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Abstract: Applying appropriate tillage systems, agro-technical and ameliorative measures can stop the negative changes in soil functions 

and stabilize and improve soil fertility through a systematic agro-technical approach. 

The aim of the study is to investigate the effect of the introduction of new solutions in agro-technology on cultivation of arable crops on soils 

with impaired fertility. In a three-field crop rotation with potato, wheat and corn cultivation, after the application of soil tillage and liming 

systems, it has been found that soil tillage systems have a direct and indirect impact on the productivity of crops grown under crop rotation, 

setting the conditions for the cultivation of crops other agrotechnical activities. 

The deeper basic cultivations applied to the potatoes on Chromic Luvisosl and EutricPlanosols, leads to lower values of bulk density and 

strength. 

Potato cultivation has a significant effect on both limestone and ash input, with a positive effect on corn and wheat. 

On the basis of the results obtained from the field experiments, a technology for the production of potatoes and wheat grown in a three-field 

crop rotation on soils with medium to highly acidic reaction of the soil solution - Chromic Luvisosl and EutricPlanosols in the study area is 

recommended. 
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Introduction 
Applying appropriate tillage systems, agro-technical and 

land reclamation measures can stop the negative changes in soil 

functions and stabilize and improve soil fertility through a 

systematic agro-technical approach to achieve a sustainable level of 

productivity. 

By evaluating the variants studied for the main agro-

technical factors (tillage, fertilization, precursor, irrigation regime), 

using modern mathematical methods and models, it is possible to 

achieve optimization of agricultural production technologies and 

making optimal decisions for good agricultural practice. on soils 

with impaired fertility. 

The aim of the study is to investigate the effect of 

introducing new solutions in agro-technology on cultivation of 

arable crops on soils with impaired fertility. 

 
Material and Methods 
In order to achieve this goal, a field experience of 

production areas near Ihtiman, Sofia region, was deduced by the 

method of long plots on two soil differences with two production 

sections of 0,55 ha each. 

The Chromic Luvisosl in the territory of the village of 

Zhivkovo - Ihtiman is characterized by a shallow plowed horizon 

with a light mechanical composition, dominated by coarse sand. 

The silt fraction is only 18%.Due to this fact, thick soil bark is 

formed on dry surface conditions. The bulk density of maximum 

moisture content (MMC) in the orbit is 1.45 g/cm-3 high and the 

relative mass is 2.65-2.70. The soil is low humus content - about 

2%, poorly stocked with macronutrients. 

EutricPlanosolsin this area are characterized by strong 

profile differentiation. In the humus horizon, the silt and physical 

clay content were 8.7% and 18.2%, respectively, while in the 

transitional B1 horizon it was 54.3% and 62.3%, respectively. 

Moisture content of MMC in the transitional horizon is also 

distinctive, and the bulk density of soil is high - 1.47 g /cm-3. 

The factors tested were: 

• Sowing - Two crop rotations have been developed 

(Scheme 1). 

 

Scheme1. Crop rotation and fertilizationon Chromic Luvisols and Eutric Planosols 

Years 2011-2012 2012-2013 2013-1014 

Crop rotation 

first crop rotation 

 

Potatoes 

N16P16K10 

Wheat 

N14P10 

Maize 

N16P10 

second crop rotation Wheat 

N14P10 

Potatoes 

N16P16K10 

Wheat 

N14P10 

 

The narrow specialization of the producer in potato 

production is the reason that on an area of about 200 ha they are 

grown in two-field potatoes and wheat. Due to the genetic basis of 

soils and the fact that potatoes extract many nutrients, the trial of 

three-field crop rotation of potatoes-wheat-maize was included. 

• Soil cultivation - two variants of soil tillage systems 

have been developed for the two crop rotation schemes (Schemes 3 

and 4). The aim is with deeper treatments to achieve a deepening of 

the humus horizon, and in the case of theEutricPlanosols the 

approach is to make it gradual - O1 variant of second crop rotation 

(Scheme 4). 

Scheme 3. Soil tillage systems in first crop rotation 

Order 

№  

Crop Years Soil tillage systems 

Variant О1 Variant О2 

1. Potatoes 2011-2012 Plowing 30-35 cm Loosening 35-40 cm 

2. Wheat 2012-2013 Discing 10-12 cm Discing 10-12 cm 

3. Maize 2013-2014 Loosening 20-25 cm Loosening30-35 cm 

 

Scheme 4. Soil tillage systems in second crop rotation (two-shelf) 

Order 

№  

Crop Years Soil tillage systems 

Variant О1 Variant О2 

1. Wheat 2011-2012 Plowing  18-20 cm Discing 10-12 cm 

2. Potatoes 2012-2013 Loosening 35-40 cm Plowing 30-35 cm 

3. Wheat 2013-2014 Discing 10-12 cm Plowing 16-18 cm 
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The Badallini LS tiller was used for loosening and the Kverneland-BE100 plow for the autumn plowing. The pre-sowing treatments for 

wheat were performed with a Lemken-6M plow and a KUHN Diskover XM-40 disc harrow. 

