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Abstract: In sustainable cultivation technologies, the method of managing crop residues and the 

microbiological activity of the soil supported by the application of effective microorganisms are of particular 

importance. Therefore, a four-year two-factor experiment was carried out with spring wheat monoculture. Six 

ways management of organic matter before sowing and tillage (first factor) and the application of 

microbiological preparations (second factor) were tested - a total - 18 experimental objects. Parameterized: 

weed infestation, SPAD and LAI indicators, elements of the yield structure and spring wheat yield - all features 

were significantly determined by the tillage technology used. In most cases, the application of biopreparations 

does not have a significant impact on the tested features. It was found that the highest yields of spring wheat 

obtained in the technology: application of EM or UGmax microbiological preparations on the shredded straw of 

the forecrop and mixing it with the soil using a grubber immediately after harvest, sowing of the white mustard 

catch crop and winter plowing. 

Keywords: crop production; sustainable agricultural technologies; effective microorganisms; 

harvest residues; catch crop 

 

1. Introduction 

Agricultural production should expand faster than population growth, without further harm to 

the environment [1] hence, there is still a search for technologies for the production of food that 

combine high efficiency with the lowest possible negative impact on the environment. This is 

particularly important in the case of strategic plant species for feeding humanity, due to the area they 

occupy. Wheat is one of such species [2,3]. Crop rotation and soil tillage are among key factors 

impacting cropping system productivity, pest management and soil health [4]. It is widely believed 

that crop rotation increases yields [5] and ensures sustainable plant production [6,7]  combining 

minimizing environmental impact with high productivity (8). Unfortunately, organizational aspects 

and limited production space mean that wheat monocultures are still used [9] although this is 

contrary to sustainable development guidelines and the biodiversity strategy [10].  

Sustainable development practices in agriculture include, among others, elements such as: 

leaving as much plant biomass from crop residues or catch crops in the environment as possible, 

supporting soil microbiological activity, minimization interference with the soil by reducing tillage 

[11]. One of the methods of mitigating the negative effects of cereal monoculture is the cultivation of 

catch crops [12]. Catch crops improve physical, chemical, and biological properties of soil [13, 14]. 

Likewise, crop residues are an important resource not only as a source of significant quantities of 

nutrients for crop production but also affecting soil physical, chemical, and biological functions and 

properties and water and soil quality. When crop residues are returned to the soils, their 

decomposition can have both positive and negative effects on crop production and the environment 

[15]. In terms of phytosanitary concerns, leaving crop residues of plants grown in monoculture on 

the field surface or mixing them with the soil raises doubts. High microbiological activity helps limit 

the development of pests and plant pathogens and accelerates the decomposition of organic matter. 

Increasing this activity can be achieved by applying effective microorganisms to the soil [16]. Tillage 
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is an agrotechnical practice that strongly affects the soil environment. Its effect on soil properties 

depends on the system and, more specifically, on the degree of soil inversion and loosening. 

Traditional plow cultivation is associated with many unfavorable environmental consequences, 

which is the reason for using alternative tillage methods [17] 

The hypothesis assumed is that in spring wheat monoculture, various methods of managing 

post-harvest residues, the use of catch crops and various tillage methods combined with the 

application of microbiological preparations will be a beneficial alternative to traditional cultivation 

in which all above-ground biomass is removed from the field and tillage is based on a plow system.  

In the context of this hypothesis, the aim of the research was to compare the effect of 18 spring wheat 

cultivation technologies in a 4-year monoculture.  

2. Materials and Methods 

2.1. Experiment Site 

The research was carried out in the years 2010-2014 in Tarnowo Górne (52°55′58″N 18°05′54″E), 

Kuyavia-Pomerania Voivodeship, Poland.  Field experiments were carried out on soil classified by 

the WRB [24] as Luvisol. The soil grain-size composition was: 0-20cm - 41.4% sand (2–0.05 mm), 52.3% 

silt (0.05–0.002 mm), 6.3% clay (<0.002 mm).   

2.2. Experiment Design 

Experiment located for four years in exactly the same place - spring wheat monoculture. The 

field experiments were carried out in the randomized split-plot design, with four replications. A 

single plot area was 200 m2 (8 m x 25 m).  

