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Abstract: This study aimed to evaluate the yield and quality of winter wheat grain and soil properties
in three tillage systems (TS): (1) Conventional (CT), (2) reduced (RT), and (3) no-tillage (NT). In the
CT system, shallow ploughing (at a depth of 10-12 cm from soil surface) and pre-sow ploughing (at a
depth of 18-22 cm from soil surface) were performed after the harvest of the previous crop (peas).
In the RT system, the shallow ploughing was replaced by field cultivation, whereas pre-sow ploughing
was by a tillage unit. In the NT system, a herbicide treatment with glyphosate (4 L ha™!) replaced the
ploughing measures, whereas a tillage unit including a cultivator, a string roller, and a harrow was
used before wheat sowing. Higher wheat yields were recorded in CT than in NT (by 4.3%) and in
2016 compared to 2015 (by 23.4%). The tillage system differentiated spike number m~2, whereas study
years affected spike number m~2, grain weight per spike, and 1000 grain weight. Study years also
influenced all quality traits of the grain, whereas tillage systems—only grain uniformity and ash
content of the grain. A less uniform grain with a higher ash content was produced in NT than in
CT and RT systems. Organic C content in the soil was higher in NT than in CT and RT systems.
In turn, total nitrogen and phosphorus contents were higher in the soil from NT and RT than CT,
whereas potassium and magnesium contents—in RT and NT compared to the CT system.
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1. Introduction

The yield and quality of wheat grain are determined by agrotechnical measures and habitat
conditions [1-3]. Wheat yield can be reduced due to soil quality (light and acidic soils) and rainfall
deficiency during intensive plant growth [4,5]. The wheat grain yield and quality are also affected by
the plants” sequence in crop rotation [6-9]. The best yield-forming results are obtained with legumes
used as the previous crop [8,10-12]. However, most often, wheat is sown after cereals, which promotes
the growth of weeds [13-16], and the development of take-all diseases [17]. As a result, a significant
reduction is observed in grain yield and quality, in particular a decrease in volumetric mass and grain
uniformity, and an increase in the ash content of the grain [18-20].

Cultivation also has a significant impact on grain yield and its quality, as it shapes the physical,
chemical, and biological properties of soil, which directly affects plant growth [13,21-23]. The purpose
of cultivation is to create optimal conditions for plants to produce a high grain yield. However, opinions
about tillage systems are ambiguous, and the effects of cultivation depend on habitat conditions and
sown plants [7,9,24-26]. As reported by Morris et al. [19], plant performance depends on many habitat
and agrotechnical factors affecting each other. Many studies [18,19,27,28] have shown that in regions
with a low sum of precipitation, crops are yielding higher in the no-tillage than in the conventional
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tillage system. The research conducted by Morris et al. [29] and Jug et al. [30] have shown that wheat
grain quality was influenced to a greater extent by weather conditions and varietal characteristics than
tillage systems. Similarly, WoZniak and Stepniowska [28] showed that the content of total protein
and wet gluten, as well as grain density and uniformity were more affected by years of research than
tillage systems. A higher content of protein and gluten was characteristic of the grain harvested in the
years with the lowest precipitation, while a lower one at precipitation deficiency. High precipitation
favored the accumulation of phytic-P and copper, while precipitation shortage increased potassium
and magnesium contents in the grain. Conventional tillage promoted phytic-P and iron accumulation,
whereas direct sowing—that of phosphorus, potassium, magnesium, and copper. However, in the
studies of Amato et al. [31], the protein content of wheat grain varied depending on the tillage systems,
being the highest in the grain from the conventional tillage (CT), a lower one in the grain from reduced
tillage (RT), and the lowest one in the grain from no-tillage (NT). According to Amato et al. [31],
wheat fertilization requirements for nitrogen are higher in NT than CT due to the lower availability of
nitrogen for plants.

