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Abstract: Little information is available on the effect of soil-improving cropping systems (SICS) on
crop productivity on low fertility sandy soils although they are increasingly being used in agriculture
in many regions of the world due to the growing demand for food. The study aimed at quantifying
the effect of four soil-improving cropping systems applied on sandy soil on cereal productivity
(yield of grain and straw and plant height) in a 4-year field experiment conducted in Poland with
spring cereal crops: oat (2017), wheat (2018), wheat (2019), and oat (2020). The experiment included
the control (C) and the following SICS: liming (L), leguminous catch crops for green manure (LU),
farmyard manure (M), and farmyard manure + liming + leguminous catch crops for green manure
together (M + L + LU). To quantify the effect of the SICS, classic statistics and the Bland–Altman
method were used. It was shown that all yield trait components significantly increased in the last
study year (2020) under SICS with M and M + L + LU. All yield trait components were significantly
lower in the dry years (2018–2019) than in the wet years (2017 and 2020). The relatively large rainfall
quantity in May during intensive growth at shooting and the scarce precipitation during later growth
in the dry year 2019 resulted in a significantly greater straw yield compared to the other dry year
2018. The values of Bland–Altman bias (mean difference between the particular SICS and the control)
varied (in kg m−2) from −0.002 for LU in 2019 to 0.128 for M and 0.132 for M + L + LU in 2020. The
highest limits of agreement (LoA) were in general noted for all yield trait components (the least
even yield) in the most productive SICS including M and M + L + LU in the wet year 2020. The
Bland–Altman ratio (BAR) values indicate that quantification of the effects of all soil-improving
practices was most uncertain in the dry year 2018 for the grain yield and in the wet year 2020 for
the straw yield and much less uncertain for the plant height in all SICS and study years. The results
of this study provide helpful information about the effect of the SICS on the different yield trait
components depending on the period of their application and weather conditions prevailing during
the growing season.

Keywords: soil improving practices; crop response; weather conditions; Podzol soil; Bland–Altman
statistics

1. Introduction

Sandy soils cover globally approximately 900 million ha [1]. They occur in different
regions across the world [2–4], particularly in arid or semi-arid regions [5]. In Poland,
around 50 percent of soils developed from sands [6,7].

Sandy soils are characterized by low crop productivity. This is mostly attributed to
a weakly developed aggregated structure [8], high saturated hydraulic conductivity and
permeability and low water-retention capacity due to the high contribution of large pores
between sand particles [9–11], low nutrient levels, and poor ability to store and exchange
nutrients [1]. Furthermore, after rapid dewatering, the large pores become air-filled first
and act as a barrier (discontinuity) to water flow through the smaller pores towards the
plant roots in unsaturated soil conditions [12,13].
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Another threat limiting crop production on sandy soils is their acidity due to the
presence of acid from the post-glacial acidified parent material, leaching exchangeable base
cations [14,15], and chemical N fertilization [16]. Soil acidity limits crop productivity by
increasing Al3 + toxicity leading to production of short, thick, and shallow plant roots and
deficiency of some nutrients in the soil solution [12]. Instead, sandy soils require rather
low energy inputs for tillage [17] and warm up rapidly in the spring prior to the growing
season to achieve the minimum soil temperature for plant growth [12].

Despite low fertility and quality, sandy soils are increasingly being used for crop
production due to the shortage of agricultural land resources [1,18,19] as well as the
growing population and demand for food [20,21]. However, arable farming on these
soils require large amounts of irrigation and nutrient inputs [22,23] in many areas, which
reduces the profitability of agricultural products.

There is a broad agreement that water and nutrient supply for plant growth in sandy
soils can be improved by increasing organic matter content [1,24–28]. This is related to the
fact that soil organic matter increases plant available water capacity [21,29] by reducing pore
diameter [30] and improves the capability of soils to retain and exchange nutrient cations
and hold hydrogen ions, thereby neutralizing soil acidity [31]. Furthermore, increase in soil
organic carbon (SOC) content in sandy soils is responsible for variation in cation exchange
capacity [1].