  

Table 3. Neutralizing ability for sample No1 / limestone fraction 0-4/for sample No 2/ lime ash/ 

№ Description Neutralizing ability 

  Mequ. / 100 grams 

 of lime material 

[   n  ] 

grams lime material/1Mequ. 

1 limestone 0-4 mm 2180 0,0460 

2 lime ash 2020 0,0495 

3  calcium carbonate 2000 0,0500 

 

• Lime-limestone lime -8 t /ha and lime ash - 6 t /ha. 

The control was determined by the neutralizing ability of pure 

calcium carbonate. 

 The preliminary study characterizes the materials with a 

neutralizing capacity for the 0-4 mm 2180 mequ limestone and for 

the 2020 mequ lime ash, ie. they are proven to be suitable for 

acidification of acid soils (Pearson, 1975). 

• Determination of water-physical indicators:- moisture 

content by weight % and volume density in g/cm-3 - by Kaczynski's 

weight method, in layers through 10 cm to a 60 cm depth with rings 

of 100 cm-3 volume; 

- soil strength - with a DORNY type hardness tester, with 

a cone angle of 30◦, in layers through 5 cm to a depth of 40 cm; 

• mobile forms: nitrogen - by the method of Bremner and 

Kiney; phosphorus - by the method of P. Ivanov; potassium by the 

method of P. Ivanov; 

• soil solution (pH) reaction - potentiometric in water and 

potassium chloride; 

•  content of organic matter in the soil - according to 

Tyurin; 

 •  productivity - basic and additional production of the 

cultivated crop (t/ha); 

- structural analysis of the production obtained - grain and 

vegetable mass taken from metrics of 14 m-2 for maize and 1 m-2 for 

wheat: 

The mathematical and statistical analysis of the 

experimental data was performed with the SPSS statistical program. 

 

 

 

 

 Results and discussion 
The experimental areas in the first year provided for 

winter cereals were sown with wheat in order for the predecessor of 

both experimental plots to be the same. 
 The pre-sowing treatment for the wheat involves a two-

fold disking of 10-12 cm and 6-8 cm depth in all the test sections. 

The sowing was carried out with sowing rate of 550-600 pcs. seeds 

/m-2, used Sadovo -1 variety with proven good productivity in the 

area. 

One of the main tasks of soil cultivation is to maintain its 

physical condition within the optimum range. In our case, this is 

necessary since some overlap is found below the treatment area. 

The values of the instantaneous moisture content in the soil, the 

bulk density and the strength of the soil in the phases of wheat 

breeding and class formation were established, and in the case of 

potatoes in the phases of the 3rd leaf and flowering of the plants. 

The humidity of the soil in the dewatered phase is 70% in 

the Chromic Luvisols. The variations in moisture content between 

variants are up to 2.5%, within the limits of statistical error. 

Humidity values increase with the depth of the test profile. 

For Chromic Luvisols, the tillage options have a higher 

humidity of 2.3% to 3.6% than the variants of the disc. In 

EutricPlanosols, differences in layers of 30-40 cm and 40-60 cm at 

p <1% have been demonstrated. 

 Soil moisture in the variants with discing is below 13% 

across the entire profile.In the test potato sections, a humidity level 

of over 70% of the MMC was maintained. Of note is the rapid 

drying of the soil in the surface layer, due to the high content of 

coarse sand, as well as the tendency of better movement of water in 

the depth of the plots with loosening of more than 40 cm depth (Fig. 

1). 

 

 
Fig. 1. Moisture content in weight% on average over the study period 

  

 In the case of soil with less leaching (Verinsko block), the 

moisture is proven to be higher than that of the more Chromic 

Luvisols.  