Experimental factors: 

Factor A— management of organic matter before sowing and tillage (the text also uses the 

abbreviation "tillage method" interchangeably): 

- straw + post-harvest grubber + winter plowing - A1 

- mulch + winter plowing - A2 

- mulch + spring plowing - A3 

- straw + catch crop + winter grubber + spring grubber - A4 

- straw + catch crop + winter plowing - A5 

- stubble + post-harvest grubber + winter plowing - A6 

Factor B— applying microbiological preparations: 

- EM-1 (B1) 

- UGmax (B2) 

- control - without the use of microbiological preparations (B3) 

A total of 18 experimental objects. The experiment was carried out in 4 replications - 72 

experimental plots. In each of the four years of the experiment, each object was located in exactly the 

same place - a static experiment. 

Explanations: 

- straw – in 2010, winter rapeseed straw, in subsequent years spring wheat straw - crushed 

during harvesting 

- straw + post-harvest grubber – crushed straw of forecrop mixed with the soil using a grubber  

to a depth of 25 cm. Performed immediately after harvesting the forecrop 

- grubber – Grubber Lemken Terra Cult vibro 

- winter grubber – grubber used in the second decade of November 

- spring grubber – grubber applied a week before sowing 

- winter plowing – plowing to a depth of 25 cm in the second decade of November – Kverneland 

EM 100 reversible plow /4 furrow/ with Packomat 

- spring plowing – plowing to a depth of 20 cm two weeks before sowing spring wheat 

- mulch – shredded forecrop straw left on the soil surface 
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- catch crop - white mustard sown in the amount of 15 kg·hm-2 of seeds in the 2nd-3rd decade of 

August 

- stubble – straw collected and transported outside the field 

- EM-1 – application 20.0 dm3·hm-2 on crushed straw or stubble, -

https://greenland.pl/produkt/preparat-em-1/ 

- UGmax - application of 1.0 dm3·hm-2 on crushed straw or stubble, - http://bogdan.agro.pl/ 

2.3. Precipitation and air temperature 

Precipitation and thermal conditions during the field tests were described based on the results 

of standard meteorological measurements. The sums of monthly precipitation and average monthly 

air temperatures in the years 1949-2009 are summarized in Table 1. Deviations of monthly rainfall 

sums and average monthly temperatures in the years of study implementation from the average 

monthly rainfall sums and average monthly temperatures for the years 1949-2009 are presented in 

Figures 1 and 2. 

Table 1. Sums of monthly precipitation and average monthly air temperatures in the years 1949-

2009. 

 Month 

I II III IV V VI VII VIII IX X XI XII 

rainfall sums [mm] 21.9 22.3 29.9 31.6 49.1 69.7 79.9 57.5 47.3 35.6 32.6 30.1 

average monthly air 

temperatures 
-1.8 -0.5   2.8   7.9 13.9 16.7 18.6 18.5 13.2   8.5   3.1 -1.1 

 

 

Figure 1. Deviations [mm] of monthly rainfall sums in the years of study implementation from the 

average monthly rainfall sums for the years 1949-2009. 
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Figure 2. Deviations [0C] of average monthly temperatures in the years of study from average monthly 

temperatures in the years 1949-2009. 

The amount of rainfall in the period from September to November in all four years of the study 

generally did not hinder the correct performance of pre-sowing tillage. They were also beneficial for 

the rapid growth and biomass production of white mustard grown as a catch crop.  

Too little rainfall in February-April was not conducive to quick and uniform emergence of spring 

wheat. Only 2014 turned out to be relatively favorable in this respect. In 2013, unfavorable rainfall 

conditions in early spring were combined with the return of heavy frost in the second and third 

decade of March. This resulted in the need to re-sow spring wheat. The rainfall deficit in April and 

May in 2011 and 2012 was compensated by the rainfall of the next two months. June and July rainfall 

totals in 2011 and 2012 exceeded the rainfall needs of wheat. Plants had worse conditions in 2013 and 

2014 - severe rainfall deficits in the months of June and July worsened the unfavorable early spring 

situation. The least favorable (deficit) rainfall distribution for the proper vegetation of spring wheat 

occurred in the last year of its cultivation, i.e. in 2014.   

In all years of the study, after harvest, there were favorable conditions for proper post-harvest 

tillage, good mixing of shredded straw with the soil and effective application of preparations 

containing microorganisms. 

2.4. Elements of Agrotechnical Practises 

Certified seed material of spring wheat variety 'Tybalt' was sown at a density of 450 grains·m2 

in March at a spacing of 10.5 cm, to a depth of 4 cm. The seed material was treated with the Maxim 

Star dressing (cyproconazole + difluorobenzole) at a dose of 200 g of the preparation ·100 kg-1 grain. 

For sowing, a 4 m cultivation and sowing unit with an active cyclotiler section and a Horsch seeder 

equipped with disc coulters and kneading rollers was used. During direct sowing, the active sections 

of the cyclotiler were disconnected.  

