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Abstract 

Long-term studies have shown that systematic use of organic and organo-mineral fertilization 

systems improves the nutrient regime of typical chernozem, resulting in differentiated distribution 

of phosphorus and potassium within the plow layer under prolonged minimal tillage. A tendency 

toward increased soil bulk density was observed in the 20 - 40 cm and 40 - 60 cm layers under 

continuous shallow loosening, in which density exceeded the upper limit of the optimal range (1.0 - 

1.3 g/cm³). Incorporation of manure and mineral fertilizers, compared with surface loosening, enables 

an additional annual sequestration of 0.3 - 0.4 t/ha of carbon - equivalent to 1.2 - 1.6 t of carbon 

dioxide. Based on the 20-year mean and maximum yields of silage maize, shallow loosening yielded 

10% less biomass than combined tillage across fertilization variants. Winter wheat after silage maize 

was only weakly affected by tillage method; under reduced production costs, shallow loosening is 

advisable. In favorable years, the straw-to-grain ratio in wheat increased significantly. Sugar beet 

showed a compensatory effect of fertilization that mitigated the negative impact of minimal tillage. 

Under near-optimal conditions, the ratio of main to by-product increased from 0.5 to 1.0. Under 

favorable hydrothermal conditions and natural soil fertility, as well as under long-term application 

of organic fertilization systems for soybean, minimal tillage proved suitable, whereas organo-mineral 

systems required combined tillage. Declines in long-term average productivity of soybean, spring 

barley, and pea under minimal tillage compared with combined tillage were observed only under 

specific fertilization variants. Under optimal moisture and temperature, the grain-to-straw ratio in 

soybean decreased. For winter wheat after pea, shallow loosening showed a tendency to outperform 

combined tillage, with a significantly higher grain-to-straw ratio in favorable conditions. Maize for 

grain responded more strongly to combined tillage, which exceeded shallow loosening by 6 - 10% 

depending on fertilization. In favorable conditions, the stalk-to-grain ratio increased markedly, 

especially under fertilized treatments. Among all studied crops, sugar beet productivity fluctuated 

the most in response to annual weather variation, while winter wheat after pea and grain maize 

fluctuated less. In terms of long-term average crop rotation productivity, minimal tillage was 4 - 8% 

lower than combined tillage at a 5% significance level. For livestock-oriented production systems 

with manure application, combined tillage is recommended. For crop-oriented systems, surface 

loosening is economically justified for all crops. 

Keywords: soil tillage; organic fertilization; organo-mineral fertilization; typical chernozem; carbon 

sequestration; soil bulk density; nutrient availability; crop productivity; crop rotation 
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1. Introduction 

The primary objective of soil tillage in modern agriculture is to create optimal conditions for 

sowing, as well as for the subsequent growth and development of crop plants [1–6]. At the same time, 

improving the profitability of agricultural production requires reducing the use of chemical and 

technogenic inputs without compromising crop yields or the overall productivity of crop rotations 

[7–9]. Consequently, increasing attention is being directed toward improving existing and 

developing new energy-efficient tillage technologies that consider their effects on soil agrochemical, 

hydro-physical, physicochemical, and other properties [10–12]. 

Within agricultural systems, soil tillage remains one of the most effective tools for controlling 

harmful organisms, particularly weeds [13–17]. Tillage practices are closely linked to erosion 

processes and the rate of soil organic matter mineralization [18–22]. When implemented rationally, 

tillage improves the availability of mineral nutrients and soil moisture for crop plants, thereby 

exerting a decisive influence on the final productivity of agroecosystems [23–26]. 

Many tillage-related challenges depend largely on the physical and physico-mechanical 

properties of soil, especially bulk density. These parameters should be kept as close as possible to 

optimal values - those that ensure favorable conditions for plant growth. Elevated soil density 

adversely affects gas exchange between soil and the atmosphere, as well as water absorption and 

evaporation processes [27–30]. When bulk density in the seedbed is maintained within optimal limits, 

particularly before sowing and during early growth stages, crops can achieve maximum yield 

potential. Therefore, reducing mechanical soil disturbance - including the adoption of no-till systems 

- requires achieving a state in which the soil’s equilibrium bulk density matches the specific biological 

requirements of the cultivated crop [31–37]. 

Thus, the development of an optimal tillage system for a crop rotation - taking into account local 

soil and climatic conditions, production specialization, and fertilization strategy - remains a highly 

relevant scientific and practical challenge. Of particular interest is assessing the long-term impact of 

different tillage systems on the properties of typical chernozem and on crop productivity in the Left-

Bank Forest-Steppe of Ukraine, where both crop- and livestock-oriented production systems are 

widespread. 