In Fig. 2. the values for the bulk density of the two soil 

differences are the subject of our study. Significant compaction in 

the 30-40 cm layer was found. In the plow layer, the bulk density of 

the soil has values that are close to optimal. The values in the 

subsoil exceed the equilibrium density and limit the penetration of 

the roots of the plants in depth. The thickening in the 30–40 cm 

layer of the EutricPlanosols is significant - 1.55 g/cm-3. 
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Fig. 2. Bulk density of soil in g/cm-3 averaged over the study period 

 

 The volumetric values of the two soil differences - 

Chromic Luvisols and EutricPlanosols in potato cultivation are 

lower than those found in wheat crops. The values for the maize 

cultivation parameter have an intermediate level. It was found that 

in the summer, in both soil differences, there was a significant 

compaction in the 30-40 cm layer. 

The values in the subsoil exceed the equilibrium density 

and limit the penetration of the roots of the plants in depth. 

 When sown with potatoes on the heavily leached soil, the 

bulk density in the plow layer is up to 1% higher than the less 

leached soil (pumping station plot). With relatively good 

humidification (about 70% of MMC), the bulk density values are 

high. The inverse correlation between the two parameters is 

strongly expressed in the wheat crop, especially in the areas under 

discing, where values are high for the whole layer 0 - 40 cm. The 

thickening in the layer 30–40 cm is the strongest - 1.60 to 1.68 g 

/cm-3. 

 The soil bulk density of the test area with wheat was 

significantly higher in the variants,  

where a basic tillage of 30-35 cm depth was applied 

against the precursor, with the highest density in the area of the 

plow heel - by 0.08 to 0 , 13 g / cm3. 

 The soil strength of the Chromic Luvisols is the parameter 

with the most dynamic changes during the study period. The values 

for the indicator of the experimental areas with pre-sowing wheat 

are high - in the layer 10–15 cm - up to 94.08 kg /cm-2, and in the 

layer 30–40 cm - up to 99.60 kg /cm-2. In the EutricPlanosols, the 

values in the 15–25 cm layer are highest - from 99.80 to 101.36 kg 

/cm-2 (Fig. 3). 

The very low values of the parcels of potatoes, mostly 

after the loosening, are striking. For plowing, the values increase 

with evidence at 0.1% for the layers 10 - 20 cm and 30 - 40 cm. 

The values of the parameter after wheat are very high, 

with strength reaching 125.20 kg /cm-2 in the deepest layer. This 

physical condition of the soil does not significantly affect the 

productive potential of wheat, as spring conditions are conducive to 

its development. 

 

 
Fig. 3. Soil strength in kg / cm2 averaged over the study period 

 

 In the Ihtiman region, a deeper basic treatment has been 

applied to the potatoes, both on Chromic Luvisols and 

EutricPlanosols. Its influence on the physical characteristics of the 

soil differences is established by the measured lower values for bulk 

density and strength. 

The impact of the tillage system on soil fertility is 

assessed by changes in nutrient content and  

their accessibility to plants. 

 The results of soil samples taken in the first year for 

agrochemical analysis show a difference in the content of mobile 

forms of the macronutrients as well as in the reaction of the soil 

solution. 
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During the last year of the experiment, the Chromic 

Luvisols in Ihtiman found a good nitrogen content due to the 

systematic application of nitrogen fertilizer (Table 4). During the 

study period, calcium ammonium nitrate (CAN) fertilizer had a 

positive effect not only on crop development but also on their 

productivity. In the experimental plots of the Verinskoblock, the 

content of 4.6 mg /kg soil in the CAN fertilized variants is higher 

than those of urea fertilized, which is explained by the improvement 

of the soil solution response. What is striking is the small amount of 

mobile phosphorus at the experimental sections in Ihtiman, where 

fertilization is high. 

After potatoes, the soil remains slightly better stocked 7.4 

to 12.3 mg /100g soil, whereas after wheat the content is lower. 

Fertilization, on the one hand, clearly cannot compensate for 

exports with the production obtained, and on the other, the acidic 

reaction leads to an increase in the share of undigested phosphorus. 

This finding is based on the fact that in the higher pH variants of the 

Verinsko block, Phosphorus in the soil has more than 2.0 mg / 100g 

of soil more than the control. 

In the Chromic Luvisols, the mobile forms of potassium 

are satisfactory, despite regular application of mineral fertilizer. As 

a potato-loving crop, potatoes extract large amounts that cannot be 

compensated for when grown. Therefore, it is necessary to move 

from two regiments to the cultivation of another trench culture. 

Analyzes made show that in both variants of liming an 

increase in the reaction of the medium was achieved. The effect of 

reclamation is also noticeable in the lower 30-60 cm soil layer. The 

increase in soil pH is related to the reaction of the strong acetoite, 

with its hydrogen ions being replaced by exchange bases (Ganev, 

1992). 

