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Evaluation of techniques for estimating the yield of irrigated 
pastures intensively grazed by dairy cows 

2. The rising plate meter 

C. R. Stockdale 

Summary-A semi-automatic rising plate meter, the Ellinbank Pasture Meter (EPM) was used to 
estimate herbage yields of the three most common types of irrigated pasture intensively grazed by dairy 
cows in northern Victoria. 

While there were only small differences in precision between the pasture types, yields of pre-grazed 
pastures were measured more precisely than yields of post-grazed pastures. The EPM also estimated 
pre-grazing yield more precisely than a visual assessment technique, while the two techniques were 
similar for estimating post-grazed herbage. 

A number of factors, including dry matter content of the herbage, botanical composition, season, 
and lodging due to trampling were shown to influence pre- and post-grazing regressions. It was 
concluded that pooled regressions were therefore unsuitable for research purposes unless the pooling 
was for a relatively short period only. Pre- and post-grazing data can be pooled for periods of up to two 
months to allow the estimation of pasture growth rates at various points of time between grazings. 

An alternative method of obtaining yield estimates has been proposed in which it is not necessary to 
develop a regression. This method relies on cutting quadrats in each plot that are representative of the 
yield and composition of the plot. While this method can circumvent some of the problems associated 
with the factors that influence the yield-height relationship, severe lodging due to trampling of the 
sward may preclude the use of the EPM regardless of method. 

T H E R E  are many non-destructive methods of 
estimating pasture yield, including the use of electronic 
capacitance meters, simpler meters based on measure- 
ment of pasture height, and visual assessment 
('t Mannetje 19 7 8). A visual assessment technique used 
at Kyabram to estimate pre- and post-grazing pasture 
yields in grazing experiments with dairy cows was 
evaluated in the first paper in this series (Stockdale 1984). 
Problems with the technique and its relatively poor per- 
formance suggested that an improved technique for 
estimating herbage yield was needed. 

Earle and McGowan (1979) recently automated a 
rising plate meter (Ellinbank Pasture Meter: EPM) 
originally developed in New Zealand by Holmes (1974). 
It is simple in construction, lightweight and robust, and 
evaluations of its performance (Earle and McGowan 
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1979; Michell 1982) suggest that it estimates pasture 
yield with greater precision than that attributed to the 
visual assessment technique (Stockdale 1984). 

This paper evaluates the performance of the EPM for 
estimating pre- and post-grazing pasture yield where 
dairy cows intensively graze imgated pastures. An 
alternative method for the estimation of herbage yield is 
compared with the traditional double sampling pro- 
cedure proposed by Back et al. (1969), and the use of 
pooled regressions in research and extension is con. 
sidered. 

Experimental details 
The EPM has a 0 . 1  m2 plate which exerts a downward 
pressure of 5 . 0  kg/m2, and a counter which records 
cumulative height to the nearest 5 mm. The meter was 
used to measure pre- and post-grazing pasture yield in 
six experiments. 
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The pastures were ( 1 )  irrigated perennial pastures 
comprising predominantly paspalum Paspalum dilatat- 
urn) and/or perennial ryegrass (Lolium perenne) and white 
clover (Tr@ium repens), or (2)  irrigated annual pastures 
comprising subterranean clover (T. subterraneum), annual 
ryegrass (L. rigidum), Bromus spp. and some weeds, 
notably storksbill (Erodium botrys) and winter grass (Poa 
annua). Measurements were made on the paspalum 
dominant perennial pastures during autumn, spring and 
summer; the ryegrass-white clover pastures were 
measured throughout the year. Yields of annual 
pastures were measured in autumn, winter and 
spring. 

When pre- and post-grazing yield measurements were 
made on a strip of pasture grazed by a group of cows, 
one or two 0.245  m2 quadrats, selected as being 
representative of herbage height and composition 
within a treatment plot, were measured with the EPM 
before being cut to ground level with hand shears. A 
simple linear regression was calculated on each occasion 
to convert mean plot meter reading (MR, 5 mm 
intervals) to pasture yield [Y, kg dry matter (DM)/hal. 
Separate pre- and post-grazing regressions were 
obtained. 

Dry matter content and botanical composition of the 
harvested quadrats were included in regressions in 
which all data from all experiments were pooled for pre- 
and post-grazing measurements for each type of pasture, 
using the following model: 

where DM =dry matter content of the herbage (%); 
C = pseudo-variable to differentiate between 

variable composition: grass = - 1, grass- 
clover = 0,  and clover = + 1; 

T = pseudo-variables to differentiate between 
various seasons of the year. These 
depended on the pasture type being 
considered. 
Paspalum dominant: summer-autumn = 

+1, spring= - 1 ;  
Ryegrasslclover: autumn-winter-spring 
= -k 1 ,  summer = - 1 ;  
Annual: ( 1 )  autumn-winter = + 1, 

spring = - 2, 
(2)  autumn = - 1 ,  winter = + 1 ,  

spring = 0 
The quadratic option was included to test for 

curvilinearity. The MR was forced into the regressions; 

all other variables entered only if they were significant 
( P  < 0.05).  