In spring, before pre-sowing cultivation, mineral fertilization was applied: N - 60kg·hm-2 

(ammonium sulphate),  P2O5 30 kg·hm-2 (granulated superphosphate), K2O - 90 kg·hm-2 (potassium 
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salt). After sowing, nitrogen was applied twice: in the BBCH 32 phase - 60 kgN·hm-2  and in the 

BBCH 51 phase -  60 kg N·hm-2.  

Herbicyd Mustang Forte 195 SE (0,8 dm3·hm-2 florasulam+aminopyralid+2,4 D) together with the 

growth regulator Moddus 250 EC (0,8 dm3·hm-2 trineksapak etylu),  was applied in the BBCH 32 

phase. Fungicide protection: Swing Top 183 SC (1,5 dm3·hm-2 dimoksystrobina+epoksykonazol) 

applied in the BBCH 39 phase. Pesticides were applied using a sprayer AMAZONE UX5200 24m 

2.5. Samples and Measurements 

During the wheat growing season and after harvest, biometric characteristics of plants from all 

plots were assessed: 

- plant density BBCH 11-12 (the results are not presented in the manuscript), 

- chlorophyll index SPAD (Yara N-testerTM 

https://www.yara.my/contentassets/6d5ba39b1a364a33be1e4e6b6b2a2be1/n-tester-instruction-

manual.pdf/), 

- leaf area index (LAI) (plant canopy analizer Li 2000 (Li Cor, USA). 

https://licor.app.boxenterprise.net/s/q6hrj6s79psn7o8z2b2s ), 

- stem length – measured from the soil surface to the end of the ear, 

- ear density BBCH 89, 

- weight of a thousand grains, 

- grains per ear, 

- grain yield 

2.6. Data Analysis 

The dataset of measurements was subjected to statistical analysis. Plant biometrics were 

subjected to two-ways analysis of variance. This analysis carried out separately for each growing 

season, and a synthesis was performed for the four years of research in a mixed model (vegetation 

seasons—random, experimental factors—fixed). A model suitable for Split-plot was used. The first-

order factor was the management of organic matter before sowing and tillage, the second-order factor 

was the use of microbiological preparations. Tukey’s post-hoc test (LSD0.05) was used to assess the 

significance of differences between the mean values of each feature. 

3. Results and discussion 

3.1. significance of the influence of factors 

Weather conditions in subsequent years of research were very different in terms of the amount 

and distribution of rainfall and temperature (Figures 1 and 2). Rainfall, temperature and solar 

radiation are important climatic factors that determine growth and development differently at 

different growth stages and ultimately yields. [18]. Variable weather in the years of the study 

significantly modified the influence of the tillage method on most features of spring wheat (Years x 

A), and no such relationship was found between variable weather in the years and the application of 

microbiological preparations (Years x B) (Table 2). ANOVA showed that the tillage method 

determined all observed features of spring wheat. The application of microbiological preparations 

only determined the total number of weeds. The interaction of factors A and B was not dependent on 

variable weather conditions in the years of study. The interactive effect of factors A and B was found 

in the case of 5 wheat traits, including grain yield.  
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Table 2. Significance of the influence of factors and their interactions on the features of spring wheat 

plants. 

Feature 

Years x 

factor 
Factor 

Years x 

factor 

interaction 

factor 

interaction 
I II I II 

Density of Echinochloa crus-galli + - + - - - 

Density of Viola arvensis + - + - - - 

Density of Stellaria media + - + - - - 

Density of Chenopodium album + - + - - - 

Density of Apera spica-venti + - + - - - 

Density of Avena fatua + - + - - - 

Density of other weed species - - + - - - 

Total weed density + - + + - - 

Chlorophyll index SPAD (BBCH 32-37) - - + - - - 

Chlorophyll index SPAD (BBCH 51-55) - - + - - + 

Leaf area index LAI (BBCH 37-39) - - + - - - 

Leaf area index LAI (BBCH 49-51) + - + - - - 

Leaf area index LAI (BBCH 75-87) - - + - - + 

Leaf area index LAI - średnio - - + - - + 

Ear density - - + - - - 

Grains per ear + - + - - - 

Weight of a thousand grains + - + - - - 

Grains per ear - - + - - + 

Grain yield + - + - - + 

(+) – significant impact;  (-) – no significant impact;  . 

3.2. weed infestation 

The research showed a significant impact of variable conditions over the years on the influence 

of tillage methods on the weed infestation of spring wheat by the analyzed weed species and the total 

number of weeds (Table 3). Therefore, the results of the statistical analysis for these species and total 

weed infestation are presented for each year and on average over the years of the study. 

