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Abstract

A single probe electronic capacitance meter for estimating her-
bage yields was field tested on 2 western wheatgrass (Pascopyrum
smithii (Rydb.) Love), a blue grama (Bouteloua gracilis (H.B.K.)
Lag. ex Griffiths), crested wheatgrass (4 gropyron cristatum (L.)
Gaertn.), and Russian wildrye (Psathrostachys juncea (Fisch.)
Nevski) stands in the Northern Great Plains. This single probe
meter is lightweight, portable, and allows the user to estimate
yields of single plants to determine productivity of individual
species. Linear regression equations were fitted between probe
readings and the green and dry weight of forage clipped from
individual plants within a 78.5-cm? circular plot. An overall coeffi-
cient of determination (r?) of 0.50 was obtained with linear rela-
tionships being statistically significant between the probe readings
and green and dry weight of forage for all regressions (P=0.10).
Considering the regression estimates for r2, standard error of the
estimate and F values, the best model fit occurred in the western
wheatgrass and crested wheatgrass stands. Presence of a litter mat
in 1 western wheatgrass stand had little influence on the precision
of the instrument, but phenology of the plants strongly influenced
meter readings. Therefore, regression lines within a species could
not be pooled across all sampling dates. Comparing yields of
individual species from the small plots of the single probe meter to
yields from a larger, 1,858-cm? rectangular plot estimated with a
multi-probe capacitance meter showed comparisons were not sta-
tistically different 50% of the time. A sample size of approximately
150 plots per species was required for each sample period for the
single probe meter.
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ple size

Estimates of herbage yields are essential measurements in grass-
land research. Estimates of above-ground biomass obtained by
clipping and weighing the vegetation are labor intensive. However,
a more paramount consideration in grassland research is nondes-
tructive sampling of the above-ground herbage. Several nondes-
tructive, labor-saving methods are reviewed by Tucker (1980). Use
of a capacitance meter is a technique that has received considerable
attention by several workers (Neal and Neal 1965, Alcock and
Lovett 1967, Kelly et. al 1969, Carpenter et al. 1973, Currie et al.
1973, Neal et al. 1976, Morris et al. 1976, Terry et al. 1981).

Capacitance meters have provided a rapid, accurate, and non-
destructive means of estimating the total yield of above-ground
herbage (Morris et al. 1976). However, a major restriction in using
the capacitance meter includes its inability to estimate individual
species (Pieper 1978). Also, it is recommended that a separate
regression estimate be developed for each major phenological stage
and vegetation type (Neal and Neal 1973).

A recent innovation for an electronic instrument consists of a
single probe electronic capacitance meter (Vickery and Nicol
1982). This meter differs from other previously described elec-
tronic meters in that the single probe permits sampling of a small
area and individual plants can be sampled if species are discretely
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distributed. The single probe meter uses a Schmidt-trigger oscilla-
tor operating at 6 Khz, whereas most herbage meters use Colpitts
oscillators operating at 5SMhz. The 5-Mhz oscillators are electroni-
cally 800 times more sensitive and therefore, have 800 times greater
resolution.! The single probe meter is portable, lightweight (1.5 kg)
and uses integrated circuits to accumulate the sum of the sample-
plot readings and the number of plots sampled.

Objectives of our research were to field test the single probe
capacitance meter to determine its suitability for estimating the
yield from rangeland on homogeneous stands of native and intro-
duced grass stands. The research was conducted at Fort Keogh
Livestock and Range Research Stations near Miles City, MT.

Materials

Use of capacitance meters is based on a premise for a difference
in dielectric constant between air which is high and herbage which
is low (Neal and Neal 1965, Pieper 1978). Capacitance of the
air-herbage mixture is measured by the meter and the herbage
clipped and weighed. Regression techniques are used to relate the
weight of the herbage to the meter reading. Once regression esti-
mates have been developed, additional yield measurements can be
made nondestructively and relatively quickly over a fairly wide
range of values.