There are many soil-improving cropping systems to maintain or increase the SOM
content. They include application of organic amendments and diversified crop rotation
favoring formation of stable soil aggregates, which protect soil organic carbon (SOC) from
mineralization [27,32]. Inclusion of legumes fixing nitrogen from the atmosphere in crop
rotation reduces the need for mineral nitrogen fertilization, thereby increasing profitability
in crop production [33–35], and is one of the ways to meet greening requirements [36].
Furthermore, these practices are important in terms of increasing cereal-based crop rota-
tions that along with conventional treatments (plough) disintegrate soil organic matter
by physical disturbance of the soil structure and stability [27]. Increasing the soil organic
matter content is part of the global strategy to enhance carbon sequestration stocks, reduce
chemical leaching [1,32,37,38], and create drought resilient soils to mitigate global warming
effects [21,39].

The aim of the work was to quantify the effect of different soil-improving practices,
including application of farmyard manure, liming, and catch crops, on cereal produc-
tivity of sandy soil in a 4-year experiment with the use of the statistical Bland–Altman
method [40,41]. Plotting the yield differences between a given treatment and the control
against their averages and determining the average difference (bias), limits of agreement,
and confidence intervals in this method allow quantifying the direct effect of the examined
soil-improving cropping systems on crop yields. The Bland–Altman method is widely
used in medicine (e.g., [42–44]) and in some satellite research [45,46]. More recent studies
showed usefulness of this approach to quantify pure effects of agricultural practices on
crop yield and soil physical properties [47,48] and the agreement between methods for
determining the Atterberg plastic and liquid limits of soils [49]. This study was inspired
by recent literature reviews indicating that, despite their importance, sandy soils have
received less research attention compared to other soils [1,5].

2. Materials and Method
2.1. Study Area and Field Experiment

The field experiment (350 × 35 m) was localized in a private farm in Szaniawy,
Podlasie region, Poland (51◦58′56.5′′ N 22◦32′22.1′′ E) on Podzol soil [50] derived from
sandy material of glacial origin. The soil contains 62.9% of sand (2–0.05 mm), 34.8% of silt
(0.05–0.002 mm), 2.2% of clay (<0.002 mm), and 0.8% of organic carbon and has pH 4.0 (in
H20) and cation exchange capacity 12.3 cmol kg−1. Such and similar soils predominate
in the region and in Poland. A randomized field-experiment was established in autumn
2016 and conducted for four years with the following spring cereal crops: oats (Avena
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sativa L.) (2017), wheat (Triticum aestivum L.) (2018), wheat (2019), and oats (2020), which
predominate in the crop rotation of the region.

The experiment included the following 5 treatments: (C) control, (L) liming with
5.6 t ha−1 CaCO3 (applied once in autumn 2016), (LU) catch crops for green manure
including yellow lupin (Lupinus luteus L.) with seeding rates in brackets (130 kg ha−1),
serradella (Ornithopus sativus) (30 kg ha−1), and phacelia (Phacelia tanacetifolia Benth.) (3 kg
ha−1) sown every year, (M) farmyard manure applied at 30 t ha−1 every year in autumn),
and (M + L + LU) manure (10 t ha−1) + liming with 5.6 t ha−1 CaCO3 + catch crops for
green manure including lupines with seeding rates in brackets (130 kg ha−1), serradella
(30 kg ha−1), and phacelia (3 kg ha−1) (applied every year), except liming only in autumn
2016. Yellow lupine, serradella, and phacelia are common plants used for green manures
in Poland. Each treatment had three replicate plots (35 × 20 m) separated by a 1.0-m
margin between the plots. The grain yield, straw yield, and plant height were measured
in nine one-square-meter sub-plots in each of the five treatments (three sub-plots × three
replicate plots).

Stubble tillage (10 cm) using a cultivator plus tooth harrows was done after harvesting
in all treatments (first half of August) and then catch crops were sown in treatments LU and
M + L + LU. Next, mouldboard ploughing (20–25 cm) in late autumn and disking (10 cm)
and tooth harrowing (6 cm) in spring (2nd half of March) were applied in all treatments
(1st half of April) to prepare the seedbed for spring cereals. The autumn ploughing in M
and M + L + LU also ploughed down the catch crops for green manure. Weed control
and crop protection were carried out by herbicides, insecticides, and fungicides used
in the farm where the experiment was conducted in the same manner in all treatments.
All management practices were done using light wheel tractors (2.5 to 3.5 Mg mass) to
minimize soil compaction effects on crop yield.