Leaving shredded straw as mulch on the field surface from harvest until spring plowing (A3) 

resulted in the highest overall weed infestation (Table 3). The total number of weeds in this method 

of tillage was significantly, on average over the years, 49.6 pcs.m-2 higher than the number of weeds 

in the other variants of tillage, except for no-plow tillage (A4). The level of weed infestation in spring 

wheat tillage without plowing (A4), in which straw and catch crop biomass was mixed with the 

surface layer of soil, turned out to be only slightly, to a statistically insignificant degree, lower than 

after mulch and spring plowing (A3). The obtained results do not confirm the conclusions of other 

authors [19, 20] that catch crops (especially white mustard) can be an effective way to reduce the 

number and weight of weeds in monoculture. However, this discrepancy may be due to the fact that 

catch crops in the studies in this manuscript occurred in different tillage variants and on this basis it 

cannot be clearly stated about their protective effect or lack thereof in the context of weed infestation. 

However, our own results are consistent with other studies [21] in terms of the negative impact 

(increase in weed infestation) of mulch lying on the field surface. This may be due to the limited 

effectiveness of herbicides. In our own research, the use of winter plowing in spring wheat 

agrotechnology contributed to reducing weed infestation. Weed infestation was reduced to the 
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greatest, statistically significant extent, by classic plowing without straw (A6), under the influence of 

which the total number of weeds per unit area was reduced by more than half, i.e. by 52.9% in relation 

to the tillage method that most strongly infests spring wheat (A3). The use of winter plowing in other 

tillage methods in which biomass was plowed (A1, A2, A5) did not result in a significant increase in 

weed infestation compared to traditional tillage (A6). These results are confirmed by the studies of 

other authors [22, 23, 24], who noticed that limiting the use of plowing and leaving crop residues 

causes changes in the botanical composition of weeds and an increase in the number of weeds, forcing 

increased herbicide protection. However, there is no consensus in the literature in this respect, e.g.  

Fonteyne et al [25] claims that weed density and biomass were lower in long-term conservation 

agriculture than in conventional cultivation. The cited authors also claim that the three components 

of conservation agriculture (no-till, residue retention, and crop rotation) reduced weed biomass, 

which was lower when all three components were used together. This does not therefore refer to 

compensation for weed infestation occurring in wheat monoculture.  

The tillage method caused significant changes in the weed community (Table 3). In individual 

years and on average during the research period, Apera spica-venti turned out to be the most 

numerous weed. Indeed, the highest number of individuals of this species was determined in the site 

where the mulch made of shredded straw was plowed only with spring plowing (A3) and in the 

conditions of no-plow tillage (A4). Moreover, it was observed that the annual use of spring plowing 

(A4) promoted an increase in the number of Apera spica-venti individuals in subsequent years. The 

use of other tillage methods significantly reduced the occurrence of Apera spica-venti. The number of 

this species was most effectively reduced by classic tillage - plowing without straw (A6), which 

reduced its occurrence by an average of 70.4% in the most weedy areas (A3, A4). Relatively numerous 

weeds in the spring wheat canopy were also Viola arvensis, Chenopodium album and Stellaria media, 

which, like Apera spica-venti, were most numerous under tillage with spring plowing  (A3). The use 

of winter plowing (A6, A1, A2, A5) limited the number of Chenopodium album in subsequent years of 

the study. However, the number of Stellaria media increased in subsequent years in each of the six 

methods of tillage. A similar trend was observed for Echinochloa crus-gali and Avena fatua. These 

weeds were relatively few in the spring wheat canopy, but their numbers generally increased in 

subsequent years of implementing specific methods of farming. 

Table 3. The influence of the method of tillage for spring wheat on the number of weeds [pcs. m-2] in 

individual years of research and averages from 2011-2014. 

