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Effect of the way of pre-sowing soil tillage for wheat on the development of its roots

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 in the trial field of Dobrudzha Agricultural Institute on slightly leached chernozem. To clarify the 
effect of some ways of pre-sowing soil tillage for wheat on the development of its roots, the following variants of a stationary field trail were analyzed: double 
disking at depth 10 – 12 cm (check variant); plowing at 20–22 cm + disking; direct sowing – pre-sowing treatment of the area with total herbicides. The 
development of the roots was followed layer by layer every 10 cm down the 0 – 50 cm soil profile by washing the soil units sized 30х30х10 cm. The soil samples 
were taken at stages autumn tillering and heading. The root mass was determined under air humidity. At stage autumn tillage of wheat, the root mass per plant 
was the highest after direct sowing, followed by pre-sowing tillage of soil by disking. At this stage of the crop development the amount of roots per wheat plant 
was the lowest after plowing. The effect of the applied type of pre-sowing soil tillage for wheat on the distribution of its roots by layers at heading stage was 
statistically significant at depth up to 30 cm. The relative percent of the roots in the 0 – 10 cm layer according to their net weight was the highest after direct 
sowing and disking. This value was the lowest after plowing. At depth 10 – 30 cm, the quantitative share of roots under minimal and no-tillage decreased, and 
under intensive tillage with turning of the soil layer it increased. In the 30 – 50 cm layer, the investigated factor was with the same level of effect on the 
investigated trait.

Keywords: wheat, mass of roots, pre-sowing tillage of soil
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Introduction that the type of the applied way or system of soil tillage depended on 
the biological peculiarities of the cultivated agricultural crops, 
besides on the soil conditions and the micro relief. Therefore minimal The roots are the only plant organs which provide direct contact 
and no-tillage is applicable to the crops with fibrous roots (wheat, with soil. Their ability to grow and efficiently utilize water and 
rye, barley and oat). According to Nazirovich et al. (2012), the turning nutrients from the natural soil reserves or from introduced organic 
of the cultivated soil layer through plowing facilitated the plants to and mineral fertilizers is a key factor for the growth rate of the plants 
spread more than two thirds of their total root mass in the plow layer (Clark et al., 2003). The development of the roots depends on the 
and to utilize better and to greater depth the water and the nutrients following: the availability of a suitable system of soil pores allowing 
from the soil. Jakobsen and Dexter (1988) hold the opposite opinion the roots to grow inside; the soil density; the content of water, oxygen 
that the deeper penetrating roots can have negative effect on yield and nutrients in soil; the soil temperature (Johnson et al., 2006). 
because the earlier utilization of water from the lower layers can Muñoz-Romero et al. (2010) point out that besides the physical and 
cause shortage of moisture during grain filling, especially in years chemical properties of soil, the root growth is also dependent on the 
with more severe droughts. Klochkov (1983) established differences genetic potential of the plant species.
in the root mass of wheat according to the applied pre-sowing Among the agronomy practices used in the cultivation of 
preparation of soil observed in the topmost soil horizons at maximum agricultural crops, soil tillage is the only human activity with direct 
growth of plants. This author points out that the deeper and more impact on soil. The effect of the type or system of soil tillage on the 
intensive types of soil tillage contribute to the formation of greater development of the plants' roots can be direct and indirect. The 
amounts of roots in the active soil layer.removal of the compacted soil horizons, the changes in the 

The aim of this investigation was to follow the effect of some distribution of moisture and nutrients in the soil layers all have direct 
ways of pre-sowing soil tillage for wheat on the development of its influence on the growth of roots because they condition their more 
roots.powerful development both horizontally and vertically. On the other 

hand, by loosening the soil to a lesser or greater extent through 
various ways of soil tillage, prerequisites are created for intensive or 
weak occurrence of micro biological activity and for its direction. As a Material and methods
result, the processes related to the accumulation of organic matter 
and the amount and mobility of the mineral substances are either The investigation was carried out during 2008 – 2010 in the trial 
activated or reduced. field of Dobrudzha Agricultural Institute – General Toshevo. The 

