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Production Systems

Variations of maize yield and some quality indices of grain depending on the type of main soil 
tillage

P. Yankov*, M. Drumeva, D. Plamenov

Department of Plant Production, Faculty of Marine Sciences and Ecology, Technical University Varna, 1 Studentska, 9010 Varna, Bulgaria

Abstract. The investigation was carried out during 2008 – 2010 on the trial field of Dobrudzha Agricultural Institute, General Toshevo, Bulgaria, on slightly 
leached chernozem. To clarify the effect of different types of main soil tillage on the vertical distribution of maize seeds in the soil layer and the development of 
the plants, the following variants of a stationary field trial were analyzed: plowing at 24 –26 cm, disking in autumn and double cultivation in spring (check); 
double disking at depth 10 –12 cm accompanied by autumn disking and double spring cultivation; cutting at 24 –26 cm, disking in autumn and double cultivation 
in spring; direct sowing – pre-sowing treatment of the area with total herbicides. Hybrid Anasta was sown at crop density 55000 plants/ha. The brief 
replacement of the deep plowing with cutting without turning of the surface layer and adapted direct sowing led to slight increase of grain yield by 1.0 and 2.8 %, 
respectively. Lowest and with the highest variation were the yields from maize over years after main soil tillage performed as disking. The highest absolute grain 
weight was obtained after adapted direct sowing and constant cutting in comparison to conventional plowing, and the lowest absolute grain weigh was 
measured after annual disking. The replacement of annual plowing before planting maize with minimal tillage or tillage without turning of the soil layer did not 
cause statistically significant variations in the content of raw protein and oils in grain.

Keywords: maize, main tillage of soil, 1000 seed weight, raw protein and oils
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Introduction development, is best manifested in the size and quality of the plant 
produce. The ultimate criterion determining the efficiency of the 
types or system of soil tillage in the crop rotation is yield, the most Maize is an agricultural crop grown mainly for grain, green 
materialized concrete result in agriculture.fodder and silage. The annual stable yields of maize grain depend 

The aim of this investigation was to trace the effect of different both on the specific meteorological conditions of the respective 
types of main soil tillage on the yield from maize and on some quality economic year and on the used agronomy practices for growing the 
indices of its grain.crop. The system of soil tillage is part of the technology for 

production of grain maize. Apart from plowing and disking, tillage 
without turning the soil layer and different variants of direct sowing of 
the crops have been applied during the last decades in the Material and methods
agricultural practice. By using them, the soil is protected against 
water and wind erosion, the available soil moisture is retained, the The investigation was carried out during 2008–2010 in the trial 
energy and labor expenses are reduced, as well as the number and field of Dobrudzha Agricultural Institute, General Toshevo. The effect 
types of agricultural machines on the farms, less operations on soil of the different ways of soil tillage on the productivity of the 
cultivation are involved, etc. agricultural plants and some physical and chemical characteristics 

Raimbault and Vyn (1991), based on data from a 20-year field of the slightly leached chernozem soils (FAO, 2002) were studied in 
trial, have found out that maize yields are considerably influenced by a stationary field trial initiated in 1987. The agricultural crops typical 
the soil tillage system, the negative effect of the minimal soil tilths for this region (wheat, grain maize, bean and sunflower) were 
gradually decreasing while growing it in crop rotation. According to involved in a 6-field crop rotation. According to Yolevsky et al. (1959) 
Nankov and Glogova (2004) there are no significant variations in the the mechanical composition of the slightly leached chernozem soils 
value of the yield from grain maize grown after plowing and cutting at determines their favorable hydro and air regime. Their bulk density 
depth 23-25 cm as main soil tillage. Stoynev and Todorov (1985) characterizes them as soils with loose structure down the entire 
point out that annual disking leads to lower yields from maize as a profile, without presence of compact horizons. The soil reaction is 
result from deteriorated soil characteristics due to the constant neutral. The humus horizon is about 70 cm thick, with mean humus 
application of this tillage. Klochkov (1986) found out that the content in the plow layer 3.7%. The total nitrogen content 
absolute weight of maize grain was higher after cutting and adapted characterizes these soils as having moderate reserves. The 
direct sowing, and the lowest – after constant disking. At the same reserves of P O  are low to moderate, and of К О – moderate to good.2 5 2time the minimal and nil tillage did not cause significant changes in 

The analysis of air temperature showed that April, at the end of 
the quantitative content of the grain's biochemical parameters. The 

which the maize plants emerge, was warmer than normal in 2008 
variable effect of soil tillage leading to improvement or deterioration 

and 2010 (Figure 1). The mean diurnal air temperature in April of 
of the main characteristics of the soil, which are decisive for plant 
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2009 was lower than the norm. The rest of the months, in which tillage in the investigated variants was not applied.
active vegetation of maize occurred, were warmer than normal. The The statistical processing of the data was carried out with the 
sum of vegetation rainfalls (April – August) in 2010 was by 29.0% help of SPSS 16.0 and Microsoft Excel 2007.
higher than the precipitation norm. In one of the years the amount of 
rainfalls was close to the climatic sum (2008). In 2009 the vegetation 
rainfalls were lower – 206.4 mm, which constituted 83.5 % of the Results and discussion
mean long-term value. During the period of vegetation in 2009 and 
2010, the distribution of rainfalls was much more even and more The variations of yield depending on the type of tillage over 
favorable for the development of maize in comparison to 2008. years were determined mainly by the amount of vegetation rainfalls 

The following variants of main tillage of soil for maize were and by the temperature conditions during the period of maize 
chosen for the purposes of this investigation: emergence and development (Table 1). Under conditions of higher 

· Plowing at 24–26 cm, disking in autumn and double vegetation rainfalls combined with lower temperatures (2010), the 
cultivation in spring (check); yields after intensive main soil tillage done as plowing were higher. In 

