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In arable land, weeds are the main competitors of crops in terms of water and 

nutrients,they suppress growth and reduce yields.Any change in the technology of growing 

cultivated plants leads to a change in the weeds.Less adaptable weed species are being 

replaced by more adaptable and more resistant ones. 

There are various methods to control weeds.The most effective and environmentally 

friendly is their integrationcontrol.It includes various methods and means - mechanical, 

physical, chemical, biological, etc., which are combined according to the specific agro-

ecological conditions and the composition of the weed vegetation. 

AIM: 

The dissertation aims at establishing the dynamics of weeding of cereal crops and at studying 

the possibilities for successful weed control in the conditions of HaplicVertisols from the 

Sofia field. 

Basic tasks: 

1. To explore possibilities for successful weed control in cereals of fused surface and trench 

ones such as maize depending on climatic conditions, crop rotation, fertilization rates and 

weed control (mechanical, chemical and integrated). 

2. To study the influence of the factors under research on the growth and reproductive 

manifestations of the cultivated crops. 

3. To establish the influence of the quantitative and species composition of weeds on the 

obtained yields and the total productivity of the cultivated crops. 

4. To establish the influence of the studied factors on the rhizospheremicroflora and some 

biological processes in the soil. 

5. To study the influence of different methods for weed control on some water-physical, 

agrochemical and microbiological soil parameters. 

METHODS AND CONDITIONS OF THE RESEARCH 

In order to achieve the aim of the research in the period 2016-2019, a field experiment 

was carried out, set by the block method - standard, on the long plots in the experimental base 

(EB) Bozhurishte of “N. Poushkarov ” ISSAPP , Sofia region. 

The field experiment is a four-factor type 2x2x2x2 with a total area of 7.2 dka, it 

includes two crop rotations of 3.0 dka, each with 24 experimental plots with an area of 90 m
2
, 

with  size of the harvest plots of 70 m
2
 (Scheme 1). 

Scheme1.Field experiment in the EB in Bozhurishte 
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The experiments were set up by the block method in two blocks, corresponding to the 

two crop rotations. Each of them is divided into four sub-blocks corresponding to the four 

repetitions, and each of these sub-blocks is divided into two more sub-blocks, corresponding 

to the two tillage systems (Scheme 3). Field experiments include a three-field crop rotation of 

the type "winter wheat - spring trench - winter wheat" (Scheme 2). In one crop rotation the 

two-field wheat-maize alternates, and in the second one other winter cereals with a fused 

surface are included - oats and triticale. 

 
Scheme2.Rotation of crops and fertilization 

Years 2016-2017 2017-2018 2018-2019 

Crop rotation 

First crop rotation Wheat 

N0/N14P10 K6 

Maize 

N0/N16P10 

Wheat 

N0/N14P10K6 

Second crop rotation Oat 

N0/N14P10 K6 

Maize 

N0/N16P10 

Triticale 

N0/N14P10K6 

 Fertilization of crops in crop rotation: 

Т0 – no fertilization 

Т1 – fertilizer rate according to the stock ofmacroelements by agrochemical analysis 

of soil samples. 

Mechanical weed control includes two tillage systems applied to each crop 

rotation.One system includes more intensive tillage (O1 variant), and the other includes 

disking as a minimum tillage variant (O2). 
Scheme3.Systems of soil tillage in crop rotation 

№ of 

order 

Crop Year Systems of cultivation 

О1 О2 

1. Wheat/Oat 2016-2017 Ploughing 

18-20 cm 

Disking 

10-12cm 

2. Maize 2017-2018 Loosening 

35-40cm 

Ploughing 

28-30 cm 

3. Wheat/Triticale 2018-2019 Ploughing 

15-18cm 

Disking 

10-12 cm 

The studies of the dynamics of weeding (species composition, degree of weeding and 

quantities of the formed biomass from the isolated species) were carried out in the period 

2016-2019 in the experimental field of the Institute in Bozhurishte.Effectiveness of various 

herbicides, timing and methods of application against common weeds have been studied. 

The following herbicides and herbicide combinations (mixtures) have been studied: 

Variant P1 - use of herbicides with the following composition (against cereals and 

dicotyledonous weeds): for cereals with fused surface - pyroxulam 75 g / kg (product Palace 

75 BG) at a dose of 25 g/dka, against annual cereals and deciduous weeds; for maize - 345 g/l 

terbotrione + 68 g/l thiencarbazone-methyl + isoxadifen-ethyl 134 g/l (antidote) - product 

Capreno SC, in a dose of 29 ml/dka. 

          Variant P2 - spraying with herbicidal mixture (herbicides against cereal and 

dicotyledonous weeds): for cereals with fused surface - metsulfuron-methyl143 g/kg + 143 

g/kg tribenuron-methyl (product Alai Max), in a dose of 3.5 g/dka in combination with 

fenoxaprop-β-ethyl + antidote (product Imaspro 7.5 EB) - 100 ml/dka;for maize - 

nicosulfuron 40 g/l (product Sirio 4 SK), in a dose of 125 ml/dka + 360 g/l 2.4 D + 120 g/l 

dicamba (product Magneto), in a dose of 120 ml/dka. 

All herbicide doses in the text and tables are given in active substance (a.s.). 

The herbicides in the experiments were applied in the form of anwater solution with a 

tractor sprayer at a consumption of 30 l/dka of the working solution.Spraying with herbicides 

was carried out in the phase of beginning of breeding in cereals and in phase 5-6 leaf of 

maize. 
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The influence of different methods for weed control on annual cereals and maize is 

reported in the dynamics of the rate of development of crops of height, accumulated biomass 

and yield. 

Indicators Under Research: 

1. Full analysis of the soil - at the beginning and at the end of the experiment: 

• physical and mechanical indicators: mechanical composition - by 

pyrophosphate method (by Kaczynski), hygroscopic moisture, MFSH - by 

complete saturation of undisturbed soil;  

• agrochemical indicators: pH - potentiometrically (in water and in potassium 

chloride); sorption capacity, saturation with bases - by the acetate-lactate 

method; 

2. Annually: 

 physical and mechanical indicators: mechanical composition - by pyrophosphate 

method (by Kaczynski), by layer at every 10 cm up to depth of 60 cm in rings of bulk 

of 100 cm
3
; totall porosity of soil determined by the corelation of bulk and relative 

soil mass; 

 mobile forms: nitrogen - by the method of Bremner and Kiney;phosphorus - by the 

method of P. Ivanov;potassium by the method of P. Ivanov; 

 reaction of the soil solution (pH) - potentiometrically in water (H2O) and potassium 

chloride (KCl), content of organic matter in the soil - according to Turin; 

 microbiological indicators: number of main groups of soil microorganisms 

(ammonifying bacteria, actinomycetes, bacteria absorbing mineral nitrogen, 

microscopic fungi, cellulose-decomposing microorganisms); 

 total biological activity - determined by the method of Alef and Nannipieri (1998). 

 phenological observations - growth rate and accumulation of biomass - by marking 20 

plants in maize and from constant metering of wheat, stages of development: maize - 

germination, 3-5 leaf, 9-10 leaf, tasseling, milk-, milk-waxy, waxy and full 

maturity;wheat - germination, 2-3 leaf, tillering, hasseling, class formation, 

flourishing, milk, milk-waxy, waxy and full maturity;number of sprouted and 

overwintered plants;number of productive plants per unit area; 

 species composition of weeds and degrees of weeding - by the quantitative-weight 

method of metering 0.25 m
2
 in three repetitions, defined in phases: sowing, tillering, 

class formation and waxy maturity for wheat and other cereals;sowing, "3-5 leaf", "9-

10 leaf", hasseling and waxy maturity for maize;  

 productivity - main and additional production of the cultivated crop, calculated in kg / 

dka;total productivity of crop rotation. 

 structural analysis of the obtained production - grain and plant mass of meters 1 m
2 

for 

wheat and 21 m
2
 (2 rows) for maize. 

The mathematical-statistical analysis of the experimental data was performed with the 

statistical program SPSS. 

 
SOIL-CLIMATIC CONDITIONS 

The climate is relatively cool.The average annual air temperature is low (9.7
0
 C). 

The average annual amount of precipitation for the 80-year period (1901-1980) is 593 

mm. The maximum precipitation in V-VI month and the minimum in I-III month is clearly 

manifested. 

The study period covers years that differ in the amount and distribution of precipitation 

during the growing season of cultivated crops. During the wheat vegetation in the first year of 

the study, the amount of precipitation was 346.3 mm, which is about the average for a multi-
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year period.After insufficient precipitation during the winter, a period of wet spring followed. 

For the period March-May the precipitation was 164.2 mm. 

Table 1. Meteorological conditions in 2016 – 2019 

 

Good humidification allowed for good development of the crop. No drought periods 

were reported until the end of the growing season. Growth and development of oats also took 

place with a relatively good inflow of rainwater - 212.4 mm from germination to waxy 

maturity. The drought that occurred at waxy maturity did not affect the productive potential 

of the plants. There were significant losses from a natural disaster though. During the 

vegetation of maize - period May - September the amount of precipitation was 373.7 mm. In 

terms of quantity, itwas above the average amount for a multi-year period, but there was also 

a period of drought - in August the precipitation was only 3.8 mm (Fig. 1, a). 

 
    

 

 a)      b) 

Fig. 1.Climate charts of the vegetation period of the crops grown in both crop rotations 

 t- average monthly temperature (0С) - precipitation period 

         Р –monthly precipitation amount (mm)        - dry period 

Months 

Year 

І ІІ ІІІ ІV V VІ VІІ VІІІ ІХ Х ХІ ХІІ Average 

/Σ/ 

Precipitation mm  

2016 58,0 26,0 64,5 71,0 94,5 53,0 16,5 11,0 25,0 20,0 27,3 10,0 476,8 

2017 33,8 18,2 54,8 47,4 62,0 50,2 60,0 18,0 44,2 68,8 23,8 31,2 512,4 

2018 17,1 57,0 61,4 20,8 41,0 183,7 132,0 3,8 22,0 0,8 63,2 18,9 621,7 

2019 35,5 19,3 34,6 57,8 81,4 87,8 64,4 27,5 18,1 49,0 45,9 6,6 527,9 

For 80 

yer 

37 31 34 50 74 83 53 43 43 50 51 44 593 

Average monthly temperatures in
0
С   

2016 -1,6 5,5 5,9 12,8 14,7 19,9 22,3 22,1 16,5 10,8 6,1 -0,4 11,2 

2017 -7,2 3,7 7,7 10,2 14,9 20,4 21,4 22,6 17,2 10,1 5,7 3,2 12,0 

2018 2,4 3,6 6,6 14,4 16,7 16,2 20,4 21,3 16,7 12,3 6,2 -2,2 11,6 

2019 -3,4 3,3 7,5 10,1 14,0 19,8 20,8 21,7 18,0 11,3 5,9 1,6 10,9 

For 70 

yer  

-2,1 0,9 4,6 9,3 14,8 18,1 20,4 20,2 16,2 10,6 5,4 0,1 9,9 
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The research was conducted in the experimental base Bozhurishte of 

N.PushkarovISSAPP on HaplicVertisols with a very heavy medium clay mechanical 

composition.The content of physical clay (for the horizon Ar 0–26 cm 74.1%) and silt was 

very high.The other fractions of the mechanical composition were in small amounts.The bulk 

density in the dry state is 1.95 - 2.0 g/cm
3
 (Stoynev, 1973), and in MFWS - 1.23 - 1.25 g/cm

3
. 

The porosity of the soil was 41 - 43% and the humidity of wilting varied from 23 to 25%. 

The chemical properties show a low content of total nitrogen - from 0.093% to 0.114% and 

unsatisfactory total phosphorus - from 0.095% to 0.117%.The reaction of the soil solution is 

neutral 5.5-5.9 in CCl. The humus content is average - from 2.50 to 3.70%. These physico-

mechanical and chemical features make even more relevant the study of agro-technical 

factors, due to the requirement of flexible and targeted combination of the tillage system with 

the level of mineral fertilization and integrated weed control. 

 
Profile1HaplicVertisols 

OBTAINED RESULTS: 

Physical, agrochemical and microbiological status of HaplicVertisols in the period of the 

study 

The current moisture content in the soil established during the first year of the study in 

three phases of the vegetation of wheat and oats is influenced by the applied agricultural 

techniques. 

In the phase of wheat tillering and after germination of oats, a good water supply in the soil is 

established, as the humidity is in the range of 74-88% of MFWS (Fig. 2). The moisture 

content in the surface layer is lower as a whole, which is explained by drought due to the 

increase of the atmospheric temperature. More significant differences in moisture content 

between the studied variants were found in the deeper soil layers - 30-40 cm and 40-60 cm, 
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and between the variants with plowing and those with disking the differences were 4.05% 

(proven in p <0.1%) and 1.13% and 1.25 and 1.24%, respectively. In the experimental area 

sown with oats, the soil moisture is lower than that established in the first crop rotation with 

wheat.  Increasing soil temperature and evaporation of soil moisture naturally decrease the 

humidity at the HaplicVertisols. The most significant differences between the values in the 

two accounts were found for the layer of 10-20 cm - from 8.55% to 10.88%. The tendency for 

higher content of soil moisture in the variants with performed plowing T1O₁P₂ in comparison 

with those with pre-sowing tillage disking O2 is preserved. 