To minimize the risks of agricultural production, especially effect of the different types of soil tillage on the development and the 
under more severe droughts, as well as to make the utilization of productivity of the agricultural plants, and some physical and 
nutrients through the plant roots more efficient, Unger and Kaspar chemical characteristics of the slightly leached chernozem soil [1] 
(1994) recommend to use such types of soil tillage which can have been investigated in a stationary field trial initiated in 1987. The 
enhance the power of the root-deep horizon, and to involve in the agricultural crops typical for this region (wheat, grain maize, bean 
crop rotation crops which have deep-penetrating roots in order to and sunflower) were involved in a 6-field crop rotation.
reduce or prevent compaction of soil. Kiryushin (2006) pointed out According to Yolevsky et al. (1959), the mechanical 
* e-mail: p_s_yankov@abv.bg
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composition of the slightly leached chernozems determines Results and discussion
favorable water and air regime. Their bulk density characterizes 
them as having loose structure down the entire soil profile, without At the earliest stage of wheat development, the autumn tillage, 
presence of compact horizons. The soil reaction is neutral. The the amount of roots per plant had the lowest weight after direct 
humus horizon is about 70 cm thick, and the mean humus content in sowing – 1.8 g and was significant at P=0.05 (Figure 2). The lowest 
the plow layer is 3.7%. The total nitrogen content characterizes this weight of roots per wheat plant was read after pre-sowing plowing – 
type of soil as having moderate reserves. The reserves of P O  are 2 5 1.0 g. Disking occupied an intermediate position with regard to the 
low to moderate, and of К О – moderate to good. investigated index. Other authors have published similar results 2

The amount of vegetation rainfalls as an important factor for (Martinez et al., 2008; Huang et al., 2012; Muñoz-Romero et al., 
plant development exceeded the mean long-term value during two 2010). They have determined after no-tillage higher length and 
of the years (2008 and 2010) and in 2009 it was below the mean density of wheat roots in comparison to conventional tillage at the 
long-term norm of 155.0 mm (Figure 1). The sum of autumn and early stages of the crop's vegetation.
winter precipitation in 2008 and 2010 exceeded the long-term value The analysis of the data indicated that as early as the initial 
by 18.4 and 80.4%, respectively. The moisture reserves during the stages of the wheat plants' development, the way of pre-sowing 
autumn and winter of 2009 were lower than the mean value by preparation of soil influenced the formation of the roots. 
23.5%. Although the autumn-winter and the vegetation rainfalls in Undoubtedly, the better technological condition of the soil after 
2009 were lower in comparison to the other two years of the minimal and no-tillage was a prerequisite for higher growth of the 
investigation, they were comparatively evenly distributed and wheat roots during this stage of the crop's vegetation. The seeds had 
ensured the normal development of wheat. fuller contact with the soil particles after the reduced soil tillage and 

The mean diurnal air temperatures at the initial stages of plant the direct sowing contributed to their placing on actual hard bedding. 
development in two of the years (2008 and 2009) were with similar In parallel with this, Bakirov (2008) points out that in tillage without 
values and higher than the norm. The same period of 2010 was 
cooler than normal. During the heading stage, the mean diurnal air 
temperatures in the three years of the investigation varied within a 
narrow range, from 14.7° to 15.6°С, and did not deviate significantly 
from the mean long-term value.

The following variants of pre-sowing soil preparation for wheat 
were selected for the purpose of this investigation:

· Double disking at depth 10 – 12 cm (check variant);
· Plowing at 20 – 22 cm + disking;
· Direct sowing (no-tillage) – pre-sowing treatment of the area 

with total herbicides.
Sowing was done with seeder for direct sowing “Bettinson 3D”. 

Cultivar Enola was planted at sowing norm 550 germinating 
2seeds/m . The development of the roots was followed by layers at 

every 10 cm down the 0 – 50 cm soil profile, washing soil units with 
size 30 30 10 cm.The soil samples were taken at stages autumn Х Х

tillering and heading. The weight of roots was measured under air 
humidity.

The statistical processing of the data was done with the help of 
the software SPSS 16.0 and Microsoft Excel 2007.

Figure 1. Air temperature and precipitation during the autumn-winter and the vegetation period of 2008–2010
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turning of the soil layer the moisture in autumn is concentrated in the by the amount of roots to depth of 30 cm because the main part of 
upper soil layers. This advantage with regard to soil moisture after them was positioned in the 0 – 30 cm layer.
such type of tillage in comparison to plowing persists up to stage The analysis of the dispersions proved at level P=0.05 the 
spring tillage. According to the above author, the redistribution of statistical significance of the effect of the factor “pre-sowing 
moisture in soil after reduced tillage contributes to the more efficient treatment” on the distribution of the roots of the wheat plants during 
growth and functioning of the roots at the initial stages of wheat the heading stage layer by layer down the 0 – 30 cm horizon (Table 
development leading also to improved mineral nutrition of the plants. 1). At depth 30 – 50 cm, the effect from the applied pre-sowing tillage 