The objective of this study is to determine the direction and magnitude of changes in the 

properties of typical chernozem, crop yields, and the overall productivity of a representative crop 

rotation for the Left-Bank Forest-Steppe of Ukraine under prolonged application of minimal and 

differentiated tillage systems combined with organic and organo-mineral fertilization schemes 

corresponding to either crop-oriented or livestock-oriented agricultural production. 

2. Materials and Methods 

This study was based on data from a long-term stationary field experiment was established in 

1987 and continues to the present conducted at the Poltava State Agricultural Research Station named 

after M .I . Vavilov of the Institute of Pig Breeding and Agroindustrial Production of the National 

Academy of Agrarian Sciences of Ukraine, Poltava region, Ukraine (Figure 1). 

2.1. Site Characteristics 

The experimental soil is a typical chernozem containing 5% humus, with low plant-available 

nitrogen, moderate phosphorus availability, and elevated potassium levels. 

The crop rotation includes the following sequence: corn for silage → winter wheat → soybean 

→ sugar beet → barley → pea → winter wheat → grain corn. 

2.2. Tillage Systems 

Two primary tillage systems were examined: 

1. Combined system – moldboard plowing for row crops and shallow tillage to seed depth with a 

combined implement for other crops. 
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2. Shallow no-plow system – shallow tillage to seed depth for all crops using the same combined 

implement. 

 

Figure 1. Plan of the chernozem massif of the Poltava State Agricultural Research Station named after M .I . 

Vavilov of the Institute of Pig Breeding and Agroindustrial Production of the National Academy of Agrarian 

Sciences of Ukraine (Poltava region. Ukraine). Source: soil resources department. NSC ISSAR. Kharkiv. 

2.3. Fertilization Treatments 

Five fertilization systems were evaluated (Table 1): 

1. Control (C): no fertilizer 

2. Manure (M): 10 t/ha applied per crop rotation area 

3. Manure + N₅₂P₅₂K₅₂ (M + NPK) 

4. By-product (BP) 

5. By-product + NPK (BP + NPK) . 

Manure-based treatments model livestock-oriented production systems, whereas the control 

and crop-residue treatments simulate crop-oriented agriculture. 

2.4. Statistical Analysis 

Interannual variability of crop yields and crop rotation productivity was assessed using the 

coefficient of variation (V). calculated as: 

V =  
σ 

x 
100  . (1) 

where: V - the coefficient of variation (%). σ - the standard deviation of the parameter, and x - is its 

arithmetic mean. 

According to the accepted qualitative scale, the calculated coefficient of variation is interpreted 

as follows: below 15% – low variability; 15–30% – medium variability; above 30% – high variability [27]. 
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Table 1. Crop fertilization scheme in crop rotation. 

Fertilizer system 

corn for silage winter wheat  sugar beet  barley   peas winter wheat grain corn 
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Control (C): no 

fertilizer 

 

 -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -  

Manure (M): 10 t/ha⁻¹ 

applied per crop 

rotation area 

 -   -   -   -   -   -  40  -   -   -   -   -   -   -   -   -   -   -   -  30  -   -   -  

Manure + N₅₂P₅₂K₅₂  

(M + NPK) 
60 45 45 45 45 45 40 140 140 155 30 30 30  -  15 15 45 45 45 30 30 45 45 

By-product  

(BP)  
50   -   -   -   -   -   -  40  -   -  210  -   -  25  -   -  30  -   -   -  45  -   -  

By-product + NPK (BP + 

NPK) 
60 45 45 45 45 45  -  140 140 155 30 30 30  -  15 15 45 45 45  -  30 45 45 
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3. Results and Discussion 

Firstly, it is important to note that at the time of the experiment initiation, the content of easily 

hydrolyzable nitrogen compounds, available phosphorus, and exchangeable potassium in the 0-20 

cm soil layer averaged 155, 70, and 152 mg/kg, respectively, across the treatments. In the 20-40 cm 

soil layer, the values were 137, 58, and 124 mg/kg. Over the years of research, an improvement in the 

nutrient regime of typical chernozem was observed on all fertilization backgrounds, especially under 

minimum tillage systems, where nitrogen availability shifted from low to medium, and phosphorus 

and potassium availability increased to high and very high levels. 