After extensive laboratory and field tests, Vickery et al. (1980)
described a single probe electronic capacitance meter which was
reported as being mainly responsive to leaf surface area. They
reported this responsiveness was caused by variation in dry matter
mass rather than moisture content and concluded that the instru-
ment could be calibrated and used to measure standing dry her-
bage. It was deemed unnecessary to collect and dry herbage sam-
ples for frequent recalibration.

Based upon these results and using design criteria obtained from
Vickery and Nicol (1982), Neal Electronics, in 1984, constructed a
single probe electronic capacitance meter for the USDA, Agricul-
tural Research Service. This instrument, Model Number 1-62002,
followed the general design and construction procedures outlined
by Vickery and Nicol (1982) (Fig. 1), but was modified as necessary
to accommodate changes and availability of electronic compon-
ents.

Methods

Yield estimates of individual plant species were made on 2 native
grasses, blue grama (Bouteloua gracilis (H.B.K.) Lag. ex. Griffiths)
and western wheatgrass (Pascopyrum smithii (Rydb.) Léve),’
occurring in separate homogeneous stands. Individual plants were
sampled within 2 stands of western wheatgrass. One stand had
been protected from livestock grazing for approximately 5 years
and had an appreciable litter mat 3-5 cm thick. The other stand had
been grazed annually by livestock so a litter mat had not accumu-
lated. Blue grama was also on an area that had been protected from
livestock grazing for 5 or more years. However, litter had not
accumulated as it had in the ungrazed western wheatgrass stand.

!Personal communication with J.L. Neal, Neal Electronics, 544 North Myers Street,
Burbank, California 91506.

*Mention of a trade name, proprietary product or specific equipment does not
constitute a guarantee or warranty by the USDA and does not imply its approval to
the exclusion of other products that may be suitable.

3Nomenclature follows that proposed by Dr. D.R. Dewey (1984).
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Fig. 1. Components of the single probe capacitance meter illustrating: (1)
small box of electronic components containing the counting circuits, an
on-off switch and a switch for resetting, (2) liquid crystal display, (3)
handle which protrudes below the electronic box and contains batteries,
(4) switch to trigger readings, and (5) probe.

Yield of 2 introduced grasses, crested wheatgrass (Agropyron cris-
tatum (L.)Gaertn.) and Russian wildrye (Psathyrostachys juncea
(Fisch.) Nevski) were also estimated. Crested wheatgrass was
seeded approximately 15 years before and was grazed early each
spring. The Russian wildrye was seeded in the fall of 1981 and had
been mowed earlier in the summer of 1985. Except for the | western
wheatgrass stand, both the native and introduced vegetation con-
tained very little standing or matted residual litter.

The single probe meter was tested in each of the 5 grass stands
during the field season of 1985. The western wheatgrass and blue
grama stands were sampled at different calendar dates during the
field season, while the crested wheatgrass and Russian wildrye
stands were sampled only once. Date, sample size and phenological
stage of grasses when yield determinations were made are given in
Table 1.

Meter readings for the pasture probe were made for each grass
stand at 3-m intervals along a pace transect. Specific points were
sampled by randomly placing the probe on the ground or within
individual plants of that vegetation type and obtaining a meter
reading. After the ground or vegetation point reading had been
obtained, an atmospheric reading was taken at that same point by
holding the meter probe approximately 1 meter above the ground
surface. Subsequently, a 10cm diameter cylindrical metal plot
withanarea of 78.5 cm? and frame with 4 rods extending to a 31-cm
height was centered around the plant being estimated (Fig. 2).
Herbage within this cylindrical plot was clipped to ground level
following the 3-dimensional clipping procedure outlined by Currie
etal. (1973). Thena larger 30.5 X 60.9-cm rectangular plot with an
area of 1,858 cm? was sampled. Green and dry weights were
recorded for both sized plots. To assure homogeneity in sampling,
the rectangular plot was placed over the area where the smaller
cylindrical plot had been clipped and the remaining vegetation was
clipped to ground level. The small cylindrical plot samples were
dried in a 700 watt microwave oven at high power for approxi-
mately 4 min. The large rectangular plot samples were dried at 100°
Cfor 12 hours in a convection oven. The small 10-cm diameter plot
(78.5 cm?) was compared to the large plot (1,858 cm?) because the

Table 1. Details of individual regressions fitted to single probe capacitance meter data obtained from 5 study sites across different sampling dates on a

green and dry weight basis.!