The weight of the wheat roots determined at stage heading of types on the quantitative distribution of the wheat roots was not 
plants was the highest for the entire 0 – 50 cm profile after plowing as significant.
pre-sowing tillage, it was significant at P=0.05 and reached 5345 Regardless of the comparatively close values with regard to the 
kg/ha (Figure 3). Next in amount of roots came wheat grown after no- percent distribution of the wheat root mass in the 0 – 30 cm horizon, 
tillage – 5261 kg/ha. The root mass after disking as pre-sowing the Duncan test showed that the investigated ways of pre-sowing 
treatment was 5122 kg/ha. preparation did not have significant similarities to refer them to the 

It is interesting to mention the results from the analysis of the same group (Table 2). At depth 0 – 10 cm, depending on the amount 
data on the distribution of roots layer by layer down the soil profile. of roots under the investigated tillage types, two groups were 
The relative percent of the roots in the 0 – 10 cm layer according to formed. The “better” with regard to the investigated trait pre-sowing 
the total root mass was the highest after disking and direct sowing, tillage types, disking and direct sowing, fell within the first group, 
54.2 and 54.3%, respectively. After plowing the value was lower, while plowing fell within the other. The reason for this was the higher 
49.9%, and significant at P=0.05. At depth 10 – 20 cm, after this way 
of pre-sowing preparation of soil for wheat, 30.9% of the total amount 
of roots were positioned. Next were no-tillage with 28.1% and 
disking with 27.5%. In the 20 –30 cm layer were positioned 10.4% of 
the roots after plowing, 9.2% of the roots after direct sowing and 
8.6% of the roots in the check variant. The higher weight of the wheat 
roots under intensive tillage without turning of the soil layer in the 10 
– 30 cm layer was significant at P=0.05. In the 30 – 50 cm horizon, 
the percent of roots after all three types of soil tillage significantly 
decreased. Qin et al. (2004) obtained analogous data; they pointed 
out that in the 0 – 5 and 5 – 10 cm layers the density and the mean 
diameter of the wheat roots after no-tillage were greater in 
comparison to the conventional type, while in the 10 – 30 cm layer 
the opposite tendency was observed. According to the authors, 
effect from the applied soil tillage on these traits was not observed 
below the 30 cm layer. Based on the above results, the assumption 
can be made that the variations of the total root mass after all 
investigated pre-sowing types of tillage for wheat were determined 

Figure 3. Root mass and its distribution by layers in a wheat crop grown under different ways of pre-sowing
preparation of soil at stage heading(kg/ha)

*,**, *** –Significance of effects and variations at P levels  0.05, 0.01 and 0.001, respectively
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soil moisture in this horizon after the minimal and no-tillage (Yankov, References
2002). In the 10 – 20 and 20 – 30 cm layers again two groups were 
formed. According to the test, at this depth plowing had a more 
favorable effect on the amount of wheat roots and fell within a 
separate group. The constant disking and direct sowing fell within 
another “less favorable” group with regard to the development of the 
wheat roots in these horizons. Probably this was a result from the 
higher soil density in the 10 – 30 cm layer after minimal and no-tillage 
in comparison to plowing (Yankov, 2007).

The reason for the higher soil density after direct sowing was 
the activity of the physical and climatic factors, and after constant 
disking – the strong dispersal and dusting of the soil structure and 
the annual compaction of the layer below the depth of cultivation. 
This allows recommending deep plowing or subsoiling for main soil 
tillage of the predecessor for wheat in order to maintain and improve 
the physical characteristics of soil. Thus, normal development of the 
roots of wheat is ensured down the soil profile, which contributes to 
the better utilization of the soil moisture and the nutrients in the 
underlying layers. At depth above 30 cm, the test placed all pre-
sowing tillage types for wheat in one group; this was an indication 
that at these depths the tested factor had the same level of effect on 
the investigated agronomy parameter.

Conclusion

At stage autumn tillage of wheat the weight of roots per plant 
was the highest after direct sowing, followed by disking. At this stage 
of the crop development the amount of roots from the wheat plant 
was the lowest after plowing.

The effect of the used pre-sowing preparation of soil for wheat 
on the distribution of its roots layer by layer at heading stage was 

ined plowing aggregate on an active significant at depth 30 cm. The relative percent of roots in the 0 – 10 
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keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

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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