One of the negative consequences of using minimum or zero tillage systems could be soil 

compaction. This compaction can be exacerbated by heavy machinery use, micro-relief features, soil 

structure, improper irrigation, or fertilizer application, leading to significant yield losses. High soil 

density hinders the normal development of plant root systems and restricts water movement down 

the profile, resulting in water saturation in the upper layers and oxygen deficiency for the roots. 

Additionally, soil compaction affects nutrient availability, particularly nitrogen and manganese. 

Under anaerobic conditions, denitrification can lead to significant nitrogen losses to the atmosphere. 

Addressing soil compaction due to over-tillage can result in a significant economic benefit, with yield 

increases of up to 20%. The optimal soil density for most agricultural crops is 1.0-1.3 g/cm3, and when 

the density exceeds the optimal range by 0.1 g/cm3, grain yield can decrease by 10-30% [38–42]. 

Studies on the impact of fertilization and soil tillage systems on the agrophysical properties of 

typical chernozem did not show significant changes in the equilibrium bulk density of the plowed 

soil layer, which ranged from 1.30 to 1.35 g/cm across the treatments. There was a tendency towards 

increased density in the 20-40 cm and 40-60 cm layers under systematic shallow tillage (Figure 2), 

exceeding the upper limit of the optimal range of 1.0-1.3 g/cm3 on all fertilization treatments except 

the control. This could be attributed to the formation of different moisture reserves below 20 cm due 

to the prolonged use of the soil loosening methods, possibly resulting from the formation or 

destruction of the plow sole. 

 

Figure 2. The impact of soil tillage systems on the bulk density of a 20-60 cm layer of typical chernozem. 

If traditional and minimum tillage systems have different effects on the agrophysical indicators 

of typical chernozem, it can be assumed that other properties may change over time [36,43–47]. For 
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instance, the tillage systems did not significantly affect the nitrogen and phosphorus content in the 

0-20 cm layer [48–50]. However, a trend towards lower levels of these nutrients was observed in the 

20-40 cm horizon under reduced tillage (Figure 3). Only the exchangeable potassium content was 

higher in the lower part of the profile under shallow tillage, likely due to its greater mobility 

compared to phosphorus. 

 

Figure 3. The impact of soil tillage systems on the nutrient content in a typical chernozem soil under regular 

application of manure and mineral fertilizers. 

On fertilized backgrounds, differentiation in the upper part of the soil profile was also observed 

in terms of total phosphorus content. Plowing resulted in higher phosphorus levels in the deeper 20-

40 cm layer and lower levels in the upper 0-20 cm layer compared to surface tillage. No such trends 

were observed for total nitrogen. 

All of these findings suggest that regarding the hydrophysical properties of the soil, the choice 

of tillage system and fertilization practices can have a significant impact on nutrient availability and 

soil compaction levels, ultimately affecting crop productivity . 

For both studied systems, the humus reserves in the 0-40 cm layer without fertilizers amounted 

to 277 t/ha. At first glance, it seems that systematic manure application is accompanied by an increase 

in organic matter content (Figure 4). It is logical that the organo-mineral fertilization system promotes 

increased crop yields in crop rotation and improves the humus status of typical chernozem due to 

additional accumulation of root and post-harvest residues, especially when using a combined soil 

tillage system. 

However, balance studies show that without fertilizer application in crop rotation, humus 

reserves in the 0-40 cm layer decreased by 5 t/ha, with the initial level of this indicator being 282 t/ha. 

Therefore, the manure fertilization system with surface distribution does not ensure the reproduction 

of the humus status of typical chernozem, while with the combined system, humus reserves are 

maintained at the initial level. In backgrounds with manure supplementation with mineral fertilizers, 

stabilization of organic matter reserves occurs with surface tillage and accumulation (5 t/ha) when 

using an organo-mineral fertilization system. In the latter case, this is explained by creating better 

conditions for humification processes due to a more uniform distribution of organic biomass with a 

narrow nitrogen-carbon ratio in the profile of the upper plowed layer. A similar but more pronounced 

direction of transformation processes of fresh organic matter is observed when using crop by-
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products as fertilizer. It is important to emphasize the equivalence of these tillage methods from this 

perspective. 

 

Figure 4. The impact of fertilization systems and soil tillage on humus reserves in the 0-40 cm layer of typical 

chernozem. 

As a result, it can be considered that tillage methods, under certain conditions, allow for effective 

carbon sequestration from the atmosphere in the soil. For example, the incorporation of manure and 

mineral fertilizers compared to surface tillage allows for additional annual sequestration of 0.3-0.4 

t/ha of carbon, equivalent to 1.2-1.6 t of carbon dioxide. It is clear that this aspect needs to be taken 

into account when assessing the feasibility of soil tillage technologies. 