2.2. Descriptive Statistics

Descriptive statistics including the mean, standard deviation, coefficient of variation,
minimum and maximum values, skewness, and kurtosis were calculated for each yield trait.
Pearson correlation coefficients between the yield trait components within the particular
years and between the years were determined using STATISTICA 12 PL (StatSoft 2019).

2.3. Bland–Altman Method

The Bland–Altman statistics was adopted to determine the separate effect of the
different SICS vs. control plots on the cereal yield trait components. In this method, the
differences in the cereal yield trait components (grain, straw, and plant height) between the
plots with different SICS and the control plots against the average yield with SICS and the
control were graphically presented for each study year. The agreement between the yield
in the plots with SICS and the control plots was assessed using bias (average of differences
between the yield from the plots with SICS and control plots), the limit of agreement (LoA)
defined as bias ±1.96 × standard deviation (SD), confidence intervals (CI) for the bias
and LoA defined as ± standard error × the value of t distribution with n–1 degrees of
freedom, and the Bland–Altman ratio (BAR) defined as the ratio of half the range of LoA to
the mean of the pair including the yield from plots with SICS and control plots, the and
regression line from the equation y = ax + b, where y—differences between the plots with
different SICS and the control plots, x—average yield from plots with SICS and the control,
a—regression coefficient, b—intercept. The BAR values were graded as good, moderate,
and insufficient for values (BAR < 0), (0.2 ≤ BAR < 0.4), or (BAR ≥ 0.4), respectively [48].

Root mean square residuals (RMSR) and maximum relative residuals (MRR), which
are the differences in the yield between the plots with SICS and the control plots, were
determined for all yield trait components and each study year.
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3. Results
3.1. Weather Conditions

Figure 1 illustrates the course of monthly mean air temperatures and rainfall sums for
2017, 2018, 2019, and 2020 in the study site. The average temperatures during the growing
season (April–September) and the annual temperatures in the successive years were 14.8,
17.1, 15.9, and 15.1 ◦C and 8.7, 9.3, 10.0, and 9.7 ◦C, respectively. The respective sums of
the growing season and annual precipitation were 424.1, 308.1, 306.2, and 439.8 mm and
670.1, 509.1, 475.9, and 666.2 mm, respectively. The growing season precipitation rates in
2017–2020 were below the long–term average (567 mm).

Figure 1. Monthly average air temperatures and sums of precipitation during the period of 2017–2020.

3.2. Descriptive Statistics

Basic statistical parameters of the grain and straw yields and plant height are given
in Table 1. The ranges of the mean, minimum, and maximum values of the grain yield
(in kg m−2) in the growing seasons 2017–2020 were 0.123–0.361, 0.070–0.240, and 0.180–0.530,
respectively. The corresponding ranges for the straw yield (in kg m−2) were 0.205–0.432,
0.140–0.230, and 0.310–0.770 and plant height (in cm): 53.5–90.1, 48–75, and 63–110. The
minimum values of all yield trait components were noted in 2018 or 2019 and the maximum
values were determined in 2017 or 2020. The largest and similar coefficient variations (CVs)
were recorded for the grain yield (17.5–28.1%) and the straw yield (19.7–28.5%), whereas
lower values were calculated for the plant height (7.5–10.2%).

According to the classification proposed by Dahiya et al. [51], the CV values for the
grain and straw yields were moderate (15–75%) and low (0–15%) for the plant height. The
asymmetry (skewness) of the grain and straw yields was positive (0.053–0.930), whereas
that of the plant height ranged from positive 0.803 in 2018 to negative −0.052 in 2017.
The kurtosis of the grain yield varied from 0.141 in 2018 to negative −0.445 in 2020. The
corresponding ranges for the straw yield and the plant height were 0.480 in 2017 to −0.249
in 2019 and −0.349 in 2019 to −1.018 in 2020. In general, the skewness and kurtosis values
indicate that the yield trait components were close to the normal distribution, which was
slightly flattened in nine cases and slightly slender in three cases.

