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Abstract: In the Czech Republic, the Universal Soil Loss Equation provides the basis for defining the
soil protection strategy. Field rainfall simulators were used to define the actual cover-management
factor values of the most extensively seeded crops in the Czech Republic. The second purpose was
to assess rainfall-runoff ratio for different crops and management to contribute to the debate of
water retention effectiveness during approaching climate change. The methodology focused on
multi-seasonal measurements to cover the most important phenological phases. The rainfall intensity
was 60 mm-h~! for 30 min and a plot size of 16 m?. More than 380 rainfall simulation experiments
provided data. Soil conservation techniques proved to have a significant effect on runoff reduction.
Conventionally seeded maize can reduce the runoff ratio to around 50%. However, cover crops
combined with reduced tillage or direct seeding can reduce the runoff ratio to 10-20% for ‘dry’
conditions and to 12-40% for ‘saturated” conditions. Conventionally seeded maize on average loses
4.3 Mg-ha~! per 30 min experiment. However, reduced tillage and direct seeding reduce soil loss to
0.6 and 0.16 Mg-ha~!, respectively. A comparison with the original USDA values for maize showed
that it is desirable to redefine the crop cover factor.

Keywords: soil erosion; rainfall simulator; soil protection; USLE; soil loss ratio; cover crops; C-factor;
runoff coefficient

1. Introduction

In the European Union and globally, soil erosion has been identified as a major threat to
the environment [1]. Human interactions and agricultural practices act as clear accelerators
of soil erosion processes in croplands [2]. In Europe, soil protection is harmonized mainly
through Common Agriculture Policy (CAP) tools, especially by the requirements of ‘Good
Agricultural and Environmental Conditions’ (GAEC), as defined within the framework of
so-called Cross-Compliance [3]. The Common Agricultural Policy (CAP) has a mitigating
effect on soil erosion in Europe. Between 2010 and 2016, the average C-factor for the
28 states of the European Union decreased by 0.84% to 0.232 [4]. It has been reduced
by conservation tillage and by combining cover crops and plant residues. The greatest
reduction in the average C-factor has been in Estonia (—11%), France (—8%) and Portugal
(=7%). In contrast, there has been an increase in Bulgaria (13%) and in Greece (5%),
Poland (4%) and Ireland (3%). The Land Use and Management model estimates these
numbers based on the Coordination of Information on the Environment database and
Eurostat [4]. A reduction in the C-factor is also reflected in the decrease of 0.4% in the
long-term average erosion rate. This small decrease is due to a small increase in applied
soil conservation practices and small changes in land cover. A further decrease in soil loss
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was due to the greening of the CAP 2014-2020 [5]. Implementing key policies in CAP,
such as climate-smart and nature-friendly agricultural technologies, measures to protect
soil or to retain water in the landscape, can be expensive. A case study from the Czech
Republic demonstrates how the monetary value of these externalities can help decision-
making [6]. The feasibility and effectiveness of various best management practices (BMPs)
are described by Ricci et al. [7]. In South-Central Italy, four management scenarios (contour
farming, no tillage, reforestation, and a combination of contour farming and reforestation)
were implemented using the calibrated SWAT model. In terms of erosion control, the
most effective measures were contour farming and reforestation. In terms of the farmer
return-production cost ratio, the results depend on the average slope in the area.

The Czech Republic has significant problems with soil erosion on crop land due to hilly
environments with enormous field sizes, by European standards, as a result of the country’s
agricultural collectivization history [8-11]. The average farm has 133 ha of agricultural
land, compared to the EU average of 16.1 ha [12]. This leads to large areas of monocultures,
low landscape biodiversity, high risk of soil erosion, and low ability to capture water in
the landscape [13]. In addition, the Czech Republic has serious problems with row crops
in hilly environments, due to the increasing reliance on maize production [14]. As with
most European countries, in the Czech Republic the soil risk assessment and soil protection
strategy within GAEC is based on USLE modelling [15,16].