According to Rithlemann and Schmidtke [32], agriculture should not focus solely on high crop
yields, but must also consider the stable relationship between agricultural human activity and natural
environment quality. The stability and durability of the soil environment should be based on improving
soil properties and even improving its structure [9,10,21]. Intensive plow cultivation accelerates the
mineralization of organic matter in soil and increases the loss of nutrients, which ultimately negatively
affects agricultural ecosystems [23,33,34].

In many regions of Poland, there is a significant precipitation deficit in the spring and summer
months, which negatively affects the growth and yield of plants. Therefore, optimal solutions are being
sought in the field of soil tillage to minimize crop losses. This has underlain the hypothesis that the
yields and quality of winter wheat grain can be similar in conventional (CT), reduced (RT), and no-tillage
(NT) systems. In addition, the no-tillage system increases the content of nitrogen and organic carbon
in the soil, and affects the contents of nutrients: Phosphorus, potassium, and magnesium. This study
aimed to assess the yield and quality of winter wheat grain and soil properties in conventional (CT),
reduced (RT), and no-tillage (NT) systems.

2. Materials and Methods

2.1. Experiment Localization and Scheme

A field experiment was conducted in the years 20142016 at the Uhrusk Experimental Farm
belonging to the University of Life Sciences in Lublin and located in south-eastern Poland (51°18’ N,
23°36’ E). The experimental field is a flat area located 175 m asl. The experiment was established with
the method of randomized blocks (6 X 75 m) in three replications (Figures 1 and 2).

Winter wheat (Triticum aestivum L.) of Ozon cultivar was grown in three tillage systems:
(1) Conventional (CT); (2) reduced (RT); and (3) no-tillage (NT). In the CT system, shallow ploughing
(at a depth of 10-12 cm) and pre-sow ploughing in mid-September (18-22 cm) were performed after
the harvest of the previous crop (peas). In the RT system, the shallow ploughing was replaced by a
double field cultivation, whereas pre-sow ploughing by a tillage unit. In the NT system, a herbicide
treatment with glyphosate (4 L ha™!) replaced the ploughing measures, whereas a tillage unit including
a cultivator, a string roller, and a harrow was used before wheat sowing. After the harvest, the straw
was left in the field. In each study year, wheat was sown in the last week of September, at a sowing
density of 500 seeds m~2. Before wheat sowing, the soil was fertilized with nitrogen (20 kg N ha™1),
phosphorus (35 kg P ha™!), and potassium (90 kg K ha™!) fertilizers. In the spring, nitrogen fertilizers
were applied in three terms: (1) 75 kg N ha™! at the tillering stage (22-23 in the BBCH scale) [35];
(2) 45 kg N ha! at the shooting stage (32-33 in the BBCH scale); and (3) 20 kg N ha~! at the onset of
the ear formation stage (52 in the BBCH scale). The total amount of fertilizers used was 160 kg N ha™l.
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Figure 1. General view of the experiment. Winter wheat at the shooting stage (33-35 in the BBCH
(Biologische Bundesanstalt, Bundessortenamt und Chemische Industrie) scale).

Figure 2. General view of the experiment. Winter wheat at the flowering stage (63—65 BBCH scale).



Agriculture 2020, 10, 405 40f12

Winter wheat crops were protected against fungal diseases by using fungicides composed of
flusilazole and carbendazim (1 L ha™?) at the tillering stage (31-32 BBCH), as well as propiconazole and
fenpropidine (1 L ha™?!) at the heading stage (43—44 BBCH). Weeds were eradicated using herbicides
containing a mixture of the following active substances MCPA + mecoprop + dicamba (1.5 L ha™!) and
fenoxaprop-P-ethyl (1 L ha™!) at the tillering stage (24-25 BBCH).

