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Abstract: In today’s agriculture, maize is considered to be one of the major feed, food and industrial
crops. Cultivation of maize by inappropriate agricultural practices and on unsuitable sites is
connected with specific risks of soil degradation, mainly due to water erosion of the soil. The aim
of this study was to evaluate the yielding parameters, fodder quality and anti-erosion efficiency
of different methods of conservation tillage for maize in two areas (Jevicko—JEV and Skoupy—SKO)
with different climate and soil conditions in the Czech Republic in the period 2016-2018, using
multivariate exploratory techniques such as principal component analysis (PCA) and factor analysis
(FA). Four variants of soil tillage methods were analysed: Conventional Tillage (CT), two slightly
different Strip-Till techniques (ST) and Direct Sowing (DS). The analysed parameters were: dry mass
of the plants, height of the plants, starch content (SC), organic matter digestibility (OMD) and
content of neutral detergent fibre (NDF), soil loss by erosion and surface runoff. The multivariate
exploratory techniques PCA and FA significantly differed in two categories of techniques in both
locations. The first category consists of soil conservation techniques (SCT): ST (JEV/SKO) and
DS (JEV). These techniques are characterised by lower yields of dry mass, lower height of plants,
forage quality equal to CT, but a high level of protection of the soil against erosion. The second
category consists of CT (JEV and SKO) and partially of DS (SKO). These treatments are characterised
by high dry mass production, higher plants, high forage quality, but a feeble capacity of protection
of the soil against erosion. The results of the study confirm the presumption of the positive influence
of introduction and application of new agronomical practices in the areas of interest and other areas
with similar natural conditions in the sense of sustainable management for agricultural management
of agricultural land for the conditions of the Czech Republic and therefore of Central and Eastern
Europe. PCA and FA were used as an effective method for comprehensive evaluation of the use
of STC in agricultural practice.
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1. Introduction

World agriculture, or rather agricultural production intended for human consumption or livestock
feeding, is significantly affected by variability and climate change [1,2]. Maize (Zea mays L.) is still
considered to be an important feed, food and industrial crop (such as a substrate for the production
of biogas in agricultural biogas stations) [3-7] grown on arable land. As a result of global warming,
a decline in crop yields has been recorded [8-11]. These changes are also confirmed by model studies,
which predict that potential production of food and feedstuff, including maize, will be further reduced
in the future [12-17]. It is expected that European countries will not be as affected as other parts
of the world [18]. Climate change will not have the same effects in different EU countries, but we can
assume that maize will be the most affected crop in terms of yields [17].

We must protect soil as one part of the earth’s ecosystem, especially in the future, due to environmental
changes, because soil plays a key role in the production of agricultural crops and subsequently food
(an important factor in maintaining food quality and safety, human health and the sustainability
of entire ecosystems) [14,19,20]. The conditions of agricultural production have changed drastically
(reduction of human labour, inappropriate crop rotation, reduced livestock production, low manure
production and thus the supply of organic matter into the soil and dependence on the mineral
nitrogen) [21,22]. The problem of soil erosion goes hand in hand with the recent changes in agricultural
production [17]. This process is natural but is greatly accelerated by inappropriate agricultural
practices [23,24]. The most significant degradation factor in the Czech Republic is water erosion [23-26],
followed by soil organic matter loss [20,26]). More than 50% of the arable land is potentially endangered
by water erosion [21,26,27]. In the Czech Republic, the Universal Soil Loss Equation (USLE) is used
to determine the vulnerability of soil to water erosion [28-30] and to evaluate the effectiveness
of the proposed measures [31,32]. The USLE, or more precisely its registered version Revised Universal
Soil Loss Equation (RUSLE), uses the C—factor as one of the five factors used to estimate the risk of soil
erosion [30,31]. In many places in the Czech Republic maize is grown on inappropriate lands, which
causes significant degradation of soil by erosion [32,33]. The most fertile layer of the soil is lost in this
process and production capacity, retention and water infiltration decrease and seeds, fertilizers and
organic matter are lost [24,33-35]. Due to increasing weather fluctuations and alternating droughts and
intense precipitation [36-38], the soil needs to be effectively protected by appropriate erosion measures
(soil conservation techniques) [33,39—44]. The aim of soil conservation techniques is to reduce soil
processing by leaving the crop residues of the preceding crops on the surface, or to protect the soil
via direct sowing of the maize into frost-heaving catch crops [45,46]. These technologies are based
on current agricultural trends that focus on cost reduction and the application of technologies that
provide environmental benefits. In contrast, conventional technologies are not so environmentally
friendly [47,48].