Agricultural conservation practices have been extensively studied throughout the
world and have been shown to significantly improve soil infiltration capacity. As a con-
sequence, there is significantly decreased surface runoff and erosion [17-22]. Common
agricultural conservation practices include reduced /no-tillage, mulch cover/crop residues,
cover crops, and reduced application of herbicides [4,23]. However, only a small number of
these studies have presented the effect of conservation techniques in row crops, supported
by direct measurements [24]. Since the development of USLE [25] and RUSLE [26], the
original crop factor values may have changed due to the use of new agriculture tech-
niques and different crop varieties. In the Czech Republic (and in Europe), the original
values are usually used without further validations and without any changes. National
projects supported by the Ministry of Agriculture of the Czech Republic (QJ1530181 and
QK1920224) were focused on the experimental derivation of USLE and runoff parame-
ters of recent farming techniques that can be implemented in the GAEC to promote soil
protection strategies.

The objectives of the research were to derive rainfall-runoff coefficients, soil loss ratios,
and crop factors within USLE for missing crops, especially for no-till and reduced tillage in
row crops, and for intercrops, since original USLE and RUSLE handbooks provide values
valid for outdated machinery and tilling techniques. The hypothesis is that conservation
techniques (shallow till and no-till combined with cover crop mulch residues) in row crops
significantly reduce not only sediment transport, but also runoff during intensive summer
storms of 1 mm per minute intensities. Therefore, it promotes water retention in landscape
and soil water refilling.

The following research questions have been defined: (1) What intercomparability and
variability can be expected among rainfall simulator experiments with an 8 m long plot,
concerning the rainfall-runoff ratio? (2) What variability can be expected concerning soil
loss and the soil loss ratio? (3) How effective are soil protection strategies concerning runoff
and erosion in the case of maize (Zea mays)? (4) Do experimentally derived values of the
C-factor differ from the values that are officially used in the Czech Republic?

2. Material and Methods
2.1. Experimental Plots and Tested Crops

The effect of different soil protection strategies was measured using a rainfall simulator
as a direct method to quantify the runoff coefficient and the soil loss ratio [27]. The use
of a rainfall simulator on a defined field crop is one way to obtain data on the effect of
vegetation protection. Simulated rainfall is applied in the experimental field with a crop



Land 2023, 12, 431

30f15

and with a bare soil as a reference. The plot size is 8 X 2 m and the runoff and sediment
transport are measured. Soil loss ratios are measured for three stages of crop development.
The pre-sowing and post-harvest phases are also measured. All measured data provide
information on soil protection throughout the season.

The experiments were conducted in an agricultural field operated by the private
farm AGRA Risuty (Figure 1), in central Czechia (50.2172 N, 14.0170 E), about 30 km
northwest of Prague. The relief of the area is characterized by moderate slopes, and the
entire experimental field is north oriented with a 9% uniform slope and at an elevation of
320 m asl. Concerning rainfall, the area has a mean annual rainfall rate of 500 mm and
a very short winter snow period. The average annual temperature is 8.5 °C. From the
geological point of view, the locality is characterized by subhorizontally deposited layers
of Cretaceous and Permo-Carboniferous rather weakly strengthened pelitic sediments [28].
According to the taxonomy;, the soil is loamic cambisol, which is the most common soil type
on agricultural land in the Czech Republic [29]. The topsoil layer is strongly influenced
by long-term intensive agricultural activity. The upper topsoil Ap horizon is relatively
structural (aggregate stability 55-65%), with a rather low organic carbon content (1.49%).
The top layer B of the horizon (depth 15-30 cm) is compacted by agricultural technology, low
porous and unstructured. According to the USDA classification, the grain size distribution
defines the soil as loam, but some samples indicate a shift to sandy clay loam.

Figure 1. Map of the experimental area, experimental plots visible (rectangles).