 

 
 

Fig. 2. Soil humidity content in weight % in the phase of germination and tillering 

At the end of the growing season after flourishing there is a drought.The content of soil 

moisture reported during this period is low, and in the cultivated layer is below the wilting 

moisture of 17.24-19.75%.With the exception of the deepest layer 40-60 cm along the profile, 

where the humidity is 59-65% of MFWS, the soil moisture in all studied variants is low (Fig. 

3). The statistical analysis of the data shows a proven influence on tillage and crop rotation. 

 
 
Fig.3 Soil humidity content in weight % in the phase of waxy-milk maturity 
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When determining the values of the parameter in the spring, a compaction process 

was established.Values for the parameter that are within the limits of the optimal ones for the 

development of the root mass of the plants are reported. An exception to this trend are the 

values reported for the 30-40 cm layer in the disking variants, which are 1.42 g/cm
3
 and 1.43 

g/cm
3
, respectively (Fig. 4). 

 
Fig. 4 Bulk density of soil in g/cm 

3 
in the phase of tillering and germination 

In the phase of class formation of wheat and breeding of oat, an increase in the values 

for the bulk density was found, the most significant being the changes in the surface layers 0-

10 cm from 0.11 g/cm
3
 to 0.29 g/cm

3
 in the variant with disking in the second crop 

rotation.For the 30-40 cm layer, the values of the parameter are 0.10 g/cm
3
 and 0.16 g/cm

3 

higher on the plots with plowing and disking in the second crop rotation compared to those 

with the variants in the first crop rotation, with evidence of an error smaller than 1% and 

0.1%. 

In the HaplicVertisols at the end of the vegetation after plowing at a depth of 15-18 

cm the soil in the layer 10-30 cm is more compacted, while at a depth of 20-30 cm a bulk 

density of 1.56 g/cm
3
 is established (Fig. 5). The bulk density of the plots with disking of 10-

12 cm is higher than that of the variants with plowing - the difference is most significant in 

the layer 10-20 cm – 0.13 g/cm
3
 (at p <1%). 

 
Fig.5 Bulk density of soil in g/cm 

3 
in the phase of waxy-milk maturity. 
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In the conditions of "medium wet" year in the phases of intensive growth and 

accumulation of maize biomass, the moisture content in the soil is good. 
 

 
 

Fig.6. Soil humidity content in weight % - maize in phase "3-5 leaf". 

The influence of the type of the applied tillage is more significant.As a result of the 

main tillage- loosening of 32-35 cm compared to plowing of 25-28 cm, there is a higher 

moisture content of 1.41% and 2.69% for the layer 10-20 cm, respectively 2.27% and 1.64% 

for the layer 20-30 cm. For the deeper layers the differences were statistically proven at p 

<1% and p <5%. 

In the "3-5 leaf" phase, values for the parameter are reported, which are within the 

limits of the optimal ones for the development of the root mass of the plants. An exception to 

this trend are the values reported for the 30-40 cm layer in the plowing variants. For the 10-

20 cm layer the parameter values are 0.04 g/cm
3
 and 0.08 g/cm

3
 higher on the plowed plots 

compared toof those with loosening to a greater depth (Fig. 6). 

 

 
 

Fig.7. Soil humidity content in weight % - maize, in the phase of tasseling 
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In the tasseling phase, the soil moisture has high values - from 88.0% to 93.54% in the 

surface layer to 90.49-98.26% in the layer 30-40 cm of MFWS (Fig. 7). At a depth of up to 

20 cm, the values of the study variants are equalized, and in the subsoil horizon after applied 

loosening they are 2.54% and 1.73% higher than those found in the plowing variants and are 

statistically proven. 

After the hasseling phase, a drought occurred, which lasted until the end of the 

vegetation, and the deficit of soil moisture was significant at the end of the maize 

vegetation.The soil moisture content during this period is low. 

The bulk density at the beginning of the maize vegetation is low, as a result of the 

good moisture content of the soil, which led to a compaction process.In all studied variants 

the values of the parameter are in the range of the optimal ones, and with the exception of 

variant T1О2P₂ with plowing in the arable layer they are close to the equilibrium density of 

1.2-1.3 g/cm
3
. 

 
Фиг. 8.Bulk density of soil in g/cm

3
in the tillering phase 

 
Fig 9. Bulk density of soil in g/cm

3
in the phase of waxy maturity 



 

10 
 

In the hasseling phase, an increase in the values of the bulk density in the arable 

horizon was found, especially in the layer of 20-30 cm, in which the loosening effect of the 

tillage decreases due to the abundant rainfall during this vegetation period (Fig. 8). In the 

T1O2P₂ variant, the highest values for the bulk density were measured at a depth of 20-40 cm 

- 1.47 g/cm
3
 and 1.49 g/cm

3
. 

At the end of the vegetation of the maize after plowing at a depth of 25-28 cm, the 

soil in the layer 10-30 cm is more densely compacted, and at a depth of 20-30 cm a bulk 

density of 1.60 g/cm
3
 is established (Fig. 9). The differences in the values for the bulk density 

of the plots with loosening of 32-35 cm compared to that of the variants with plowing in this 

layer are statistically proven. 

In the third year in the tillering phase of the wheat the humidity of the HaplicVertisols 

is 75-80% of the MFWS (Fig. 10). 
 

 
Fig. 10. Soil humidity content in weight % in the phase of tillering 

For the variants with plowing the highest is the soil moisture in the layer 30-40 cm, 

and for those with disking in the layer 10-30 cm. There is no established difference between 

fertilized and non-fertilized variants. 

 
 

Fig. 11. Soil humidity content in weight % in the phase of class formation phase 
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In the wax maturity phase, as a result of the drought, the soil moisture reserves 

decreased significantly.In the surface layer 0-10 cm the humidity is around the moisture of 

wilting (MW). In all variants, a relatively even moisture content is established.Insignificant 

differences were reported in the deepest layer 40-60 cm. 

The bulk density of the HaplicVertisols has the lowest values in the phase of tillering 

of wheat in the layer 0-40 cm in the variant with plowing and fertilizing T1O1P1, as for the 

layer 20-40 cm the differences are respectively 0.06 g/cm
3
 and 0.07 g/cm

3
 and are statistically 

proven. For the arable layer 0-30 cm the values of the parameter are the limits of the optimal 

density for this soil variety (Fig. 12). 

 
Фиг.12. Bulk density of soil ing/cm

3 
in the phase of tillering. 

Taking into account the parameter in class formation phase, except for the variant 

with plowing and fertilizing T1O1P1, in all others in the layer 20-40 cm a significant increase 

in bulk density was found, with the largest value expression in variant T1O2P1 - from 1.52 

g/cm
3
 to 1.55 g/cm

3
 (Fig. 13). 

 
Fig.13.  Bulkdensity of soil in g/cm

3
in the phase of class formation. 
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The difference in bulk density between the options with plowing is remarkable .In the 

fertilized variant, the average difference for the studied profile 0-40 cm is 0.06 g/cm
3
, which 

is probably due to the density of the crop and the stronger root mass of the plants after 

applied fertilization. 

In the waxy maturity phase, due to the lack of moisture, the soil is strongly compacted.In the 

layer 10-40 cm, the bulk density has values at which the functions of the root system of wheat 

plants are limited.The strongest compaction in the layer is 10-20 cm in the variant with 

disking and without fertilization T0O2P2 - 1.73 g/cm
3
. 

Influence of the researched factors on the nutrition regime of soil. 

The impact of the tillage system on soil fertility is assessed through changes in the 

content of nutrients and their availability to plants. 
Table 2.Agrochemical analysis of HaplicVertisols - wheat 2017. 

№ 

 
Variants 

Depth 

cm 

рН NH4+NO3 P2O5 K2O Humus 

Н2О KCl mg/kg mg/100 g % 

Wheat 

1 Т0О1Р1 0-30 6,4 5,6 13,8 0,9 23,5 3,39 

2 Т0О1Р1 30-60 6,2 5,4 13,2 0,7 15,4 3,04 

3 Т1О1Р1 0-30 6,5 5,6 22,5 1,8 26,2 3,86 

4 Т1О1Р1 30-60 6,9 6,1 20,7 1,1 18,7 2,95 

5 Т1О1Р2 0-30 5,7 4,9 21,9 5,8 24,5 3,93 

6 Т1О1Р2 30-60 6,4 5,6 12,1 1,2 17,4 3,11 

7 Т0О2Р2 0-30 5,7 5,0 17,3 3,0 26,4 3,54 

8 Т0О2Р2 30-60 6,3 5,5 14,9 1,1 19,7 3,47 

9 Т1О2Р1 0-30 5,7 4,8 14,4 5,4 21,2 3,98 

10 Т1О2Р1 30-60 6,1 5,4 27,6 0,7 20,0 3,34 

11 Т2О2Р2 0-30 6,3 5,5 21,3 7,3 33,5 4,07 

12 Т2О2Р2 30-60 7,2 6,6 23,0 0,5 19,7 3,16 

Oat 

13 Т0О1Р1 0-30 6,1 5,1 13,8 1,0 27,3 3,78 

14 Т0О1Р1 30-60 6,5 5,6 12,7 0,6 21,4 3,17 

15 Т1О1Р1 0-30 6,1 5,2 19,0 3,5 28,2 3,81 

16 Т1О1Р1 30-60 6,6 5,7 13,8 1,0 22,6 2,94 

17 Т1О1Р2 0-30 5,7 4,8 28,8 4,5 40,7 4,08 

18 Т2О1Р2 30-60 6,1 5,4 21,3 0,5 19,1 3,35 

19 Т0О2Р2 0-30 5,4 4,8 13,0 7,0 30,0 3,87 

20 Т0О2Р2 30-60 6,1 5,3 13,2 1,5 21,8 3,27 

21 Т1О2Р1 0-30 5,4 4,8 21,9 7,5 28,7 3,83 

22 Т1О2Р1 30-60 6,4 5,5 19,0 1,4 21,8 2,73 

23 Т1О2Р2 0-30 5,4 4,8 24,8 6,7 26,4 3,78 

24 Т1О2Р2 30-60 6,1 5,3 19,0 3,1 19,6 3,54 

There is a tendency of a slight increase in the content of digestible forms of phosphorus in the 

first year, as from a slight beginning of the experiment, in the variants with fertilization it is 

2.4-7.3 mg/100 g, ie. in the range of unsatisfactory amount for the layer 0-30 cm. In the 

subsoil layer 30-60 cm the amount of phosphorus is only 0.2 to 1.7 mg/100 g of soil (Table 

2). This low stock is explained by the fact that low fertilization rates are applied annually in 

order to maintain the ecological balance in the soil, as well as exports with relatively high 

yields of cultivated crops. This finding is also confirmed by reduction of the content of 

digestible forms of potassium, albeit to a lesser extent. 

 The agrochemical analysis of the soil samples taken at the end of the maize vegetation 

shows that the content of mobile forms of nitrogen in the experimental area is from 

satisfactory to good. In the layer 0-30 cm in the fertilized variants the content of digestible 

forms is 29.4-38.6 mg/kg of soil in the first crop rotation and 23.6-28.8 mg/kg of soil in the 
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second crop rotation. The differences between fertilized and non-fertilized variants are more 

explicit in the first crop rotation - from 8.6 to 16.7 mg/kg for the layer 0-30 cm and 

respectively 9.1-10.2 mg/kg soil for the layer 30-60 cm. No trend of influence can be 

established through tillage variants. 