Grass Date  Sample Weight Intercept Regression Coefficient
Stand (1985) Size Phenological Stage Basis a + SE. b & 8SE F-Value r? SY.x
PASM (L) 5/14 20  Pre-boot, vegetative Green -0.1140 £+ 0.1255 0.0066 =+ 0.0016 17.76 0.49 0.56
Dry -0.1470 £+ 0.0527  0.0029 + 0.0007 19.97 0.53 0.24
6/28 20 Boot, mature Green -1.2520 = 02009 0.0128 =+ 0.0022 33.88 0.64 0.96
Dry -0.8420 £ 0.1278 0.0068 =+ 0.0014 23.85 0.56 0.61
PASM (N 5/15 20 Pre-boot, vegetative Green -0.2476 + 0.1135 00094 =+ 0.0020 21.94 0.55 0.51
Dry -0.2488 = 0.0491 0.0042 =+ 0.0009 24.15 0.58 0.23
6/30 20  Boot, mature Green -2.2311 +  0.3421 0.0161 =+ 0.0042 14.48 0.45 1.65
Dry -1.2386 = 0.1647 0.0086 + 0.0020 17.66 0.49 0.81
9/13 30  Fall growth, vegetative Green -0.6396 + 0.0938 0.0090 t+ 0.0018 24.23 0.46 0.54
Dry -0.3038 £+ 0.0279 0.0036 =+ 0.0005 43.76 0.61 0.18
AGCR* 8/30 30  Fall growth, vegetative Green -1.0781 =+ 0.1628 0.0118 =+ 0.0019 36.66 0.56 0.96
Dry -0.3354 £ 0.0588  0.0043 + 0.0007 36.65 0.56 0.34
BOGRS 5/09 20 Pre-boot, vegetative Green -0.1605 + 0.0439 0.0046 + 0.0009 24.04 0.58 0.20
Dry -0.1289 £+ 0.0269 0.0029 =+ 0.0006 24.36 0.56 0.12
6/30 20  Boot, mature Green 0.6550 =+ 0.0548 0.0028 =+ 0.0007 14.73 0.45 0.34
Dry 0.1140 =+ 0.0444 00024 =+ 0.0006 15.49 0.46 0.20
9/18 30  Fall growth, vegetative Green 0.0529 £ 0.0340 0.0027 + 0.0009 9.29 0.25 0.19
Dry 00165 + 0.0242 0.0023 =+ 0.0006 13.58 0.34 0.13
PSJIMe 8/28 30  Fall growth, vegetative Green -2.0324 £+ 03004 0.0197 + 0.0054 13.53 0.32 1.68
Dry -1.6545 £ 0.1679 0.0118 =+ 0.0030 15.33 0.35 0.96

'Regression of herbage mass (g/78.5 cm?) on capacitance meter reading.
?Western wheatgrass with litter.

*Western wheatgrass no litter,

“Crested wheatgrass.

*Blue grama.

SRussian wildrye.
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Table 2. Comparison of green and dry weight yields between the large and small plot sizes and actual and estimated sample sizes.!