One of the many options for soil conservation measurement is the use of Strip-Till technology [39],
which is commonly used mainly in the USA and Canada [48], and is gradually spreading throughout
Europe [21,49]. Using the Strip-Till technology for broad-row crops (maize, or sunflower) can improve
soil quality, decrease soil erosion and protect the environment [32,50]. However, the absence of tillage,
especially during the prolonged application of no-tillage measurement, can lead to reduction in maize
yield when compared with conventional tillage management or strip tillage [51].

Significant reduction of soil loss by erosion during the cultivation of maize using the Strip-Till
technology or direct planting was described by many studies [42,43,52-54]. Another very important
parameter is the quantity of production [55,56]. Nevertheless, very few studies have focused on the effect
of Strip-Till and direct planting (sowing) measurements on forage quality (starch content, organic
matter digestibility, etc.) [49,55].

The aim of the study was to evaluate the yielding parameters (yield of silage, height of the plant),
fodder quality (starch content, organic matter digestibility and the content of digestible neutral
detergent fibre) and anti-erosion efficiency (soil loss by erosion, surface runoff) of different methods
of conservation tillage for maize (Strip-Till techniques; Direct Sowing techniques) in two locations with
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different climate and soil conditions in the Czech Republic, using multivariate exploratory techniques,
such as principal component analysis (PCA) and factor analysis (FA).

2. Materials and Methods

2.1. Site Description

Two experimental sites analysing soil conservation techniques differed in soil-climate conditions
(Figure 1). The first locality is Jevicko (JEV)—The South Moravian Region, Boskovice furrow,
360-380 m a.s.l., the mean annual precipitation and temperature are 545 mm and 7.4 °C, respectively
(Jevicko meteorological station). The soil type is sandy-loam Haplic Luvisol [57]. The basic top-soil
(0-0.3 m) properties are: the value of pH (H,0O) 6.9; total C and total N concentrations are 1.33% and
0.15%, respectively; bulk density 1.55 g m~3, the sand, silt and clay contents are 71.5%, 25.3% and 3.2%,
respectively. The land is slightly sloped (slope 3-4°) at both experimental sites.
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Figure 1. The research areas with experiments focused on soil protection technologies—Jevitko and
Skoupy.

The second locality is Skoupy (SKO)—The Central Bohemian Region, 525-565 m a.s.l. The mean
annual precipitation and temperature are 577 mm and 6.7 °C, respectively (Nadéjkov meteorological
station). The soil type is sandy-loam Cambisol [57]. The basic top-soil (0-0.3 m) properties are: pH
(H,0) 6.5; total C and total N concentrations are 1.5% and 0.13%, respectively; bulk density 1.45 g m~3,
the sand, silt and clay contents are 51.2%, 42.6% and 6.2%, respectively.

2.2. Experimental Design

Three different techniques of maize stand establishment were evaluated in the period 2016-2018.
The first technique was a conventional tillage (Control—CT, classical tillage/via the reversible plough/to
the depth 25-30 cm, followed by seedbed preparation in the spring/compactor/). The second one
was (a) Strip-Till technique (ST) applied into rye stubble (Secale cereale L., locality JEV), (b) Strip-Till
technique (ST) applied into low level productivity grasslands on arable land (locality SKO). The width
of tilled strip was 0.25 m and the depth was 0.20-0.25 m. The third technique was a direct sowing
(DS) of maize into the rye stubble (broad planting following harvesting of the green matter—JEV;
broad planting into the rye stubble—SKO). The ST (Strip-Till technique) and DS (direct sowing) are
considered Soil Conservation Techniques (SCT) in this paper.
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The experimental localities (areas, soil blocks) were established in autumn on slightly sloping land
(slope 3-4°) at both experimental sites. The area of each experimental variant was 360 m?. One half
of the experimental area, located at the base of the slope, served for analysis of the water erosion tested
via rain simulator, while the top of the slope served for the analysis of maize yield and quality.