 In the third year of the study, samples for agrochemical analysis were taken in the 

phase of full maturity of wheat and triticale. From the analysis it was found that the content 

of digestible forms of nitrogen is satisfactory. Compared to the data from the previous year, 

nitrogen is less in all studied variants. This shows that a large part of the available  nitrogen is 

exported with the production. This assumption is confirmed by the fact that the highest values 

for the total absorbable nitrogen for the layer 0-30 cm in variants T1O2P2 and T1O2P1 in wheat 

crops - respectively 17.3 mg/kg and 15.6 mg/kg soil ( Table 3). In non-fertilized versions, the 

content of this macronutrient is slightly lower. Quite naturally, the nitrogen content in the 

layer 0-30 cm is higher, and the largest difference between the two layers was found in the 

variant T0O2P2 - 5.8 mg/kg of soil. 
Table 3.Agrochemical analysis of HaplicVertisols - wheat 2019 

№ 

 

Variants Depth 

cm 

рН NH4+NO3 P2O5 K2O Humus 

Н2О KCl mg/kg mg/100 g % 

1.  Т0О1Р1 0-30 6,3 5,5 12,1 0,4 25,5 3,98 

2. Т0О1Р1 30-60 6,5 5,6 7,9 0,2 18,4 3,76 

3. Т1О1Р1 0-30 6,1 5,2 15,3 5,4 23,7 3,83 

4. Т1О1Р1 30-60 6,2 5,4 11,5 0,7 21,5 3,37 

5. Т1О1Р2 0-30 6,0 4,9 14,4 2,3 24,8 3,88 

6. Т1О1Р2 30-60 5,9 5,1 10,3 1,5 27,7 4,23 

7. Т0О2Р2 0-30 6,4 5,5 12,7 0,2 30,6 3,48 

8. Т0О2Р2 30-60 6,5 5,7 10,2 0,2 27,7 3,44 

9. Т1О2Р1 0-30 5,8 4,9 15,6 8,5 22,3 3,53 

10. Т1О2Р1 30-60 6,2 5,7 11,5 0,2 21,1 3,45 

11. Т1О2Р2 0-30 5,9 4,9 17,3 4,0 27,5 3,73 

12. Т1О2Р2 30-60 6,6 5,6 11,5 0,5 23,7 3,13 

In the second crop rotation in the triticale tillage, the results of the agrochemical analysis are 

similar. A slightly higher content of digestible nitrogen was found in comparison with that of 

the experimental area with wheat. The highest content of nitrogen was reported in variant 

T1O1P1 - 20.2 mg/kg of soil, for the layer 0-30 cm. For the subsoil of 30-60 cm the amount of 

nitrogen is highest in variant T1O1P2 - 19.0 mg/kg of soil. The content of mobile forms of 

phosphorus is low, and in the subsoil 30-60 cm layer it is in a state of traces. In the area with 

wheat, phosphorus reaches 8.5 mg/100 g in the T1O2P1 variant, and in the other fertilized 

variants it is even lower. Phosphorus is practically absent in the unfertilized variants. These 

findings lead to the assumption that a significant part of the phosphorus imported with 

fertilizers passes into indigestible form. 
Table 4. Agrochemical analysis of HaplicVertisols- Triticale  

№ 

 

Variants Depth 

cm 

рН NH4+NO3 P2O5 K2O Humus 

Н2О KCl mg/kg mg/100 g % 

1.  Т0О1Р1 0-30 6,1 5,2 12,8 0,2 26,0 4,01 

2. Т0О1Р1 30-60 6,3 5,5 6,9 0,2 19,9 3,79 

3. Т1О1Р1 0-30 6,0 5,1 20,2 3,6 23,8 3,95 

4. Т1О1Р1 30-60 6,0 5,3 16,1 0,5 19,3 3,65 

5. Т1О1Р2 0-30 6,0 4,9 18,4 2,8 29,4 3,76 

6. Т1О1Р2 30-60 6,2 5,2 19,0 0,2 25,2 4,26 

7. Т0О2Р2 0-30 6,2 5,6 14,4 0,2 30,5 4,11 

8. Т0О2Р2 30-60 6,7 6,1 11,0 0,2 23,4 3,87 

9. Т1О2Р1 0-30 5,9 4,9 15,6 2,1 27,7 3,51 

10. Т1О2Р1 30-60 6,1 5,2 12,7 0,2 26,0 4,09 

11. Т1О2Р2 0-30 5,8 5,2 16,7 2,8 36,1 3,64 

12. Т1О2Р2 30-60 6,3 5,4 12,7 0,2 25,1 3,44 
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In the experimental area with triticale, the content of digestible phosphorus is even 

lower, although the fertilization rate is the same as for wheat. 

 The content of digestible potassium in the HaplicVertisols is good.In the first crop 

rotation in the variants with wheat for the layer 0-30 cm it is in the range from 22.3 mg/100 g 

of soil (var. T1O2P1) to 30.6 mg/100 g (var. T0O2P2). In the layer 30-60 cm potassium is 3-4 

mg/100 g of soil less.In this macroelement, no effect from fertilization is established, it is 

probably maintained by the introduction of plant residues. 

 In the variants with triticale potassium has a higher content in the layer 0-30 cm - 

respectively from 23.8 to 36.1 mg/100 g of soil.In the variant with the highest potassium 

content - the T1O2P2thrdifference in the reported amount between the two studied layers is the 

largest - 11.0 mg/100 g of soil. 

 
Microbiological activity in the rhizosphere of the root system of the grown crops 

In 2017, samples were taken from the surface soil layer (0-30 cm) near the roots of 

plants in two phases of development - in the early stage of vegetation - the breeding phase  

and when the crop matures.  

In the field experiment on HaplicVertisols the number of cellulose-degrading 

microorganisms in the fertilized variants T1 and tillage O1 and of the bacteria absorbing 

mineral nitrogen in variant T1O1P1 - tillage, fertilization and spraying with herbicide with 

complex action significantly increases. (Table 5). 

 
Table 5. Amount of basic groups of microorganisms in soil, wheat - 2017  

Variant 

Ammonifiable 

bacteria (CFU/g x 

10
5
) 

Actynomicetes 

(CFU/g.10
5
) 

–
Azothobacter(C

FU/g.10
5
) 

Microscopic 

fungi 

(CFU/g.10
2
) 

Cellulosedegradin

g microorganisms 

 
(CFU/g.10

2
) 

Т0О1Р1 8,2 c 2,07 a 9,6 d 0.0059 bc 0.0090 a 

Т0О2Р2 9,67 c 1,93 a 9,0 d 0.0053 c 0.0059 b 

Т1О1Р1 17,13 ab 2,2 a 20,87 a 0.0089 a 0.0111 a  

Т1O2Р1 18,2 a 1,53 a 15, 43 c 0.0081 ab 0.0099 a 

Т1O1Р2 21,33a 2,67 a 17,6 b 0.0083 a 0.0079 b 

T1O2Р2 16,4 b 2,2 a 14,27 c 0.0045 c 0.0058 b 

LSD (5%) 2,84 0,095 2,93 0,00131 0,0054  

The number of ammonifiers is the most significant in the variant T1O1P2 - also with 

plowing and fertilization, but the treatment of the crop is with a herbicide mixture. In this 

variant, the largest amount of actinomycetes was reported. When evaluating the influence of 

the tested factors and the interaction between them, it was found that these microorganisms 

have the highest number in the variant with zero fertilization 0.0082 CFU/g. A positive effect 

of fertilization on the number of ammonifying bacteria and those absorbing mineral nitrogen, 

as well as the amount of cellulose-degrading microorganisms has been established. The first 

group of microorganisms is better represented in the variants sprayed with a herbicidal 

mixture (metsulfuron-methyl + tribenuron-methyl, in combination with fenoxaprop-P-ethyl) 

19,1 CFU/g. 105, while the other two groups are in a larger amount when using a herbicide 

(pyroxulam) - 18.20 CFU/g.105 and 0.0075 CFU/g. 105, respectively. 

The following trends of changes in the number of microorganisms in the rhizosphere 

in the studied crops and soil differences have been identified. 

The positive influence of the "fertilization" factor in this experiment has been proven in 

ammonifiers, in which the number increases 2 times. Fertilization in the T1O2P2 variant leads 

to a twofold increase in the amount of cellulose-degrading microorganisms, but reduces the 

number of actinomycetes compared to the unfertilized variant. The O1 tillage system creates 
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more favorable conditions for the development of all reported microorganisms, especially 

cellulose-degrading bacteria and those that absorb mineral nitrogen compared to O2 tillage 

(Table 6). This effect is probably due to the improved temperature regime in the soil and the 

looser structure after plowing, providing good aeration in the treated layer. The amount of 

these microorganisms decreases during disking. 

 
Table 6. Influence of the factors "fertilization x" and "tillage" and their interaction on the amount 

of microorganisms in the rhizoshere of wheat in the phase of waxy maturity in 2017 

In 2018, the influence of agricultural techniques and soil differences on the 

rhizospheremicroflora of maize grown in the field experiment on HaplicVertisols was 

studied. Samples were taken from the surface soil layer (0-30 cm) near the roots of the plants 

in two phases of development - in the early stage of vegetation (phase 3-5 leaf) and in the 

phase of "milk maturity" of the crop. A significant increase in the number of cellulose-

degrading microorganisms was found at the rate of fertilization T1 and tillage O1, as well as 

in the number of bacteria that absorb mineral nitrogen. The amount of microscopic fungi is 

greater when applying fertilization, regardless of the type of tillage - loosening or plowing. 

The following trends of changes in the number of microorganisms in the rhizosphere 

under the conditions of cultivation and soil difference have been identified: 

The data from the two-factor dispersion analysis show a marked positive effect of 

fertilization (T1) on the amount of ammonifying bacteria, bacteria absorbing mineral nitrogen 

and microscopic fungi (Table 7). 
Table 7.Influence of the factors "fertilization x" and "tillage" and their interaction on the amount 

of microorganisms in the rhizoshere of maize in the phase of waxy maturity in 2017. 

In the "waxy maturity" phase, there is a marked positive effect of the plowing on the 

amount of ammonifying bacteria, which increases about 1.5 times compared to that in 

loosening. On microscopic fungi, however, plowing has a markedly negative effect.  

FACTORS 

Ammonifiable 

bacteria 

Actynomic

etes 

 

Azothobacteria 

Microscopic 

fungi 

 

Cellulosedegr

ading 

microorganis

ms 

 

CFU/g.10
5
 

Fertilization 

x 

herbicide 

T0Р 9.5 c 2.00 ab 9.66 b 0.0082 a 0.0055 a 

T1Р1 16.97 b 1.80 b 18.20 a 0.0560 b  0.0075 a 

T1Р2 19.1 a 2.19 a 15.06 ab 0.0067 ab 0.0063 a 

Tillage 
О1 19.31a 2.31 a 20.04 a 0.0076 a 0.0100 a 

О2 17.4  b 2.04 ab 15.31 ab 0.0060 b 0.0039 b 

Fertilization x and 

herbicide treatment 
** n.s. ** * * 

FACTORS 

Ammonifiable 

bacteria 

Actynomic

etes 

 

Azothobacteria 

Microscopi

c fungi 

 

Cellulosedegr

ading 

microorganis

ms 

 

CFU/g.10
5
 

Fertilization 

 

T0 23.97 c 3.9 a 11.53 b 0.0074 b 0.0463 c 

T1Р1 34.97 a 3.27 a 15.9 a 0.0118 a 0.0534 b 

T1Р2 27.93 b 4.43 a 9.5 b 0.0085 b 0.0609 a 

Tillage 
О1 35.69 b 4.38 a 11.51 a 0.0133 a 0.0444 b 

О2 41.82 a 3.35 a 13.11 a 0.0052 b 0.0627 a 

Fertilization x 

herbicide x tillage 
** n.s. *** *** *** 
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During the vegetation of maize good conditions are created for the development of the 

studied groups of microorganisms.The presence of ammonifying bacteria, actinomycetes and 

cellulose-degrading microorganisms is significant.The most significant is the effect of 

chemical control on bacteria that absorb mineral nitrogen, with the use of Capreno having 

an advantage. 

In 2019, the number of the main groups of microorganisms were determined in the 

phase of "milk-waxy" maturity of wheat. The analysis showed that the microbiological 

activity in the Haplic Vertisols was increased compared to the first year, when the 

determination was also carried out in the rhizosphere of wheat. Up to three times more 

ammonifying bacteria were reported on the fertilized variants than on the non-fertilized ones, 

and in the T1O1P1 variant their number reached 45.0 CFU/g x 105 (Table 8). In this variant, 

the amount of cellulose-degrading microorganisms and colonies of microscopic fungi is more 

than twice as high as in the similar variant without fertilization. For the cellulose-degrading 

microorganisms the most favorable conditions are provided in variant T1O2P2 by fertilization, 

disking and spraying with a herbicidal mixture - 0.0185 CFU/g x 102. 
Table 8. Amount of basic groups of microorganisms in soil - Wheat 2019 

VARIANTS 

Ammonifiable 

bacteria(CFU/g x 

10
5
) 

Actynomicetes 

(CFU/g.10
5
) 

Azothobacter 

(CFU/g.10
5
) 

Microscopic 

fungi(CFU/g.10
2
) 

Cellulosedegradin

g microorganisms 

 
(CFU/g.10

2
) 

Т0О1Р1 10.13 d 3.33  ab 10.93 c 0.0056 d 0.0062 c 

Т0О2Р2 12.0 d 2.13 b 9.67 c 0.0039 e 0.0073 c 

Т1О1Р1 45.0 a 4.4 a 18.27 a 0.0131 a 0.015 a 

Т1O2Р1 29.93 c 4.27 a 15.53 b 0.0093 c 0.0117 b 

Т1O1Р2 42.66 a 4.47 a 19.33 а 0.0124 a 0.0175 a 

T1O2Р2 37.8 b 4.6 a 16.13 b 0.0102 b 0.0185 a 

LSD (5%) 5,49 0,103 2,36 0,0019 0,0035 

The analysis of variance revealed that fertilization had the most significant effect on 

the quantitative composition of microorganisms, with the exception of microscopic fungi. 

The most significant differences between fertilized and non-fertilized variants are reported in 

ammonifying bacteria and those absorbing mineral nitrogen.In plowing, the number of 

ammonifying bacteria, cellulose-degrading microorganisms and bacteria absorbing mineral 

nitrogen increases, and the number of microscopic fungi decreases compared to the variants 

with disking. 
Table 9. Influence of the factors "fertilization x herbicide" and "tillage" and their interaction 

on the amount of microorganisms in the rhizosphere of wheat in the phase of waxy maturity, 

2019  

FACTORS 

Ammonifia

ble bacteria 

Actynomice

tes 

Azothobac

ter 

Microsco

pic fungi 

Cellulosedegradingmicroorga

nisms. 