Thus, minimizing soil tillage is accompanied by changes in various soil parameters, which 

should lead to deviations in the yields of individual crops from the background of the traditional 

combined system, especially regarding variable agrometeorological factors. In specific conditions of 

a particular year, one system may prevail over another in terms of favorability for growing a certain 

crop. To establish these peculiarities, the studied tillage technologies were compared based on: the 

average long-term and maximum yields of 7 crops on 5 fertilization backgrounds; the increase in crop 

productivity from the combined action of tillage methods and fertilizers compared to the natural 

fertility background; the ratio of main to by-product production. 

The analysis of the research results showed that both the average long-term and maximum corn 

silage yields were on average 10% lower with shallow tillage compared to combined tillage. The 

increase in average crop yield from fertilizers for both tillage methods was 1.2 times. In favorable 

growing conditions, fertilizers increased the green mass yield only with combined tillage. On all 

fertilization backgrounds, the productivity of crops in favorable conditions increased closer to the 

average long-term level with shallow tillage (Table 2). 

For winter wheat after corn silage, there is also a tendency for a decrease in its yield with shallow 

tillage (Table 3). Compared to other fertilization systems, the increase in both average and high yields 

compared to the control without fertilizers did not depend on the tillage method and was lowest with 

long-term manure application. at 1.1-1.2 times, and higher on other backgrounds. at 1.5-1.6 times. 
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Table 2. The impact of soil tillage practices on the yield of corn for silage under different fertilization systems. 

Yield Soil tillage 

Fertilization options 

C M 

M + 

NР

К BP 

BP + 

NP

K 

Average, t/ha 

Combined  
30.

8 

35.

8 40.1 

38.

2 39.5 

Shallow  
29.

0 

32.

0 35.4 

33.

6 36.4 

Difference . 

% -7 -13 -15 -8 -3 

The increase in average crop yield from 

fertilizers 

Combined   -  1.2 1.3 1.2 1.3 

Shallow   -  1.1 1.2 1.2 1.3 

Maximum, t/ha 

Combined  
65.

1 

75.

0 82.1 

70.

5 74.6 

Shallow  
69.

6 

65.

2 70.1 

65.

1 72.3 

Difference . 

% -6 -10 -12 -12 -8 

The increase in average crop yield from 

fertilizers 

Combined   -  1.2 1.3 1.1 1.1 

Shallow   -  0.9 1.0 0.9 1.0 

Maximum to average 
Combined  2.3 1.8 1.7 1.7 1.8 

Shallow  2.4 2.0 2.0 1.9 2.0 

Table 3. The impact of soil tillage practices on the yield of winter wheat after corn under different fertilization 

systems. 

Yield Soil tillage 

Fertilization options 

C M 

M + 

NРК BP 

BP + 

NPK 

Average, t/ha 

Combined  2.2 2.5 3.5 3.2 3.6 

Shallow  2.2 2.4 3.4 3.1 3.4 

Difference . % -2 -5 -3 -2 -4 

The increase in average crop yield from fertilizers 
Combined   -  1.1 1.6 1.5 1.6 

Shallow   -  1.1 1.6 1.5 1.6 

Maximum, t/ha 

Combined  3.7 4.8 5.6 5.4 5.9 

Shallow  3.7 4.5 5.6 5.3 5.7 

Difference . % 0 -6 0 -1 -5 

The increase in average crop yield from fertilizers 
Combined   -  1.3 1.5 1.5 1.6 

Shallow   -  1.2 1.5 1.4 1.5 

Maximum to average 
Combined  1.7 1.9 1.6 1.7 1.7 

Shallow  1.7 1.9 1.6 1.7 1.6 
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On the contrary, the ratio of high yield in a favorable year to the average long-term yield among 

other fertilization options (1.6-1.7) is wider against the background of manure, indicating an increase 

in its effectiveness under close to optimal hydrothermal conditions. Overall, it can be noted that for 

all investigated fertilization systems, winter wheat reacts weakly to tillage methods, and it is 

advisable to use shallow tillage with lower costs for its cultivation. 

From a technological point of view, as well as for conducting balance calculations, an important 

indicator is the ratio of straw to grain. According to average long-term yield data, this indicator varied 

within the range of 1.3-1.4 for fertilization and tillage options. However, in favorable conditions 

during the most productive year, this ratio significantly expands and reaches, depending on the 

tillage, 2.3-2.4 in the control, 1.8-2.0 with manure and by-products, and 1.5-1.8 for organo-mineral 

fertilization systems. 