The rye was sown in the first half of October in both locations. The seeding rate was four million
germinating seeds per ha. The Strip-Till was carried out in mid-November. The maize was planted
in the second half of April (JEV) and in the end of April (SKO) via the seeding machine Kinze 3500,
the spacing of rows was 0.75 m. The hybrid used in the experiment was FAO 250 and the seeding
rate was 85-90 thousand seeds per ha. Desiccation of the rye and grassland stands was performed
in mid-April. The active substance was glyphosate applied at the dose of 3-4 1 ha™!.

The fertilization of the maize in JEV consisted of organic and mineral fertilizers. The Control
treatment was fertilized with digestate in the autumn before tillage (20 m® ha™!) and in the spring
before sowing (20 m3 ha™! of digestate + 0.1 t ha~! of urea). The Strip-Till treatments were fertilized
with urea (0.2 t ha™!) and mineral NP 15-15 (0.1 t ha™!). The fertilization of the maize in SKO consisted
of the application of digestate (20 m?) before the tillage (Control treatment and Direct sowing treatment).
The Strip-Till treatment was fertilized with the digestate (20 m>® ha™!) and the urea ammonium nitrate
(200 1 ha~! during the growing stage). The standard weed control consisted of MaisTer® Power (Bayer
CropScience AG) applied at the dose of 1.51ha~! (JEV) and Adengo (Bayer CropScience AG) applied
at the dose 0.44 1 ha™! (SKO). The maize dry matter concentration was 28-35% at the time of harvesting.

2.3. Yield and Forage Quality

The dry matter production was determined annually on the basis of the yield of green matter
harvested manually (n = 3 a~!; period 2016-2018 n = 9, the size of the plot was 10 m?/the whole area
— maize + strips/, the samples of maize plants were taken from three randomly selected harvesting
segments of each variant, consisting of two adjacent rows and excluding edge lines of the experimental
plots). The ratio of cobs and the whole plant was determined on the basis of a dry matter analysis
of ten plants from three harvesting segments after separation of the cobs from the rest of the plant.
The height of the plants and the number of the plants before the harvest (n = 6) were also analysed.
The quality of the harvested material (starch content—SC, organic matter digestibility—OMD and
the content of neutral detergent fibre—NDF) was determined using NIR spectroscopy (AgriNIR™,
Dinamica Generale, St. Charles, IL [58-60].

2.4. Soil Erosion Analysis

The anti-erosion efficiency of the ST and DS was tested using the rain simulator. The size
of the experimental plot was 21 m?. The experimental sprinkling of the naturally dry soil was done
twice in succession and the operating period of the first and second sprinkling was 30 and 15 min,
respectively. The tested area was allotted by nozzles 30WSQ operating at a pressure of 0.5 bar,
located 2 m above the terrain. The intensity of the simulated precipitation was chosen on the basis
of the recommendations of the Czech Hydrometeorological Institute, based on the average intensity
of the storm rainfall in the Czech Republic (60 mm h~1) [27]. The variability of the simulated rain was
verified by the Christiansen coefficient [61].

From the beginning of the runoff, the samples of the sediment runoffs were taken at regular
intervals of 3 min into the pycnometer during the simulated rainfall. These samples were then evaluated
in terms of the content of undissolved substances. The surface runoff water from the simulated rainfall
was fed into a 1 1 tipping bucket, where the runoff was continuously recorded.

The anti-erosion efficiency of the SCT was measured in three different growth stages: (1) the height
of plants 20-30 cm, 3-6 developed leaves, 10-20% field cover; (2) the height of plants 90-110 cm, 7-11
developed leaves, 55-70% field cover; (3) the height of plants 210-260 cm, 12-16 developed leaves,
85-95% field cover.
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2.5. Statistical Analysis

All statistical analyses (descriptive statistics, analysis of variance~ANOVA, post hoc HSD/Tukey’s
honest significance test/and LSD/least significant difference test/tests, etc.), including graphical outputs,
were processed in the Statistica 13.3 (TIBCO Software Inc., Palo Alto, CA, USA). The principal
component analysis (PCA) and factor analysis (FA) were used for multidimensional statistical analysis
of recorded data [62]. Statistical significance was tested at a significance level of p = 0.05.