Weed species 

Management of organic matter before sowing and 

tillage Mean LSD0,05 

A6 A1 A2 A3 A4 A5 

Echinochloa 

crus-galli 

2011 3.9 3.3 3.6 3.5 3.3 3.6 3.5 n.s.** 

2012 2.1b* 3.2ab 3.3ab 3.8a 3.9a 2.7ab 3.2 1.49 

2013 3.4b 4.2ab 4.3ab 6.1a 6.0a 4.2ab 4.7 2.16 

2014 1.7d 3.4cd 3.6abc 6.8a 5.3ab 2.9cd 4.0 1.81 

2011-2014 2.8c 3.5bc 3.7bc 5.0a 4.6ab 3.3c 3.8 1.24 

Viola 

arvensis 

2011 4.8c 6.4bc 7.0b 9.3a 6.6bc 5.7bc 6.6 2.18 

2012 7.5b 8.7ab 11.1a 10.0ab 11.0a 9.2ab 9.6 2.91 

2013 6.5b 9.8b 11.1b 16.2a 9.1b 8.7b 10.2 4.90 

2014 7.0c 8.4c 16.5a 13.4b 8.0c 7.3c 7.0 2.63 

2011-2014 6.4c 8.3c 11.4ab 12.2a 8.7bc 7.7c 6.4 3.01 

Stellaria 

media 

2011 2.1d 3.9bc 4.1bc 5.3ab 6.4a 2.3cd 4.0 1.61 

2012 3.9b 3.8b 4.1b 4.6b 6.7a 4.9ab 4.7 2.09 

2013 4.1c 5.2bc 5.8b 8.6a 7.6a 4.9bc 6.0 1.50 
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2014 5.3c 6.1c 6.9bc 9.8a 9.4ab 5.7c 7.2 2.71 

2011-2014 3.8b 4.7b 5.2b 7.1a 7.5a 4.4b 3.8 1.80 

Chenopodium 

album 

2011 6.8 6.7 7.0 7.4 6.1 7.7 6.9 n.s. 

2012 5.8 6.3 5.8 8.5 6.9 7.3 6.8 n.s. 

2013 5.1b 5.5b 5.1b 14.9a 10.7a 4.3b 7.6 4.23 

2014 5.0c 6.0bc 5.6bc 17.2a 9.6b 5.5c 8.1 4.08 

2011-2014 5.7b 6.1b 5.9b 12.0a 8.3b 6.2b 5.7 3.54 

Apera spica-

venti 

2011 7.8d 13.2bc 10.8cd 17.3a 15.6ab 9.7d 12.4 3.47 

2012 7.7d 17.0c 18.4bc 23.5ab 24.9a 13.8c 17.6 5.69 

2013 8.9d 14.6c 12.5cd 37.5a 32.6b 10.6cd 19.5 4.44 

2014 8.4b 12.5b 14.4b 38.0a 31.7a 10.5b 19.2 6.60 

2011-2014 8.2b 14.3b 14.0b 29.1a 26.2a 11.1b 8.2 10.38 

Avena fatua 

2011 1.8 2.2 2.3 2.0 2.1 1.4 2.0 n.s. 

2012 2.1 2.3 2.3 2.6 3.1 2.8 2.5 n.s. 

2013 1.8b 3.2ab 3.2ab 5.0a 4.3a 2.6b 3.3 2.21 

2014 1.3b 4.1ab 4.8a 5.6a 5.1a 3.8ab 4.1 2.86 

2011-2014 1.7c 2.9ab 3.2ab 3.8a 3.6ab 2.6bc 3.0 1.09 

Others 2011-2014 10.9c 14.0ab 13.7ab 14.7a 13.8ab 12.5bc 10.9 1.88 

Weeds Total 

2011 38.1d 47.0bc 47.0bc 57.4a 54.7ab 43.6cd 48.0 8.82 

2012 41.1d 55.0c 59.2bc 67.7ab 70.0a 53.8c 57.8 9.10 

2013 40.9e 57.8c 55.8cd 105.4a 84.9b 47.5de 65.4 8.80 

2014 38.1e 56.0cd 65.7c 104.9a 81.6b 46.9de 65.5 10.41 

2011-2014 39.5c 53.9bc 56.9bc 83.9a 72.8ab 48.0c 59.2 20.28 

* The data marked with different letters (in the lines) were significantly different at p = 0.05, according to 

Tukey’s test.; **not significant. 

The application of biopreparations also had an impact on the number of weeds in the conducted 

research (Figure 3). On average, for the tillage method, the use of the UGmax soil conditioner turned 

out to be unfavorable in this aspect, which increased the number of weeds to a significant extent 

compared to the control object. The presented results are not confirmed by other studies performed 

in similar conditions [26]. The authors of the cited studies claim that the increased weed density due 

to straw application to the soil was minimized to different extents by the use of effective 

microorganisms, especially the density of Apera spica-venti, Capsella bursa pastoris, Chenopodium 

album and all other weeds. Degradation of this straw by the effective microorganisms applied during 

post-harvest cultivation led to a reduced total weed infestation and reduced density of Apera spica 

venti, Capsella bursa pastoris, Chenopodium album and all other weeds. It should be added, 

however, that these results were obtained for the EM preparation, not UGmax. Moreover, a different 

type of tillage was used in the studies cited above. The significantly higher weed infestation obtained 

after using UGmax in our own research cannot be directly compared with the research of other authors 

due to the fact that it is an average of various tillage methods. This does not change the fact that it is 

difficult to explain without in-depth analyzes of the causes of the phenomenon why both 

microbiological preparations had different effects on weed infestation. 
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Figure 3. Average total weed density [pcs. m-2] in spring wheat depending on the applied 

biopreparations (average from 2011-2014). 