2.2. Soil and Weather Conditions

The experiment was established on the soil classified as Rendzic Phaeozem [36], with a sandy clay
composition including 26% of silty fraction and 13% of dust fraction. This soil type has an alkaline
pH, high contents of available phosphorus and potassium, and a medium content of magnesium.
The growing season (the number of days with an average daily temperature above + 5 °C) spans
for 210-215 days and begins in the second half of March. The following sums of precipitation
were recorded in individual study years: 630 mm in 2014, 448 mm in 2015, and 681 mm in 2016
(Figure 3). Since the renewal of spring vegetation until winter wheat harvest (the first week of August),
the sums of precipitations were as follows: 319 mm in 2014, 157 mm in 2015, and 320 mm in 2016.
The highest monthly sums of precipitation were recorded in May—65 mm on average, June—73 mm,
and July—80 mm, whereas the mean air temperatures recorded in the respective months were at
14.1,17.3, and 19.5 °C. In the winter months, the sums of precipitation reached 30 mm on average in
December, 23 mm in January, and 26 mm in February, whereas average air temperatures reached —1.8,
—4.0, and —2.8 °C, respectively.
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Figure 3. Monthly sums of precipitation and average air temperatures at the Uhrusk Experimental Station.
2.3. Production Traits and Statistical Analysis

Determinations were carried out for the following production traits: (1) Grain yield and its
components: Spike number m~2, grain weight per spike, 1000 grain weight; (2) quality traits of grain
including its milling traits (volumetric weight of grain, grain uniformity) and baking traits (total
protein content, wet gluten content, Zeleny’s sedimentation index, ash content); as well as (3) soil
properties including contents of: Organic C, total N, nitrate nitrogen (N-NO3), ammonia nitrogen
(N-NH,), and available forms of phosphorus (P), potassium (K), and magnesium (Mg).

Wheat grain was harvested using a plot harvester. The number of spikes was counted at each
plot on the area of 1 m?. The 1000 grain weight was determined by counting and weighing 2 x 500
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grains. Contents of total protein and wet gluten, and the sedimentation index were determined
with the near infrared reflectance spectroscopy (NIRS) method. The volumetric weight of grain
was established using a chondrometer having a volume of 1 L; grain uniformity was evaluated
using a sorter with mesh size of 2.5 X 25 mm, whereas ash content of the grain was determined by
high-temperature wet-mineralization. The soil samples were determined for contents of: Organic C
(with the Tiurin’s method); total N (with the Kjeldahl’s method); N-NOj3 (with the colorometric method
using phenoldisulfonic acid); N-NH; (with the method using the Nessler’s reagent); and available
forms of: P (with the Egner-Riehm’s method), K (with the Egner-Riehm’s method), and Mg (with the
Schachtschabel’s method). To determine the above traits, five primary soil samples were collected
from each plot from a depth of 0-25 cm from soil surface. They represented one bulk sample weighing
0.5 kg. All determinations were made in triplicate.

Results obtained were subjected to the analysis of variance (ANOVA), whereas the significance of
differences between mean values for tillage systems (YS) and study years (Y) was determined with
Tukey’s HSD test, p < 0.05.

3. Results

3.1. Grain Yield and Its Components

A higher winter wheat grain yield was produced in CT than in the NT system (by 4.3%), and in
2014 and 2016 compared to 2015 (by 19.9% and 23.4%, respectively)—Table 1. The grain yield was also
differentiated by the TS X Y interaction. In 2014, higher grain yield was produced in NT and RT than
in the CT system (by 13.6% and 11.2%, respectively), whereas in 2016, a higher yield was achieved
in CT compared to RT and NT (by 13.6% and 25.7%, respectively). Grain yield variability was due
to the various spike number m~2, grain weight per spike, and 1000 grain weight in different tillage
systems and study years. A higher spike number m~2 was recorded in the CT system compared to
NT (by 8.1%) and also in 2014 compared to 2015 (by 17.7%). In turn, the grain weight per spike and
1000 grain weight were affected only by the study year. The grain weight per spike was higher in 2016
than in 2015 (by 14.1%), whereas the 1000 grain weight was higher in 2014 than in 2015 (by 19.2%).
These results indicate that the grain yield was influenced more by study years than by tillage systems,
which was also confirmed by variance analysis components.

Table 1. Grain yield of winter wheat and its components.