3. Results

3.1. Yield

The mean production of the dry mass of silage maize in JEV (2016-2018) was statistically higher
(p = 0.05; HSD test) in CT (20.4 t ha™') compared with DS (15.8 t ha™'). No statistical differences
were recorded in the ST treatment (Figure 2). The low yields at JEV’s DS treatment were influenced
by later sowing, caused by the harvest of rye for silage, and at the same time by unfavourable weather
in May (the month of planting) and in the summer months (a significant precipitation deficit and
above-average air temperature-drought (see the current drought status available at www.intersucho.cz,
run by National System for Monitoring Agricultural Drought in the Czech Republic). The mean
production of dry mass of silage maize was comparable between all analysed treatments in SKO
(without statistical differences; the mean yield of dry mass of silage maize ranged from 13.3 to
15.6 t ha™!). The average height of plants ranged from 2.24 to 2.56 m in both locations (without any
statistical differences). The weight ratio of cobs (the weight of cobs/the weight of the whole plant)
ranged from 56 to 58% in JEV and from 52 to 54% in SKO (no statistical differences). Higher weight
ratio was always higher in DS treatment in comparison with CT.

Ty 300 L eT
24 B sT L sT
M bs 280 Ds
22
260 l
o ! | || 1
© — 240 . ] - ; i
< E I P | [ ] 1 i .
=’ E 1 :
E 18 2 220 : i }* i 1 ; é i’
= | H | . | 1 ‘
Q 5l =] 1 i E . | it ]
2 - i @ 200 i | : i i -} £
K] o | i T ] £ + ‘ é , H |
> 14 - : £ 4 ] ] | L | + i
:' , 180T 1 — -
] . | | b it i 9‘ g ; i £ 1 [
120 & g : g : £ 1
, : | ‘ | i 60 | il i il | , 1 {
4] ] | 1 & | - e g §s
; ' ] [ f : |
for o : ] ; L 1 140 © g! ?,& ; " ; i ’z
H ;g : | | , i : | H & | | F i
§L— . - 120 - -
2016 2017 2018 2016-2018 2016 2017 2018 2016-2018 2016 2017 2018 2016-2018 2016 2017 2018 2016-2018
Jevicko Skoupy Jevicko Skoupy

Figure 2. The dry mass yield of silage maize and the average height of maize plants in period 2016-2018.
3.2. Forage Quality

The average dry mass of harvested maize varied from 32 to 36% in both localities (JEV and SKO)
with different soil-climate conditions. The maize quality parameters (starch content, OMD and NDF)
from SCT treatments were comparable with quality parameters from CT treatment, so the application
of the SCT treatments did not affect forage quality in both localities (Figure 3).

3.3. Soil Erosion and Surface Runoff

The soil loss caused by erosion was measured three times during the vegetation period of maize
via the simulated precipitation (three different growth stages, see chapter 2.4 Soil Erosion Analysis).
At the JEV, the average loss of soil caused by erosion (in three different growth stages) was significantly
lower in ST (0.40 t ha™!) and DS (0.13 t ha™!) treatments in individual years in the period 2016-2018
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compared with CT treatment (2.96 t ha™!). The same situation was recorded between ST and CT
treatments at the SKO locality (HSD test, p = 0.05; LSD test, p = 0.01).

40
40 j CcT
38 .| 8T
[Tl bs
38
36
36 ]
.34
—_ 9 ] i
o ~ = : {1 -
= o 3 | | | ] |
=] ] | ] : 4 g 4
| i
2 i bt i | ? 30 . i i 1
| g £ | -4 Bl & | i
20 & ¥ ] i i B & g 4
i | | i | ] i i
| i | 1 = ! i | i !
{ | | | i L |
| [ i ¢ 1 | [ ] | | :
28 1 i | 26 i : i i : :
¥ & | i 1 £ § £ 1
| [ | i | | i i
26 | ] ] | | 24 | i |
2016 2017 2018 2016-2018 2016 2017 2018 2016-2018 2016 2017 2018 2016-2018 2016 2017 2018 2016-2018
Jevicko Skoupy Jevicko Skoupy
54
, FEcT o HEcT
5 .
ST . - ST
M os T *| DS
50
64 s
48 62 I
g 46 ® o0
g | S
58
z* i i i o I
1 L | 56
42 J 7| [ |
i | i g | ] 54
40 Ty Fi 1y [ |
38 &, L 6!» | ;
¥ | - ?‘ 5‘ [ £
¥ i i | | : 50
36 # & # i & & i
2016 2017 2018 2016-2018 2016 2017 2018 2016-2018 2016 2017 2018 2016-2018 2016 2017 2018 2016-2018
Jevicko Skoupy Jevicko Skoupy

Figure 3. The forage quality parameters of maize in period 2016-2018. Note: DM—Dry Matter,
NDF—Neutral Detergent Fibre, OMD—Organic Matter Digestibility.