3.3. Wskaźnik zieloności liści SPAD 

The SPAD index in the BBCH 32-37 phase was lower for all objects than in the BCH 51-55 phase 

(Table 4). However, in both determination dates, the relationships between the objects in terms of 

variation in the value of the examined feature were similar. The lowest value of the SPAD index in 

both dates was recorded in spring wheat in the A3, A2 and A4 tillage variants. In the BBCH 51-55 

phase, the SPAD index readings for the remaining tillage variants (A5, A1, A6) turned out to be 

significantly higher. In the BBCH 32-37 phase, the SPAD index readings on objects A5, A1, A6 were 

statistically higher in relation to objects A3 and A4. 

Table 4. Values of the SPAD index of spring wheat in the BBCH 32-55 phase depending on the 

variants of agrotechnics and the application of microbiological preparations (average from 2011-

2014). 

Applying microbiological 

preparations [B] 

Management of organic matter before sowing and 

tillage [A] 
Mean 

[A] 
A6 A2 A3 A4 A5 A1 

BBCH 32-37 

Mean [B] 460 434 409 418 460 466 441 

LSD0.05 dla: A=31.0; B=n.s. B/A=n.s; A/B=n.s. 

BBCH 51-55 

EM 496 460 440 469 516 515 483 

UG 493 460 438 472 523 533 486 

Control 507 468 450 451 475 463 469 

Mean [B] 499 463 443 464 505 504 479 

LSD0,05 dla: A=31.9; B=n.s. B/A=41.0; A/B=51.6 

In the BBCH 51-55 phase, a significant relationship was noted between farming methods and 

the application of biopreparations in shaping the SPAD index (Table 4). SPAD readings in the A5 and 

A1 tillage variants to which biopreparations were applied were higher than in A5 and A1 without 

the application of microbiological preparations. No such relationship with the application of 

biopreparations was found in objects with other tillage methods. It is known that the factor that has 

the strongest effect on the chlorophyll SPAD index is nitrogen fertilization, while factors such as 
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tillage and the management of crop residues have a smaller impact [27]. In their research, the cited 

authors obtained a similar relationship to the results presented in this article - leaving harvest 

residues significantly reduced the SPAD of spring wheat. However, with regard to tillage, the 

research is not clear. Our own results are confirmed by other studies conducted in Poland [30], which 

show that plow tillage gives higher SPAD values in spring wheat than reduced tillage. However, 

other authors [28, 29] prove that when plowing was used, they obtained lower SPAD values for 

spring wheat than with other, reduced tillage systems - which does not correspond to own results 

presented in this manuscript.  

3.4. Leaf area index LAI 

LAI measured in the spring canopy of wheat had the highest values in the BBCH 49-51 phase 

and the lowest values in the BBCH 37-39 phase. At no time was there a significant effect of the 

application of microbiological preparations on LAI. In each of the three measurement dates, and on 

average for the dates, the LAI index was significantly, in a similar way, differentiated between the 

objects of individual tilage methods (Table 5). The lowest LAI in the spring wheat canopy occurred 

in the A4 and A3 variants of tillage. In the BBCH 49-51 phase, the difference in the average value of 

the LAI A3 and A4 indices in relation to other tillage methods was 0.21. In the further growing season, 

the difference between the foliage of the spring wheat canopy in objects A4 and A3 and the remaining 

tillage methods increased and amounted to 0.52 (BBCH 49-51) and 0.38 (BBCH 75-87). 

The average value of the LAI index from three measurement dates for most of the analyzed 

agricultural methods was independent of the use or lack of application of biopreparations. Only in 

variant A1, the lack of use of biopreparations resulted in a significant reduction in the foliage of the 

canopy (Table 5).  

Table 5. Average values of the LAI index for spring wheat for development phases depending on 

tillage variants and application of microbiological preparations (average from 2011-2014). 

Applying microbiological 

preparations [B] 

Management of organic matter before sowing and tillage 

[A] Mean [A]  

 A6  A2 A3 A4 A5 A1 

BBCH 37-39 

Mean [B] 2.36 2.35 2.16 2.10 2.32 2.31 2.27 

LSD005 A=0.154; B=n.s. B/A=n.s.; A/B=n.s. 