Ameliorants used: limestone and ash are high in Ca 

content, leading to enrichment of soil with mobile calcium. The 

calcium in the control variant is 11.6 meq / 100g. An increase in Ca 

was observed relative to the control, as in the ash variant the 

exchange Ca reached up to 21.5 meq /100 g, and in the limestone 

vol. It is 14.8 meq /100g. 

Calcium is an important antagonist of toxic elements, and 

in this case improves calcium nutrition. Variation of arable soil 

enhances the fixation of atmospheric nitrogen, limits nitrogen losses 

in the form of volatile nitrogen oxides and increases the fixation of 

ammonium nitrogen by clay minerals. 

The results obtained for the production of the cultivated 

crops are a summary of the level of applied agricultural technology 

and the conditions for cultivation of the crops. In 2011, the yields 

obtained from the experimental areas occupied with wheat were 

recorded. As the autumn preparation for the potatoes was carried 

out according to the methodological setting, the productivity of this 

crop was established in the following 2012. 

 

Table 4. Agrochemical soil analysis in the third year of the experiment 

Sample 

number 

Field plots and 

terrain 

Depth of 

layer 

cm 

pH we absorb 

N mg/kg 

P2O5 K2O Humus 

% H2O KCL mg/100g 

1. pumping station Т2О1 0-30 5,30 4,10 42,00 7,40 9,80 2,70 

2. pumping stationТ2О1 30-60 5,20 4,00 37,40 3,40 8,80 2,30 

3.  golden rain A.Т1V1 0-30 5,70 4,60 38,60 12,30 9,20 2,50 

4. golden rain A. Т1V1 30-60 5,70 4,50 29,40 2,40 9,00 2,40 

5. golden rain A. Т1V2 0-30 5,90 4,70 24,80 3,70 11,0 2,70 

6. golden rain A. Т1V2 30-60 5,50 4,30 23,60 3,40 8,50 2,30 

7.  variant Т1(control) 0-30 5,50 4,20 30,50 5,10 8,80 2,70 

8.  variant Т1(control) 30-60 5,50 4,30 29,40 5,20 6,30 2,70 

9. plots road ISWТ2О1 0-30 5,0 4,00 54,70 9,20 10,70 2,90 

10. plots road ISWТ2О1 30-60 4,90 3,90 45,50 8,50 9,70 2,00 

11. land Verinsko Т1О1 0-30 6,00 5,10 32,80 9,20 15,20 2,80 

12. land Verinsko Т1О1 30-60 6,30 5,30 25,90 8,80 13,30 2,50 

13. land Verinsko Т2О1 0-30 5,70 4,40 21,30 8,70 9,30 2,30 

14. land Verinsko Т2О1 30-60 5,90 4,70 28,20 5,60 6,40 2,20 

 
The conducted analysis of variance of the data shows 

statistical evidence of the influence of crop rotation, fertilization 

and their joint effect on the total variation of the data in the 

experiment (at probability level P <0.1%). The processing system, 

as well as the mutual influence of the tested factors, have no proven 

impact (Table 4).From the experimental sections in Ihtiman, the 

yield of wheat, which is a precursor to the potatoes that are the 

subject of study next year, is reported. 

 
Table 4. Variance analysis of wheat yield in kg/ha for 2011 

Source of variation Sum of Squares Sum of Sq. 

% 

df Mean Sq.. F-rate Sign.Level(

p) 

Сrop rotation (S) 31380.553 2.07 1 31380.553 45.812 <0,1 

Tillage system (T) 2920.767 0,19 2 1460.383 12,132 <1,0 

Fertilization (F) 1419354.501 93.57 2 709677.251 1036.049 <0,1 

S*T    2119.306 0.14 2 1059.653 11.547 <0,1 

S* F 20185.207         1.33 2 10092.604 14.734 <0,1 

T * F 1682.990 0.11 4 420.747 0.614 - 

S * T * F 2219.010 0.15 4 554.753 0.810 - 

Error 36989.145 2.44 54 684.984   

Total  1516851.479  71    
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LSD5  % =123,684     LSD 5%  =151,484 

 LSD 1  % = 164,707     LSD  1% =201,726 
LSD 0,1% =214,674    LSD 0,1% = 262,924 
 
Once the fertilization rates have been harmonized with the 

feeding done, the differences in yields obtained are mainly due to 

the type of processing - plowing and discing. Yields were obtained 

ranging from 3800,5 kg / ha to 4232,5 kg / ha. 