The surface runoff was also significantly affected by analysed treatments (Figure 4). The ST
treatment significantly reduced surface runoff in both localities (HSD test, p = 0.05; LSD test, p = 0.01).

3.4. Multi-Criteria Evaluation

On the plot of component weights PC1, PC2 and PC3 (Figure 5), the first three axes are significant
because they contain together 97% of the variability. The PC1 axis on the PC1 x PC2 plot characterizes
erosion (r = 0.95, positive relationship) and starch content (r = 0.80, positive relationship), parameters
going along the axis and being in a strong and positive correlation. On the PC2 axis there is a significant
correlation with NDF (r = —0.98, negative correlation) and grain yield (r = 0.72). A significant negative
correlation with OMD (r = —0.76) is visible on the axis PC3 on the plot PC1 x PC3. The scatter plot
(Figure 5) differentiates the treatments according to erosion and SC (PC1), yield (PC2) and OMD (PC3).
The CT treatment was associated with high grain yields and low level of soil protection against erosion
in both localities (JEV, SKO). The DS treatment was also connected with high yields and low level
of protection against erosion, but only in the SKO locality. On the other hand, ST treatments proved
to have a high level of protection against erosion in both localities, but this was counterbalanced
by lower yield of dry matter. The forage quality, expressed by starch content, NDF and OMD, is similar
in all treatments so the effect of analysed treatments on forage quality has no statistical significance.
The ST treatment in JEV is on the PC1xPC3 chart at the top part because of the lower OMD compared
with CT and DS treatments.
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Figure 5. PCA of analysed parameters (Yield, Starch, NDF, OMD, Soil erosion) as affected
by locality in the time period 2016-2018. Note: DM—Dry Matter, NDF—Neutral Detergent Fibre,
OMD—Organic Matter Digestibility; CT—Conventional Tillage, ST—Strip-Till, DS—Direct Sowing;
JEV—]Jevicko, SKO—Skoupy.

In addition to PCA, the FA differentiated CT (JEV and SKO) and DS (SKO) as treatments with high
grain yields and low level of protection against erosion and ST (JEV, SKO) and DS (JEV) as treatments
with high efficiency against erosion, but with low grain yields (Figure 6). The factor weights explain
correlations between factors and attributes and mean the most important information, which helps
to interpret the factors involved in the analysis. Factor 1 describes erosion and forage quality (starch
content and OMD), while factor 2 describes grain yields and the NDF. The communality of a variable is
thus the part of the variability of the variable which is explained by the factors. The maximum possible
value of communality is equal to 1. This rank can be compared with a parameter (value R?), which
we find out if we explain the original features (parameters) using linear regressions by determined
factors [61]. According to Table 1 we can say that the communality reached very high value (higher
than 0.75), and the values of the model parameters are very well taken into account by the proposed
factor model.
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Figure 6. FA (rotation: Varimax normalized) of studied parameters (Yield, Starch, NDF, OMD, Soil
erosion) as affected by locality in the time period 2016-2018. Note: DM—Dry Matter, NDF—Neutral
Detergent Fibre, OMD—Organic Matter Digestibility; CT—Conventional Tillage, ST—Strip-Till,
DS—Direct Sowing; JEV—]Jevicko, SKO—Skoupy.