CFU/g.10
5
 

FERTILIZATI

ON X 

HERBICIDE 

 

T0 11.33 c 2.77 b 10.53 b 0.0446 a 0.0116 b 

T1Р

1 
46.0 a 4.31 a 17.6 a 0.0360 ab 0.0136 b 

T1Р

2 
36.0 b 4.53 a 18.6 a 0.0313 b 0.0186 a 

TILLAGE 
О1 47.78 a 4.11 a 19.47 a 0.0615 a 0.0156 a 

О2 35.11 b 4.21 a 15.69 a 0.0131 b 0.0135 a 

FERTILIZATION X 

HEBICIDE 

TILLAGE 

** n.s. ** * ** 
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Based on the obtained data it can be concluded that the microorganisms in the 

rhizosphere react significantly to the applied agrotechnical measures. In different groups of 

microorganisms the reaction is specific depending on the combination of the studied 

factors,the phase of its vegetation, the type of tillage and the fertilization systems. 

 
Development of Weed Vegetation. 

Efficacy of the integration weed control. 

Weed competition is one of the main problems that growers in the area have not been able to 

solve for years. 

 Before setting the experience in Bozhurishte EB, mapping of the weed associations, 

spread in the experimental field, was performed.It was found that representatives of early 

spring, late spring (the most significantly represented biological group) and perennial root-

sprout weeds predominate. 

The dominantly presented species are Bifora radians M.B.,Galium tricorne With.,  

Polygonum convolvulus L., Lamium amplexicaule L.,  Amaranthus retroflexus L.,  

Avena fatua L., Chenopodium album L., Setaria glauca P.B., Polygonum 

lapathifolium L., Bidens tripartitus L., Lepidium draba L., Cirsium arvense Pers. and 

Convovulus arvensis L. 

Before the pre-sowing preparation, the weeding of the experimental area is mainly with 

weeds from the group of late spring species.Due to the preservation of the previous scheme of 

experimental activity in the variant with zero fertilization the highest degree of weeding was 

reported - from 34 to 35 pcs/m
2
 and respectively weight amount of weed biomass 33.84 g/m

2
 

to 64.59 g/m
2
. Weeding with late spring and perennial root-sprout weeds is predominant. 

After the germination phase, the number of weeds, as well as the fresh and dry weight, 

are limited due to the previously conducted systematic weed control.As the sowing was 

carried out with a certain delay from the agrotechnically optimal term and due to the cool 

autumn the development of the weed vegetation is limited to a low degree of weeding. 

The number of annual weeds in the non-fertilized variant (T0) is higher than the fertilized 

variants (T1 and T2) by 29.15% to 31.97%, while the fresh and dry biomass in the fertilized 

variants is higher by 26.7%, or by about 30% above that formed in non-fertilized variants.The 

degree of weeding with annual and perennial species at the end of the tillering phase before 

spraying with herbicides is characterized by divergent values according to study variants. 

While in plowing (var. О1) the lowest number of weeds was reported in the unfertilized 

variant, and the most significant presence was in the variant T₁O₁P₁, in the case of disking 

(var. O2) the quantity was the largest in the variant T₀O₂P₂ - 45,3 pcs/m
2
. 

 
Table 10. Number and mass of weeds in 1 m², wheat in the phase of tillering - 2017,  

I crop rotation - tillage system О1 

 

Groups of weeds 

Variant - Т₀O₁P₂ Variant -Т₁O₁P₁ Variant –Т₁O₁P₂ 

№/m² 

Fresh 

weighti

n g 

Dry 

weigh

t in g 

№/m² 

Fressh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual  17,32 2,21 0,27 35,33 8,2 1,3 25,36 4,35 0,58 

Dicotyledonous 17,32 2,21 0,27 35,33 8,2 1,3 25,36 4,35 0,58 

1. Ephemera 3,33 0,17 0,01 12 3,84 0,77 5,34 2,14 0,36 

2. Early spring 0,67 0,07 0,01 2 0,08 0,01 3,34 0,29 0,03 

3. Late spring 5,33 1,50 0,16 13,33 3,73 0,48 5,34 0,30 0,02 

4. Winter-spring 7,99 0,47 0,09 8 0,55 0,04 11,34 1,62 0,17 

II. Perennial 10 11,92 1,73 - - - 2 0,12 0,01 

Root-sprout weeds 10 11,92 1,73 - - - 2 0,12 0,01 
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After spraying with herbicides, it was found that the use of the broad-spectrum 

herbicide (piroxulam) achieved up to 87% destruction of the weeds in T1O1P1 variant 

available in the plots and 83% of the weeds in the T₁O₁P₂ variant using a combination of anti-

cereal weeds (Alai Max) and dicotyledonous weed products (phenoxaprop-P-ethyl). In the 

variants with disking - T₁O₂P₁ and T₁O₂P₂, respectively 81% and 75% of the weeds were 

eliminated and the lower herbicidal effect is due to the survival of perennial root-sprout 

weeds. In the variants without fertilization the tendency is opposite to the performed pre-

sowing tillage, while the effect of the chemical control is identical to that in the fertilized 

variants. 

 
Table 11. Number and mass of weeds in 1m 

2
of wheat in the phase of tillering in 2017 , 

Icrop rotation - tillage system О2 

 

Notable is the fact that after plowing and spraying with mesosulfuron + 

propoxycarbazone sodium at a dose of 30 g/dka the reported weeds are 4 pcs/m
2
, while when 

disking and using the same herbicide product the number of perennial weeds is 20 pcs/m
2
. 

 
Тable 12. Number and mass of weeds in 1 m², wheat in the phase of class formation, year of 2017,  

Icrop rotation - tillage system О1 

 

 

In the germination phase, a longer-lasting effect of the herbicide is observed when 

compared to the effect of the herbicide combination.In the unfertilized variants, due to 

weaker sowing of the crop and its competition with the weeds, a larger amount of weeding 

was reported. 

 

 

 

Groups of weeds 

Variant -  Т₀O₂P₂ Variant - Т₁O₂P₁ Variant – Т₁O₂P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

свежот

.,g 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 6,01 1,98 0,35 3,34 1,41 0,26 28,66 5,54 0,88 

Dicotyledonous 6,01 1,98 0,35 3,34 1,41 0,26 28,66 5,54 0,88 

1. Ephemera - - - 2 1,20 0,23 3,33 1,40 0,23 

2. Early spring 0,67 0,01 0,01 - - - 2 0,02 0,01 

3. Late spring 2,67 1,21 0,20 0,67 0,20 0,02 8,66 2,1 0,33 

4. Winter-spring 2,67 0,76 0,14 0,67 0,01 0,01 14,67 2,02 0,31 

II. Perennial 39,33 31,14 6,94 25,34 12,17 2,13 10 3,21 0,60 

Root-sprout weeds 39,33 31,14 6,94 25,34 12,17 2,13 10 3,21 0,60 

Groups of weeds 

Variant - Т₀O₁P₂ Variant -Т₁O₁P₁ Variant–Т₁O₁P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 24,66 10,44 1,51 26 14,39 1,95 23,32 10,41 1,34 

Dicotyledonous 24,66 10,44 1,51 26 14,39 1,95 23,32 10,41 1,34 

1. Ephemera 0,67 0,12 0,01 5,33 5,83 0,95 3,33 2,41 0,43 

2. Early spring - - - - - - 2 0,27 0,03 

3. Late spring 21,99 9,98 1,44 16,67 8,27 0,95 2,66 0,68 0,08 

4. Winter-spring 2 0,34 0,06 4 0,29 0,05 15,33 7,05 0,8 

II.  Perennial 18,66 12,24 2,19 9,34 4,37 0,31 4 2,11 0,25 

 Root-sprout weeds 18,66 12,24 2,19 9,34 4,37 0,31 4 2,11 0,25 
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Table 13. Number and mass of weeds in 1 m², wheat in phase class formation, 2017,  

Icrop rotation- tillage system О2 

However, the fresh and dry mass of weeds has lower values than those reported in the 

fertilization variants. Perennial weeds hardly change their number per unit area, but due to the 

advanced stage of development they have a more voluminous fresh and dry mass - weight of 

12.5 g and 1.8 g to 38.1 g and 7.4 g, respectively. 

In the "waxy maturity" phase of the wheat in the experimental area as a result of the 

drought, the density of weeds decreases slightly, and the fresh and dry biomass is higher 

compared to the reporting in the "class formation" phase. 

The degree of weeding decreases by 26.9%, and the fresh and dry biomass increases 

by two to three times.The tendency for higher density of weeds in the variants with O2 

disking is preserved andwhen eliminating the fertilization (var.Т0О2Р2) the number is the 

largest - 25.3 pcs/m
2
. The weeding is mainly with late spring dicotyledonous weeds, there are 

fewer ephemeral representatives. The presence of perennial weeds in the variants without 

fertilization is significant (up to 18 pcs/m
2
 for variant T0O2P2). 

Before the pre-sowing tillage for oats in the conditions of wet spring, strong weeding 

of newly emerged weeds was established - mainly representatives of winter-spring and early 

spring deciduous weeds.As a result of the weeding and insemination of some of the 

completed life cycles of the weeds found in the predecessor, the quantity of weeds in the 

unfertilized variants is from 118 to 136 pcs/m
2
.As a general trend, a more significant number 

of weeds per unit area is observed in the variants with O2 disking. 

In the tilleering phase, a medium degree of weeding was found in the non-fertilized and a 

weak degree in the fertilized variants with annual weeds, while the density of perennial 

weeds is significant, especially on plots with disking - from 71.3 to 78,7 pcs/m
2
. In the 

fertilized variants, the biomass of the weeds weighs more than twice as much as the reported 

one for the non-fertilized variants. 

 
Тable 14. Number and mass of weeds in  1m², oat in the phase of tillering,– 2017 

 IIcrop rotation - tillage system  О1 

 

Groups of weeds 

Variant  - Т₀O₂P₂ Variant- Т₁O₂P₁ Variant – Т₁O₂P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 14,67 8,7 1,55 16,67 10,89 1,4 20 17,09 2,28 

Dicotyledonous 14,67 8,7 1,55 16,67 10,89 1,4 20 17,09 2,28 

1. Ephemera 0,67 0,47 0,09 0,67 0,4 0,08 - - - 

2. Early spring 2 1,97 0,48 2,67 3,65 0,52 4 1,67 0,35 

3. Late spring 9,33 5,41 0,84 13,33 6,84 0,8 4,67 2,56 0,44 

4. Winter-spring 2,67 0,85 0,14 - - - 11,33 12,86 1,49 

II. Perennial 23,33 38,12 7,43 14 12,48 1,8 28 34,89 5,25 

Root-sprout weeds 23,33 38,12 7,43 14 12,48 1,8 28 34,89 5,25 

Groups of weeds 

Variant- Т₀O₁P₂ Variant -Т₁O₁P₁ Variant –Т₁O₁P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weig

ht in 

g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 61,54 61,59 9,74 9,07 19,57 3,84 8,35 11,69 1,47 

Dicotyledonous 61,54 61,59 9,74 9,07 19,57 3,84 8,35 11,69 1,47 

2. Early spring 34,20 42,86 6,8 2,34 1,47 0,10 0,72 0,91 0,37 

3. Late spring 27,34 18,73 2,94 6,73 18,10 3,74 6,38 10,27 1 

4. Winter-spring - - - - - - 1,25 0,51 0,10 

II. Perennial 46 138,46 31,65 37,33 155,35 34,36 23,33 167,5 19,49 

Root-sprout weeds 46 138,46 31,65 37,33 155,35 34,36 23,33 167,5 19,49 
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Тable 15.Number and mass of weeds in 1 m², oat in the phase of tillering– 2017   

 IIcrop rotation- tillage system О2 

When spraying with a herbicide mixture, in addition to direct destruction of weeds, 

there is a tendency to inhibit the growth processes of weeds, thus the formed fresh and dry 

biomass is 35% less than in the variant T₁O₂P₁, with a relatively equal number of weeds. 

In the T₁O₁P₂ variant, threshing plotsof annual deciduous weeds appeared, so an 

average of 58 units / m
2
 were reported.In the case of late weeding after the action of the 

applied herbicides, mass weeding with ConvovulusarvensisLand Cirsiumarvense Pers. were 

observed - from 28.67 pcs.up to 78.67 pcs/m
2
. This fact shows the strong adaptability of 

weed species and the weaker herbicidal effect on the rhizome branches of the root system. 

In the phase of "waxy maturity" of oats due to compensation processes appeared 

strong secondary weeding with late spring weeds -202.7 pcs/m
2
.Poor and sparse sowing of 

the crop is weakly competitive with weeds. During the drought, some of the weed species die 

after becoming vulnerable to the deficit of soil moisture in the soil. 

Compared to the sowing of wheat in the first crop rotation, in oats the density of 

weeds is higher, which is due to the seed bank formed in the first year of the experiment after 

the damage from the hail. 