The response of the cereals to the SICS applied was related to the yield trait components
and the study year. The differences in the mean grain yield between the particular
treatments and the control in the first three study years (2017–2019) varied from 18.0% to
−16.6% (Figure 2a). However, in the last study year (2020), the wheat grain yield increased
(p < 0.05) in the M and M + L + LU treatments by up to 47.3% and 45.8, respectively,
compared to that in the control (0.279 kg m−2). A substantially lower and statistically
insignificant increase was observed in the lime (L) and catch crop (LU) treatments (by
10–18%). On average, the cereal grain yield during the experimental period (2017–2020)
increased in the L, M, and M + L + LU variants by 2.5, 23.3, and 16.6%, respectively, and
slightly decreased in LU (by 0.7%) compared to the control (0.224 kg m−2). Irrespective of
the treatment, the grain yields were considerably lower in both dry years 2018 and 2019
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(growing season rainfall: 306 and 308 mm) than in the wet years 2017 and 2020 (growing
season rainfall: 424 and 440 mm). The grain yields averaged over the treatments were
0.123–0.143 kg m−2 in the dry years (2018–2019) and 0.333–0.361 kg m−2 in the wet years
2017 and 2020 (Table 1). The inter-annual variations in the grain yields were relatively
greater than those between the SICS treatments in all study years.

Table 1. Basic statistics for cereal yield trait components during the period of 2017–2020.

Year 2017, Oats Year 2018, Spring Wheat
(kg m−2) (cm) (kg m−2) (cm)

Yield Grain Straw Height Grain Straw Height
Number 45 45 45 45 45 45

Mean 0.361 0.350 74.3 0.143 0.205 53.5
SD 0.063 0.069 5.6 0.040 0.040 4.2

CV (%) 17.5 19.7 7.5 28.1 19.3 7.9
Minimum 0.240 0.220 64.0 0.070 0.140 48.0
Maximum 0.530 0.560 85.0 0.250 0.310 63.0
Skewness 0.276 0.596 −0.052 0.883 0.930 0.803
Kurtosis −0.340 0.480 −1.018 0.141 0.406 −0.514

Year 2019, Spring Wheat Year 2020, Oats
(kg m−2) (cm) (kg m−2) (cm)

Yield Grain Straw Height Grain Straw Height
Number 45 45 45 45 45 45

Mean 0.123 0.395 71.6 0.333 0.432 90.1
SD 0.026 0.094 5.6 0.072 0.123 9.2

CV (%) 20.9 23.8 7.8 21.5 28.5 10.2
Minimum 0.070 0.200 59.0 0.170 0.230 75.0
Maximum 0.180 0.590 84.0 0.490 0.770 110.0
Skewness 0.249 0.053 −0.229 0.322 0.477 0.300
Kurtosis −0.289 −0.249 −0.349 −0.445 −0.031 −0.494

The straw yield changes in response to the SICS applied varied in the first three years
from 22.3% (in M + L + LU in 2019) to −11.4% (in L in 2018) (Figure 2b). The highest
straw yield increment was observed in 2020 in the M and M + L + LU variants, where the
straw yield increased by 58.2% and 65.0%, respectively, compared to that in the control
(0.340 kg m−2). It is worth noting that this increase in the straw yield in both treatments
was relatively greater than that of the grain yield and was reflected in lower grain/straw
ratios (Figure 2c). Noteworthy, the similar mean grain yield of spring wheat in the dry
years 2018–2019 (0.123–0.143 kg m−2) was accompanied by a considerably (almost twice)
higher straw yield (0.395 kg m−2) in the dry year 2019 than in the other dry year 2018
(0.205 kg m−2).

The high straw yield in 2019 was clearly reflected in the considerably lower grain/straw
ratios in all treatments (0.287 to 0.331), compared to those in the other years, i.e., 2017
(0.969 to 1.084), 2018 (0.633 to 0.787), and 2020 (0.733 to 0.874) (Figure 2c). The straw yield
averaged over the whole experimental period (2017–2020) increased in L, LU, M, and M +
L + LU by 1.5, 4.3, 23.8, and 29.0%, compared to the control 0.311 kg m−2, respectively.