Date __ Yield (kg/ha) Actual sample Estimated sample
Grass stand (1985) Plot size? Weight basis X + S.D. size size3
PASM (Ly 5/14 Large Green 1746.04" + 441.27 20 19
Small 1832.48" + 874.20 20 67
Large Dry 71177 £ 185.30 20 19
Small 695.22" + 37798 20 92
PASM (L) 6/28 Large Green 2799.66" + 904.58 20 29
Small 3605.35* + 1685.70 20 62
Large Dry 1322.05* + 382.86 20 24
Small 1716.71* £ 963.03 20 89
Pasm (N) 5/15 Large Green 498.09" + 142.77 20 24
Small 1521.49° + 836.62 20 86
Large Dry 205.29" + 58.04 20 23
Small 523.26" £ 371.12 20 144
PASM (N) 6/30 Large Green 1905.85" + 63297 20 31
Small 2911.87° + 2270.31 20 173
Large Dry 916.77* £ 275.99 20 26
Small 1494.26° + 1145.20 20 167
PASM (N) 9/13 Large Green 517.80" + 172.32 30 31
Small 1003.73* + 782.42 30 173
Large Dry 195.86" £+ 69.99 30 35
Small 346.96" + 272.86 30 168
AGCRS$ 8/30 Large Green 2519.88* + 677.09 30 21
Small 1950.32" + 1485.58 30 170
Large Dry 725.03* = 206.11 30 23
Small 768.05" + 536.81 30 142
BOGR’ 5/09 Large Green 200.01* + 66.07 20 31
Small 492.84° + 332.18 20 130
Large Dry 116.30* = 36.29 20 28
Small 270.16° + 205.58 20 163
BOGR 6/30 Large Green 461.96" + 18391 20 45
Small 1359.00° + 365.11 20 21
Large Dry 285.09" =+ 9397 20 31
Small 657.19° + 299.36 20 58
BOGR 9/18 Large Green 248.45" + 111.92 30 56
Small 306.86" £ 236.67 30 171
Large Dry 138.54" £ 73.76 30 81
Small 22892 + 176.76 30 175
PSJU® 8/28 Large Green 2642.05" + 344.63 30 s
Small 5162.38" + 2196.91 30 53
Large Dry 1198.06" £ 201.24 30 8
Small 2566.26" + 1254.29 30 69

!Statistical comparisons of yields were made between plot sizes (large vs. small) within species, dates and weight basis. Pairs followed by different letters were significantly

different (P<0.10).

2Large plot size was 1,858 cm? and small piot size 78.5 cm2.
3Estimated sample size to achieve 109 of X at P<0.05.
“‘Western wheatgrass with litter.

SWestern wheatgrass no litter.

8Crested wheatgrass.

"Blue grama.

8Russian wildrye.

larger plot is typically used with multi-probe capacitance meters.

A corrected single probe reading was calculated by subtracting
the vegetation point reading from the atmospheric reading. A
corrected reading was used as recommended by Vickery and Nicol
(1982). The premise is that this makes a substantial improvement in
the calibration regression and also provides a method of account-
ing for any drift or change in the electronic response of the instru-
ment due to changes in temperature of the oscillator components
as a result of changes in ambient temperature. Regression equa-
tions were then fitted using the corrected pasture probe readings as
an independent variable and the green and dry weights of the
forage within the 10cm diameter plots as a dependent variable.
Blue grama and western wheatgrass stands were sampled more
than once during the season, and regression equations were com-
pared across sampling dates within each of the grass stands.
Regression for the western wheatgrass stands with and without a
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litter mat were compared to determine the influence of the litter
mat. Also, these stands had been selected for homogeneity of
species so that presumably only one species was sampled per stand.

Statistical Analyses

Comparisons of regression estimates were made following
procedures outlined by Neter and Waserman (1974). This proce-
dure compares the general equality of the slopes and intercepts
between 2 or more simple regression functions (Y; = B, + B, + B, X;).
If 2 lines of the full models were equal, they were pooled into 1 and
a reduced model was fit from the combined data. Overall equality
of regression lines were tested for the following hypotheses:

Ho: Bo: = Boz and B1; = By; where, 1 and 2 were a separate set of equations.