After sowing the maize, it was found that the predominant annual weeds are mainly 

from the groups of early and late spring, as well as root-sprout weeds - ConvovulusarvensisL. 
The degree of weeding with annual dicotyledonous weeds is higher after plowing compared 

to that after loosening. The largest number of weeds in the first crop rotation was reported in 

variant T0O2P2 - 40.7 pcs/m
2
, and in the second crop rotation in variant T₀O₁P₂ the number of 

weeds reached 71.3 pcs/m
2
. The development of perennial weeds is predominant in number, 

while in fresh and dry mass it has low values. 
Тable16. Number and mass of weeds in 1 m², maize in the phase „3-5 leaf” – 2018,  

 Icrop rotation - tillage system  О1 

In the "3-5 leaf" phase, after the inter-row tillage and before spraying with herbicides, 

it was established that the mechanical control destroyed mainly the annual weeds.Some of 

them, representatives of the early spring and winter-spring weed groups have completed their 

Groups of weeds 

Variant  - Т₀O₂P₂ Variant - Т₁O₂P₁ Variant – Т₁O₂P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 30 21,22 3,36 10,67 41,84 6,29 6,66 38,64 6,41 

Dicotyledonous 30 21,22 3,36 10,67 41,84 6,29 6,66 38,64 6,41 

1. Ephemera - - - - - - 1,33 26,99 4,75 

2. Early spring - - - 2 4,56 0,71 0,67 1,53 0,21 

3. Late spring 30 21,22 3,36 2,67 10,76 1,47 2,66 2,76 0,42 

4. Winter-spring - - - 6 26,52 4,11 2 7,36 1,03 

II. Perennial 73,34 173,53 38,69 78,67 340,71 61,93 71,33 255,26 46,85 

Root-sprout weeds 73,34 173,53 38,69 78,67 340,71 61,93 71,33 255,26 46,85 

Groups of weeds 

Variant - Т₀O₁P₂ Variant -Т₁O₁P₁ Variant–Т₁O₁P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

I. Annual 12,01 15,72 3,51 14,67 16,91 2,53 20,66 7,52 1,38 

Including cereal 2 0,28 0,07 0,67 0,08 0,01 1,33 0,17 0,02 

Dicotyledonous 10,01 15,44 3,44 14 16,83 2,52 19,33 7,35 1,36 

3. Late spring 9,34 9,31 1,69 14 16,83 2,52 26 4,79 0,8 

4. Winter-spring 0,67 6,13 1,75 - - - 1,33 2,56 0,56 

II. Perennial 52 189,75 36,61 44 159,35 44,12 39,33 104,69 26,49 

Root-sprout weeds 52 189,75 36,61 44 159,35 44,12 39,33 104,69 26,49 
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vegetative development. Perennial weeds, however, have remained largely unharmed by 

inter-row tillage. 
 

Тable 17. Number and mass of weeds in 1 m², maize in the phase of „3-5 leaf” – 2018,  

 Icrop rotation- tillage system О2 

 

The largest number of root-sprout weeds was reported in the variants without 

fertilization - 52 and 63.3 pcs/m
2
, respectively, probably due to the rarer and less developed 

sowing of maize (Tables 16 and 17). Fertilization increases the density of annual weeds from 

6 to 32%. The trend in the development of perennial weeds is opposite - the representatives 

of this group are the least in the variant with fertilization T1O1P2 - from 8 to 12 pcs/m
2
. 

Annual weeds are limited in quantity, but in the fertilized variants they have more 

biomass than the plants on the non-fertilized variants..As a total number, more weeds were 

found in the variants with plowing, compared to those with loosening. Probably, with 

plowing more seeds and sprouts of the more persistent weeds were brought out in the surface 

layer.This assumption is based on the research of Reuss et al. (2001). In variant T1O1P1 the 

lowest degree of weeding was found, mainly with perennial weeds (Table 16). 

In the second crop rotation a larger amount of weeds was reported compared to the 

first crop rotation. The largest number was reported in the variants with zero fertilization - 

respectively 98 and 107 pcs/m
2
, as in the tillageby loosening the quantitative presence of the 

annual dicotyledons is greater, and in the tillage by plowing perennial weeds predominate.In 

the variants with fertilization the weeding is mainly with annual species from the group of 

late spring weeds - in the variant Т₁O₂P₂ 63 pieces/m
2
 are reported. 

As a result of the successful application of mechanical and chemical control in the "9-

10 leaf" phase, it was found that in the first crop rotation weeding was limited by over 90%, 

and in the case of perennial representatives about 70% of the composition was removed.Of 

great significance is the fact that in the fertilized variants the values for the fresh mass are 

very high, which shows that in the conditions of good stocking the competition of the weeds 

intensifies.Studies of Christ (2010) and Eliçinetal. (2018) confirm this thesis. 

The most significant dimensions for the biomass of the weed species are in T₁O₁P₂ - 
224.27 g, while in the variants with plowing the weight of the biomass is less.This difference 

is probably due to the different composition of the soil, because after loosening the bulk 

density is lower and the roots of weed species develop at greater depths and absorb more 

water and nutrients. 

In the second crop rotation as a consequence of the predecessor oats, the degree of 

weeding remains higher, especially in the unfertilized variants in which the total number of 

weeds is 71.3 and 88 pcs/m
2
, respectively for the variants with loosening and plowing.A 

more successful chemical intervention is reported in the variants with herbicidal mixture - P2, 

compared to the broad-spectrum product - variant P1. 

 

Groups of weeds 

Variant - Т₀O₂P₂ Variant -Т₁O₂P₁ Variant –Т₁O₂P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 14 53,42 13,2 10 26,77 6,28 16,67 28,35 4,66 

Including cereal - - - - - - 0,67 0,04 0,01 

Dicotyledonous 14 53,42 13,2 10 26,77 6,28 16 28,31 4,65 

2. Early spring 7,33 19,04 5,28 - - - 4 1,34 0,64 

3. Late spring 6 21,59 3,96 6,67 16,9 2,63 12 26,97 4,01 

4. Winter-spring 0,67 12,79 3,96 3,33 9,87 3,65 - - - 

II. Perennial 63,33 101,22 38,27 56,67 132,6 35,6 35,33 107,77 25,13 

Root-sprout weeds 63,33 101,22 38,27 56,67 132,6 35,6 35,33 107,77 25,13 
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Table 18. Number and mass of weeds in 1 m², maize, control - 2018  

 

During the control, a strong distribution of annual late spring species was reported, 

especially in the phase "3-5 leaf" - 388 pcs/m
2
.As the vegetation progresses, some of them 

complete their development, and as compensation processes develop - the representatives of 

the root-sprout weeds multiply. In the phase "9-10 leaf" 66.7 pcs/m
2
 were reported. By this 

stage of maize development, annual weeds have more than doubled in weight and perennial 

weeds by about 1.6 times. 

In the tasseling phase there is a decrease in the types of weeds and the degree of total 

weeding compared to the "5-6 leaf" phase, as compared to those reported in the "9-10 leaf" 

phase, which, with small exceptions remain unchanged in quantitative and weight dimension 

(tables19 and 20). In this phase, Galium tricorne With., Polygonum convolvulus L., Bidens 

tripartitus L., mayweed and  goose grass were  also reported.The impact of tillage has the 

same trend as in the previous report. 

 
Тable 19. Number and mass of weeds in 1 m², maize in the tasseling phase – 2018, 

І crop rotation - tillage system О1 

 

Тable 20. Number and mass of weeds in 1 m², maize in the tasseling phase –2018, 

І crop rotation - tillage system О2 

Groups of weeds 

"3-5 leaf" control "Tasseling" Contol 

№/m² №/m² №/m² №/m² 
Fresh 

weight in g 

Dry 

weight in 

g 

I. Annual 387,99 132,00 132,00 132,00 379,56 70,38 

Dicotyledonous 387,99 132,00 132,00 132,00 379,56 70,38 

2. Early spring 20 - - - 17,84 4,88 

3. Late spring 367,99 132,00 132,00 132,00 361,72 65,5 

II.  Perennial 21,33 30,00 30,00 30,00 200,32 42,16 

Root-sprout weeds 21,33 30,00 30,00 30,00 200,32 42,16 

Groups of weeds 

Variant - Т₀O₁P₂ Variant - Т₁O₁P₁ Variant - Т₁O₁P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

№/m

² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 21,32 43,61 12,38 10 19,41 6,33 7 12,44 5,91 

Dicotyledonous 21,32 43,61 12,38 10 19,41 6,33 7 12,44 5,91 

1. Ephemera 1,32 3,23 1,60 0,33 1,27 0,29 0,33 0,70 0,21 

2. Early spring 2 5,11 1,80 1 1,02 0,10 - - - 

3. Late spring 18 35,27 8,98 8 15 5,41 6,67 11,74 5,70 

4. Winter-spring - - - 0,67 2,12 0,53 - - - 

II.  Perennial 14 39,16 7,74 4 7,34 2,68 3 7,83 3,06 

Root-sprout weeds 14 39,16 7,74 4 7,34 2,68 3 7,83 3,06 

Groups of weeds 

Variant - Т0O2P2 Variant - Т₁O₂P₁ Variant - Т₁O₂P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

I. Annual 34 59,23 17,54 19 46,29 13,85 14,33 42,28 10,89 

Dicotyledonous 34 59,23 17,54 19 46,29 13,85 14,33 42,28 10,89 

1. Ephemera 1,33 2,23 0,60 - - - 0,33 1,03 0,04 

2. Early spring 0,67 1,14 0,04 1 0,45 0,07 2 0,83 0,03 

3. Late spring 32,0 55,86 16,90 18,0 45,84 13,78 12,0 40,42 10,82 

II. Perennial 14 30,86 7,94 6 11,72 4,79 10 33,19 7,23 

Root-sprout weeds 14 30,86 7,94 6 11,72 4,79 10 33,19 7,23 
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The density of annuals and the total fresh and dry weed biomass is higher in the 

plowed variants than in the loosened ones.Perennial weeds are stronger again on plots with 

plowing and fertilizing. The reason for this difference is probably the emergence in the 

surface layer of more weed seeds as a result of inversion of the layer. Weeding with perennial 

weeds is stronger again on plots with plowing and fertilizing. 

 
Table 21. Number and mass of weeds in 1 m², maize in the tasseling phase – 2018,  

ІІ crop rotation - tillage system О1 

 

Regardless of the method of soil cultivation, fertilization increases weeding in the 

studied variants. The distribution of weed vegetation is significant in variant T0O2P2 - a total 

of 48 pcs/m
2
 were reported (Table 20). The weeding is mainly with late-spring deciduous, as 

well as perennial root-sprout weeds. In it again with the highest degree of weeding are the 

variants without fertilization - respectively 46 pcs/m
2
 and 54.6 pcs / m

2
, respectively for the 

variants with loosening and plowing (Tables 21 and 22). The total weeding is more 

significant after applied plowing at 25-28 cm compared to loosening at 32-35 cm. 

Prochaskova et.al also reports a higher degree of weeding. (2006). Of the perennial root-

sprout weeds Convonvulus arvense L. basiclypredominates. In the fertilized variants with 

loosening it is 2-3 times less than in the variants with plowing. 
Table 22. Number and mass of weeds in 1 m², maize in the tasseling phase –2018,  

ІІ crop rotation - tillage system О2 

By the time of harvest, secondary weeding with late spring and perennial weeds had 

occurred. Basically, this weeding is caused by BidenstripartitusL andConvovulusarvensisL. 

In the phase of "wax maturity", weeding is mainly with weeds from the group of late spring 

species – Setaria glauca P.B. and Bidenstri partitusL., and from the group of perennial weeds 

- CirsiumarvensePers.andConvovulusarvensisL.During this phase, the number of weeds 

decreases sharply at the expense of fresh and dry weight. The tendency for higher values 

(density, fresh and dry weight) of the annual weeds in the variant with plowing at 25 - 28 cm 

- from 13.3% to 42.5%, reduction of the number of perennials by 35% and increase of 

threetimes of dry and fresh biomass has been preserved. 

Groups of weeds 

Variant - Т₀O₁P₂ Variant- Т₁O₁P₁ Variant - Т₁O₁P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

I. Annual 31,99 43,61 12,38 20,33 19,48 6,33 12 27,84 4,31 

Dicotyledonous 31,99 43,61 12,38 20,33 19,48 6,33 12 27,84 4,31 

1. Ephemera 1,32 3,23 1,60 0,33 1,34 0,29 0,33 0,70 0,21 

2. Early spring 2,67 5,11 1,80 1,33 1,02 0,10 - - - 

3. Late spring 28 35,27 8,98 18 15 5,41 11,67 27,14 4,10 

4. Winter-spring - - - 0,67 2,12 0,53 - - - 

II.  Perennial  14 39,16 7,74 4 7,34 2,68 3 7,83 3,06 

Root-sprout weeds 14 39,16 7,74 4 7,34 2,68 3 7,83 3,06 

Groups of weeds 

Variant - Т0O2P2 Variant - Т₁O₂P₁ Variant - Т₁O₂P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

I. Annual 34 59,23 17,54 19 46,29 13,85 14,33 42,28 10,89 

Dicotyledonous 34 59,23 17,54 19 46,29 13,85 14,33 42,28 10,89 

1. Ephemera - - - - - - - - - 

2. Early spring 1,67 5,20 0,4 3 2,47 0,7 7 3,83 1,30 

3. Late spring 32,33 54,03 17,14 16 43,82 13,15 7,33 38,45 9,59 

II.  Perennial 16 36,94 9,59 7 12,44 4,91 13 23,20 7,35 

Root-sprout weeds 16 36,94 9,59 7 12,44 4,91 13 23,20 7,35 
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The total number of weeds in the two types of tillage is different, in loosening the amount 

of annual weeds is smaller, and fresh and dry biomass is higher in plowing by 17% to 19.1%. 

Fertilization also affects the weeding of maize.The number of annual weeds in the 

non-fertilized variant (T0) is higher than that in the fertilized variants (T1P1 and T1P2) by 

59.2% to 62%, while the fresh and dry biomass in the fertilized variants is higher by 36.7% 

up to three times.Fertilized variants are less weeded with annual weeds than the non-fertilized 

variant. 