The plant height at harvest in the first three years (2017–2019) in the particular SICS
was slightly lower (to 5.8%) or higher (to 9.7%) and statistically insignificant compared
to the control (Figure 2d). However, in 2020, the plant height was significantly (p < 0.05)
higher in M (by 16.0%) and in M + L + LU (by 20.7%), compared to the control (86.7 cm). It
is worth noting that the plant height response to the particular SICS was relatively lower
than that for grain and straw, irrespective of the study year. The plant height averaged
over the four study years increased in L, LU, M, and M + L + LU by 3.1, 0.8, 8.4, and 11.6%,
respectively, compared to the control (69.4 cm).
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Figure 2. Mean values of the grain yield (a), straw yield (b), grain to straw yield ratio (c), plant height (d), and in response
to soil-improving cropping systems. C—control, L—liming, LU—leguminous catch crops, M—farmyard manure and M + L
+ LU—farmyard manure + liming + leguminous catch crops. The vertical bars indicate the standard deviations (n = 9).

3.3. Correlation Coefficients between Yield Trait Components

As can be seen from Table 2, the highest correlation coefficient (r) between straw and
grain was determined in the wet and last study year 2020 (0.798), whereas the lowest value
was reported in the dry 2018 (0.393); both values were statistically significant (p < 0.05).
The correlation coefficients between the plant height and the grain yield were more closely
correlated in the wet and last study year 2020 (0.776) (p < 0.05), compared to the first three
study years (0.487–0.596). The lowest correlation coefficients between the plant height
and the straw yield were calculated in the dry 2018 (0.189), and the highest values were
recorded in the wet and last study year 2020 (0.833) (p < 0.05). Noteworthy, there were
markedly different r values between the plant height and the straw yield in the two dry
years, i.e., 2018 (0.189) and 2019 (0.785), with much higher straw yield (and higher plant
height) in the latter at a similar grain yield in both years. In line with this finding, there
are significant positive correlations for the grain yield and the plant height between 2018
(0.322) and 2019 (0.333) (p < 0.05) in contrast to the insignificant and negative correlation
for the straw yield (−0.57). Overall, the highest coefficient correlations between all paired
yield trait components were recorded in the last study year.

3.4. Bland–Altman Analysis

Bland–Altman plots including horizontal lines of the bias line (mean difference from
the SICS and control plots), limits of agreement (LoA = bias ± 1.96 × SD) along with
confidence intervals (CI), regression lines (y = ax + b), and Bland–Altman ratio (BAR, half
the range of LoA to the mean differences between the SICS and control plots) describe
quantitatively the impact of particular SICS vs. the control on the cereal grain and straw
yields and plant height. They are shown in Figures 3–5.
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Figure 3. Bland–Altman plots for grain yield (G) (kg m−2) (oats—2017), (spring wheat—2018, 2019), (oats—2020). C—control, L—liming, LU—leguminous catch crops, M—farmyard
manure, and MLLU—farmyard manure + liming + leguminous catch crops, LoA—limits of agreement, CI—confidence intervals.
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Figure 4. Bland–Altman plots for straw yield (S) (kg m−2) (oats—2017), (spring wheat—2018, 2019), (oats—2020). C—control, L—liming, LU—leguminous catch crops, M—farmyard
manure, and MLLU—farmyard manure + liming + leguminous catch crops, LoA—limits of agreement, CI—confidence intervals.
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Figure 5. Bland–Altman plots for plant height (H) (cm) (oats—2017), (spring wheat—2018, 2019), (oats—2020). C—control, L—liming, LU—leguminous catch crops, M—farmyard manure,
and MLLU—farmyard manure + liming + leguminous catch crops, LoA—limits of agreement, CI—confidence intervals.
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Table 2. Correlation coefficients (r) between grain, straw, and height in the study years. The correlation coefficients in bold
are significant at p < 0.05.