The regression estimates were evaluated on significance of the
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Fig. 2. Cylindrical volume plot used in making yield estimate by the single
probe meter.

following criteria: F value of the regression coefficient, coefficient
of determination (r2), and standard error of the estimate (sy.x). The
inadequacy of using r2 as the only basis for evaluating the relation
of herbage yield to meter estimates has been pointed out by Neal et
al. (1976) and Back (1968). A 90% confidence interval was calcu-
lated for all correlation coefficient (r) values to determine if the
linear relationship between the x and y variables was statistically
significant. The relationship was not considered significant if zero
was included in the confidence interval (Neter and Waserman
1974).

Yield estimates between the small circular plot and the large
rectangular plot were compared by first determining the weight in
small plots to obtain that estimate and then adding the weight of
the small plot to the large plot for the large plot estimate. This was
done for green weights and dry weights, respectively. A one-way
analysis of variance procedure (Steel and Torrie 1960) was used to
make individual comparisons of yield estimates. Steins 2-stage
sample procedure (Steel and Torrie 1960) was used to estimate
sample size for the small and large plots. Sample size was calcu-
lated to obtain a weight estimate within 109% of the sample mean at
the 0.05 probability level.

Results and Discussion

The 90% confidence interval calculated for each individual r did
not include zero and therefore, a significant linear trend between
meter reading (x) and green and dry weight (y) existed for all
regressions (Table 1). An r2 was calculated for all green and forage
estimates for all regressions. Approximately 50% of the variation
was accounted for by the regression equations with an average sy.x
of 0.57. Based upon the regression criteria (sy.x, ? and F values),
the regression models for the western wheatgrass and crested
wheatgrass locations in our study showed stronger linear relation-
ships than the models for the late sampling date on the blue grama
and Russian wildrye stands. The model with the poorest fit was on
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the Russian wildrye stand. For this species, the weak relationship
between the x and y variables may be attributable to the inability of
people clipping to accurately harvest decumbent or low growing
grasses. The sy.x were typically higher on a green weight basis than
on a dry weight basis for all regressions, and this difference proba-
bly accounts for different sample size requirements between the 2
weight estimates.

In a grazed pasture of Phalaris aquatica-Trifolium repens,
Vickery et al. (1980) reported that a single probe pasture meter
accounted for more than 86% of the variance between herbage
yields and corrected meter readings. Also, relationships between
the x and y variables might be improved by increasing sample size,
employing a logarithmic or reciprocal transformation of the
regression function or using a polynomial regression (Neter and
Wasserman 1974). Terry et al. (1981), usingan 18-probe meter ona
south Florida flatwood rangeland, found that regression compari-
sons based on scatter depths, r2, and Furnival’s indices gave
improved predictability if both dry weights and meter readings
were expressed on logarithmic rather than linear scales.

In the western wheatgrass stand, the presence of a litter mat did
not significantly change the r2, sy.x, or F values of the regression
function compared to the other fitted regressions for the other
species (Table 1). The best model fit was on the western wheatgrass
stand with litter during the early sample date. In other studies, Neal
etal. (1976) using an 18-probe capacitance meter and working with
different species under different environmental conditions reported
that yield estimates were much more precise when litter was
removed. However, Currie et al. (1973) reported that separation of
dead organic matter from living plant material did not significantly
change the r? values, although this dead organic matter could
contribute significantly to variation of the estimate about the
regression line. The present data supported this conclusion and
suggested that the presence of a litter mat had very little influence
on the accuracy of the meter in predicting green and dry weight
yields.

Out of 22 comparisons made, only 8 could be pooled into a
combined full model and only 3 of those were on a dry weight basis.
By comparing the regression models for the western wheatgrass
stand with and without litter during the late sampling period, it was
evident that the data for the 2 reduced models could be pooled into
1 full model. However, comparing the regression models between
the 2 western wheatgrass stands during the early sampling period
showed that the reduced linear regression models were signifi-
cantly different from one another and a pooled full model could
not be calculated. Despite 8 comparisons which showed equality,
there were statistical differences between other comparisons for
dates within a species. For example, a pooled full model could not
be calculated for dry matter yield in relation to pasture probe meter
reading for western wheatgrass with litter during the early and late
sampling period (Fig. 3). Such differences suggest variations in
plant phenology may be a contributing factor because these differ-
ences can be attributed to differences in dry matter percentages
(Lovett and Burch 1972). Further testing is desirable to evaluate
this factor more precisely and determine exactly how plant litter
and phenology influence the single probe meter.