The experimental plots were established using standard tillage typical for the area.
The Crop Research Institute assisted with the seeding of row crops (maize, sorghum and
sunflower) and monitored all crops during the vegetation season, including dealing with
weeds and pests. For each campaign, the cultivated fallow was prepared according to
the methodology defined by Kavka et al. [27]. This means that all vegetation is removed
from the fallow plot, the plot is tilled to a depth of 10 cm by a rototiller in the slope
direction and is compacted by a 50 kg rolling press. The press is 50 cm wide, and pressure
is approximately 20 kPa. This ensures identical initial conditions for a comparison between
experimental plots and bare soil plots in each experiment.

To represent the full scale of the vegetation and the changes in soil protection over time,
it would be optimal to run experiments weekly, but such a strategy would significantly
change the soil water regime and the crop conditions. In addition, it would be technically
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extremely demanding. Wischmeier defined 5 crop phases to represent the seasonal crop
development [25]. The first phase is the seedbed condition, the following 3 phases are the
rise of the crop, and the last phase is the post-harvest condition. We therefore agreed to
follow the strategy of three experiments per crop and in each vegetation season to represent
the initial growth phase, the main growth phase, and ripening. These phenological phases
are optimally defined by the BBCH scale [30]. The BBCH scale is made up of two-digit codes
00-99, where 00 indicates pre-sowing and 99 indicates post-harvest. The scale is divided into
10 subgroups, each of which represents a major development stage (e.g., leaf development,
stem elongation, flowering, ripening). The first experiment is carried out before BBCH 30,
the second experiment is carried out before BBCH 61, and the last experiment is carried out
before harvest.

In total, 384 experiments were performed in the Risuty experimental area in six seasons
between 2016-2021(Table 1). Of these, 29 experiments had to be removed during data
processing due to technical problems with the evaluation of the experiment data. In total,
355 experiments were used for calculating the runoff, the sediment transport and the soil
loss ratio. The dataset contained 71 successful measurements representing fallow plot
conditions to gather base data for comparisons of soil protection effectiveness. Twenty-six
supplementary experiments represented other conditions, such as various seedbed variants
(for variable tillage systems), unmanaged fallow plots after rain, soil compaction during
the season, and the post-harvest situations of grain and row crops.

Table 1. Overview of experiments throughout 2016-2021.

Crop 2016 2017 2018 2019 2020 2021 Total
Maize 0 6 6 6 20 22 60
Sorghum 0 0 0 0 26 18 44
Sunflower 6 2 6 0 10 8 32
Wheat 0 10 6 0 6 0 22
Alfalfa 2 12 8 0 0 0 22
Mustard 4 4 4 4 4 0 20
Rapeseed 2 12 0 0 2 0 16
pea 6 0 6 0 0 4 16
Buckwheat 0 8 0 4 0 0 12
Barley 6 0 4 0 0 0 10
Lacy phacelia 0 0 4 4 0 0 8
Rye 0 0 0 0 4 0 4
Other ! 0 4 16 6 0 0 26
Bare soil 14 20 18 8 16 16 92
Total 40 78 78 32 88 68 384

1 seedbed variants, unmanaged fallow plots after rain, and the post-harvest situations.

As far as crops are concerned, this paper focuses on comparing conventional and
protective scenarios of maize (Zea mays). We tested (i) classical deep ploughing and slope-
oriented seeding, (ii) contour seeding, using winter protective cover crops such as winter
rye (Secale cereale) and rapeseed (Brassica napus), followed by (iii) desiccation, mulching and
shallow tillage seeding, or (iv) desiccation, mulching, and direct seeding into the cover crop.

2.2. Experimental Setup

The 8 m long field sprinkler system rainfall simulator of the Czech Technical University
in Prague was built in 2011 and has been innovated several times after intensive field
use [31]. Currently, a system is being developed for two-scale measurements, using a
standardized rain and data collection method [27]. There are eight FullJet 40WSQ nozzles
2.0 m above the ground and 1.2 m apart. The plotis 2 x 8 m with the longest edge along
the slope, and the over-raining experimental areas ensure a Christiansen uniformity index
of 80% and more for all field simulations. The experimental plot is framed by 30 cm high
metal sheets hammered 15 cm below the soil surface to prevent overland flow entering
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or leaving the experimental area. The bottom edge is concentrated by a metal plate into
the sample collection tube. All water leaks are carefully checked and sealed before each
experiment. For the simulations, rainfall intensity of 60 mm per hour is used (1.0 mm per
minute), characterized by kinetic energy of 10 J-m~2-mm~!. The precipitation intensity is
checked during each simulation run using a tipping bucket rain gauge with a collection
area of 200 mm?. The second continuously recorded variable is the water pressure at the
first nozzle, which is monitored by the digital pressure sensor.

