keep track of
total plots evaluated and the number of
plots utilized. Using both the reference
walking stick and the tally meters, a statis-
tically meaningful survey can be rapidly
completed and a scientifically defensible
decision made.
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Fig. 5. Walking stick/tally pole with tape indicating utilization. This

plot would be classified as not utilized.

Field Trial

Methodsand Materials

Field trials were conducted using a pole
with 2 bands of tape at 5 and 15 cm from
the bottom. A pasture in the Stanley Basin
of central Idaho (Lat 114°W 57'56", Long
44°N 13'46") was stratified into wet and
dry areas, and samples were taken in both
strata. A circle of radius 15 cm around a
pole was used to assess the stubble height
at each sampled location (plots need to be
small enough so that it is visually obvious
whether or not they were utilized). Plots
were judged to be utilized if the average
stubble height in a 15 cm radius circle
around the pole was shorter than the 5 cm
mark in the dry portion of the pasture or
the 15 cm mark in the wet area. Figures5
and 6 show pole placement for plots
judged as nonutilized and utilized, respec-
tively. Asin the example described above,
the probability of type | and Il errors was
set at a = 0.05 and 3 = 0.10, respectively.
The target and alternative proportions
were set at .50 and .60, respectively. Three
observers tried the sequential procedure
using an initial sample of 13 and succes
sive samples (if needed) of 10.

Results

Figure 7 depicts the sampling stop/con-
tinue envelope along with the samples
obtained by 3 observers. In the first tran-
sect in the dry area, observer 1 found 3 of
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Fig. 6. Walking stick/tally pole with tape indicating utilization.
This plot would be classified as utilized even though there is

some vegetation above the tape mark.

the 13 or 23% of the samples were uti-
lized. Since thisis in the "no decision" or
"continue sampling" area of Figure 7, at
least 1 more transect must be sampled.
The cumulative utilization after the second
transect was 9 out of 23 or 39%, still
inside the "no decision" area. After the
third transect, there were 11 of 33 or 33%
utilized, still in the continue sampling
region. After the fourth transect, the first

observer had accumulated 13 out of 43 or
30% utilization, finally allowing a deci-
sion since the cumulative utilization pro-
portion dropped below the continue line in
Figure 7.

The second observer had 8% utilization
(1 of 13) in the dry area in the first tran-
sect which was inside the "no decision”
envelope. After the next transect, observer
2 had 8.7% (2 of 23), which moved the

1.0
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(0]
= 038
3
C
o]
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o
[oN
e
% 04
2 A Obs 1, dry
% v Obs 2, dry
g 02 < Obs 3, dry
3 m Obs 1, wet
& Obs 2, wet
0.0 e Obs 3, wet
10 30 50 70 90

Sample Size (n)

Fig. 7. Wet and dry sampling resultsfor 3 observers. Typel and Il errors (@ and ) were set
to 0.10, target and alternative utilization proportions (1, and 1) were .40 and .50,

respectively. All 3 observers decided to stop

grazing in the wet area but allow continued

grazingin thedry area based on different length criterion for each area.
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cumulative proportion well below the
"continue" line in Figure 7 and, therefore,
allowed grazing to continue. Observer 3
had a similar experience with 15% utiliza-
tion (2 of 13) in the first transect and 17%
(4 of 23) in the second which also alowed
grazing to continue in the dry area.

In the wet area, all 3 observers con-
cluded that grazing should stop. Observer
1 reached that conclusion on the first
transect while observers 2 and 3 reached
their conclusion on the second transect
(Fig. 7). Since it was not possible or
practical to fence off the wet area from
the dry area at this location, the decision
was to stop grazing.

For other scenarios, Figure 4 illustrates
a spreadsheet developed to allow easy
comparison of sampling plans. Five vaues
must be specified to generate a specific
sampling scheme: a and B the probabili-
ties of type | and Il errors (0.05 is a com-
mon value); the target utilization propor-
tion 1o, (0.40 or 0.50 is usua); the allow-
able difference from the target as a per-
centage of the target value (0.20 or 0.25 of
T, added on to the target value); and suc-
cessive sample size (usualy at least 10%,
but 20 or 25% is more realistic) making Tty
equal to Ti,,(1 + difference). A copy of the
spreadsheet in Excel format is available at
http://www.fs.fed.us'rm/boise or may be
requested by sending an e-mail to
DL Turner@fs.fed.us.

Conclusion

Many resource managers have used ad
hoc sampling methods to decide when a
pasture has been utilized to a particular
stubble height standard. This paper out-
lined a theoretically sound method of
sequential sampling for making accurate
and objective determinations of whether a
grazed area had been utilized to a speci-
fied stubble height. Trampling impacts or
other such "yes/no" measures may also be
evaluated using this technique. With the
ease of the sequential method, there is lit-
tle excuse for not keeping a careful eye on
pasture conditions.
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