BBCH 49-51 

Mean [B] 3.74 3.72 3.25 3.15 3.72 3.68 3.54 

LSD005 A=0.359; B=n.s. B/A=n.s.; A/B=n.s. 

BBCH 75-87 

Mean [B] 2.71 2.73 2.34 3.37 2.79 2.68 2.77 

LSD005 A=0.250; B=n.s. B/A=n.s.; A/B=n.s. 

BBCH 37-87 (mean) 

EM 2.90 2.99 2.62 2.61 2.93 2.99 2.84 

UGmax. 2.98 2.98 2.49 2.43 3.00 2.97 2.81 

Control 2.94 2.84 2.64 2.59 2.92 2.70 2.77 

Mean [B] 2.94 2.94 2.58 2.54 2.95 2.89 2.81 

LSD005 A=0.267; B=n.s. B/A=0.182; A/B=0.323 
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3.5. Elements of yield structure 

In the conditions of the multi-year experiment, there was no statistically proven impact of the 

applied biopreparations or their interaction with tillage methods on the number of ears, the number 

of grains per ear and the weight of one thousand grains. The values of the indicated features were 

independently influenced by the tillage variants (Tables 2 and 6) 

The highest ear density was recorded in spring wheat sown after winter plowing (A1, A2, A5, 

A6) (Table 6). However, a significantly lower number of ears was found on objects covered with 

mulch made of shredded forecrop straw until spring plowing (A3). This method of tillage (A3) for 

wheat contributed to better filling of the ear with grain, a higher weight of a thousand grains and a 

higher weight of grain per ear compared to other tillage variants. Statistically, such a relationship 

was confirmed in relation to the differences in the number of grains in the ear between wheat in 

vawiat A3 in relation to A4, A1 and A2. Generally speaking, in objects where wheat had a larger 

density of ears, a tendency was observed to have a smaller number of grains per ear and a smaller 

thousand-grain weight. 

The weight of grain per ear was determined by the variants of agrotechnics but also by their 

interaction with the biopreparations used. The interaction between these factors mainly comes down 

to the fact that in all agrotechnical variants except variant A1, the application of biopreparations had 

a small, generally unconfirmed effect on the weight of grain per ear. In the case of the A1 variant, the 

application of EM and UGmax resulted in a significant increase of 11.7-13.0% compared to the control 

without the application of biopreparations. 

Table 6. Values (average from 2011-2014) of the yield structure elements depending on the tillage 

variants and the application of microbiological preparations. 

Applying microbiological 

preparations [B] 

Management of organic matter before sowing and tillage 

[A] Mean [A]  

(A6) A2 A3 A4 A5 A1 

Ear density [pcs. m-2] 

Mean [B] 392 402 357 374 392 402 387 

LSD0.05 A=21.3; B=n.s. B/A=n.s.; A/B=n.s. 

Grains per ear [pcs.] 

Mean [B] 38.5 37.8 40.2 38.4 38.8 38.0 38.6 

LSD0.05 A=1.746; B=n.s. B/A=n.s.; A/B=n.s. 

Weight of a thousand grains [g] 

Mean [B] 45.2 42.7 46.1 44.3 46.0 43.5 44.6 

LSD0.05 A=2.35; B=n.s. B/A=n.s.; A/B=n.s. 

 Weight of grains per ear [g] 

EM 1.55 1.54 1.62 1.56 1.61 1.61 1.58 

UGmax 1.62 1.58 1.63 1.56 1.61 1.59 1.60 

K 1.62 1.59 1.66 1.61 1.60 1.42 1.58 

Mean [B] 1.59 1.57 1.64 1.58 1.61 1.54 1.59 

LSD0.05 A=0.06; B=n.s. B/A=0.13; A/B=1.3 
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3.6. Grain yield 

Spring wheat grain yield was determined by tillage variants (Figure 4) and their interaction with 

the application of microbiological preparations (Figure 6). However, no independent, statistically 

confirmable effect of microbiological preparations was not found (Figure 5). 

On average for years, spring wheat yielded the highest (5.65-5.89 Mg·hm-2) in tillage variants A1, 

A2, A5 - where winter plowing was used (Figure 4). A similar result (5.50 Mg·hm-2) was obtained for 

the control object, i.e. with traditional tillage (A6). The highest yield (5.89 Mg·hm-2) was found in 

varian A5 (straw + catch crop + winter plowing), wheat yielded significantly lower in the facility A3 

and A4 - yield lower by  0.95 Mg·hm-2 (16.1%) and 0.67 Mg·hm-2 (11.3%). 