In the experimental area of the second crop rotation, the quantitative weeding in the 

fertilization variants shows that the chemical weed control is more successful in the 

herbicidal mixture (variant P2), especially compared to the annual dicotyledonous 

weeds.Compared to the variant with herbicide P1 alone, the number of weeds is twice as 

small.In the case of perennial weeds, the fresh and dry biomass is higher in the variants with 

plowing, probably due to their later development of the area with loosening. 

In the control variant, the number of annual weeds is half of that reported in the "9-10 

leaf" phase of maize.Weeding with perennial weeds is also declining. Probably this 

quantitative reduction of weed species is due to the drought and the end of the life cycle of 

some weed species. 

The analysis of the results from the weeding of the maize  shows that it is of a mixed 

type. The predominant species are from the group of late spring and perennial root-sprout 

weeds. When the annual weeds are removed, compensatory processes appear and the 

number of the representatives of the perennial weeds begins to increase.  

Of the agrotechnical factors tested, the tillage system has a greater influence on the 

degree of weeding. When loosening is applied as the main tillage, better mechanical removal 

of weeds is achieved as compared to plowing.  

Fertilization has an effect of improving the nutrition of maize plants, which 

successfully compete with weeds. In the non-fertilized variants the weed species are more in 

number, but with less fresh and dry biomass. 

After sowing wheat and triticale, only single weeds were found - ephemeral and 

perennial root-sprout weeds. Due to the dry conditions and as a result of the pre-sowing 

tillage, most of the available species were are destroyed. In the spring, at the end of tillering, 

it was found that in the variants without fertilization the weeding is mainly by perennial root-

sprout weeds – mainly Convovulus arvensi L. The presence of annual dicotyledonous weeds 

- representatives of ephemeral, early-spring and winter-spring groups was also reported in 

the variants with fertilization. Only in the variants with fertilization of triticale during its 

sowing the presence of newly emerged late-spring species was established. The largest 

number of weeds were reported in the variant T₁O₁P₂ - 30 pcs/m
2 

and T₁O2P1 - 36 pcs/m
2
 

(Tables 23 and 24). 

 
Тable 23. Number and mass of weeds in 1 m², wheat in the tillering phase  – 2019, 

І crop rotation - tillage system О1 

Groups of weeds 

Variant - Т₀O₁P₂ Variant -Т₁O₁P₁ Variant –Т₁O₁P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weig

ht in 

g 

I. Annual 3,33 0,33 0,03 24,66 5,95 1,12 30,01 4,56 0,78 

Dicotyledonous 3,33 0,33 0,03 24,66 5,95 1,12 30,01 4,56 0,78 

1. Ephemera 1,33 0,03 0,01 13,33 1,2 0,17 13,34 1,13 0,22 

2. Early spring - - - 8 0,39 0,06 5,34 0,17 0,04 

4. Winter-spring 2 0,3 0,02 3,33 4,36 0,89 11,33 3,26 0,52 

II. Perennial 12 5,39 0,87 3,34 0,66 0,1 2 0,19 0,02 

Root-sprout weeds 12 5,39 0,87 3,34 0,66 0,1 2 0,19 0,02 
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Тable 24. Number and mass of weeds in 1 m², wheat in the phase of tillering – 2019, 

І crop rotation - tillage system О2 

After spraying with a herbicidal mixture of metsulfuron-methyl 143 g/kg + 143 g/kg 

tribenuron-methyl (product Alai Max), at a dose of 3.5 g/dka in combination with 

fenoxaprop-P-ethyl + antidote (product Imaspro 7,5 EB) and with a broad-spectrum product 

piroxulam 75 g/kg (Palace 75 BG product) at a dose of 25 g/dka, a significant part of the 

weeds were removed over the whole experimental area.The effect of the herbicide mixture 

application was 92% removal of available weed species and 88% for the herbicide against 

annual cereal and dicotyledonous weeds 

In the class formation phase, there is an increase in the weed species and the degree of total 

weeding compared to the tillering phasewith plowing (Tables 25 and 26). 
Table 25. Number and mass of weeds in  1m², triticale in the phase of tillering - 2019, 

ІІ crop rotation - tillage system О1 

Regardless of the method of tillage, fertilization increases weeding, and the biomass 

also grows in the studied indicators. Afterdisking weed species increase their quantity more 

than twice in the non-fertilized variants, and in the fertilized ones about 1.5 times compared 

to the variants with plowing. The highest degree of weeding was found in variant T0O2P2 - 

101 pcs/m
2
 total number, where the perennials are 38 pcs/m

2
. 

Тable 26. Number and mass of weeds in 1m², wheat in the phase of class formation - 2019, 

І crop rotation - tillage system О1 

Groups of weeds 

Variant - Т₀O₂P₂ Variant -Т₁O₂P₁ Variant –Т₁O₂P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 5,34 0,75 0,26 20 4,95 0,89 46,01 7,25 1,22 

Dicotyledonous 5,34 0,75 0,26 20 4,95 0,89 46,01 7,25 1,22 

1. Ephemera 2 0,03 0,07 16,67 3,34 0,59 38 6,06 0,95 

2. Early spring - - - - - - 1,34 0,06 0,02 

4. Winter-spring 3,34 0,72 0,19 3,33 1,61 0,3 6,67 1,13 0,25 

II.  Perennial 10 7,63 0,86 0,67 1,31 0,16 5,33 2,63 0,43 

 Root-sprout weeds 10 7,63 0,86 0,67 1,31 0,16 5,33 2,63 0,43 

Groups of weeds 

Tillering control Class Formation control Waxy Maturity Control 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 8 0,91 0,2 19,34 2,96 0,57 12,68 2,13 0,38 

Dicotyledonous 8 0,91 0,2 19,34 2,96 0,57 12,68 2,13 0,38 

1. Ephemera 4 0,33 0,06 8 1,78 0,31 9,34 2 0,36 

2. Early spring 4 0,58 0,14 4 0,09 0,03 3,34 0,13 0,02 

3. Late spring - - - 2 0,09 0,03 - - - 

4. Winter-spring - - - 5,34 1 0,2 - - - 

II.  Perennial 20,67 7,95 1,41 12,67 19,17 3,38 12,67 12,01 2,2 

Root-sprout weeds 20,67 7,95 1,41 12,67 19,17 3,38 12,67 12,01 2,2 

Groups of weeds 

Variant - Т0О1 P₂ Variant - Т1O1Р1 Variant - Т2O1Р2 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 14,67 21,3 4,72 4,66 24,49 7,33 18,68 59,36 16,19 

Dicotyledonous 14,67 21,3 4,72 4,66 24,49 7,33 18,68 59,36 16,19 

1. Ephemera - - - - - - 0,67 2,11 0,65 

2. Early spring 1,33 0,41 0,12 3,33 23,13 7,12 11,34 30,29 7,74 

3. Late spring 8 16,1 3,22 1,33 1,36 0,21 2 1,51 0,4 

4. Winter-spring 5,34 4,79 1,38 - - - 4,67 25,45 7,4 

II.  Perennial  56 211,55 49,91 51,33 174,4 53,82 29,33 76,83 18,23 

Root-sprout weeds 56 211,55 49,91 51,33 174,4 53,82 29,33 76,83 18,23 
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Тable27. Number and mass of weeds in 1 m², wheat in the phase of class formation – 2019, 

І crop rotation-tillage system О2 

 

In the class formation phase, twice as many perennial weeds were found in the 

variants with disking and without fertilization, and no significant differences were observed 

between the fertilized variants.In fertilization variants the tendency of more perennial weeds 

in the variant with no fertilization and disking Т0О2 P₂ is preserved.  

 
Table 28. Number and mass of weeds in 1 m², triticale in the phase of class formation –2019, 

ІІ crop rotation -tillage system О1 

 

In the second crop rotation with sowing triticale almost the same degree of weeding 

was reported. There is a difference only in the fertilized variants, where the total number is 4-

7 pcs/m
2
 -more than the similar variants with wheat, and the fresh mass is slightly higher. 

In the waxy maturity phase it was found that a large part of the weed species have completed 

their vegetative development and have dried up. Therefore, the reported quantitative weeding 

is lower than the reported one in the class formation phase. When combining plowing and 

fertilizing (T1O1 variants) only 12.4 to 14.7 pcs/m
2
 of weeds were found, mainly deciduous, 

and the difference compared to the variants with disking is 6-7 pcs/m
2
fewer. There is also a 

decrease in biomass, especially in fresh biomass, which can be explained in view of the stage 

of reporting and the deficit of soil moisture. The degree of weeding decreases by 26.9%, and 

fresh and dry biomass increases by two to three times. The tendency for higher density of 

weeds is preserved in the variants with disking -O2 and in the variants with triticale, and when 

the fertilization is excluded (var. T0O2P₂) the number is the largest - 25.32 pcs/m
2
. The 

weeding is mainly with late spring dicotyledonous weeds, there are fewer ephemeral 

representatives. The presence of perennial weeds in the variants without fertilization is 

significant (up to 18 pcs/m
2
 for variant T0O2P₂). 

 

 

 

Groups of weeds 

Variant - Т₀O₂P₂ Variant -Т₁O₂P₁ Variant –Т₁O₂P₂ 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 30 75,62 16,62 2,66 17,8 4,21 6 44,52 13,41 

Dicotyledonous 30 75,62 16,62 2,66 17,8 4,21 6 44,52 13,41 

2.Early spring 5,33 31,73 8,45 - - - 1,33 5,2 1,52 

3. Late spring 23,33 42,4 7,85 1,33 11,04 2,08 2 2,35 0,68 

4.Winter-spring 1,34 1,49 0,32 1,33 6,76 2,13 2,67 36,97 11,21 

II. Perennial 34,67 191,16 44,97 30 133,64 26,96 46 143,04 33,16 

Root-sprout weeds 34,67 191,16 44,97 30 133,64 26,96 46 143,04 33,16 

Groups of weeds 

Variant -  Т0О1Р1 Variant - Т1O1Р1 Variant - Т2O1Р2 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weigh

t in g 

I. Annual 11,34 11,88 2,78 3,34 1,98 0,53 1,34 4,18 1,24 

Dicotyledonous 11,34 11,88 2,78 3,34 1,98 0,53 1,34 4,18 1,24 

1. Ephemera - - - 0,67 0,16 0,11 - - - 

2. Early spring - - - 0,67 0,99 0,23 0,67 3,49 1,11 

3. Late spring 10 11,81 2,76 2 0,83 0,19 - - - 

4. Winter-spring 1,34 0,07 0,02 - - - 0,67 ,69 0,13 

II.  Perennial 95,34 371,74 88,27 66,66 320,69 61,32 60 365,6 88,17 

Root-sprout weeds 95,34 371,74 88,27 66,66 320,69 61,32 60 365,6 88,17 
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Table 29. Number and mass of weeds in 1 m² –control variant 2019. 

In the area with triticale, the total number of weeds decreases due to the end of the life 

cycle of the representatives of some groups of annual weeds and as a result of the drought. 

From the conducted research on Haplic Vertisols it was established that all three 

tested agrotechnical factors - soil tillage, fertilization and chemical weed control, have an 

impact on the quantitative weeding of the experimental area. When applying a system with 

more intensive tillage (variant O1), lower weeding with annual and perennial weeds is 

reported, compared to the variant with reduced tillage (O2). Fertilization also affects the 

development of weed vegetation, mainly by providing good nutrition and conditions for 

supremacy of cultivated crops in the competitive struggle. With the exclusion of fertilization, 

the number of weeds per unit area increases, but their mass is lower than that of the variants 

with fertilization. 

The study found that the use of herbicide mixtures proved to be more effective in 

restricting weed competition than the use of broad-spectrum products. 

When growing wheat, it was found that less typical weed species are found in 

BozhurishteEB compared to the sowing of spring oats, in which the species composition is 

higher, as a result of reducing the number of plants per area due to hailand lower pre-sowing 

quality. 

 
Fig.14. Percent of participation of basic groups of weeds - Wheat 2017 

 
 

Fig. 15. Percent of participation of basic groups of weeds - Maize 2018  
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Groups of weeds 

Tillering Phase Class formation Phase Waxy Maturity Phase 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

№/m² 

Fresh 

weight 

in g 

Dry 

weight 

in g 

I.Annual 5,33 14,72 1,22 58,66 91,55 27,27 97,33 62,17 17,45 

Dicotyledonous - - - 58,66 91,55 27,27 97,33 62,17 17,45 

1. Ephemera 1,33 1,72 0,04 - - - 1,33 1,72 0,04 

2. Early spring 4 13,0 1,18 48 81,47 25,17 4 13,0 1,18 

3. Late spring - - - 9,33 9,49 2,05 92 47,45 16,23 

4. Winter-spring - - - 1,33 0,59 0,05 - - - 

II.  Perennial 18,67 17,49 3,15 76,01 432,96 103,95 69,33 328,88 66,45 

Root-sprout weeds 18,67 17,49 3,15 76,01 432,96 103,95 68 325,18 66,34 
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Fig. 16. Percent of participation of basic groups of weeds - Wheat 2019  

 

In the trench crop of maize and at a later stage of vegetation, the main weeds are 

representatives of the late spring dicotyledonous and perennial root-sprout weeds. Dominant 

representatives of these groups in the experimental area are Bidens tripartitus L. and 

Convovulus arvensis. 