For each trial, a pair of simulation experiments are always performed. The first
experiment at initial soil moisture conditions, always a period of at least 3 days without
natural rainfall, was preferred for the simulation day. In the results, it is referred to as
‘dry’. Rainfall with intensity of 60 mm-h~! is applied for 30 min if surface runoff starts
immediately. Alternatively, rain is applied for 30 min after the initiation of surface runoff.
This is followed by a 15 min pause, and the second experiment is started on a fully saturated
soil using the same settings, also for 30 min following the initiation of surface runoff. In the
results, this is referred to as ‘wet’.

For each of the experiments, 12 runoff samples are collected at intervals of 2.5 min
from the moment of surface runoff initiation. The sample size is between 1 and 2 litres,
depending on the runoff rate, the time of sample extraction (t) is measured with accuracy
of 0.1 s, each sample is weighed, and the runoff (Q) is then calculated by a volumetric
evaluation. Subsequently, each sample is filtered and air dried, and the sediment mass (m)
and the sample volume (V) are defined. The sediment concentration (p) and the sediment
flux (SF) are calculated using the following equations:

V

Q:T (1)
m

p:v 2)

SF = (%) x (Y) €)

Additionally, the following parameters and variables, which are not of the main
concern of this manuscript, are measured during each simulation: initial soil bulk density;
volumetric soil moisture; surface runoff velocity; organic carbon content and particle
size distribution. The data from the experiments are collected and stored in the joint
database [32,33].

2.3. Data Preparation

For each sample, the amount of transported sediment is calculated corresponding
to each 2.5 min interval. In this way, the change in flow rate, sediment concentration,
and sediment mass is monitored throughout the duration of the experiment. In the next
step, obvious outliers are removed from the data, e.g., errors during sampling or during
laboratory analyses.

The cumulative sediment transport value after 30 min of simulation is used to estimate
the soil loss ratio (SLR) with the following equation:

Gy, 30
SLR = 4 4
Gr, 30 @)

where Gy 3¢ and Gggg are the amount of cumulative sediment transported up to the 30th
minute of simulation for vegetation and for fallow (bare soil), respectively. The total amount
of rainfall after 30 min of 60 mm-h~! rainfall intensity is significant enough to assess the
crop cover factor in the weather conditions of the Czech Republic [34]. This is carried out
for each experiment (bare soil /vegetation and dry/wet conditions). Dry and wet conditions
are averaged [35]. That way, SLR is derived for each phenological stage, represented by
BBCH. Daily SLR values are derived from these data. The daily SLR values are then used
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to compute the C-factor within the Erosion Calculator [36]. The Erosion Calculator is a web
application used by farmers and by the Ministry of Agriculture to assess erosion for the
purposes of Cross Compliance in the Czech Republic. The annual C-factor (Cy) value is
calculated according to the following equation:

Cs=) SLR; xR, (5)

where SLR; is the partial soil loss ratio of the crop or the actual field condition, and R; is the
proportional percentage of the R-factor corresponding to the period in the total annual value
of the R-factor (expressed as 100%) in accordance with the original USLE methodology.
The duration of the period depends on the accuracy of the R-factor distribution for a given
location. The monthly distribution of the R-factor [37] is mostly used for the Czech Republic
(Table 2), and the same approach was used for our experimental data.

Table 2. Monthly distribution of the R-factor for the Czech Republic [37].