Finally, regressions were calculated from data for 
periods up to a maximum of two months; data for pre. 
and post-grazing measurements were pooled and the 
following model fitted: 

Y = ~ + ~ M R + C M R '  

Results and discussion 
Precision ofthe Ellinbank Pasture Meter 
The calibration parameters obtained from the use of the 
EPM on the three pasture types are given in table 1.  The 
pre-grazing intercepts were higher, on average, than 
those for the postg-azing regressions [LSD 
( P  = 0.05)  = 589,476 and 321 kg DMIha for paspalum, 
ryegrass-clover and annual pastures, respectivelyl 
whereas the post-grazing slopes were greater [LSD 
(P=O.05)=48.4,69.6and26.5kgDM/5mmforthe 
three pastures, respectivelyl. By using the coefficient of 
variation as the criterion for precision, there were only 
small differences in the precision of the EPM between 
pasture types. However, it was more precise before 
grazing [LSD ( P = 0 . 0 5 ) = 2 . 4 ,  5 . 0  and 2.7% for 
paspalum, ryegrass-white clover and annual pastures, 
respectively]. Ninety per cent of the pre-grazing 
regressions had coefficients of variation below 20% 
compared with only 46% of post-grazing regressions. 

The mean coefficient of variation of 12.1% for 
preg-azing measurements in this study compares well 
with 12.9  and 11 .9% reported by Earle and McGowan 
(1979) when they measured pre-grazing yields of rye- 
grass-white clover pastures. However, the EPM was 
more precise for estimating pasture yield than either the 
weighted disc meter evaluated by Powell (1974) or the 
simple disc meter used by Castle (1976). Powell (1974) 
reported coefficients of variation of 17.4, 20.7 and 
14.3% in summer, autumn and winter, respectively, 
while Castle (1976) obtained a coefficient of variation of 
19.9%. These are comparable with the coefficients of 
variation from the postp-azing regressions in this study, 
which averaged 18.6%. 

The EPM estimated herbage yield more accurately 
than did a visual assessment technique (Stockdale 1984) 
in three comparisons. The EPM was more accurate for 
pre-grazing measurements whereas there was little 
difference in post-grazing estimates (table 2). This result 
is supported by the data presented in table 1 for the EPM 
compared with data for the visual assessment technique 
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TABLE 1 

Detazh of calibratzon of the rwzng plate meter for the three pasture types (means of all 
calzbrations). t 

Calibration* Pre grazing Postpazing 

parameter pD$ RGC A PD RGC A 

No. regressions 

Av. no, observations 

Mean yield (kg DMlha) 

Range 

r 

Range 

RSD (kg DMIha) 

( k SD) 

cv (%) 

( * SD) 

t Calibration regressions were based on the model, Y = a + bX, where Y is pasture yield to ground level in 

kg DMIha and X is meter reading in 5 mm intervals. 

f a = regression intercept; b = regression coefficient; SEb = standard error of regression coefficient; 

r2 = coefficient of determination; RSD = residual standard deviation; CV = coefficient of variation. 

$ PD-paspalum dominant; RGC-ryegrass-clover; A-annual. 

reported previously (Stockdale 1984). Mean coefficients 
of variation for pre and post-grazing regressions when 
using the EPM were 12.1 and 18 .6%, respectively, while 
those for the visual assessment technique were 15 .6 
and 19.0%. 

Use ofpooled regressions 
Pooling the data from many periods into a single 
regression could reduce resources required for yield 
assessments in experiments and may have application to 
dairy farmers and their advisers. Table 3 presents the 
results of pooling all data for each pasture type using 
simple regressions. The amount of variability accounted 
for by meter reading in these regressions ranges from 6 1 

to 80%. However, while much of the variability is being 
accounted for, the magnitude of the coefficients of 
variation suggests that there are generally still large 
deviations of points from the curves. This is particularly 
evident for ryegrass-clover and annual pastures. 