From the analysis of the effect of the individual components of the integration weed 

control it was established that the mechanical control has a more significant influence - the 

tillage system applied in the three-field crop rotation.The percentage of the main groups of 

weeds during the years of the study changes according to conditions.during the vegetation of 

the cultivated crops and from the current state of the soil and meteorological conditions. As a 

general condition of weeding, the quantitative share of weeds is smaller in the system with 

more intensive O1 tillage. 

In the first year, in the variants with plowing, the annual dicotyledonous weeds have a 

larger share, about 2.5 times bigger  than that of the perennial weeds. O2 system in the third 

year of the experiment increased the share of dicotyledonous weed species - to 54% of total 

weeding. 

The diagrams show that in wheat there are no annual cereal weeds, and in maize their 

percentage is only 1% (only gray SetariaviridisL.). 

 It can be concluded that the systematic application of integration weed control limits 

the development of weeds, and in winter cereals it leads to the removal of annual cereal 

weeds. 

Productivity of crops grown in crop rotation. 

Obtained yields from main and additional production 
The differences in variants are mainly due to the fertilization (between fertilized and 

unfertilized plots), and less to the variants of the tillage, the applied chemical control and to 

the general impact of the applied agro-technical solutions (Fig. 17). The highest yield was 

obtained in variant T1O1P2 - 395.25 kg/dka, in which fertilization and pre-sowing plowing 

were applied and the after-effects of the precursor tillage of dep loosening were taken into 

account.. Fertilization has the largest share in the formation of yield, the differences of 

increase between fertilized and non-fertilized variants are 2.59 and 2.65 times after plowing, 

and 2.09 and 2.11 times after disking. From the variants with zero fertilization, a grain yield 

of 149 to 166.2 kg/dka was obtained, which proves that the Haplic Vertisols have a relatively 

good level of fertility, given the fact that the area had not been fertilized for more than 20 

years. 
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Fig. 17. Wheat grain yields in kg/dka- harvest 2017 

Tillage also affects the yields obtained.After plowing, 38.28 kg/dka to 43.23 kg/dka 

more grain was obtained compared to the disking variants (Fig. 17).Under the conditions of 

the year, it is established that the pre-sowing plowing is more suitable for the HaplicVertisols 

in comparison with the disking, which is due to the stored amount of moisture in the 

individual variants. Knežević et.al also makes such a conclusion (2018). 

Chemical weed control has less of an effect on wheat productivity. The differences 

between the treatment variants with (metsulforon-methyl 143 g/dka + 143 g/dka tribenuron-

methyl) + (fenoxaprop-P-ethyl 69 g/l + antidote) and those sprayed with pyroxulam (75 g/kg) 

in the fertilized variants are from 4.09 to 9.04 kg/dka and are insignificant, although less 

weeding was reported when using the herbicide mixture. This finding is more clearly 

confirmed by the difference in yield from unfertilized variants, which is 17.2 kg/dka, with a 

low level of productivity, which is statistically proven. 

Very low yields are obtained from oats. The reasons for this are complex. Sowing was 

carried out with a certain delay, as the increased soil moisture did not allow for pre-sowing 

preparation. Phenological development slowed down and the reproductive processes took 

place in conditions of severe drought.But the main reason is the significant damage caused by 

heavy hail. 

In these circumstances, the low level of yields is determined by objective factors. The 

reported yields make it possible to determine some trends that are the result of the action and 

interaction of the tested agrotechnical factors. 

Fertilization, as with wheat, is the agro-technical measure with the most significant 

impact on yield. Of the fertilized variants, the yield exceeds that of the unfertilized variants 

more than twice, with the exception of the T1O2P2 variant, in which the yield is 1.5 times 

higher than that obtained from the non-fertilized variant. Unlike the experimental area with 

wheat, in oats no influence of the type of tillage is established, and even in variants T1O1P1 

and T1O2P1 the yields have the same dimension - 135 kg/dka. 

Obtained maize grain yields. 

Maize yields display a good level of productivity, despite the peak drought during 

grain filling. Depending on the studied factors, the yields vary widely. 
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Fig. 18.Maize yields in kg/dka in harvest year 2018,  

I Crop Rotation 

The differences in variants are mainly due to the fertilization (between fertilized and 

unfertilized plots), and less to the variants of the tillage, the applied chemical control and to 

the general impact of the applied agro-technical solutions (Figs. 18 and 19). 

The highest yield was obtained in variant T1O1P1 of the first crop rotation and variant 

T1O1P2 for the second crop rotation - 951.667 kg/dka and 859.167 kg/dka, respectively, in 

which the deep loosening and spraying with herbicides were applied. 

 
Fig. 19. Maize yields in kg/dka in harvest year 2018, II Crop Rotation 

Fertilization has the largest share in the formation of the yield, the differences 

between fertilized and non-fertilized variants show an increase of 3.3 and 3.8 more 

grainafterthe tillage loosening, and 3.5 and 3.4 times more grain after plowing, respectively 

in the first and second crop rotation. In the zero-fertilization variants, a grain yield of 201.2 to 

295.2 kg/dka was obtained, which proves that the HaplicVertisols has a relatively good level 

of fertility, taking into account the fact that the area had not been fertilized for more than 25 

years. These low yields are about twice as high as those obtained during the control (without 

fertilization and chemical weed control). 
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Tillage also affects the yields obtained.After loosening, from 34.227 kg/dka to 

108.691 kg/dka more grain was obtained in comparison with the plowing variants, as on 

average for the variant the increase in yield was 71.508 kg/dka (Figs. 18 and 19). 

Chemical weed control has a lesser effect on maize productivity.The differences 

between the tillagevariants with 345 g/l terbotrione + 68 g/l thiencarbazone-methyl + 

isoxadifen-ethyl 134 g/l (antidote), at a dose of 29ml/dka and those sprayed with nicosulfuron 

40 g/l, at a dose of 125 ml/dka +360 g/l 2.4 D + 120 g/l dicamba, at a dose of 120 ml/dka in 

the first crop rotation are small, and in O1 treatment the weaker weeding contributes to the 

increase of the yield in the variant sprayed with the product with complex action, whilein 

plowing the result of the use of the herbicide mixture is better. 

In the second crop rotation, the results show that spraying with two products acting 

separately against cereal and dicotyledonous weeds is more involved in yield formation, 

regardless of the type of tillage applied. 

 In the third year in the first crop rotation the experimental area is sown with wheat, 

and that in the second crop rotation - with triticale. 

For the conditions of the year, good grain yields were obtained from wheat. This 

conclusion applies to fertilizer variants. When the grain was formed, a period of drought 

occurred, so due to the lack of moisture, the grain remained malnourished. Therefore, the 

maximum yield obtained is 550.585 kg/dka, while based on the biological yield the 

expectations were for a more significant amount of grain per unit area. The results for the 

obtained grain yield prove the leading role of fertilization, as in the variants with fertilization 

the yield is more than three times higher than in the non-fertilized variants. There is no 

established effect on yields in fertilized variants of the applied chemical weed control. The 

differences between the fertilized variants are unproven. 

The applied way of tillage also affects the level of yields obtained. In the variants with 

plowing and fertilizing the yields are respectively 38,410 and 58,413 kg/dka higher than 

those obtained in the variants with disking - (with evidence of differences at p <5% and p 

<1%). When fertilizing, higher productivity is observed in the plowing system (with the 

effect of in-depth tillage), but in each of the way of tillage there are higher yields, although 

not statistically proven, when treated with a herbicide mixture. The differences between the 

variants with spraying with pyroxulam 75 g/kg and those with the herbicidal mixture 

metsulfuron-methyl 143 g/kg + 143 g/kg tribenuron-methyl, in a dose of 3,5 g/dka in 

combination with fenoxaprop-P-ethyl + antidote) – 100 ml/dka respectively 21,452 and 

14,788 kg/dka. 

   
Fig.20. Wheat grain yields in kg/dka - harvest year 2019 
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It is likely that drought during grain formation had a stronger effect on triticale reproductive 

processes than those of wheat. The highest yield was obtained from variant T1O1P2 - 532,172 

kg/dka, in which the tillage is plowingand  spraying is with a herbicide mixture. 

 

 
Fig. 21. Triticale grain yields in kg/dka - harvest year 2019 

 

In the variants without fertilization the differences in the obtained yield are clearly 

minimal. Of the components of the integrated control, the difference between the variants of 

chemical control in disking  is greater - 8,787 kg/dka more grain is obtained after spraying 

with pyroxulam. 

 

Total crop productivity in crop rotation 

A feed unit (FU) (1 FU = 1 kg of medium quality oats, which provides 2500 kcal) was 

used to assess crop productivity. 

Fertilization had the most significant effect on crop productivity during the study 

period for both crop rotations (with probability of error p <0.1%). 97.76% of the total 

variation in the data from the first crop rotation and 97.19% - from the 2nd are due to the 

fertilization variants (Tables 30 and 31). 

 
Тable30. Yield I crop rotation 

Source of variation Square Sum Square 

Sum.% 

Degrees 

of 

Freedom 

Average 

square 
F-rate Importan

ce level. 

Fertilization (F) 26037364.756 97.76 1 26037364.756 4215.790 0.000*** 
Cultivation (ST) 223435.596 0.84 1 223435.596 36.177 0.000*** 
Herbicide (H) 1382.210 0.01 1 1382.210 0.224 0.640  - 
F*ST 183837.589 0.69 1 183837.589 29.766 0.000*** 
F * H 1036.798 0.00 1 1036.798 0.168 0.686  - 
ST * H 37397.091 0.14 1 37397.091 6.055 0.021    * 
F * ST * H 179.878 0.00 1 179.878 0.029 0.866  - 
Error 148227.667 0.56 24 6176.153   

Corrected Total 26632861.585  31    
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LSD 5%   =114.698 

LSD 1%   =155.431 

LSD 0,1%=208.112 
 

 

 
 

For both crop rotations, the differences in yields between the control, fertilizized and 

unfertilized variant were statistically proven at 0.1%, as the yields obtained during 

fertilization were more than 2.5 times higher than those of the unfertilized variants. 

 
Тable 31. Yield IIcrop rotation 

Source of variation Square Sum Square 

Sum.% 

Degrees of 

Freedom 

Average square F-rate Level of 

importance 
Fertilization (F) 18518124.802 97.19 1 18518124.802 2501.478 0.000*** 
Cultivation (ST) 40120.238 0.21 1 40120.238 5.420 0.029    * 
Herbicide (H) 160051.524 0.84 1 160051.524 21.620 0.000*** 
F*ST 83227.512 0.44 1 83227.512 11.243 0.003  ** 
F * H 66604.470 0.35 1 66604.470 8.997 0.006  ** 
ST * H 6277.041 0.03 1 6277.041 0.848 0.366   - 
F * ST * H 2008.924 0.01 1 2008.924 0.271 0.607   - 
Error 177668.964 0.93 24 7402.874   

Corrected Total 19054083.476  31    

 
 

 
 
 

 
 
 

 

 

 

 

 

 

 

LSD 5%   =125.572 
LSD 1%   =170.168 
LSD 0,1%=227.844 
 
 

 

Fertiliza

tion 

Cultiv

ation 

Herbici

de 

Average 

yield 

0 

1 
1 1152.487 

2 1090.618 

2 
1 1073.327 

2 1138.717 

1 

1 
1 3101.506 

2 3052.922 

2 
1 2709.681 

2 2807.323 

Fertiliza

tion 

Cultiv

ation 

Herbici

de 

Average 

yield 

0 

1 
1 915.638 

2 978.002 

2 
1 958.983 

2 997.018 

1 

1 
1 2431.979 

2 2708.526 

2 
1 2303.023 

2 2491.854 
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In both crop rotations, the influence of the applied tillage system is statistically proven 

(with a probability of error of 0.1% for the first crop rotation and 5% - for the 2nd), as the 

productivity in both cases is higher in the system withmore intensive tillage (O1). 

 

 

Тable 32. Yield I и IIcrop rotation 
 

Source of variation Square Sum Square 

Sum.% 

Degrees 

of 

Freedom 

Average 

square 
F-rate. Level of 

importan

ce 
Fertilization (F) 44235958.961 94,00 1 44235958.961 6515.336 0.000*** 
Cultivation (ST) 226457.848 0,48 1 226457.848 33.354 0.000*** 
Herbicide (H) 95590.495 0,21 1 95590.495 14.079 0.000*** 

i
Crop rotation (R) 1370727.272 2,91 1 1370727.272 201.889 0.000*** 

F*ST 257227.115 0,55 1 257227.115 37.886 0.000*** 
F * H 42130.590 0,09 1 42130.590 6.205 0.016    * 
F*R 319530.597 0,68 1 319530.597 47.062 0.000*** 

ST * H 6515.739 0,02 1 6515.739 0.960 0.332   - 
ST*R 37097.986 0,08 1 37097.986 5.464 0.024    * 

H*R 65843.239 0,14 1 65843.239 9.698 0.003  ** 

F * ST * H 493.267 0.00 1 493.267 0.073 0.789   - 
F*ST*R 9837.987 0,02 1 9837.987 1.449 0.235   - 

F*H*R 25510.678 0,05 1 25510.678 3.757 0.058   - 

ST*H*R 37158.393 0,08 1 37158.393 5.473 0.024    * 

F*ST*H*R 1695.535 0,00 1 1695.535 0.250 0.620   - 

Error 325896.631 0,69 48 6789.513   

Corrected Total 47057672.334  63    

LSD 5%   =75,140 
LSDР 1%   =92,584 
LSD 0,1%=107,72 

 

Fertilization Cultivation Herbicide Crop 

Rotation. 