In the second year, in spite of the extreme climatic 

conditions, the necessary germination of the crops in the 

experimental areas and the successful harvesting of the 

experimental plots were ensured.High yields from both crops were 

obtained from the experimental sites in Ihtiman. For potatoes, 

maintaining relatively optimal humidity and fertilizing are major 

factors affecting crop productivity. After loosening the soil, from 

2020 to 2430 kg /ha more potatoes were obtained compared to those 

obtained from arable land. 

 

 

 
Fig. 4.Potato and wheat yield in kg /ha Ihtiman 2013 

  

Wheat yields from 80 to 100 kg / ha of grain more when 

plowed (Fig. 4). In the case of foliar application, productivity 

increased by 170 to 800 kg /ha depending on the tillage applied. 

The conducted analysis of variance of the data shows 

statistical proof of the influence of crop rotation, fertilization and 

their joint effect on the total variation of the data in the experiment 

(at probability level P <0,1%). The treatmentsystem, as well as the 

mutual influence of the test factors,also have a proven impact on the 

yields of the crops on the test areas.The results of the variance 

analysis of potato yield data cultivated in the Ihtiman region show 

that the variation has a statistically significant effect on the yields 

obtained (p <0.1%). The differences in yields obtained from the 

control (no fertilization and no liming - F0) and the other 3 variants 

(fertilizing and liming F1, liming limestone F2 and liming ash F3) 

were statistically proven at 0.1% probability. 

 The influence of fertilization is indisputable - 5830.5 

kg / ha of potatoes were obtained in the case of non-lime 

fertilization, while only 2750.25 kg / ha was obtained for the one 

without fertilization and without lime. 

  

 
Fig. 5. Grain yield of maize and wheat in kg /ha – 2014 

Сrop 

rotation 

Mean 

1 4290,82 

2 3873,29 

Tillage Mean 

1 4170,60 

2 4023,47 

3 4052,10 
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The variation in potato cultivation is statistically 

significant in both limestone and ash input, although the difference 

in yields obtained with the two enhancers has not been 

demonstrated. In the last year, relatively high yields of maize and 

wheat have been obtained (Fig. 5). 

The maize yields are higher than the CromicLuvisols on 

average about 500 kg / ha. From the tillage systems tested, after 

loosening at a depth of more than 30 cm, a higher yield of 717,5 kg 

/ha and 592,5 kg /ha was obtained, respectively, in the Chromic 

Luvisols and EutricPlanosols. 

For the study area, the productivity level is good, with the 

dispersion analysis establishing the major contribution of 

fertilization, then irrigation, and the influence of the soil tillage 

system to a lesser extent. 

From wheat, the highest grain yield was obtained by 

plowing the experience on the Chromic Luvisols - 6047,5 kg /ha. In 

EutricPlanosols, the yield obtained is lower by 657,5 kg /ha and 

347,5 kg / ha, respectively, according to the type of treatment 

applied. Compared to corn yields, the differences between the two 

tillage systems are lower for wheat - 565 kg /ha and 255 kg /ha 

respectively for the two soils studied. 

From wheat under the variants of loosening against the 

potato precursor and using CAN fertilization and foliar feeding, 

productivity increased by 320 to 460 kg/ha, which confirms the 

correct choice of fertilizers and agro-technical measures. 

In both cultures, the effect of limestone and ash applied to 

the potatoes is also reflected. For maize, the differences are about 

900 kg /ha in favor of the varietal variants over those without 

reclamation, and for wheat the difference amounts to 430 kg /ha. 

 

Conclusions 
From the results of the study, a complex effect of the 

tested factors was established. The most significant influence on the 

productivity of the cultivated crops is the fertilization - its 

participation in the formation of the obtained production is: for 

potatoes - 68%, for maize - 74%, for wheat - 81%. 

Soil cultivation systems have been found to have a direct 

and indirect impact on the productivity of crops grown under crop 

rotation, laying down the conditions for holding other agrotechnical 

activities. The results of their effect on the physical parameters 

show that in the soil with less leaching, the moisture is proven to be 

higher than that of the more Chromic Luvisols; the influence of the 

deeper basic treatment applied to the potatoes, both on Chromic 

Luvisols and EutricPlanosols, on the physical characteristics of the 

soil differences leads to lower values of  bulk density and soil 

strength. 

Based on the results obtained from field experiments, a 

technology for the production of potatoes and wheat grown in a 

three-field crop rotation on soils with medium to highly acidic soil 

solution - Chromic Luvisols and EutricPlanosols in the area of 

Ihtiman is recommended. 
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