For sugar beets, there is also a tendency to decrease both the average and maximum yields in a 

favorable year in terms of yield on the background of shallow tillage with an average level of 

fertilization by 10% (Table 4). It should be noted that the negative impact is significantly reduced with 

the prolonged use of plant fertilizer waste, and in close to optimal thermal and moisture conditions, 

it is completely neutralized. The average long-term growth coefficient of root yield compared to the 

control is 1.2-1.3 with manure and 1.6-1.8 with other fertilization options, indicating the mitigating 

effect of fertilizers on the negative impact of shallow tillage. In favorable hydrothermal conditions, 

similar but less pronounced patterns can be observed. Comparing the root yield in such conditions 

with the average long-term indicator, a higher growth rate can be noted in the variant without 

fertilizers, indicating an increase in the efficiency of sugar beet plants using the natural fertility 

background in favorable weather conditions. 

Table 4. The impact of soil tillage practices on the yield of sugar beets under different fertilization systems. 

Yield Soil tillage 

Fertilization options 

C M 

M + 

NРК BP 

BP + 

NPK 

Average, t/ha 

Combined  
25.

4 

31.

3 40.1 

39.

5 41.6 

Shallow  
21.

3 

26.

8 35.8 

36.

9 38.2 

Difference . 

% -16 -14 -11 -7 -8 

The increase in average crop yield from 

fertilizers 

Combined   -  1.2 1.6 1.6 1.6 

Shallow   -  1.3 1.7 1.7 1.8 

Maximum, t/ha 

Combined  
37.

6 

42.

8 52.7 

50.

5 52.9 

Shallow  
35.

4 

39.

8 43.4 

53.

8 53.6 

Difference . 

% -6 -7 -18 7 1 

The increase in average crop yield from 

fertilizers 

Combined   -  1.1 1.4 1.3 1.4 

Shallow   -  1.1 1.2 1.5 1.5 

Maximum to average 
Combined  1.5 1.4 1.3 1.3 1.3 

Shallow  1.7 1.5 1.2 1.5 1.4 
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The average long-term ratio of grain to straw in soybean crops was relatively stable at 0.4-0.5 in 

all study variants. However, under conditions close to optimal heat and moisture supply with control 

and organo-mineral fertilization, the ratio of main to side production increases to 0.9-1.0. It is known 

that this ratio is influenced by the soil nutrient regime, particularly nitrogen. It is evident that due to 

the increased biological activity of the soil under sufficient moisture conditions, a significant amount 

of nutrients is released even without fertilizers, leading to rapid biomass growth during vegetation. 

Conversely, with the systematic application of organic fertilization systems, especially using only a 

low-cost portion of the yield, excess nitrogen will be bound by soil biota in an environment with a 

wide C/N ratio, stabilizing this indicator at 0.4-0.5. 

Trends in decreasing the average long-term productivity of soybean crops with minimal soil 

tillage compared to combined tillage are observed only in specific fertilization options (Table 5). 

In favorable conditions, especially in the most productive years, the positive impact of reduced 

soil tillage on crop yield compared to traditional technology is mostly noted. The increase in yield 

compared to control in different fertilization and soil tillage variants varies significantly, which may 

be influenced by other plant growth and development factors. In favorable hydrothermal conditions 

on the natural fertility background, as well as with the prolonged use of organic fertilization systems 

for soybeans, it is advisable to prepare the soil using minimal technology, either with organic-mineral 

systems or combined systems. 

Table 5. The impact of soil tillage practices on soybean yield under different fertilization systems. 

Yield Soil tillage 

Fertilization options 

C M 

M + 

NРК BP 

BP + 

NPK 

Average, t/ha 

Combined  1.2 1.4 1.7 1.5 1.6 

Shallow  1.2 1.3 1.7 1.6 1.7 

Difference . % 1 -7 -1 3 9 

The increase in average crop yield from fertilizers 
Combined   -  1.2 1.5 1.3 1.3 

Shallow   -  1.1 1.4 1.3 1.4 

Maximum, t/ha 

Combined  1.9 2.2 3.1 2.6 2.3 

Shallow  2.2 2.7 2.8 3.1 2.8 

Difference . % 17 19 -10 21 18 

The increase in average crop yield from fertilizers 
Combined   -  1.2 1.6 1.3 1.2 

Shallow   -  1.2 1.2 1.4 1.2 

Maximum to average 
Combined  1.6 1.6 1.8 1.7 1.5 

Shallow  1.9 2.0 1.6 2.0 1.6 

Based on long-term yield data, the grain-to-straw ratio in soybean crops mostly stands at 1.4 

across variants, with a tendency to expand under shallow tillage, particularly against the systematic 

application of fertilizers from by-products (1.6). Unlike previous winter wheat and sugar beet crops, 

under conditions close to optimal heat and moisture supply, the grain-to-straw ratio in soybeans does 

not expand but rather narrows to 0.9-1.2. 

