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Yield prediction of grassland swards using
specific equations for Rising Plate Meter

Christoph Stumpe, Priska Krug, Jonas Weber, Stefan Bottinger

Accurate prediction of grassland yield is essential for efficient management and sustainable
use. The Rising Plate Meter (RPM) is a device widely used in pasture management to measure
the height of growth considering sward density to calculate biomass yield. This can be trans-
ferred to the use of grassland for mowing. The key is to adapt the prediction equation, which
calculates the dry matter yield from the measured compressed sward height. The accuracy
can be further improved by using specific prediction equations. The equations consider (1)
temporal, (2) spatial and (3) sward-specific factors. To develop the specific equations, RPM
measurements were carried out for two regions, the dry matter yield of the plots was deter-
mined and the data were analyzed using linear regression. The results show that the applica-
tion of the specific equations improves the mean deviation from 31% (RMSE = 738 kg/ha) to
18% (RMSE = 570 kg/ha). These improvements allow farmers to predict yield already during
the growing phase, providing a reliable basis for site-specific grassland management and
optimizing forage production.
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Globally, grassland is the most important form of vegetation, accounting for almost 70% of agricul-
tural land (FAO 2021). In Europe, and particularly in Germany, the proportion of grassland in the
total utilized agricultural area is much lower at 28%, although the proportion of mown grassland has
increased steadily over the last four years to 12% (STATISTISCHES BUNDESAMT 2024). Grassland man-
agement is particularly important for small farms in southwest Germany (STATISTISCHES LANDESAMT
BADEN-WURTTEMBERG 2022).

In order to plan storage, efficient grazing or the introduction of Precision Farming management
methods, it is very important to have sub-area accurate grassland yield data. Digital measurement
technologies can be used to measure parameters during both the growth and harvesting phases to
determine biomass yield at sub-field level. The measurement of parameters during the growth phase
is a yield prediction, as the harvest takes place at a later date. In contrast, the measurement of
yield-relevant parameters during the harvesting process can be described as yield measurement, as
the parameters are measured after the plant material has been cut.

The development of yield measurement systems is at an advanced stage and is available on the
market for forage harvesters (WoRek and THURNER 2021). However, adoption in agricultural practice
has so far been low due to high investment costs and restrictive harvesting conditions (RIgedL 2020).
The dominant form of yield determination on small-scale farms is the visual estimation of yield based
on the number of bales or the volume of silage filled (KOHLER et al. 2016).
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Yield prediction is currently the subject of intense research. For example, radar, multispectral or
meteorological data are collected by satellites, unmanned aerial systems or ground-based sensors and
processed into a prediction model using machine learning techniques (VILJANEN et al. 2018, BRETAS
et al. 2021, MURPHY et al. 2021c, STUMPE et al. 2024).

One method of predicting yield that has been studied for some time and was originally used to
determine available forage on grazed grassland is the use of the Rising Plate Meter (EARLE and Mc-
GOWAN 1979, TuckeRr 1980, SCRIVNER et al. 1986, HARMONEY et al. 1997). This involves measuring
the height of the plant population during the growing season, from which biomass can be calculated
using a predictive equation (MURPHY et al. 2021c). This method can be applied to mowed grassland
to predict its yield at mowing.

Currently, a standardized equation developed in Ireland based on intensively managed and homo-
geneous grassland swards is always used for prediction across regions regardless of sward composi-
tion. It has not been published by the manufacturer of the RPM, so it is not known. When the equation
is applied, only the two parameters (1) target cutting height, and (2) subjectively estimated dry matter
content are adjusted to determine the dry matter yield. Studies have shown that this equation is not
suitable for species-rich grassland swards such as those found in southwest Germany (DILLARD et al.
2016, HART et al. 2020, STUMPE et al. 2021).