Comparison of yields between the small single probe meter plot
(78.5 cm?) and the conventional large plot (158 cm2) meter showed
that yields from the 2 different plot sizes were statistically similar in
about 50% of the comparisons (Table 2). In all cases, estimated
yields for green and dry weight from the small circular plot were
larger than those from the large rectangular plot on a per hectare
basis. Pieper (1978) presented a possible explanation. He states the
psychology of people clipping vegetation is to include more mate-
rial along the edge of a small plot than a large plot, but few studies
have been designed to consider this problem. Pieper (1978) further
reported that as plot size decreases, the perimeter to area ratio
increases and this becomes a factor in precision of the estimate.
Van Dyne et al. (1963) found that herbage weight of bunchgrass
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Fig. 3. Scatter diagram of dry matter yield (y) in relation to single probe
capacitance meter reading (x) for 2 reduced models of western wheat-
grass with litter during early and late sampling date. * = late sampling
date, 0 = early sampling date.

vegetation increased from 6.2 to 6.8 grams per square foot as the
perimeter to area ratio increased from 2.3 to 3.0. in addition to the
perimeter to area ratio, plot placement may be another contribut-
ing factor. In the Russian wildrye stand, the rectangular plot was
placed directly over the center of each individual row; thus, a
biased estimate of yield can occur. This problem was recognized
and a sampling procedure using the 1,858 cm? rectangular plot was
described for seeded ranges by Currie et al. (1973). In the future, a
sampling procedure employing the single probe meter needs to be
evaluated for obtaining an unbiased surface area estimate of spe-
cies that occur in rows.

Stein’s 2-stage sample procedure (Steel and Torrie 1960) was
used on both large and small plots to calculate the clipped plot
sample size needed to estimate the population mean within the
limits given. An overall average sample size calculated for the small
circular plot was 110 £ 56 and 125 + 42 on a green and dry weight
basis, respectively. The estimated plot number for the large rectan-
gular plot on a green and dry weight basis was 29 +- 13and 29 + 18,
respectively.

Recommendations

The single probe capacitance meter is useful for estimating indi-
vidual species yield on both a dry and green weight basis in homo-
geneous stands. Using the meter in conjunction with cover esti-
mates could provide yield estimates for individual species that
occur in heterogeneous stands. Results showed a difference in
meter estimates between stages of plant phenology, therefore, we
recommend using a double sampling procedure or developing a
new calibration curve for each sampling date and location. This is
contrary to the recommendations of Vickery et al. (1980) who
suggested development and use of a standardized curve. Thus far,
we have not been able to develop a single curve that is suitable for
an all inclusive yield estimate, and in our work, it appears that the
meter is responding to variables other than surface areas as postu-
lated by Vickery et al. (1980).

Further studies are desirable to determine how often calibration
is needed and the optimum ratio of clipped samples to meter
estimated plots when using a double sampling procedure. We
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believe that the accuracy of the estimate will probably improve
when a sample size of approximately 150 is used in any one grass
stand. Sampling procedures also need to be evaluated for obtain-
ing an unbiased estimate of species that occur in rows when using
the single probe meter. Further clarification is also needed regard-
ing the spatial area of the plot of vegetation being sensed. Ques-
tions exists as to whether or not it is cylindrical, remains constant
in size and is independent of amount of vegetation in the cylinder.
These factors may be critical since the area being sensed by the
probe may be independent of the shape of the plot which is most
efficient in relation to clipping procedures.
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