In the most productive year with active microbiological processes in the soil, combined tillage 

has an advantage only in variants with manure application, indicating the need for plowing it in after 

application. This position is also supported by the fact that the increase in barley grain yield under 

manure fertilization systems is always significantly lower against the backdrop of shallow soil tillage 

(Table 6). Moreover, the degree of yield increase in favorable conditions compared to average data is 

also noticeably higher when plowing in manure. 
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Table 6. Impact of soil tillage practices on the yield of spring barley under different fertilization systems. 

Yield Soil tillage 

Fertilization options 

C M 

M + 

NРК BP BP + NPK 

Average, t/ha 

Combined  1.7 2.2 2.7 2.6 2.7 

Shallow  1.7 2.0 2.7 2.5 2.7 

Difference . % 1 -9 -1 -5 0 

The increase in average crop yield from fertilizers 
Combined   -  1.3 1.6 1.5 1.6 

Shallow   -  1.1 1.5 1.5 1.6 

Maximum, t/ha 

Combined  3.0 4.5 4.9 4.6 4.7 

Shallow  3.2 3.2 4.6 5.0 4.7 

Difference . % 9 -28 -7 8 0 

The increase in average crop yield from fertilizers 
Combined   -  1.5 1.7 1.6 1.6 

Shallow   -  1.0 1.4 1.6 1.5 

Maximum to average 
Combined  1.7 2.0 1.8 1.8 1.7 

Shallow  1.9 1.6 1.7 2.0 1.7 

In most studied variants, the grain-to-straw ratio of barley ranges from 1.3 to 1.4. There is also a 

tendency for a slight expansion of this indicator in close to optimal hydrothermal conditions. 

Both based on average long-term yield data for peas and data from a single most productive 

year, a trend towards a 5-10% advantage of the combined tillage system over minimized tillage is 

observed on almost all fertilization backgrounds (Table 7). 

Table 7. The impact of soil tillage practices on pea yield under different fertilization systems. 

Yield Soil tillage 

Fertilization options 

C M 

M + 

NРК BP BP + NPK 

Average, t/ha 

Combined  2.4 2.6 3.0 2.8 2.8 

Shallow  2.2 2.5 2.7 2.6 2.7 

Difference . % -6 -6 -10 -5 -7 

The increase in average crop yield from fertilizers 
Combined   -  1.1 1.2 1.2 1.2 

Shallow   -  1.1 1.2 1.2 1.2 

Maximum, t/ha 

Combined  3.9 5.1 4.6 4.0 4.4 

Shallow  3.3 4.9 4.1 4.0 4.2 

Difference . % -15 -4 -10 0 -3 

The increase in average crop yield from fertilizers 
Combined   -  1.3 1.2 1.0 1.1 

Shallow   -  1.5 1.3 1.2 1.3 

Maximum to average 
Combined  1.6 1.9 1.6 1.5 1.5 

Shallow  1.5 2.0 1.6 1.5 1.6 

The average yield of this crop is almost independent of the fertilization system except for after 

manure application, with a significant negative difference compared to other backgrounds where the 

productivity coefficient ranges from 1.2 to control. It is difficult to explain why this fertilization 
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system resulted in significantly higher grain yield in a favorable year compared to other variants. 

Consequently, the productivity increase of peas from optimizing growing conditions in the context 

of an organic fertilization system with manure reaches 100% compared to 50-60% in other options. 

The grain-to-straw ratio in peas, according to average multi-year yield data, is usually around 

1.1, with fluctuations between 1.0-1.3. In favorable years, there is a tendency for this ratio to expand 

to 1.3-1.5, except for the organic system with manure - 1.1. 

Unlike other crops, winter wheat after peas, both in terms of average and high yields, practically 

does not respond to soil tillage practices under all fertilization options (Table 8). There is even a 

tendency towards shallow tillage. Similar to peas, the organic system with manure stands out with 

significantly lower yields and growth coefficients compared to the control. It is evident that in 

favorable conditions, during the most productive year, the positive effect of peas as a predecessor is 

enhanced by the high yield on the control and the low growth coefficient under almost all studied 

fertilization systems. The role of practices close to optimal regimes is evident in the significant 

increase in wheat productivity compared to average multi-year data, indicating a low frequency of 

such conditions. 