Specific prediction equations that consider other factors affecting grassland sward development
are one way to improve this. The literature identifies three main factors that require specific adjust-
ment of the prediction equation. As a result of previous studies, the need for (1) temporal, (2) spatial,
and (3) sward-dependent adjustments to the prediction equations has emerged. For the temporal
adjustment, the vegetation period of one year is subdivided into further growth periods, taking into
account the typical growth curve of grassland plants (LILE et al. 2001, NAKAGAMI and ITANO 2014, LA
GUARDIA NAVE and CORBIN 2019, MURPHY et al. 2021b). Spatial adjustment can be made by dividing
geographical areas into regions where climatic conditions, altitude and soil types are similar within a
region (RENNIE et al. 2009, HART et al. 2019, StumPE et al. 2021). The physiological characteristics of
the plant community have a major influence on the relationship between height and dry matter yield.
Classifying grassland swards into sward types based on the yield proportions of the plant groups
takes these characteristics into account and allows sward-specific adaptation (MiLsom et al. 2019,
RAYBURN 2020, MURPHY et al. 2021b, MCSWEENEY et al. 2022, CHAPA et al. 2023).

At present, neither agricultural practice nor research uses this specific adjustment of the pre-
diction equations to take these factors into account. The necessary equations are not available. As a
result, yield predictions using the Rising Plate Meter in southwest Germany and the Alpine region
are imprecise compared to yield predictions for intensively managed grasslands (HART et al. 2019,
STUMPE et al. 2021). Especially for the grassland intensive regions like the Southern Black Forest and
Upper Swabia, an adaptation is necessary to provide a precise method for yield prediction that is easy
to implement in a small-scale region.

Based on these research gaps, the aim of the study is the determination of temporal, spatial and
sward-dependent adjusted equations for the prediction of dry matter yield of grassland swards in two
model regions in southwest Germany. Furthermore, it is to be investigated how the prediction perfor-
mance of a Rising Plate Meter changes with the use of the specific prediction equations compared to
the use of a general prediction equation. The prediction performance is to be evaluated using statisti-
cal metrics and compared with previous research results.
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Material and methods

The two model regions, Southern Black Forest and Upper Swabia, were examined in 2020 and 2021
and are located in southwestern Germany in the state of Baden-Wiirttemberg. The location in Germa-
ny and the location of the study sites within the model regions are shown in Figure 1. The Southern
Black Forest region is located east of the city of Freiburg and is typical of a low mountain range region
in Germany. The altitude of the four experimental plots in this region is between 800 and 1100 m
above sea level. The region of Upper Swabia extends between the city of Ulm and Lake Constance. The
three experimental fields assigned to this region are located between 500 and 600 m above sea level.
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Figure 1: Geographical representation of the model regions within Germany (top) and the experimental fields in the
model regions Southern Black Forest (left) and Upper Swabia (right)

Both regions are characterized by a high proportion of grassland in the agricultural area. The
Southern Black Forest region is climatically characterized by an average annual precipitation of
1258.5 mm. The average annual temperature is 8.0 °C. With an average annual precipitation of
938 mm and an average annual temperature of 9.6 °C, the region of Upper Swabia has less precipi-
tation and is warmer in comparison. This difference is also evident in the number of vegetation days.
The Southern Black Forest region has an average of 223 vegetation days per year and the Upper
Swabia region has an average of 247 vegetation days per year (LANDWIRTSCHAFTLICHES TECHNOLOGIEZ-
ENTRUM AUGUSTENBERG 2024).
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The size of the experimental fields in the Southern Black Forest model region is between 3.5 and
6.1 ha. The soil type for the fields GroBer Acker, Oberm Haus and Schmitt Grof8 Schlag, which are locat-
ed on the ridges of the Black Forest, is brown earth. The soil type for the Moosmatte, which is located
in a valley, is different with fen and anmoorgley. With a size of between 0.2 and 2.0 ha, the experimen-
tal fields in the Upper Swabia region are smaller than those in the Southern Black Forest region. The
soil type differs between the three experimental fields and can be seen in Table 1.