Among the factors that may influence these relation. 
ships are DM content and composition of the pasture, 
the way in which time of year may influence growth 
habit and physiological state, and the condition of the 
soil, including evenness of the surface and its moisture 
content. Powell (1 974) reported a slope of 244 kg DM/cm 
for clover dominant swards compared with only 163 kg 
DM/cm for grass and clover. He also suggested that DM 
content of the pasture could explain some of the vari- 
ation between seasons, although Earle and McGowan 
(1979) showed that there was little association between 
this variable and meter reading throughout a day. 
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The effects of some of these factors on the pooled 
regressions presented in table 3 are given in table 4. 
Whenever significant (P < 0.051, DM content of herbage 

TABLE 2 

Comparisons ofthe calibration parameters obtained by the rising 
plate meter and the visual assessment techniques. 

Calibration 

parameter? 

Technique 

Rising plate Visual 

meter assessment 

Prepazing 

Ryegrass-clover 

' r2 

RSD (kg DMIha) 

cv (%) 

Paspalum dominant 

r2 

,RSD (kg DMIha) 

cv (%I 
Postg-azing-Annual 

r2 

RSD (kg DMIha) 

cv (%I 

t r2 = coefficient of determination; RSD = residual standard 

deviation; CV = coefficient of variation. 

and the pseudo-variables used to distinguish between 
botanical composition and time of year have been 
included in the pooled regressions. While these factors 
had little influence on the relationships for paspalum 
dominant pastures, a different calibration curve was 
obtained for the ryegrass-clover pastures in summer 
compared with the rest of the year. The pooled re- 
gression for autumn-winter-spring for pre.grazed rye- 
grass-clover is: 

which is similar to that reported by Earle and McGowan 
(1979). For similar pasture in the same seasons, they 
obtained: 

The method of harvesting each quadrat may explain the 
difference in intercept and, providing this is taken into 
consideration, it is suggested that a common relation- 
ship could be used for this type of pasture anywhere in 
Victoria during autumn-winter-spring. 

However, it is the annual pastures that appear to be 
influenced most by the factors mentioned above 
(table 4). For these pastures, all the additional factors 
have significant effects on the pre- and post-grazing rel- 
ationships. This is not surprising because these pastures 
begin growth in autumn, go through a reproductive 
phase in spring and die off in summer. 

TABLE 3 

Simple relationsh@ between pasture yield (Y) and meter reading (MR)for three types of irrigated 
pasture before and after grazing, after pooling all available data. 

Pasture and Significant regression equations Regression parameterst 

When grazed (P<0.05) r2 RSD CV n 

Paspalum dominant 

Before Y=1416+ 134,2(?3,7)MR 0.80 635 13.7 322 

After Y=444+209.4(? 8.1)MR 0.72 580 2 0 4  263 

Ryegrass-clover 

Before Y=915+ 135.1(+ 5.5)MR 0.74 748 20.4 224 

After Y=17+237.3(+  15.O)MR 0.77 734 32.0 7 6 

Annual 

Before Y=1774+99.9(* 3.2)MR 0.61 96 7 23.3 629 

After Y=537+ 198.0(+6.2)MR 0.62 813 28.8 633 

t r2 = coefficient of determination; RSD = residual standard deviation (kg DM/ha); CV = coefficient of 

variation (%); n = sets of data. 
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Because of the influence these factors have on the 
calibration regressions, year-round pooled regressions 
are generally unsuitable for research purposes. How- 
ever, the simple pooled regressions, particularly for the 
pre-grazing measurements, can be of great practical 
benefit to imgation dairy farmers and their advisers, 
provided some note is taken of the effects of time of 
year, and having regard for the periods of measurement 
involved in the evaluation reported here. 

A simplified rising plate meter has been developed in 
which a graduated rod is inserted through a hole in the 
middle of the plate. A number of interchangeable 
central rods are calibrated for use on different pastures 
and at different times of the year. This development 
means that subjective eye appraisals can be replaced by 
a more accurate, objective procedure which could result 
in improved feed budgeting, thereby aiding in pasture 
management. 

Estimation ofpasture growth 
The estimation of pasture growth can be a problem if 
plots need to be monitored regularly between grazings. 
It may be impractical or impossible to harvest enough 
quadrats to form a calibration regression on each 

occasion, particularly if the period between measure. 
ments is very short. It has been shown that pre and post. 
grazing regressions have different intercepts and slopes; 
therefore, use of the simple pre and/or post-grazing 
regressions will not be acceptable because of the 
problem of deciding when a typical post-grazed pasture 
becomes a typical pre-grazed pasture. However, if some 
quadrats are cut at each sampling time, it is suggested 
that a satisfactory solution is to pool the data and to 
apply a quadratic model to allow for curvilinearity. In 
this way, the different slopes of the pre and post-grazing 
regressions can be accommodated in a single expression 
which will provide for continuity as the sward recovers 
from grazing. This was done on several occasions in the 
experiments in which the EPM was used, and the results 
are presented in table 5. Coefficients of variation were 
within the range 13.6- 18 . I%,  and compare well with 
those given in table 1. It is concluded that this use of the 
EPM is satisfactory for the estimation of sequential 
growth rates. However, this can only apply to short 
periods because of the many factors that can influence 
the yield-meter reading relationship (table 4). When all 
pre and post-grazing data were included together for 
each type of pasture (not just individually as in tables 3 
and 4), highly complicated regressions were obtained 

TABLE 4 

The relationships between pasture yield (Y), meter reading (MR), dry matter content ofthe pasture (DM, %), mmposition (C) and 
time ofyear (T)for three types of irrigated pasture before and after grazing, after pooling all data. (The regression model is&lly 

described in Experimental details.) 