4. Discussion

The issue of maize cultivated by SCT is very relevant to our current moment and is gaining
ever greater attention, which necessarily requires the need for a comprehensive solution, not only
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from the viewpoint of research organizations but also from the initiative of the state administration,
professional public and farmers [6,43,47]. Soil protection in relation to water erosion is legislatively
addressed in the Czech Republic by Act No. 334/1992 Coll. [63] where the users of the agricultural
land should not cause the degradation of agricultural land by exceeding the permissible level of its
erosive threat. The permissible erosion risk is determined on the basis of the average long-term soil
loss expressed in t ha™! a=!, depending on the depth of the soil. In practice, therefore, the values
of permissible soil loss are set out in the professional methodology “Protection of agricultural land
against erosion” [27]. This methodology allows soil losses up to 4 t ha™! a~! for medium-deep
(0.30-0.60 m) and deep (over 0.6 m) soils [22]. The more specific anti-erosion edict has not yet been
approved in the Czech Republic. In Europe, recommended limits for soil erosion loss are from 0.3 to
1.4 tha=! a=! [7]. In Germany, the permissible soil loss (long-term average soil erosion) ranges from 1
to 10 tha™! and a~! depending on the quality and thickness of the topsoil horizon [6]. Our ST and DS
techniques of maize cultivation significantly reduce soil erosion and surface runoff in both experimental
localities (JEV and SKO, Figure 4). The most significant reduction of soil loss caused by erosion was
recorded in the ST technique in SKO, where maize was grown in low-level productive grassland
on arable land. Similar results were published by [42], who also recorded a significant reduction of soil
erosion when ST technique (0.44 t ha™! a™!) was used, compared with the conventional technique
(3.4tha!a™!). Slightly different results were recorded at the JEV, where maize was planted into the rye.
The soillosses were higher in the ST treatment, in comparison with ST treatment in the SKO. But the losses
were still significantly lower when compared with the CT. This was caused by lower root penetration
of the topsoil by rye and by a lower proportion of plant residues on the soil surface, which is the result
of a higher intensity of decomposition processes of desiccated material with a low concentration of fibre
and lignin [64,65]. The DS at the JEV significantly reduced soil loss caused by erosion due to growing
of maize following the harvesting process of rye grown for silage in comparison with the SKO locality,
where maize was established by direct seeding (DS variant) into the desiccated rye stand (similar to
ST variation at JEV site). Plant residues (from original grasslands and rye stands) protect the surface
of the soil from the kinetic energy of raindrops better and thus contribute to protecting the soil from
the formation of impervious crust, which usually results from conventional soil treatment. The forage
crops maintain consistency of the upper layer of soil by its root system and increase its surface
roughness, resulting in reduced surface water runoff and lower transport capacity of sediments [66,67].
Significant reductions in erosion losses were recorded between conventional soil treatment, the direct
sowing and strip-till treatments [44,61,62]. The reduction of soil losses and runoff was more efficient in
the direct sowing and strip-till techniques compared with conventional tillage [68-70] due to higher
levels of plant residues on the soil surface [40,64,65]). The production (the whole area/maize + strips/)
of silage maize was 11-13% lower in the ST treatment in both localities in comparison with the CT
(no statistically significant differences). Similar results (lower level of dry mass production) were
published by [55], who analysed cultivation of maize in desiccated Italian ryegrass (Lolium multiflorum
Lam., cv. Lipo) on a farm located near Zurich (424 m a.s.l.). A 10% lower production of silage maize
was also recorded in Germany (experimental station Ihinger, 450 m a.s.l., the mean annual precipitation
and temperature is 715 mm and 9.3 °C, loam/loess weathered soil type) between 1999 and 2010 [56].
Statistically significantly lower yields were recorded in the DS treatment in JEV, when yields in this
treatment were 23% lower over the whole time of experiment and even 50% lower in 2018 compared
with the CT (Figure 1). The success of the establishment of maize by direct sowing in rye stubble
in mid-May is highly dependent on the quality of sowing and the sufficiency of moisture in the early
stages of plant growth and development, with the level of yield likely to fluctuate considerably
in harvest years. Climate conditions for field crops, including maize, were favourable in the Czech
Republic in 2016 and 2017 but not in 2018, when extreme lack of precipitation and high temperatures
negatively affected both localities. The average annual air temperature in the period 20162018 was
higher by 1.1-3.5 °C in JEV and by 2.2—4.4 °C in SKO, graduating each year. The 2018 April-September
growing season was the warmest season (mean temperature 20.1 °C) since 1775 when the recording
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of annual temperature began in Prague’s Klementinum [71]. Low precipitation in July and August 2018
together with high air temperatures affected JEV as well as the Central Bohemian Highlands (SKO)
and led to early harvesting [72]. Regularly recurring dry periods during the growing season, which
are recorded in the last decade not only in the Czech Republic but also in Europe, may significantly
affect primary production in the future [16,17].

Table 1. Factor weights and contributions of a given factor to the communality for individual characters
after normalized Varimax rotation for production (yield), forage quality (Starch, NDF and OMD) and
soil erosion.