Table 1: Overview of the experimental fields with assignment to the model regions and description of the altitude,
area size and soil type

Name of the Region Height above sea level Field size Soil type
experimental field inm in ha

GroBer Acker Southern Black Forest 858.9 4.4 Brown earth
Moosmatte Southern Black Forest 861.5 3.5 Fen and Gley
Oberm Haus Southern Black Forest 1053.5 5.7 Brown earth
Schmitt GroB Schlag Southern Black Forest 1013.7 6.1 Brown earth
Am Bach Upper Swabia 558.0 2.0 Gley
Lehmgrubenweg Upper Swabia 565.3 0.2 Gley
Riedwald Upper Swabia 592.0 0.9 Para-brown earth

Soil type according to: Regierungspréasidium Freiburg, Landesamt fiir Geologie, Rohstoffe und Bergbau (2021)

The intensity of use of the grasslands differs for the selected model regions. The experimental
fields in the Southern Black Forest region are managed according to organic standards and mowed
three times a year. The fields in the Upper Swabia region, on the other hand, are managed convention-
ally and mowed five to seven times a year.

The plant community of the experimental fields is influenced not only by soil type but also
by altitude, climate, land use intensity and management practices. According to DEUTSCHE LAND-
WIRTSCHAFTS-GESELLSCHAFT E. V. (2004), three sward types can be distinguished (Table 2). They allow
the plant communities to be assessed and categorized into defined groups. Using the method pub-
lished by KLAPP and STAHLIN in VOIGTLANDER and Voss (1979), the yield share is determined for each
experimental plot (1 m?) on the basis of the mass percentages in the dry state. At the same time, the
main grassland species are recorded and listed in Table 2.

Table 2: Classification of sward types according to Deutsche Landwirtschafts-Gesellschaft e. V. (2004)

Sward type Grass content Main grassland species

Perennial ryegrass (Lolium perenne), Orchard grass

Rich in grasses (RG) > 70% (Dactylis glomerata), False oat-grass (Arrhenatherum elatius)

Perennial ryegrass (Lolium perenne), Meadow fescue
Balanced (B) 50-70% (Festuca pratensis), Ribwort plantain (Plantago lanceolata),
Red clover (Trifolium pratense)

Red clover (Trifolium pratense), White clover (Trifolium repens),
Rich in clover and herbs (RCH) < 50% Ribwort plantain (Plantago lanceolata),
Common dandelion (Taraxacum officinale)
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The growing periods are obtained by dividing the growing season of a year into three parts based
on the meteorological seasons. The first growing period (1) is from the beginning of vegetation to the
beginning of summer. This is followed by the second growing period (2), which includes the summer
months of June, July and August. The third growing period (3) spans from the beginning of fall to the
end of vegetation. The growing season is therefore divided into three growing periods for further data
analysis.

Depending on the size and sward heterogeneity of the field, each experimental field comprises be-
tween four and ten randomly distributed plots. The number of plots increases with both the size and
heterogeneity of the field. The size of the plots is one square meter. This square meter is fully covered
by the Rising Plate Meter by recording nine points of compressed sward height in a standardized pat-
tern and sequence. The mean value of the compressed sward height per test plot is calculated from
the nine measuring points. The compressed sward height is measured using a Rising Plate Meter
type Grasshopper. The dimensions and components of the measuring instrument are shown in the
schematic illustration in Figure 2.
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Figure 2: Rising Plate Meter type Grasshopper

The aluminium plate can be displaced vertically along the measuring rod and has a mass of
0.4785 kg. To take a measurement, the rod is passed vertically through the plants to the soil surface,
and at the same time, the plants prevent the aluminium plate from sinking to the surface. The mass of
the plate generates a pressure of 49 N m2, which compacts the plants of the sward. Thus, the distance
between the aluminium plate and the soil surface is equal to the compressed sward height (h,). In
addition to plant height, the compressed sward height takes into account the density of the sward as
it also affects how far the aluminium plate sinks.

To determine h,, an ultrasonic sensor is used to measure the distance between the aluminium
plate and the sensor position. This value is subtracted from the maximum distance between the ul-
trasonic sensor and the aluminium plate to determine h.. The average error of the ultrasonic sensor
distance measurement is 0.18 mm (MCSWEENEY et al. 2019). Additionally, the Global Navigation Sat-
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ellite System (GNSS) receiver determines the position with an average error of up to seven meters for
each measurement (OFFICE OF THE DEPARTMENT OF DEFENSE 2020).