Specification Grain Yield Spike Number Grain Weight 1000 Grain Weight

(tha™1) (m~2) per Spike (g) (g
Tillage System (TS)
CT 5314 456,52 1.152 45.02
RT 5.21ab 448.1 ab 1.162 4242
NT 5.08P 419.7b 1.192 4322
Mean 5.20 4414 1.17 43.5
Year (Y)
2014 5.482 48332 1.132 4852
2015 439b 397.6P 1.102 39.2b
2016 5.73¢ 4434°¢ 1.28b 4290
Mean 5.20 4414 1.17 43.5
ANOVA
TS * *
Y * * * *
TSxY * *

CT—Conventional tillage; RT—Reduced tillage; NT—No-tillage. Different letters indicate significant differences.
Significant effects: p < 0.05 (*), p < 0.01 (**). Blank cells indicate that no significant differences were found.
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3.2. Grain Quality Attributes

The winter wheat grain weight per volume was differentiated only by study years (Table 2).
The precipitation from April until July of 2015 was lower by 50% than in the other study years,
which contributed to poor grain filling and, consequently, to the lower volumetric weight of the grain
than in the other years. A further consequence was the worse grain uniformity compared to the other
study years; however, this trait was also affected by tillage systems. More uniform grain was produced
in the CT than in the NT system. The total protein content of wheat grain was also year-dependent.
Its higher value was determined in the grain harvested in 2015 compared to the other study years.
Analogous changes were observed for wet gluten content, with its higher value determined in 2016
than in 2014. Moreover, the value of the Zeleny’s sedimentation index was higher in 2016 than in the
other years analyzed. The total ash content was higher in the grain harvested from NT than from CT
and RT plots, and also in 2015 compared to 2014 and 2016. However, the highest ash content was
determined in the grain harvested in 2015 from the NT plot compared to the other study years and
tillage systems. The variance analysis components indicate that the wheat grain quality was more
affected by study years than by tillage systems.

Table 2. Quality parameters of winter wheat grain.

Grain Weight Grain . Zeleny’s Total Ash
Specification per Volurﬁe Uniformity TOtlil {)f (zite1;1 Wet (Ejl)uten Sedimentation Content
(kg hL-1) (%) G ’ Index (mL)  (gkg~! dm)
Tillage System
(T9)
CT 76.52 86.82 116.32 21.8 3442 2022
RT 7462 84.32b 11562 21.9 3412 20.72
NT 7542 79.3b 11832 22.8 3642 22.1b
Mean 75.5 83.5 116.7 222 35.0 21.0
Year (Y)
2014 7652 86.12 117.02 21.6 33.12 1724
2015 70.9° 72.1° 121.02 21.8 3212 28.4°
2016 79.12 92.5¢ 112.3b 23.2 39.8P 1742
Mean 75.5 83.5 116.7 222 35.0 21.0
ANOVA
TS * *
Y - - - . . -
TS xY *

CT—Conventional tillage; RT—Reduced tillage; NT—No-tillage. Different letters indicate significant differences.
Significant effects: p < 0.05 (*), p < 0.01 (**). Blank cells indicate that no significant differences were found.