Assessment of the grain-to-straw ratio based on average multi-year yield data suggests that 

systematic application of fertilizers to utilize the entire low-value portion of crop yields in crop 

rotation can contribute to expanding this ratio from 1.3-1.4 to 1.4-1.5, and even up to 1.7-2.2 under 

conditions close to optimal. There is also a trend towards increasing this ratio with shallow tillage. 

Table 8. Influence of soil tillage practices on winter wheat yield after peas under different fertilization systems. 

Yield Soil tillage 

Fertilization options 

C M 

M + 

NРК BP BP + NPK 

Average, t/ha 

Combined  3.0 3.4 3.9 3.8 3.8 

Shallow  3.2 3.4 3.9 3.9 3.9 

Difference . % 6 0 1 2 2 

The increase in average crop yield from fertilizers 
Combined   -  1.1 1.3 1.3 1.3 

Shallow   -  1.1 1.2 1.2 1.2 

Maximum, t/ha 

Combined  5.1 5.2 5.6 5.7 5.2 

Shallow  5.0 5.5 5.7 5.6 5.9 

Difference . % -3 7 1 -1 12 

The increase in average crop yield from fertilizers 
Combined   -  1.0 1.1 1.1 1.0 

Shallow   -  1.1 1.1 1.1 1.2 

Maximum to average 
Combined  1.7 1.5 1.5 1.5 1.4 

Shallow  1.5 1.6 1.5 1.4 1.5 

Unlike other cultures, crop rotation in all studied fertilization systems has a lesser impact on the 

grain yield of corn (Table 9). The increase in yield compared to the control ranges from 1.1 to 1.2, 

which is clearly related to biological characteristics and the ability to more fully utilize the available 

soil-climatic potential. The crop responds better to a combined tillage system, which results in a 6-

10% higher grain yield compared to shallow tillage in the fertilization variants. In conditions close to 

optimal, in the most productive year, this advantage is maintained only when using fertilization 

systems with manure application. In such conditions, against the natural fertility background, the 

productivity of corn crops is 10% higher with minimal tillage, at 8.1 compared to 7.4 t/ha in the 

combined tillage system. The increase in crop yield in a favorable year compared to average multi-

year yield data was higher with shallow tillage in all studied fertilization systems. 
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Table 9. The impact of soil tillage practices on the grain yield of corn under different fertilization systems. 

Yield Soil tillage 

Fertilization options 

C M 

M + 

NРК BP BP + NPK 

Average, t/ha 

Combined  47 52 54 54 55 

Shallow  43 47 51 49 51 

Difference . % -8 -10 -6 -8 -7 

The increase in average crop yield from fertilizers 
Combined   -  1.1 1.2 1.2 1.2 

Shallow   -  1.1 1.2 1.1 1.2 

Maximum, t/ha 

Combined  74 91 99 86 84 

Shallow  81 83 97 87 87 

Difference . % 10 -9 -2 2 4 

The increase in average crop yield from fertilizers 
Combined   -  1.2 1.3 1.2 1.0 

Shallow   -  1.0 1.2 1.1 1.1 

Maximum to average 
Combined  1.6 1.7 1.8 1.6 1.5 

Shallow  1.9 1.8 1.9 1.8 1.7 

The average grain-to-stem ratio of corn yield varies depending on the fertilization methods, 

ranging from 1.7 in most cases to 2.1 in favorable conditions. The control group without fertilizers, 

as well as the organo-mineral fertilization system with incorporation of crop residues in crop rotation, 

show ratios of 2.6 and 2.5 respectively, with a tendency to decrease under shallow soil tillage. 

The research results indicate significant fluctuations in crop yields under the influence of various 

factors. The coefficient of variation in crop productivity across different years and under different 

fertilization and soil tillage systems is high, reflecting the impact of variable weather conditions on 

plant growth and development. Sugar beets show the highest variability in productivity (50%), 

followed by winter wheat, peas, and grain corn (30%). 

Shallow tillage increases the yield variability of silage and grain corn, while reducing it for 

soybeans. Organomineral fertilization systems tend to reduce variability, especially for winter wheat 

in both crop rotations. 