Oats, 2017 Spring Wheat, 2018 Spring Wheat, 2019 Oats, 2020
Grain Straw Height Grain Straw Height Grain Straw Height Grain Straw Height

2017
Grain 1.000 0.623 0.487 −0.112 −0.169 0.081 0.155 −0.116 0.067 0.182 −0.022 0.073
Straw 1.000 0.562 −0.257 −0.126 −0.014 −0.153 −0.181 −0.096 0.116 −0.020 0.057
Height 1.000 −0.063 −0.001 0.229 0.325 0.150 0.230 0.306 0.135 0.336

2018
Grain 1.000 0.393 0.512 0.322 0.228 0.109 0.174 0.122 −0.007
Straw 1.000 0.189 −0.096 −0.057 −0.080 0.136 0.115 0.058
Height 1.000 0.329 0.346 0.333 0.217 0.198 0.112

2019
Grain 1.000 0.676 0.596 0.312 0.121 0.330
Straw 1.000 0.785 0.473 0.367 0.506
Height 1.000 0.375 0.326 0.483

2020
Grain 1.000 0.798 0.776
Straw 1.000 0.833
Height 1.000

The average differences (biases) indicate that the application of the particular SICS
resulted in a lower grain yield (bias < 0) in seven cases and a higher grain yield (bias > 0)
in nine cases (Figure 3). The negative biases varied in kg m−2 from −0.002 for LU in 2019
to −0.017 for LU in 2018, and positive biased ranged from 0.006 for M + L + LU in 2017
and L in 2020 to 0128 for M and 0.132 for M + L + LU in 2020. It is worth noting that all
negative biases occurred in the first three study years and the most positive ones were
noted in the last study year. The ranges of LoA for the grain yields were in general similar
in 2017 and 2018 in all comparable SICS treatments (except higher in LU in 2018). They
decreased considerably in 2019 and then increased in 2020. The increase in 2020 was most
pronounced in M and M + L + LU, where the ranges of LoA± in kg m−2 (0.318, −0.062 and
0.241, 0.023) were several times greater than those in 2019 (0.077, −0.033 and 0.069, −0.016).
The largest ranges of LoA in M and M + L + LU in 2020 correspond with the respective
highest maximum values of root mean square residuals (RSMR) (0.16 and 0.143 kg m−2)
and maximum relative residuals (MRR) (164.7 and 158.8%) (Figure 6). Irrespective of the
treatment, the largest Bland–Altman ratio (BAR) values were noted in 2018 (0.809–0.929)
and the lowest were recorded in 2017 (0.231–0.330), which indicates insufficient (BAR ≥ 0.4)
and moderate (0.2 ≤ BAR < 0.4) agreement, respectively, between the grain yield in the
SICS and control plots [48].

As to the straw yield, the negative biases occurred in seven of the 16 cases and changed
in kg m−2 from −0.002 for M + L + LU in 2018 to −0.036 for LU in 2017 (Figure 4). The
positive biases varied from 0.011 for LU in 2018 to 0.198 for M and 0.221 for M + L + LU in
2020. The highest positive biases correspond with the highest RMSR (0.251–0.269 kg m−2)
and MRR (196.2–204.3%). The ranges of the limits of agreements (LoA = bias ± 1.96 × SD)
were in general relatively narrow and similar in all treatments in the first two study years
2017–2018, but increased largely in all SICS treatments in 2019–2020. This increase was most
pronounced in 2020 in the M and M + L + LU treatments, where the LoAs ranges approxi-
mately doubled compared to those in 2017–2018. The lowest BAR values were recorded
(0.311–0.425) in the first study year 2017, and the largest were noted in 2020 (0.490–0.753)
in all comparable treatments (Figure 6), which indicates moderate (0.2 ≤ BAR < 0.4) and
insufficient (BAR ≥ 0.4) agreement, respectively, between the straw yield in the SICS and
control plots [48].
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Figure 6. Root mean square residuals (RMSR) and maximum relative residuals (MRR), which are the difference in the yield
trait components between the particular SICS and control plots, BAR—Bland–Altman ratio, Bias—mean of the differences,
LoA—limit of agreements, SD—standard deviation of the differences.

The bias values for the plant height were mostly positive in 13 of the 16 cases (except
two negative values for LU in 2017 and L in 2018 and 0 for LU in 2018). The lowest bias in
cm (−4.33) was recorded in 2017 for LU and the highest in 2020 for M (13.33) and M + L
+ LU (17.22). In comparable treatments, the lowest biases occurred in general in the dry
growing season 2018 with the lowest mean plant height among the study years and the
highest values in 2020 with the highest plant height (Figure 5). The ranges of LoAs were
wider in 2020 than in the other years. The highest BAR values for most of the comparable
pairs were recorded in 2020 when the plants were the tallest. In all years except 2017,
the highest BAR values were noted for M + L + LU. The BAR values in 8 cases (0.111 to
0.199) and in four cases (0.212–0.262) (Figure 6) indicated good or moderate and moderate
agreement [48], respectively, between the grain yield in the SICS and control plots. As can
be seen in Figure 6, the BAR values for the plant height were lower than those for the grain
and straw yields, irrespective of the treatment and study year. The lower BAR values for
the plant height correspond with the higher RMSR and lower MRR values.