After measuring the compressed sward height, the plant material within the test plot is cut man-
ually at a cutting height of 7 cm and the fresh matter yield is determined. The dry matter yield is
obtained after oven drying at 60 °C until the mass remains constant and extrapolated to the yield
per hectare. This provides a dry matter yield value for each plot that can be related to the previously
measured compressed sward height. Plots on which the plants were not erected prior to RPM meas-
urement were excluded from further evaluation.

Statistical evaluation
To investigate the relationship between compressed sward height and dry matter yield, correlation
analysis is used based on previous research (ITANO et al. 2012, DILLARD et al. 2016, LA GUARDIA NAVE
and CorBIN 2019). The coefficient of determination R? is used to analyze the regression line and thus
the correlation between the two variables. It allows the comparison of different regression lines and,
with the extreme values R?= 0 and R? = 1, indicates how well they describe the dependence of the
dependent variable dry matter yield (Y,,) on the independent variable compressed sward height (h,).
Different statistical metrics are used to evaluate prediction performance, allowing for absolute and
relative assessment of accuracy, as well as comparability of predictions for data sets with different
variance. STUMPE et al. (2024) recommend Root Mean Square Error (RMSE), Normalized Root Mean
Square Error (NRMSE), Mean Absolute Error (MAE) and Mean Absolute Percentage Error (MAPE) for
the evaluation of prediction models. The definitions of the statistical metrics used in this study can
be found in Equations 1-4. P is the predicted value, O is the measured value, and n is the number of
samples.

n
1
i=1
RMSE
NRMSEnean = —5— (Eq. 2)
n
1
MAE = — - ZIPi — 0] (Eq. 3)
i=1
n
MAPE—E'ZM (Eq. 4)
n = Oi ¢
=

The definition of NRMSE is not standardized in the literature. The mean, the range, or the standard
deviation are optionally used as reference values for the RMSE. In this study, the mean is used as the
reference value because this definition is recommended in the literature (PRIESACK et al. 2006, YANG
et al. 2014), and the mean is the most commonly used reference value in comparable studies (STUMPE
et al. 2024).
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Results

The data set under consideration contains a total of 814 samples, which are distributed across two
regions, seven fields, and two years. The descriptive statistics (mean, standard deviation g, minimum
value, maximum value) for the measured parameters of sward height and dry matter yield are pre-
sented in Table 3. The distribution of the measurements across the subcategories of sward type and
growing period is also included in the table.

Table 3: Descriptive statistics of the dataset

Variable Mean o Min Max Number of samples
Sward height in mm 137.48 44.43 48.25 234.00 -
Dry matter yield inkg/ha 2415.26 1554.01 105.09  6931.13 -
Sward type
Rich in grasses (RG) - - - - 183
Balanced (B) - - - - 126
Rich in clover and herbs (RCH) - - - - 505
Growing period
1 (March - May) - - - - 311
2 (June - August) - - - - 275
3 (September - November) - - - - 228

A prediction equation for an RPM describes the relationship between the measured compressed
sward height (h,.) in mm and the related dry matter yield (Yp,,) in kg/ha. A linear equation is deter-
mined from the available measurement data using correlation analysis. The general form of a predic-
tion equation is shown in Equation 5. m describes the slope of the straight line and b indicates the
intercept.

YDM:m'hC_b (Eq 5)

By considering the entire data set, a general prediction equation can be derived which is adapted
to the mowing use of species-rich grassland swards in southwest Germany. No distinction is made
between model regions, growing seasons and sward types. The totality of all 814 measurements and
the general prediction equation derived from them for southern German conditions are shown in
Figure 3.
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Figure 3: Measurement results (h,; Yp,,) and general prediction equation for the entire data set (two regions, three
growing periods, three sward types)

It can be seen that the measurements above a compressed sward height of 150 mm are spread
more widely around the regression line than in the range below. Overall, the general equation results
in a positive slope of 30.8 and a negative intercept of —1816. The coefficient of determination of this
equation to describe the dependence of dry matter yield on sward height for southwest Germany is
R?=10.77.

To develop specific prediction equations, the data set is divided by (1) region, (2) sward type, and
(3) growing period. With two experimental regions, three sward types and three growing periods,
there are a total of 18 specific prediction equations.