Due to the high year-to-year instability in hydrothermal conditions, the overall productivity of 

crop rotation fluctuates to a lesser extent across years. The coefficient of variation for this indicator 

ranges from 15-18% for fertilization systems and 13% for the control group without fertilizers. Crop 

rotation plays a crucial role in responding to different factors, with a more diverse crop rotation 

system enhancing agricultural sustainability. 

In terms of the average long-term productivity of crop rotation, shallow tillage lags behind 

combined systems by 4-8% with a 5% confidence level (Table 10). The systematic application of 

manure with shallow tillage results in lower feed unit output compared to combined tillage systems, 

likely due to the varying quality of organic fertilizer incorporation into the plow layer. The drawbacks 

of minimizing tillage are offset by the use of crop residues as fertilizer. Optimizing hydrothermal 

conditions can increase the average long-term productivity of crop rotation by 1.6-1.8 times across all 

tillage and fertilization variants to a level of 6-7 t/ha. 

The use of manure fertilization systems increases crop productivity in crop rotation by 0.2 t/ha 

compared to shallow tillage. This translates to an additional profit of 400 UAH/ha for winter wheat. 

However, fuel costs are higher by 5 liters/ha in the first case, equivalent to 150 UAH/ha. This indicates 

that for livestock specialization with the production of a significant amount of organic animal-based 

fertilizers, it is beneficial to use a combined tillage system. For crop-oriented agricultural production 

to save fuel across all crops, surface tillage should be applied. 
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Table 10. The Impact of Soil Tillage Practices on Crop Rotation Productivity under different fertilization systems. 

Yield Soil tillage 

Fertilization options 

C M 

M + 

NРК BP BP + NPK 

Average, t/ha 

Combined  3.2 3.6 4.2 4.1 4.2 

Shallow  3.0 3.4 4.0 3.9 4.1 

Difference . % -5 -8 -6 -5 -4 

The increase in average crop yield from fertilizers 
Combined  - 1.1 1.3 1.3 1.3 

Shallow  - 1.0 1.3 1.2 1.3 

Maximum, t/ha 

Combined  5.4 6.5 7.2 6.5 6.6 

Shallow  5.5 6.0 6.7 6.6 6.7 

Difference . % 3 -7 -7 1 2 

The increase in average crop yield from fertilizers 
Combined  - 1.2 1.3 1.2 1.2 

Shallow  - 1.1 1.2 1.2 1.2 

Maximum to average 
Combined  1.7 1.8 1.7 1.6 1.6 

Shallow  1.8 1.8 1.7 1.7 1.7 

4. Conclusions 

Soil tillage methods under different fertilization systems significantly affect certain properties of 

typical chernozem soil. Shallow tillage tends to increase subsoil density, differentiate the upper 

horizon by nitrogen, phosphorus, and potassium content, and increase humus reserves. 

Of the studied crops, only winter wheat almost does not respond to tillage methods, especially 

after peas, due to the time gap between previous plowing and better nitrogen conditions. Shallow 

tillage reduces the yield of spring crops relative to plowing, especially in systems with systematic 

manure application. This is likely due to the reduced efficiency of organic fertilizers with surface 

distribution without incorporation, resulting in uneven mixing with the plowed soil layer. 

In favorable moisture conditions, the negative impact of shallow tillage is mitigated by the 

systematic use of crop residues as fertilizer for sugar beets, corn, peas, and barley cultivation. This 

can be explained by the positive effect of mulch from previously left fertilizer by-products, which 

decompose faster in favorable hydrothermal conditions, releasing additional macro- and 

microelements. Soybeans always respond well to straw fertilization under both studied soil tillage 

systems. 

The increase in crop productivity from different fertilization systems varies significantly across 

crops, depending on favorable conditions and soil tillage systems, with crop rotation productivity 

mostly ranging from 1.2 to 1.3. A favorable year for feed output exceeds average long-term levels by 

1.7-1.8 times. 

The use of manure fertilization systems increases crop productivity in crop rotation by 0.2 t/ha 

compared to shallow tillage. This translates to an additional profit of 400 UAH/ha for winter wheat. 

However, fuel costs are higher by 5 liters/ha in the first case, equivalent to 150 UAH/ha. This indicates 

that for livestock specialization with the production of a significant amount of organic animal-based 

fertilizers, it is beneficial to use a combined tillage system. For crop-oriented agricultural production 

to save fuel across all crops, surface tillage should be applied. 

In certain conditions, tillage methods allow for effective carbon sequestration in the soil, which 

should be considered when evaluating the feasibility of soil tillage technologies. 
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