The regression lines of the differences between the particular SICS and control plots
against the average yield of both indicate that the trends for grain were descending,
ascending, or almost unchanged (close to the bias line) depending on the SICS type and
study year. Ascending trends were mostly observed for the paired treatment M and Control.
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As to straw yield and plant height, the regression lines indicate slightly descending or
ascending trends.

Regardless of the SICS type, yield trait component, and study year, the Bland–Altman
plots indicate that a bulk of the points are within the limits of agreement (LoA) and
outliers—within the confidence intervals (CI) (Figures 3–5).

4. Discussion
4.1. Impact of the Soil-Improving Cropping Systems (SICS) on Yield Trait Components

Our study showed the most pronounced differences in all crop yield trait components
between SICS in the fourth and wet study year. A statistically significant and similar
increase in the crop yield was found in two SICS, i.e., M consisting of only farmyard
manure and M + L + LU providing less farmyard manure and plus lime and cover crops.
This significant impact of both treatments may result from the increased nutrient supply
from farmyard manure and cover crops although the soil organic matter content increased
only slightly (data not shown). Similarly, the high yields in the M and M + L + LU variants
imply that organic matter from deficit farmyard manure in the former can be replaced
in part by green manure/cover crops, with maintenance of the same productivity. The
positive effect of the combined SICS (M + L + LU) on the crop yield in the acid soil can also
be enhanced by yield-increasing liming improving the availability of essential nutrients
to plants [52]. These results support the recent actions in several countries, including
Poland, focused on promotion of incorporating legumes in the intercropping systems
and extending agricultural lime application [53–55]. Application of the combined SICS
should be considered not only in relation to crop productivity enhancement but also as a
sustainable strategy to improve the supply capacity of essential nutrients including fixed
atmospheric nitrogen [56], and alleviating the negative effect of soil acidity [52]. It should
also be noted that increasing the organic carbon content or even keeping good levels in
sandy soils requires a continuous supplying organic materials. This is due to the fact
that sandy soils, especially tilled, are well aerated creating conditions conducive to rapid
microbial decomposition of organic matter.

4.2. Weather Influences

Our results showed that the cereal yield trait components were largely influenced by
both the total rainfall amount and their temporal distribution during the growing seasons.
As could be expected, the wheat grain yield was appreciably lower (by more than 50%) in
the two dry growing seasons compared to the two wet growing seasons. The analysis of
the yield trait components and the weather course further revealed that, in both dry years
(2018–2019) with almost the same total amount of rainfalls during the growing season (306–
308 mm), the straw yield of spring wheat was by 160–221% higher, depending on treatment,
in 2019 than 2018. In turn, the grain yield of spring wheat in 2019, compared to 2018, was
not different or slightly lower (by 6.4–24.3%) in the comparable treatments. This opposite
response of the yield trait components can be explained by the different distribution of
rainfalls during the analyzed growing seasons. The large amounts of rainfalls in May
during intensive growth at shooting and the scarce precipitation during later growth in
2019 (Figure 1) may have stimulated top growth. Moreover, the shoot growth in May
2019 may have been favored by the lower temperature (12.5 ◦C) compared to that in 2018
(18.5 ◦C) (Figure 1) by changing evaporation rates. The more intensive shoot growth in
2019 vs. 2018 was reflected in the greater straw yield in the former season in all treatments
(Figure 4). The results imply that a good water supply at shooting increases allocation
of assimilates to shoots while reducing the grain yield. These diverse responses of the
yield trait components emphasize the importance of the increasingly frequent episodic
(extreme) drought and wet conditions during the growing season associated with climate
change [57]. The sensitivity of the yield trait components to weather variation during the
growing season in sandy soils can be enhanced by the high permeability and low water
holding capacity of these soils, which do not allow storing water for a longer time and
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efficient use of nutrients [5], and by the relatively shallow root system of spring cereals.
Understanding the relations among the yield trait components depending on the weather
course during the growing season is important in food and bioethanol production where
grain and straw, respectively, are potential feedstocks [58,59].