The measured data and the results of the correlation analysis for the Southern Black Forest (SBF)
region are shown in Figure 4, Figure 5 and Figure 6 separately for the sward types (RG, B and RCH)
defined in Table 2. The numbers (1, 2 and 3) relate to the growing periods that have been predefined
on the basis of the meteorological seasons. A compressed sward height of 204 mm corresponds to
the maximum for the Southern Black Forest region. The yield per hectare reaches a maximum value
of 3840 kg/ha in this region. These maximum values are reached in the first growing period and
decrease in the further course of the growing season. Especially in the third growing period, lower
compressed sward heights and dry matter yields are observed. The comparison of the measured data
of the different sward types for the same growing period shows that the values for the compressed
sward height and the dry matter yield of the different sward types are in a similar range.
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Figure 4: Measurement results and prediction equations for the Southern Black Forest region, sward type rich in
grasses, subdivided according to the growing period

Correlation analysis provides linear equations for each combination of sward type and growing
period that describe the relationship between compressed sward height and dry matter yield. For
each of the nine specific equations, the slope is positive and ranges from 18.7 to 27.8. The intercept is
negative in all cases and ranges from —-1775 to -899.6. The coefficients of determination for the linear
equation lines range from R?=0.86 to R = 0.98.

A comparison of the regression line equations for different sward types in the same growing pe-
riod shows that the values for slope and ordinate intercept are similar for swards rich in grasses and
balanced swards in the first two growing periods. For swards rich in clover and herbs, the straight
line for the second growing period is steeper and the value for the ordinate intercept is smaller com-
pared to the other two sward types. In the third growing period, however, the slope of the straight line
for swards rich in grasses is steeper and the ordinate intercept is lower than for balanced swards and
swards rich in clover and herbs. This shows the different relationship between dry matter yield and
the compressed sward height depending on the sward type and growing period.
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Figure 5: Measurement results and prediction equations for the Southern Black Forest region, sward type balanced,
subdivided according to the growing period

An examination of the prediction equations for the Southern Black Forest region shows that the
SBF-RCH-2 equation has a significantly greater slope than the corresponding equations for the two
other sward types. Clover and herbs, which dominate for this sward type, are easier to compact com-
pared to grass and lead to a comparatively high dry matter yield due to their leaf mass. Clover and
herbs are particularly dominant over grasses during dry periods, for example during the summer
depression in the second growing period. For the SBF-RG-3 equation, a greater slope can also be ob-
served compared to the two equations of the other sward types and compared to the previous growing
period. This can be explained by the fact that precipitation increases in the third growing period and
the grass swards become denser. Balanced swards and swards rich in clover and herbs, on the other
hand, are more sensitive to more frequent mowing. Therefore, these two sward types result in less
dense swards in the third growing period with a lower slope.
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Figure 6: Measurement results and prediction equations for the Southern Black Forest region, sward type rich in
clover and herbs, subdivided by growing period

For the region of Upper Swabia (US), the measured data and the results of the correlation analysis
are presented in the same form in Figure 7, Figure 8 and Figure 9. The maximum sward height of
234 mm is higher than the comparable value for the Southern Black Forest region, and the maximum
dry matter yield of 6931 kg/ha is also higher in the Upper Swabia region. The maximum values are
reached in the first growing period. The yield level decreases in the course of the growing season for
all sward types. There is no discernible difference between the sward types for the same growing
period in terms of compressed sward height and dry matter yield.

Compared to the first experimental region, there is a stronger decrease in the yield level from the
first to the third growing period. As a result, the equations of the regression lines differ more strongly
from each other. The slope of the straight lines is between 10.6 and 31.8 and the ordinate intercept
of the straight line is between —-1704.6 and 348.4. The coefficients of determination of the specific
equations for the region of Upper Swabia lie in a range between R? = 0.46 and R = 0.67.