 

Figure 4. Spring wheat grain yield [Mg·hm-2] depending on management of organic matter before 

sowing and tillage (average from 2011-2014). 

Other studies conducted in Poland [31] confirm that plow tillage resulted in a higher density of 

ears and the number of grains per ear, which consequently resulted in an increase in spring wheat 

grain yield compared to conservation tillage. The ears density and grain yield obtained from plots 

where stubble catch crops were sown were significantly higher than on plots after control plots. The 

higher yield of spring wheat on the plot after stubble catch crops was largely due to the increased 

number of ears per unit area. Although the above-mentioned studies were similar to our own results, 

it should be noted that the spectrum of management of organic matter before sowing and tillage was 

different. With different climatic conditions for winter wheat in a fallow system, the meta-analysis 

performed by Adil et al. [32] proves that in dry areas, zero tillage and mulching with straw is the 

most recommended practice leading to increased water retention and ultimately an increase in yield. 

In the cited studies, one can see analogies to our own results - as the data indicate (Figure 7), the 

objects with mulch (A2 and A3) were characterized by the smallest yield fluctuations in the four years 

of the study. The ambiguity of the impact of crop residue return on wheat yield depending on climatic 

conditions is confirmed by the meta-analysis of Qi et al. [33] although this is generally a beneficial 

practice. According to Pawłowski et al. [34], the white mustard intercrop significantly increased the 

yield of spring wheat in monoculture, and the authors also demonstrated the advantage of 

traditional, i.e., plowed tillage over non-plowed tillage. This confirms the results presented in this 

article. This reaction can be attributed to a beneficial effect on the chemical properties of the soil [35]. 
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Figure 5. Spring wheat grain yield [Mg·hm-2], depending on the application of microbiological 

preparations in spring wheat monoculture (average from 2011-2014). 

For tillage variants A3, A4 and A6, there was no statistically confirmable impact of the 

application of biopreparations on the yield of spring wheat (Figure 6). The significant role of 

biopreparations in shaping wheat yield was revealed in variants in which soil cultivation included 

winter plowing (A1,A2,!5). For those variants in which straw, crushed after harvesting, was mixed 

with soil with a grubber (A1 and A5), treating stubble with biopreparations turned out to be 

beneficial, resulting in a significant increase in yield, and both biopreparations gave a similar effect. 

In variant A2, the biopreparations did not bring the expected, beneficial results; on the contrary, a 

decreasing tendency in spring wheat yield was noted for the UGmax preparation, statistically 

confirmed in the case of the EM preparation. 

 

Figure 6. Grain yield [Mg·hm-2] of spring wheat depending on the method of tillage and the 

application of microbiological preparations. 

Spring wheat was grown in the same place for four consecutive years. The analysis of variance 

showed a significant effect of the interaction of years with management of organic matter before 

sowing and tillage on grain yield (Figure 7). However, there was no relationship indicating a clear 
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reduction in yield with each year of monoculture. While in the second and third year of monoculture 

yields generally decreased, in the last year (fourth year of monoculture) yields increased significantly 

and for some objects were the highest during the entire experiment. This indicates that the weather 

pattern determines the yield to a greater extent than agrotechnical factors. 

 

Figure 7. Grain yield [Mg·hm-2] of spring wheat depending on the management of organic matter 

before sowing and tillage in the years of research. 

4. Conclusions 

Six methods of management of organic matter before sowing and tillage in combination with 

the application of microbiological preparations tested in spring wheat momoculture resulted in yield 

differentiation on average for the four years of research in the range of 4.87 - 6.02 Mg·hm-2. The 

variability of yields over the years did not reveal the impact of the increasing monoculture period on 

the reduction of production effects. Management of organic matter before sowing and tillage 

determined all biometric features of spring wheat and weed infestation - this ultimately translated 

into yield. The application of microbiological preparations had relatively little importance in shaping 

individual plant characteristics, but ultimately shaped the yield of spring wheat interactively with 

organic matter before sowing and tillage. In spring wheat monoculture, it was not always reasonable 

to implement elements of sustainable cultivation, such as: introducing organic matter into the soil in 

the form of straw or catch crops or applying microbiological preparations - many variants did not 

give better results than traditional technology in which no organic matter was introduced into the 

soil. However, the best technological variant turned out to be: application of EM or UGmax 

microbiological preparations on the shredded straw of the forecrop and mixing it with the soil using 

a grubber immediately after harvest, sowing the white mustard catch crop and winter plowing. 

Completely eliminating plowing or replacing winter plowing with spring plowing had negative 

effects.  
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