· Cutting at 24–26 cm, disking in autumn and double cultivation years with marked deficiency of summer rainfalls and favorable 
in spring; thermal regime of soil after sowing (2008), the yields after adapted 

· Cutting at 24–26 cm, pre-sowing treatment with total direct sowing and cutting were higher. The differences were 
herbicide (adapted direct sowing); significant at P = 0.05 only for adapted direct sowing. In comparison 

· Double disking at depth 10 – 12 cm accompanied by autumn to the preceding two years of the investigation, this year was 
disking and double spring cultivation. characterized by more marked variation of the yields from grain 

The trial was carried out according to the non-standard method, maize depending on the types of main soil tillage. Although the sum 
2in eight replications. The size of the harvest plot was 25 m . Maize of vegetation rainfalls in 2009 was lower than the precipitation norm, 

was sown after previous crop wheat fertilized with N P K . The 140 120 80 the yields from maize were close to the yields obtained in the humid 
pre-sowing preparation for wheat was done by disking at 10 –12 cm. 2010. The reason is the high amount of rainfalls during July and 
Maize was fertilized with N P K . Phosphorus was not introduced August when the stages of grain formation and grain filling of the 160 0 80

because the post-effect of the phosphorus fertilizers applied to investigated maize hybrid occurred. The lower grain yields during 
wheat was utilized. Fertilization with potassium was done prior to the the three years of the investigation in the variant with annual disking 
main soil tillage, and nitrogen was applied before planting. The can be explained by the deteriorated plant development as a result 
maize hybrid Anasta was sown at crop density 55000 plants/ha of the higher compaction of the soil layer lying under the depth at 
using a pneumatic seeder for root crops. Seeds were controlled by which the disking tools work. The compaction was increased also by 
using suitable vegetation herbicides. Mechanical post-sowing soil the fact that this type of soil tillage was done with the same machines 

Table 1. Seed yield from hybrid Anasta according to the type of main soil tillage (kg/ha)

a, b, c – Statistical significance of F for rates 5, 1 and 0.1%, respectively

Soil tillage

Plowing at 24 – 26 cm

Cutting at 24 – 26 cm

Adapted no-till

Disking at 10 – 12 cm

Gd               0.05

0.01

0.001

399.19

604.74

972.13

375.59

568.99

914.65

501.31

759.44

1220.79

159.57

241.74

388.59

5520

5790
a5980

5220

8530

8690

8850

8340

8650

8460

8520

8210

7570

7650
a7780
b7260

100.0

101.0

102.8

95.8

Yield by years, kg/ha Mean yield

2008 2009 2010 kg/ha %

°Cmm

Figure 1. Precipitation and air temperatures from April to September during 2008 – 2010
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and at the same depth as applied to the previous crop wheat. The values of this index were registered after all alternative types of soil 
mean yields during the period of investigation were comparatively tillage as compared to the check variant. After annual cutting the 
equal, the maximum increase in comparison to annual plowing content of raw oils was by 9.1% higher in comparison to plowing. 
reaching 2.8% after adapted direct sowing. The difference was These values reached 2.3 and 3.5%, respectively, after constant 
significant at P = 0.05. The highest decrease to the amount of 4.2% disking and adapted direct sowing.
was registered after main soil tillage done as disking, statistically 
significant at P = 0.01.

The analysis on dispersions showed that the meteorological 
Conclusionconditions during the years of the investigation and the tested types 

of main soil tillage were the factors with direct effect of maximum 
The brief replacement of deep plowing with cutting without significance on the grain yield from hybrid Anasta (Table 2). The 

turning of the soil layer and with adapted direct sowing slightly interaction of these two factors, however, was not significant.
increased the grain yield from hybrid Anasta by 1.0 and 2.8%, None of the variants with minimal tillage and tillage without 
respectively. The lowest and with the highest degree of variation 
were the yields from maize over years after main soil tillage done as 
disking.

Absolute grain weight was the highest after adapted direct 
sowing and constant cutting in comparison to conventional plowing, 
and the lowest – after annual disking. The replacement of annual 
plowing before sowing of maize with minimal soil tillage or tillage 
without turning of the soil layer did not cause significant variations in 
the content of raw protein and oils in grain.

turning of the soil layer for maize showed statistically significant 
increase of 1000 grain weight as compared to annual plowing (Table Acknowledgements
3). After using cutting, the absolute weight was by 1.9% higher in 
comparison to the check variant. The variation in the 1000 grain A part of the scientific research, the results of which are 
weight between adapted direct sowing and plowing reached 2.6% in presented in this article, was conducted at TU – Varna as a part of a 
favor of the alternative main tillage of soil. After annual disking, a research project, funded by the state budget.
decrease of absolute grain weight by 1.4% according to the check 
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Table 3. Quality indices of maize grain, hybrid Anasta

a, b, c – Statistical significance of F for rates 5, 1 and 
0.1 %, respectively

Soil tillage

Plowing at 24 – 26 cm

Cutting at 24 – 26 cm

Adapted no-till

Disking at 10 – 12 cm

Gd               0.05

0.01

0.001

256.2

261.1

262.9

252.7

  16.27

  24.64

  39.61

9.88

9.74

9.65

8.91

1.49

2.25

3.62

3.99

4.35

4.13

4.08

1.03

1.56

2.50

1000-seed
weight, g

Crude protein,
%

Crude fats,
%

Table 2. Results from the dispersion analysis on the effect
of the investigated factors on hybrid Anasta grain yield

Indices d.f. F Sig.

Years

Soil tillages

Years * Soil tillages

2

3

6

910.354

14.408

0.516

.000

.000

.790
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Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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