3.3. Soil Properties

The organic C content in the soil was higher in the NT than in RT and CT systems (by 11.5% and
31.2%, respectively) (Figure 4). A significant difference was also noted between RT and CT systems.
The total N content was higher in the soil from NT than CT plots (by 18.7%) (Figure 5); however, it did
not affect nitrate nitrogen (N-NOs3) content in the soil, which was similar in soil samples from all tillage
systems (Figure 6). In contrast, the tillage systems did affect the ammonia nitrogen (N-NHy) content,
which was higher (by 38%) in the soil from CT than from RT and NT plots (Figure 7). The tillage
systems also influenced the content of available phosphorus (P), which was higher in the soil from CT
than from RT and NT plots (Figure 8). In turn, contents of potassium (K) and magnesium (Mg) were
higher in the soil from RT and NT than from CT plots (Figures 9 and 10).
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Figure 4. Content of organic C in the 0-25 cm soil layer depending on the tillage system (average of
2014-2016). * a—Means denoted with the same letters do not differ significantly, p < 0.05.
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Figure 5. Content of total nitrogen in the 0-25 cm soil layer depending on the tillage system (average
of 2014-2016). * a—Means denoted with the same letters do not differ significantly, p < 0.05.
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Figure 6. Content of N-NOj3 in the 0-25 cm soil layer depending on the tillage system (average of
2014-2016). * a—Means denoted with the same letters do not differ significantly, p < 0.05.
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Figure 7. Content of N-NHj in the 0-25 cm soil layer depending on the tillage system (average of
2014-2016). * a—Means denoted with the same letters do not differ significantly, p < 0.05.
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Figure 8. Content of phosphorus (P) in the 0-25 cm soil layer depending on the tillage system (average
of 2014-2016). * a—Means denoted with the same letters do not differ significantly, p < 0.05.
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Figure 9. Content of potassium (K) in the 0-25 cm soil layer depending on the tillage system (average
of 2014-2016). * a—Means denoted with the same letters do not differ significantly, p < 0.05.



Agriculture 2020, 10, 405 90f12

mg kg dm
w
o

cT RT NT

Tillage systems

Figure 10. Content of magnesium (Mg) in the 0-25 cm soil layer depending on the tillage system
(average of 2014-2016). * a—Means denoted with the same letters do not differ significantly, p < 0.05.

4. Discussion

The no-tillage system has a very positive effect on many soil properties. It plays a key role
in increasing the organic C content in soil and limiting the evaporation of water from the field
surface [23,37]. As a result, it creates plants with optimal conditions for growth and high yield.
On moderately moist soils, such conditions are created by conventional tillage, while on dry and
semi-arid soils, better results are obtained by no-tillage [18,19,22,27,38,39]. Moreover, the no-tillage
system brings economic benefits, significantly reducing fuel consumption and labor consumption [40].
Nevertheless, opinions on no-tillage systems are divided. Many authors [13,41-47] indicate that the
no-tillage cultivation system is inseparably associated with the need for using non-selective herbicides.
Research shows that this may lead to the selection of species resistant to the herbicides used [48-50].
Soil cultivation also affects the obtained grain yield and its technological quality. In the studies of
Wozniak and Gos [21], the grain yield of spring wheat sown in CT was higher by over 13% than in NT
but did not affect the total protein content and wet gluten in the grain. In our experiment, the winter
wheat grain yield in the CT system was only 4.3% higher than in NT. Similarly, studies [28-30] showed
that the protein and gluten contents and sedimentation index values were more influenced by weather
conditions than tillage systems. However, soil cultivation systems were reported to affect grain
uniformity, ash content, and volumetric grain weight. The NT system increased the ash content of the
grain but decreased the grain weight by volume and uniformity. Similar dependencies were observed
in our experiment. The above indicates that the no-tillage system is recommended on areas with often
repeating water deficits and that the grain yield and quality obtained in this recommended system are
similar to those achieved in the conventional tillage system. Corresponding views were presented in
other numerous works [24,25,31,39,47,51].

5. Conclusions

The grain yield of winter wheat was affected to a greater extent by study years than by tillage
systems. The higher grain yield was obtained in the CT than the NT system and in the years with higher
sums of precipitation (in 2014 and 2016). Moreover, grain quality was more dependent on the course
of weather conditions in particular study years than on tillage systems. Study years differentiated
the grain weight by volume, total protein content, wet gluten content, sedimentation index value,
grain uniformity, and ash content of the grain. In turn, tillage systems differentiated grain uniformity
and total ash content. Winter wheat cultivation in the NT system increased the total ash content of
the grain and decreased grain uniformity compared to CT and RT systems. The tillage systems also
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affected soil properties. The no-tillage system increased contents of organic C, total N, and available
forms of potassium and magnesium in the soil compared to the conventional tillage system. The choice
of the tillage system should be driven by local soil and weather conditions.
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