Parameter Factor Weights Contribution of Factors
Factor 1 Factor 2 Factor 1 Factor 2 Communality
Yield DM (tha™1) 0.2784 —0.8812 0.0775 0.8540 0.8797
Starch (%) 0.8662 0.0097 0.7503 0.7504 0.8579
NDF (%) 0.4171 0.8921 0.1740 0.9698 0.8868
OMD (%) —-0.6124 —-0.1766 0.3750 0.4062 0.7869
Erosion (t.ha™) 0.8464 —0.4464 0.7165 0.9157 0.8823

Note: NDF—Neutral Detergent Fibre, OMD—Organic Matter Digestibility.

At the SKO, the yield in the DS treatment in individual years was similar or higher than
in the Control (CT) treatment, and the average yield in the period 20162018 was higher than in the CT
treatment, but the difference was not statistically significant. This finding can be explained by different
soil-climate conditions compared with the JEV (see above). The SKO is characterised by the Cambisol
soil type, which is light, loamy, has a higher proportion of skeleton, has a higher total precipitation,
and at the same time has a more even distribution of precipitation during the growing season. A similar
study focused on using the direct sowing of maize into mulch (Cambisol, 15% of clay, 25% of loam,
and 61% of sand, La Tinaja, Jalisco, Mexico, 1200 m a.s.l., average annual temperature 25 °C, average
annual rainfall 525 mm) was published by [54], who also demonstrated a higher or comparable yield
of maize, a significant decrease of soil loss caused by erosion, and very low surface runoff.

There were no statistically significant differences in the quality of maize forage. Our results are
confirmed by the study of [49], who analysed the quality of forage from different crop establishments
(see Section 2.2. Experimental Design) using the NIR technique (NIR system at the Nutristar Lab
/Nutristar Spa, Italy/, resp. AgriNIR/DEKALB, Italy/). The study confirmed that the technique
of establishment does not have a statistically significant effect on forage quality when using the same
hybrid of maize [49].

Multidimensional statistical analyses work on the principle of latent variables (factors, canonical
variables), which are a linear combination of original variables (characters) [61,62]. Multicriteria
evaluation performed by means of PCA and FA significantly differed in the evaluated parameters
(vields, forage quality, soil protection effect) in the period 2016-2018. The differences were observed
in two categories of variants within both localities (Boskovice furrow, Central Bohemian Highlands):
(1) the SCT treatments are characterized by lower yields of dry mass, lower height of plants, higher
level of protection against erosion and forage quality in contrast with the CT treatment. (2) The CT
treatment is characterized by high dry mass yields, higher height of plants, high forage quality and
low level of protection against erosion. The ST and DS significantly reduce the loss of soil by erosion
throughout the entire growing cycle of maize from planting to harvesting.

5. Conclusions

Newly developed agronomical practices for the establishment and cultivation of maize by soil
conservation techniques into low-level productivity grasslands and rye stubble on arable land must meet
the requirements for ensuring sufficient production of maize in changing environmental conditions,
while at the same time they must improve the quality of the environment.
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The results of the comprehensive evaluation significantly differed (in the evaluated parameters)
in both localities (JEV and SKO) in two categories: (1) the SCT treatments (ST in JEV and SKO; DS
in JEV) are characterized by lower yields of dry mass, lower height of plants, higher level of protection
against erosion and forage quality in contrast with the CT treatment. (2) The CT treatment (JEV and
SKO) and DS treatment in SKO is characterized by high dry mass yields, higher height of plants,
high forage quality and low level of protection against erosion. The ST (JEV and SKO) and DS (JEV)
significantly reduce the loss of soil by erosion throughout the entire growing cycle of maize from
planting to harvesting.

This study confirmed the meaningfulness of the European Good Agricultural and Environmental
Conditions (GAEC) for growing crops with a low level of anti-erosion protection (including maize) with
the use of soil conservation techniques, such as Strip-Till or direct sowing (establishment of the crops
into protective crops or plant residues). These techniques are especially meaningful in conditions with
the risk of erosion, from the viewpoint of ecological stability and economic benefits as a presumption
of sustainability and economic certainty of current agricultural production in conditions of the Czech
Republic or Central and Eastern Europe.

The multivariate exploratory techniques PCA and FA were used as effective methods for complex
evaluation of soil conservation techniques in agricultural practice.
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