Mean 

0 

1 

1 
1 1152.487 

2 915.638 

2 
1 1090.618 

2 978.002 

2 

1 
1 1073.327 

2 958.983 

2 
1 1138.717 

2 997.018 

1 

1 

1 
1 3101.506 

2 2431.979 

2 
1 3052.922 

2 2708.526 

2 

1 
1 2709.681 

2 2303.023 

2 
1 2807.323 

2 2491.854 

LSD 5%   =117,313 
LSD 1%   =156,265 
LSD 0,1%=204,275 
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In the other winter cereal, triticale, the highest negative correlation between 

productivity and amount of weeds was observed in class formation (-0.901), followed by a 

waxy maturity phase (-0.652), probably due to its occurrence a few days earlier than wheat. 
Тable 33. Correlation analysis period2017 – 2019., I и ІІ crop rotations.(item/feed unit) 

 Tillering Class 
formation 

Waxy 
maturity 

Yield in 

feed unit 
Tillering 1,000      0,409       0,350 -0,311 
Class 
formation 

 1,000 0,128 -0,427 

Waxy 
maturity 

  1,000 -0,680 

Yield in 

feed unit 
   1,000 

Maize – 2018, I crop rotation(бр./кр.ед.) 
 3-5 leaf Tasseling Waxy 

Maturity 
Yield in 

feed unit 
3-5 leafт 1,000          0,772 0,833*     -0,677 

Tasseling  1,000 0,964** -0,885* 

Waxy maturity   1,000 -0,840* 

Yield in feed 

unit 
        1,000 

Maize – 2018, II crop rotation.(item/feed unit) 

 3-5 leaf Tasseling Waxy 
maturity 

Yield in 

feed unit 
3-5 leaf 1,000        0,799    0,444     -0,761 

Tasseling  1,000 0,857* -0,872* 

Waxy maturity   1,000     -0,763 

Yield in feed 

unit 
        1,000 

Wheat – 2019, I crop rotation.(item/feed unit) 

 Tillering Class 
formation 

Waxy 
maturity 

Yield in 

feed unit 
Tillering 1,000 -0,286 - 0,453 -0,624 
Class 
formation 

 1,000 0,691  -0,738 

Waxy 
maturity 

   1,000 -0,939** 

Yield in 

feed unit 
     1,000 

Triticale – 2019,IIcrop rotation.(item/feed unit) 

 Tillering Class 
formation 

Waxy 
maturity 

Yield in 

feed unit 
Tillering 1,000  -0,479  -0,260 -0,384 
Class 
formation 

 1,000 0,364 -0,901* 

Waxy 
maturity 

   1,000 -0,652 

Yield in 

feed unit 
   1,000 

 

Maizeproves the most efficient use of available moisture in the soil.The metabolism is 

most enhanced in the culture in the class formation phase and in the detection of the cob.This 
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fact is proved by the highest correlation between the productivity of maize and the 

quantitative composition of weeds - respectively -0.885 and -0.872 for both crop 

rotations.Towards the end of the maize vegetation, some of the weeds complete their life 

cycle, probably influencing the correlation dependence in the waxy maturity phase. 

This assumption is well supported by the correlation analysis of the dependence of crop 

productivity in crop rotation on the biomass of competing weeds (Table 34). In wheat in 

2017, the strongest correlation is observed in the tillering phase, when weeds are in intensive 

growth and are not yet affected by chemical control.  

Towards the end of the wheat growing season, the deficit of soil moisture stops the 

accumulation of biomass in the weed species, and  part of the annuals complete their 

development.This is confirmed by the correlation analysis for the third year of the 

experiment.Under favorable soil conditions - the presence of sufficient moisture and food 

reserves in the Haplic Vertisols, the competitive dependence of wheat on the absolutely dry 

biomass of weeds remains significant until the waxy maturity phase. 

 
Таble 34. Correlation analysis for the years 2017 – 2019, I и ІІ crop rotation.(g/feed unit) 

 Tillering Class 
formation 

Waxy 
Maturity 

Yield in 

feed unit 
Tillering 1,000      0,746       0,772 -0,716 
Class 
formation 

 1,000 0,904
* -0,552 

Waxy 
Maturity 

  1,000 -0,441 

Yield in 

feed unit 
   1,000 

Maize – 2018., I crop rotation.(g/feed unit) 
 3-5 leaf Tasseling Waxy 

Maturity 
Yield in 

feed unit 
3-5 leaf 1,000          0,063      0,572 0,242 

Tasseling  1,000 0,733 -0,771 

Waxy Maturity   1,000 -0,423 

Yield in feed 

unit 
   1,000 

Maize – 2018, II crop rotation.(g/feed unit) 

 3-5 leaf Tasseling Waxy 
Maturity 

Yield in 

feed unit 
3-5 leaf 1,000        0,530      0,404     -0,416 

Tasseling  1,000 0,707 -0,849* 

Waxy Maturity   1,000     -0,590 

Yield in feed 

unit 
        1,000 

Wheat – 2019, I crop rotation.(g/feed unit) 

 Tillering Class 
formation 

Waxy 
Maturity 

Yield in 

feed unit 
Tillering 1,000 0,270 - 0,286 0,189 
Class 
formation 

 1,000 0,452 -0,536 

Waxy 
Maturity 

   1,000 -0,787 

Yield in 

feed unit. 
   1,000 
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Triticale – 2019,IIcrop rotation.(g/feed unit) 

 Tillering Class 
formation 

Waxy 
Maturity 

Yield in 

feed unit 
Tillering 1,000  -0,352  -0,078 -0,078 

Class formation  1,000 -0,059 -0,317 

Waxy Maturity    1,000 -0,566 

Yield in feed 

unit. 
   1,000 

 

In the spring crop - maize for grain, productivity has shown to be influenced by the 

biomass of the weed association. Weeding from germination to phase "3-5 leaf" of maize  has 

no proven effect on grain yield during the first crop rotation. However, with the same 

duration of weeding, there is a correlation dependence with a higher degree of weeding in the 

second crop rotation. With the increase of the competition period to the hasseling phase, there 

is a strong negative correlation between weed biomass and grain yield. In the maize hasseling 

phase, the negative correlation between the growth of biomass in weeds and the productivity 

of maize is well proven - -0.771 and -0.849, respectively. In the second crop rotation, a 

higher degree of weeding was reported, which leads to a larger amount of dry biomass 

compared to the variants of the first crop rotation. Therefore, a negative correlation is also 

manifested in the waxy maturity phase. 
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CONCLUSIONS 

1. The conditions created by the agrotechnical factors tested for the development of the 

cultivated crops of maize, wheat, triticale and oats willl have a positive effect on their growth 

and productive potential: 

- When applying deeper tillage and mineral fertilization with fertilizers containing easily 

digestible forms of macronutrients, a more favorable nutrition is created, which leads to 

the formation of more biomass from plants and greater competitiveness against weed 

species; 

- The most productive is the variant with fertilization, crop rotation wheat-corn-wheat 

(3101.5 pcs. FU / dka) in the more intensive treatment plowing-loosening-plowing (O1) 

both in the treatment with herbicide and herbicide mixture; 

- The application of integration weed control has affected the development and 

productivity of cultivated crops.Mechanical control (tillage) has a more significant effect 

on productivity than chemical control.When applying as main tillage loosening, a 

decrease of 8-11% of the total weeding and mainly of perennial root-sprout weeds is 

reported in comparison with plowing; 

- Each tested agrotechnical factor has a significant contribution to the level of total crop 

productivity in crop rotation.The effect of the interaction between fertilization and 

mechanical weed control - the tillage system - is well proven. 

2. As a result of the favorable meteorological and soil conditions during the vegetation of the 

crop, the yields obtained from maize are good. They are formed mainly as a result of the 

applied mineral fertilization, to a lesser extent than the applied pre-sowing treatment; the 

most insignificant is the influence of the chemical component of the integration weed control. 

In the second crop rotation, the effect of herbicide spraying was statistically proven. The 

most significant is the contribution to the formation of the yield of integration control in the 

second year, and the smallest - in the third year, which is a result of the successful 

elimination of weed competition in the first years of fieldexperments; higher values were 

found for the absolute and hectolitre mass of the grain in the variants with a system of more 

intensive tillage than with minimal tillage (O2), probably due to the provision of more 

productive moisture. The average values of the main elements of the yield structure (grain 

weight in one class, absolute mass per 1000 grains and hectolitre mass) are proof of the 

influence of the type of integration weed control. Therefore, the interaction between the two 

components in it also has an impact. 

3. Of the agrotechnical factors tested, the tillage system has a greater influence on the 

degree of weeding. When loosening is applied as main tillage, a reduction in the degree of 

weeding is achieved as compared to plowing. The analysis of the results from the weeding of 

the maize shows that it is of a mixed type. The predominant species are from the group of late 

spring and perennial root-sprout weeds (up to 83%). When removing the annual weeds, 

compensatory processes appear and the number of the representatives of the perennial weeds 

begins to increase. Under the conditions of the first and third years of the experiment, the 

problem is the secondary weeding of cereal crops with late spring weeds; Fertilization has an 

effect of improving the nutritiont of maize plants, which successfully compete with weeds. In 

the non-fertilized variants the weed species are more in number, but with less fresh and dry 

biomass. As a result of the successful application of the integration method for weed control 

at the end of the experiment, complete removal of annual cereal weeds and significant 

reduction of the quantitative and qualitative composition of perennial weeds was established. 

As a result of the integration control in the variants with intensive tillage and spraying with a 

herbicidal mixture, the removal of 80-87% of the weed species is achieved on average for the 

three years. 
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4. Biometric indicators are strongly influenced by the specific meteorological conditions 

and less - by the integrated weed control.Under the conditions of a medium wet year (2018 

and 2019) the biometric measurements are better than the ones reported in the first year of 

the experiment (medium dry);no significant influence of weeds on the development of 

cultivated plants has been established. 

5. Deeper tillage contributes to maintaining the values of the physical parameters in a 

more favorable range for the crops grown: 

- Soil moisture is a major limiting factor for crop development.The content of soil moisture 

is influenced by the type of tillage and to a lesser extent by the density of weeds; 

- The applied tillage system has a significant impact on the bulk density of the soil.In deep 

loosening for maize, its values are lower than in pwoling. Although statistically unproven, the 

values of this parameter are lower after plowing as pre-sowing tillage in wheat - compared 

to those in disking, the differences reaching 0.11 g / m2 In severe moisture deficit, the values 

of bulk density increase toborderline for the functioning of the root system of plants; 

- The total porosity of the HaplicVerisols from Bozhurishte has values favorable for the 

aeration and wetting of the soil layers, except for the period with strong drought during the 

vegetation of wheat and oats. 

6. As a result of the influence of the studied agrotechnical factors on the agrochemical 

characteristics of the soil, the following tendencies are observed: 

- The applied fertilization mainly affected the content of nitrate and ammonium nitrogen; 

- The content of phosphorus forms remains low.It is necessary to increase the phosphorus 

rate of fertilization to achieve a stable level of digestible phosphates; 

- The content of digestible potassium is still satisfactory, and its reduction and export with 

the produced products is in smaller quantities than the other macronutrients. 

- The reaction of the soil solution remains neutral despite long-term studies with variants 

of intensive agricultural techniques on the experimental area; 

7. Based on the obtained data, it can be concluded that the microorganisms in the 

rhizosphere react significantly to the applied agrotechnical measures. In different groups of 

microorganisms the reaction is specific depending on the combination of the studied factors. 

Fertilization has the most significant influence on the number of the main groups of 

microorganisms. The applied tillage systems have a positive or negative effect on the 

individual groups of microorganisms during the studied years, depending on the type of crop 

and the phase of its vegetation. The degree of impact increases with deeper tillage and 

balanced fertilization. The interaction between the two factors, combined with the action of 

the applied herbicides favors the activity of the microflora. As a general trend at the end of 

the vegetation, the cellulose-degrading microorganisms and the bacteria absorbing mineral 

nitrogen from the atmosphere are activated under the conditions of the fertilized variants. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

40 
 

CONTRIBUTIONS 

1. A complex assessment has been made of the effect of application of new solutions in 

agricultural technology and integration control of weeds in the cultivation of cereals in 

three-field crop rotations for the conditions of Haplic Vertisols from the Sofia field. 

2. It has been shown that the integration method of weed control, involving more intensive 

tillage and use of herbicides in later stages of maize and wheat development, overcomes 

the main problem of secondary weeding of crops in the area. 

3. It has been established that the interaction between the mechanical and chemical 

components of the integration weed control has been proven and has a significant effect 

on restricting the competition of weed species. 

4.The obtained results supplement the database for basic parameters of Haplic Vertisols 

collected from long-term research in field experience. 

5. The advantage of the system with more intensive tillage in the crop rotation for 

increasing the productivity of the cultivated crops and the effect of its combination with 

chemical control on the distribution of weed species has been provenunder soil and 

climatic conditions of the experiment. 

6. The changes in basic soil parameters - physical, agrochemical and microbiological 

under the influence of the studied agrotechnical factors have been established and a 

positive impact of the deepening of the arable layer and the use of new types of fertilizers 

on the general status of Haplic Vertisols has been proved. 
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