Month %R
April 1.1
May 13.2
June 25.3
July 304
August 21.1
September 6.6
October 1.9

3. Results
3.1. Bare Soil, Cumulative Values

The results of a total of 71 successful runs on bare soil, combined dry and wet condi-
tions are presented in Figure 2. There is greater variability with dry soil in both sediment
load and runoff. This can be explained by the different surface conditions (e.g., the initial
water content) and can be confirmed by the coefficient of variation (see Table 3). Transported
sediment has greater variability than surface runoff. The data have a normal distribution,
according to the D’Agostino-Pearson test at « = 0.05. The average amount of sediment
transported is 8.3 kg per experiment. The area of the experimental plot is 16 m?, which
corresponds to a soil loss of 5.19 Mg-ha™! after 30 min of rainfall. The average total runoff
for wet soil conditions is 1.3 times higher than for dry soil. Erosive storms targeting pre-
saturated bare soils after initial rainfall (or in wet weather periods) can therefore cause
a significantly higher outflow response than in moderate soil conditions. However, as
regards sediment transport, the risk of high soil loss is much the same, leading to similar
sediment fluxes, regardless of the initial soil moisture. The sediment transport depends
mainly on the initial soil surface status (bare surface and freshly tilled surface as the worst
case). As shown in Figures 3 and 4, the sharpest increase in runoff is reached for wet soil,
and the runoff reaches a higher stable value than during the dry experiment.

Table 3. Box plot data.

1.Q.1 Median 3.0.2 SD3 cvi Average
sediment load, dry (kg) 5.6 8.1 10.9 3.5 42.1 8.3
sediment load, wet (kg) 6.7 7.9 9.9 2.7 323 8.3
runoff, dry (L) 238.9 3225 377.8 77.8 25.0 311.1
runoff, wet (L) 370.8 419.2 439.6 494 12.2 404.1

1 first quartile, 2 third quartile, 3 standard deviation, 4 coefficient of variation.
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Figure 2. Box plot of 71 experiments in dry and wet soil conditions.
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Figure 3. Simulation run under dry soil conditions.
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Figure 4. Simulation run under wet soil conditions.

3.2. Bare Soil, Dry Run Waveforms

The runoff and sediment curves are presented as the medians of dry runs of 71 experi-
ments (solid lines). The curves of the 1st and 3rd quartiles are drawn (dashed lines). Surface
runoff begins in the fourth minute of simulation, and slowly climbs to a rate of 13.5 L-min !
after 20 min. The standard deviation decreases from 4-5 L-min~! to 2.5 L-min~! at the end
of the simulation. The amount of sediment transported increases more slowly than the
runoff, and reaches a stable rate of 315 g'-min~! in the 17th minute. The slower rise is more
visible in dry conditions, and can be explained by the delay between surface runoff and
actual soil disturbance.

3.3. Bare Soil, Wet Run Waveforms

With fully saturated soil conditions (wet run), surface runoff starts during the first
minute of rainfall simulation. The runoff rate rises sharply up to the fifth minute, when
the stable runoff rate follows the previous dry run at a level of 13.5 L-min~!. Shortly after,
the runoff stabilizes at 14 L-min~!. The standard deviation for the entire run is less than
2 L-min~!, which means that the conditions of every wet run are more consistent than the
conditions of the dry runs. The rate of sediment transport increases with the start of runoff,
but the rate is less steep. The sediment transport stabilizes in the 10th minute at a rate of
280 g~min’1, which is 10% less than for a dry run.

3.4. Maize Scenarios, Rainfall-Runoff Relations

Four variants were tested on maize: conventional farming, followed by three soil
conservation scenarios. The results for 3 BBCH stages of plant development are presented.
The length of the experiment varies depending on the initiation of surface runoff. The
average length of an experimental run on a maize plot is 33 min. This means that roughly
500 L of rain is released on the 16 m? experimental plot. The total runoff from the bare soil
plot is 358 1, and even basic conventional maize farming reduces the runoff by 31% to a
seasonal average of 247 L. The use of soil conservation technologies can reduce the runoff
(compared with conventional technology) by 38% for contour farming and shallow tillage,
and by 66% for direct seeding (Figure 5).
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Maize variants
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Figure 5. Surface runoff for different farming practices on maize, average of dry and wet conditions.