Pasture and 

When grazed 

Significant regression equations 

(P<0.05) 

Regression parameterst 

r2 RSD CV n 

t r2 = coefficient of determination; RSD = residual standard deviation (kg DMIha); CV = coefficient of variation (Yo); n - sets of data. 
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TABLE 5 

Details of the regressionst in which pre- and post-grazing data were pooled to estimate sequential growth rates. 

Experiment no., Pasture type and Period Y a Regression coefficients Regression parameters 

MR M R ~  r2 RSD CV n 

- 

1. Ryegrass-clover (Autumn-8 weeks) 2452 257 184.9(+23.2) -1.46(+_0.68) 0.85 445 18.1 111 

2. Paspalurn dominant (Autumn-8 weeks) 3062 441 215.3(+ 28.5) - 1.87( f  0.82) 0.85 505 16.5 125 

3. Paspalum dominant (Spring-6 weeks) 3656 233 262.9(_+ 25.9) -3 .18( f  0.68) 0.81 508 13.9 184 

4. Paspalum dominant (Autumn-2 weeks) 521 7 732 234.7(f 25.4) - 1 . 9 1 ( f  0.44) 0.86 710 13.6 95 

5. Paspalum dominant (Autumn-2 weeks) 3116 - 1935 538.6(+ 73.7) - l l .81(+  2.49) 0.79 454 14.6 127 

t Y = mean yield of calibration quadrats (kg DMIha); a = regression intercept; MR = meter reading (5 mm intervals); r2 = coefficient of 

determination; RSD = residual standard deviation (kg DMIha); CV = coefficient of variation (%); n = number of quadrats in 

regression. 

that were difficult to interpret. For this reason, it is 
suggested that this technique is probably suitable only 
for short periods of two months or less. 

Use of the EPM in research 
Pooled regressions, except over relatively short periods, 
are inadequate for research because of the many factors 
that can affect the relationship. Therefore, calibration 
quadrats must be cut regularly during grazing experi- 
ments in which estimates of pasture yield, intake or 
growth are required. However, an alternative to the 
traditional double sampling procedure described by 
Back et al. (1969) is proposed for use in experiments 
where every plot needs to be sampled. This technique is 
similar to that proposed by Jones and Haydock (1970) 
and incorporates a modification suggested by Johns 
(1 972); no regressions are calculated. For each plot, a 
number of randomly placed meter readings are taken, 
the mean reading for the plot is calculated and two 
samples having approximately this mean reading are 
cut. The mean yield of the cut quadrats is then adjusted 
for any discrepancy between the mean meter reading 
for the plot and that of the quadrats by: plot yield = 

mean meter reading for plot 
quadrat yield x 

mean meter reading for quadrats 

Implicit in this method is the necessity to obtain a 
reliable mean reading, to select quadrats representative 
of the composition of the plot, and to cut the samples as 
soon as possible after obtaining the plot reading to avoid 
possible errors associated with diurnal changes in the 
DM content of the pasture. 

Estimates of pasture yield thus obtained were com- 
pared with those obtained using calibration regressions. 
Two contrasting situations have been considered: one in 
which treading did not obviously affect the spatial ' 

arrangement of the sward during grazing, and the other 
in which the effects of treading were readily apparent 
after grazing. Standard deviations of the differences 
between pairs of estimates were calculated as a measure 
of uniformity (Le Clerg et al. 1962). The standard 
deviation of the difference between pairs was 770 kg 
DMIha when the pasture was trampled (108 pairs), and 
262 kg DM/ha when it was not trampled (153 pairs). In 
each assessment, pre- and postg-azing estimates were 
combined and the range in yield was approximately 
1000-8000 kg DM/ha. 

These results show that the proposed method for 
estimating yield is generally as good as the double 
sampling procedure and may avoid the effects of some 
of the factors that can influence a calibration relation- 
ship. However, this is the case only when the sward has 
not been trampled. Regardless of which method is used, 
it is suggested that trampling is the major factor that may 
preclude the EPM from general use in research. In these 
circumstances some other method, such as the use of an 
electronic meter, should be considered. 
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