agricultural engineering.eu 80(1) 65

7500 "
Rich in grasses, 1° period a
2 A
5 koha | L s RG-1
g 5000| n=47—]
>
ko A
©
g 2500 A ‘
> Yo =28 h_ - 11318
., R?=0.52
7500
z o Rich in grasses, 2" period
>0 KAy ys-RG-2
E 5000} n=36
>
ol v
T 2500 Yoy
S vY 21.1-h_ -234
> pm = <11 N - 25,
= o ol R?=0.67
7500
2 valh Rich in grasses, 3 period
>° KAl ¢ Us-RG-3
< 5000f n=20
2 Yo = 119 - h +49.2
8 R?=0.55
©
£ 2500
> <
a «‘4"
0

0 100 200 mm 300
Sward height h,

Figure 7: Measurement results and prediction equations for the Upper Swabia region, sward type rich in grasses,
subdivided according to the growing period

Regardless of the sward type, it can be seen that the slope decreases from the first to the third
growing period, thereby causing the straight line to flatten. There is a difference between the equa-
tions for the sward types in each growing period.

In the region of Upper Swabia, the comparison by sward type shows in most cases the greatest
slope for the equations of the sward type rich in grasses. This may be due to the soil structure, which,
compared to the soils of the Southern Black Forest region, is better able to compensate for dry peri-
ods, so that the summer depression of grass growth is weakened. The equations for the third growing
period of the region of Upper Swabia generally show a positive intercept with a flatter curve. This can
be explained by a younger sward and a higher water content, resulting in a lower dry matter content,
which in turn leads to a flatter curve.

A comparison of the measured data for the regions studied shows that a higher yield level with
higher maximum values for the compressed sward height is achieved in the region of Upper Swabia.
A possible factor is the warmer climate with a higher average annual temperature and more growing
days per year. Cultivation intensity also has an influence, which is higher in Upper Swabia with more
intensive fertilization and more frequent mowing.
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Figure 8: Measurement results and prediction equations for the Upper Swabia region, sward type balanced, subdi-
vided according to the growing period

Looking at the specific equations for the two experimental regions, it can be seen that the slope is
greater in the Upper Swabian region for the first growing period, comparable in the second growing
period, and greater in the Southern Black Forest region for the third growing period. This may be
due to the different plant species per sward type in the two regions, which have different compaction
properties. A comparison of the intercepts does not show results that are similar to those obtained
for the slope.

The comparison of the coefficients of determination for the regression lines of the two experi-
mental regions shows that the coefficients of determination for the region of Upper Swabia are on a
lower level. Thus, the linear equations described for the region of Upper Swabia do not represent the
relationship between compressed sward height and dry matter yield as well as the equations for the
region of Southern Black Forest.
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Figure 9: Measurement results and prediction equations for the Upper Swabia region, sward type rich in clover and
herbs, subdivided according to the growing period

The developed equations, both general and specific, can be applied to the available data set to
predict dry matter yield. The deviation of the predicted DM yield from the measured DM yield can
then be calculated. The statistical metrics presented in the previous chapter can be used to evaluate
the prediction performance. Table 4 provides a comparative overview of the application of a general
dry matter yield prediction equation for the entire data set versus the application of the 18 specific

prediction equations developed.

Table 4: Comparative description of the statistical metrics for the evaluation of the prediction results of the general

and specific prediction equation

A . . RMSE NRMSE MAE MAPE
Prediction equation applied in kg/ha in %mean in kg/ha in %
General 738.09 30.56 580.01 30.85
Specific 570.23 23.61 388.01 18.26

The application of the general prediction equation, which has not been specifically adapted to
the three factors, gives an average deviation of 738.09 kg/ha (RMSE) or 580.01 kg/ha (MAE) be-
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tween the predicted yield and the actual measured yield. Relative to the mean of the measurements
(NRMSE,..n) and to each individual measurement (MAPE), this results in a relative deviation of
30.56% and 30.85%, respectively.

Using the specific prediction equations, absolute deviations of 570.23 kg/ha (RMSE) and
388.01 kg/ha (MAE) are achieved. This results in relative deviations of 23.61% (NRMSE ) and
18.26% (MAPE).

mean

Discussion

Compared to a general prediction equation, the specific prediction equations better represent the re-
lationship between compressed sward height and dry matter yield. Therefore, predicting dry matter
yield with a Rising Plate Meter using specific equations is more accurate, as can be seen from the
statistical metrics. Both the absolute and relative prediction errors for the prediction using the specif-
ic prediction equation are lower than the corresponding value for the general equation. The absolute
prediction error is reduced by 160 to 570.23 kg/ha (RMSE) and the relative error is reduced by about
12 to 18% (MAPE).