The runoff ratio is the ratio of the total surface runoff from the experimental area
divided by the rainfall precipitation for the duration of the experiment. The rainfall
intensity was set to 60 mm-h~!, which corresponds to 960 L-h~! (the plot has an area of
16 m?). Figure 6 shows that the retention effect of soil conservation technology is most
significant in dry soil conditions. The runoff ratio in direct seeding is only 20% by the
dry/wet average, whereas contour farming and shallow tillage reach levels around 33%.
Conventional technology has a runoff ratio of 50% and for bare soil the ratio is 50-65% in
dry conditions and 80-90% in wet conditions.

3.5. Maize Scenarios, Soil Loss and Sediment Transport

In terms of sediment transport, the effect of soil conservation technology is more
apparent. For conventional maize farming, there is an average of 2.7 kg of transported
sediment. Contour farming reduces the amount of transported sediment by 70% to 0.9 kg,
shallow tillage reduces the amount by 85% to 0.4 kg and direct seeding reduces the amount
by 96% to 0.1 kg of transported sediment. Soil conservation technology mainly protects the
soil from rainfall disturbance and has a lesser effect on reducing runoff. Lower runoff can
be observed in Figure 5, and lower sediment transport can be observed in Figure 7, during
the second BBCH stage (BBCH 31 to 61), related to the development of the maize plant.
The plant has the biggest leaf area during this stage [30].

To derive the C-factor, we must first measure the SLR for each plant development stage
(represented by BBCH). SLR values can also be compared with other experimental studies.
The C-factor values officially used in design projects in the Czech Republic are similar to the
results obtained by our experiments. Only the shallow tillage has a C-factor that is 2.5 times
lower than the value currently used. Table 4 shows that there is a high standard deviation.
This is common for nature-based experiments, because of the associated uncertainties and
the small number of replications.
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Figure 6. Runoff ratio of maize variants.
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Figure 7. Transported sediment for different farming practices on maize, average of dry and
wet conditions.
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Table 4. SLR values for maize farming variants, average of dry and wet conditions.

Plant Development Stage

Maize Variants BBCH (00-30) BBCH (31-60) BBCH (61-99) C-Factor
SLR SD1 SLR SD SLR SD
conventional 0.385 0.342 0.373 0.249 0.387 0.342 0.36
contour farming 0.206 0.229 0.033 0.029 0.051 0.058 0.28
shallow tillage 0.045 0.002 0.031 0.039 0.027 0.032 0.09
direct seeding 0.003 0.004 0.006 0.006 0.011 -2 0.04

1 standard deviation, 2 SD is not available due to lack of simulations.

4. Discussion
4.1. Intercomparability of Rainfall Experiments on Bare Soil

The way to determine the crop cover factor is based on a comparison between a
bare soil plot and a vegetation plot. There is a large dataset of measurements on bare
soil, with very similar conditions. The only varying conditions are soil moisture, soil
texture, temperature, and soil surface preparation. Soil moisture is measured during every
experiment, but no correlation was found between soil moisture and soil loss or runoff [38].
Because of the mixing of the soil surface during plot preparation, the soil texture does not
change during the season. Soil preparation also aims to produce similar sample compaction
and surface roughness (using a roller), but is slightly affected by the initial soil moisture.
Despite the difficulty of performing outdoor experiments, where the conditions are not
controlled, we have achieved similar and stable results (see Table 3).