4.3. Usefulness of the Bland–Altman Method

The use of the Bland–Altman method contributed to improvement of the quantification
of the direct (separated) impact of a given soil-improving practice on the cereal yield trait
components in reference to the control in different inter-annual weather conditions. For
example, the small values of limits of agreement (LoA = bias ± 1.96 × SD) for the grain
yield in the most yield-producing SICS (M and M + L + LU) in the dry growing season
2019 (with the lowest yield) increased by several times in the wet season 2020 (with the
highest yield), indicating that the grain yields were less even in the latter. The reduced
evenness of the yield in the wetter growing season 2020 may have resulted in part from the
variability in soil water content and the related availability of nutrients from organic matter
provided by these two SICS. The variable soil water content in these SICS treatments may
have resulted from changes in the soil structure caused by the organic matter amendments
and from the natural variability of the soil texture in the study area [19]. This explanation
is supported by the fact that water deficit is a dominant crop yield–limiting factor in sandy
soils [5,60].

The Bland–Altman plots indicate that the orientations of the regression equation lines
for the grain and straw yield in M and M + L + LU, compared to the other SICS, were
in most cases close together to the bias lines. This can be indicative of the stabilizing
effect of the largest quantity of organic matter provided by both SICS on the yield and
uniformity of the yield components. The regression equation lines below or above the
bias line indicate a reduction in yield uniformity. It is important to add that if only one
treatment, i.e., SICS or the control, in the pair has a wide range of limits of agreement
(LoA), the Bland–Altman will always produce wide limits of agreement [61]. This means
that poor agreement between the paired SICS and control do not necessarily indicate that
the tested SICS has low evenness of crop yields in the replicate sub-plots.

The comparison of the Bland–Altman Ratio of the yield trait components revealed that
grain and straw yields, compared to plant height, exhibit appreciably higher uncertainty
(at the most comparable paired SICS and control). Even with high uncertainty, analysis
of biases and LoA values facilitates assessment of the degree of the causal (positive or
negative) effect of particular SICS on the crop yield. This observation along with inter-
annual differences in crop yield trait components is important in modelling crop responses
to SICS and weather conditions during growing seasons [62].

5. Conclusions

The results of this study indicate the following findings:

(1) Differences in the yield of grain and straw and plant height between all each soil-
improving cropping system (SICS) and the control were not significant in the first
three study years (2017–2019). In the last study year (2020), however, all yield trait
components significantly increased in SICS with the use of farmyard manure (M) and
farmyard manure, liming, and catch crops together (M + L + LU) but not in SICS with
application of liming (L) and catch crops (LU) alone.

(2) Irrespective of the type of the soil-improving cropping systems, all yield trait com-
ponents were considerably lower in the dry years (2018–2019) than in the wet years
(2017–2020). The inter-annual variations were relatively greater than those between
the SICS treatments in all study years. The relatively large amount of rainfalls in May
in 2019 during intensive growth at shooting and the scarce precipitation during later
growth resulted in a significantly greater straw yield.

(3) The values of Bland–Altman bias (mean difference) varied from (in kg m−2) −0.002
for LU in 2019 to 0.128 for M and 0.132 for M + L + LU in 2020. Irrespective of the yield
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trait components, the highest limits of agreement (LoA) were recorded in 2020 in the
M and M + L + LU variants, where all yield trait components reached the maximum
values.

(4) The highest Bland–Altman ratio (BAR) values suggest that quantification of the effects
of all soil-improving cropping practices was most uncertain for the grain yield in the
dry year 2018 and for the straw yield in the wet year 2020. The uncertainty for the
plant height was much lower than for the grain and straw yield, irrespective of the
soil-improving cropping systems and study year.

(5) Overall, the results from the Bland–Altman method well complement classical statis-
tics by providing helpful information for selection of the most yield-producing soil-
improving cropping system, depending on weather conditions prevailing during the
growing season.
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