For comparison with other studies, the absolute error measured as RMSE is the most frequently
reported value. GARGIULO et al. (2020) achieve prediction errors of 45 to 160 kg/ha with the help of
linear regression, which is not reached or beaten by any comparable study. KLINGLER et al. (2020) re-
port an RMSE of 434 kg/ha for prediction, which is in a similar range to this study. With RMSE values
between 880 and 1170 kg/ha, the prediction error of REDDERSEN et al. (2014) is significantly higher.
The results of the present study are therefore in the range of results of methodologically comparable
studies for other regions. The differences can be explained by the heterogeneity of the considered
swards and the size of the captured samples.

When evaluating the accuracy of yield prediction with a Rising Plate Meter, the limitations of
the system must also be considered. Especially for laying swards, the RPM does not provide reliable
results, because the relationship between compressed sward height and dry matter yield cannot be
described by the equations for other conditions. In addition, sward heights that are too high are diffi-
cult to measure correctly with the RPM and tend to lodge. In the case of highly gapped swards, there
is also the problem that the measurement positions do not correctly reflect the heterogeneity of the
sward (MURPHY et al. 2018).

In addition to the accuracy of the prediction, cost is a critical factor in the practical application of
the technology. For the Rising Plate Meter, the running costs of the application are more important
than the investment costs (KIErFeR et al. 2024). They are strongly influenced by the density of the
measurement points and the sampling pattern (HART et al. 2022). The pattern, in turn, affects the
spatial resolution of the data and therefore the quality of the yield prediction. There is therefore a
trade-off between the cost of measurement and the quality of the data. To resolve this conflict, the
number of measurement points has been studied and a recommendation has been made as to how
many measurement points are required under which crop conditions (HuTCHINSON et al. 2016). A
tool can also be used to distribute the points over the field, taking into account the shape of the field
(MURPHY et al. 2020).

A further refinement of the prediction equation to account for the grassland sward under in-
vestigation offers a potential avenue for more precise predictions. A comprehensive evaluation has
revealed that further distinctions within a sward type, particularly the sward type rich in clover and
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herbs (RCH), could improve the prediction accuracy. This distinction is particularly relevant due to
the observed disparities in compressibility between clover and herbs, which can influence the pre-
diction equation. The hypothesis can be confirmed for clover-rich swards due to a larger slope, as
evidenced by a comparison of the correlations for samples of the sward type RCH with a high clover
content compared to samples with a high herb content.

In order to extend the increase in accuracy to other regions, the development of specific equa-
tions for other regions is recommended in the future. To facilitate the application, a database should
be established to store the specific equations for the associated regions. To this end, an application
should be developed that accesses the database and uses the equation applicable to the conditions
under consideration to generate a site-specific yield map based on the compressed sward height data.
In addition to compressed sward height, other measurements and data can be used in the prediction,
such as weather data, multispectral data, or management data (MURPHY et al. 2021a).

Limitations

The findings of this study must be interpreted in consideration of their limitations, as the division
of the data set results in smaller data sets for the development of specific prediction equations. To
address this, it is necessary to expand the data basis and test the method in other years to account
for changing growing conditions. Lodging swards were excluded from the development of specific
prediction equations in order to avoid distortion of the correlation. They represent a challenge for the
transfer of the method into agricultural practice. The evaluation of the specific prediction equations
was carried out on the basis of the fields previously examined, and a future evaluation of the newly
developed prediction equations on independent fields in the regions under consideration is recom-
mended to verify the results.

Conclusions

Yield prediction of grassland swards using a Rising Plate Meter provides the opportunity to col-
lect site-specific yield information. Accuracy is increased by applying specific prediction equations
adapted to the region, sward composition and growing season. The yield information can be used to
match the yield potential of grassland sites to their management intensity and to establish Precision
Farming practices.
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