Our aim would be to create average runoff and average soil loss curves on bare soil.
These values could be used as a standard with no need for further replication, or they could
be used to replace a defective experiment [39]. Only a small number of published series
of similar experiments focused on replicability are available for comparisons. A series of
experiments was carried out on clementine plantations in Spain, and bare soil was used as
a reference plot. In total, 20 runs were performed on a smaller plot (0.28 m?) with a lower
rainfall intensity (38.8 mm-h~1). The variation coefficient was 26.8 for sediment transport
and 9 for runoff [40]. There was therefore twice as much similarity as in the case of our
result which was probably due to the smaller size of the plot. The plot area affects sediment
yield and runoff generation as proved in rainfall experiment in vineyards [41].

4.2. Effectiveness of Soil Conservation Techniques

The use of soil conservation technologies in agriculture is one way to reduce runoff
and soil erosion. All the data in this chapter compares a soil conservation technique
with conventional farming practice. The technically easiest technique is contour farming.
Our results showed that contour farming can reduce runoff by 38% compared to conven-
tional farming in Czech conditions. Runoff reduction by 10% on maize has been reported
by Carvalho et al. [42] and by Barbosa et al. [43]. Carvalho et al. [42] also observed a
greater reduction effect with the crop growth, compared with our results (see Figure 5).
Barbosa et al. [43] used several variants of crop residues, but without differences in runoff.
Contour farming on oats and on vetch was tested by Luciano et al. [44]. They observed
runoff reduction by a third on oats and by a half on vetch. All authors used a rainfall
intensity similar to that used in our study. Contour farming can also delay the moment of
surface runoff formation, as proven by Zhang et al. [45] and by Luciano et al. [44]. With
this farming technology, we observed a significant reduction of 70% in the transported sed-
iment. Carvalho et al. [42] did not observe differences between conventional and contour
farming. However, Luciano et al. [44] reported a 52% sediment reduction in vetch, and a
10% reduction in oats.

Another group of soil conservation techniques is the use of cover crops. They are
seeded before the main crop, usually with the intention of improving the soil quality, or
as forage, or using the residues for soil protection. In this case, the crop is desiccated,
mulched, and with shallow tillage it is mixed with the top layer of the soil. Finally, the
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main crop is seeded. In the paper presented here, this technique is referred to as ‘shallow
tillage’. Shallow tillage reduces runoff by 38% compared to the conventional technique.
Volk and Cogo [46] reported a 44% reduction in runoff. By contrast, Beniston et al. [47]
did not observe any reduction in runoff on their plots. Shallow tillage is more efficient,
and reduces sediment transport by 85% This is consistent with the work of Volk and
Cogo [46], who reported a 90% reduction. Values similar to these have been reported by
Beniston et al. [47], who reported a 58% reduction in sediment transport. Clymans et al. [48],
by contrast, reported a 54% increase in transported sediment compared to conventional
techniques. This is not ideal, but almost every result shows high standard deviation, due to
the unpredictable conditions of outdoor measurements. This unpredictability is exemplified
by experiments carried out by Hosl and Strauss [49] in two consecutive years. They used
similar farming techniques, but for runoff they observed a 97% increase in the first year and
an 81% reduction in the second year. In the case of transported sediment, they observed a
12% increase in the first year and a 93% reduction in the second year. Apparently, there
was a problem with the mixture and the growth of the cover crop.

Alternatively, it is possible to skip mixing residues with soil, and instead seed directly
into the terminated cover crop. In this paper, this is referred to as ‘direct seeding’, and
it is comparable with the no-till plots referred to in the papers of other researchers. This
technology proved to have the most reducing effect on runoff and sediment transport. In
our case, it reduced runoff by 67%. This is similar to the values reported by others: 55%
by Leite et al. [50], 66% by Beniston et al. [47], and 62% by Hosl and Strauss [49]. Volk
and Cogo [46], however, reported a 38% reduction, or only 5% with the use of double-disk
opener technology. Similarly, Boye and Albrecht [51] observed only 20% runoff reduction,
in comparison with conventional technology. When direct seeding was applied, we reduced
the sediment transport by 96%. Leite et al. [50], Beniston et al. [47], Volk and Cogo [46] and
Hosl and Strauss [49] confirmed and proved that no-till technology has a greater effect on
sediment transport than the amount of surface runoff. This contrasts with the findings by
Boye and Albrecht [51], whose results showed a 20% increase in sediment transport on
sandy loam soil and a 16% decrease on clay soil. These unexpected results may be due to
the use of a smaller plot and more intense rainfall.

4.3. Experimentally Derived C-Factor Values

In the Czech Republic, the officially used C-factor was adopted by Janecek et al. [52]
from the original values of Wischmeier and Smith [25]. For the case of maize, we have
measured slightly lower values of the C-factor. Conventional farming has an ‘official’ value
of 0.49 for maize, but we measured 0.36. For shallow tillage the official value would be
0.21 and we measured 0.09. In the case of other technologies, the results differ to a smaller
extent. These values are valid if the soil conservation technology is applied properly, which
is often difficult to achieve.

In other countries, C-factor values are also being updated. For maize farmed conven-
tionally, Lima et al. [53] reported a higher SLR (0.535),while the calculation produced a very
low C-factor of 0.08. Similar values for conventional farming were presented by Alberts,
Wendt, and Burwell [54], followed by 0.04 for shallow tillage and 0.01 for no-till technology.
However, both research teams calculated their C-factor values using the actual intensity of
natural rainfall during the experimental season, and not the long-term averages.

5. Conclusions

The rainfall-runoff relation is much easier to replicate than the actual sediment trans-
port, even in the bare soil conditions. The results of the 71 fallow plot experiments showed
that in initial plot conditions (‘dry” experiments) the runoff ratio is 62%, and the coefficient
of variation is 25%. For saturated conditions (‘wet’ experiments) the runoff ratio increases
to 81%. The coefficient of variation drops to 12%. From these values, it can be concluded
that the intercomparability and variability of rainfall simulator experiments is better under
more comparable conditions of ‘wet” experiments.
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Regarding soil loss and sediment transport, the variations are greater, due to the
greater complexity of the soil erosion process [55,56]. The results of the 71 fallow plot
experiments showed that soil loss after 30-33 min of intensive rainfall caused only by sheet
erosion on an 8 m long plot is equivalent of 5.19 Mg-ha~!. The coefficients of variation were
42% and 32% for ‘dry’ and ‘wet’ conditions, respectively. This shows that the variability of
soil loss is almost two times higher than the variability of runoff volume.

Our data have shown that soil protection techniques have a significant effect on runoff
reduction. While conventionally seeded maize shows a runoff ratio of 50% on the ‘dry’
and ‘wet’ average, soil conservation techniques reduce it to 33%, 32% and 20% for contour
farming, shallow tillage, and direct seeding, respectively. We must take into consideration
the above-mentioned ca 25% variability of such results. The lower runoff ratio means
less surface runoff and therefore lower stream power, leading to less soil erosion. This
makes the reduction in soil loss by soil conservation techniques apparent. Conventionally
seeded maize generated, on average, 2.7 kg of transported sediment, which is equivalent
to 1.63 Mg-ha~! (plot size 16 m?). The use of soil conservation techniques reduces it to
0.54 Mg-ha=?, 0.25 Mg-ha~! and 0.09 Mg-ha~! for contour farming, shallow tillage, and
direct seeding, respectively.

Due to the greater variability, it is a challenge to compute the C-factor from a limited
set of experiments. Nevertheless, analyses of soil loss ratios have proved the effectiveness
of soil conservation techniques concerning sediment transport. The C-factor values derived
in our experiments are lower than the officially used values by 25%, except for the shallow
tillage variant, which is lower by 55%. In all these cases, we must take into account the
approximately 40% uncertainty of the values based on the variability detected in the fallow
plot experiments.

For many crops and for many tillage variants, we still do not have enough replications
to avoid excessive uncertainties and to be able to prove the actual effectiveness of the tested
techniques. Nevertheless, the experiments have given us much valuable experience, have
helped us to develop our method and to improve our future crop factor evaluation tech-
niques. Our experience indicates that rainfall-runoff measurements and experiments are
the most practical available approach for evaluating agricultural management techniques.
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