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ABSTRACT 
The subject of this research is the impact of pre-seeding seedbed preparation on physical features and carrot root yield on flat 

ground (treatment A) and on a mini bed production system (treatment B). The quality of tillage was determined by measuring physi-
cal and mechanical features of the soil, depending on its working depth and tillage method. The sampling of the soil was done ac-
cording to ISO 10381-6 standard. During the growth period the physical features of carrot root were measured. In 2008, in relation 
to 2009, statistically significant differences of mechanical/physical features of the soil at 10 to 20 cm of depth were detected. During 
2008 mini bed system of production showed higher yield than flat ground production system for 40.24%, and for 20.56% during 
2009. Higher yield and better quality of carrot root justify the application of mini bed production system. 
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REZIME  
Istraživan je uticaj predsetvene pripreme zemljišta na fizičke osobine i prinos korena mrkve. Osnovna obrada zemljišta izvedena 

je oranjem na dubinu 35–40 cm, a predsetvena priprema tanjiračom, površinskim kultivatorom i rotacionom sitnilicom. Ostvarena je 
ravna površina zemljišta (tretman A). Nakon toga, upotrebom adekvatne mašine formirane su mini gredice (tretman B). Kvalitet 
obrade zemljišta ocenjen je merenjem njegovih mehaničko-fizičkih osobina u zavisnosti od načina obrade i promene dubine. 
Prikupljanje uzoraka zemljišta izvedeno je prema standardu ISO 10381-6. Tokom vegetacionog perioda merene su fizičke osobine 
korena mrkve. Utvrđivanje statistički značajnih razlika na pragu znčajnosti 5% izvedeno je upotrebom F-testa, analize varijanse i 
Duncan-ovog testa. Analizom merenih vrednosti zapreminske mase zemljišta, tokom 2008. godine utvrđene su statistički značajne 
razlike na dubini 10–20 cm. Tretman A karakteriše interval 1,39–1,41 g/cm3, tj. 1,16–1,20 g/cm3 za tretman B. Tokom 2009. godine 
nisu utvrđene statistički značajne razlike merenih vrednosti ovog parametra. Merenjem koeficijenta strukturnosti i sabijenosti 
zemljišta, dobijene su asimptotski identične zavisnosti. Mini gredice karakteriše statistički značajno viši prinos u odnosu na ravnom 
zemljištu tokom 2008. godine za 40,24%, tj. tokom 2009. godine za 20,56%. Formiranje mini gredica opravdano je sa aspekta pove-
ćanog prinosa i boljeg kvaliteta zadebljalog korena mrkve. 

Ključne reči: zemljište, mašina, obrada, mini gredica, mrkva, kvalitet, prinos. 
 
INTRODUCTION 
Technologies, technical systems and tillage tools are inex-

haustible subjects of research. As a quality argument for soil cul-
tivation, tillage work represents the most complex agro-technical 
operation, which demands over 30% of total energy needed for 
plant production. Today, great efforts are being made for im-
proving the existing and development of new tillage tools, with a 
tendency of massive reduction of energy consumption (Mark-
ović et al., 1995). 

The advantages of mini bed system of vegetable production 
are: more uniform growth of plants, more uniform ripening and 
efficient drainage of rainfall through channels between mini 
beds. Due to a larger area of formed mini beds, compared to flat 
ground, its surface layer dries up and heats up quicker in spring 
(the temperature of surface layer of mini bed is 1 to 2ºC higher 
than in the flat ground surface layer). This enables earlier spring 
seeding and planting. Performing of agri-technical operations 
during the period of growth (seeding, planting, inter-row cultiva-
tion, chemical treatments, fertilising), tractor and attached im-
plement wheels, harvester wheels and transport vehicles wheels 
follow the formed channels; therefore, the used machines are led 
accurately following the rows without damaging mini beds and 
plants (Bajkin et al., 2005). 

Working on the soil with mini beds forming machine with 
the same rotation direction of rotor in regard to rotary tiller for-

ward direction and “I” knives resulted in disintegration of the 
soil in 15 to 20 cm layer. High quality layer tillage is accom-
plished by using mini bed forming machine with inverse rotation 
direction of “L” knives in regard to rotary tiller forward direction 
(Ponjičan et al., 2008a). 

Measuring the mechanical/physical features of the soil dur-
ing one year of testing of mini bed forming machine showed that 
significantly lower values at 10 to 25 cm of the soil depth were 
recorded in comparison to the results realized before the tillage 
(Ponjičan et al., 2008a). Analysis of carrot root agri-physical fea-
tures showed that it was 33.03% longer for mini bed formed 
field than on flat ground field, and with 22.97% less content of 
xylem (Ponjičan et al., 2009a). 

Carrot belongs to the group of crops with high requirement 
to the soil, especially concerning its physical features. Maximum 
yield is possible on fertile, medium light and light soils with 
good water capacity (Branka Lazić et al., 2001). It demands high 
quality tillage work, which should be performed in the way and 
at the time determined by its growing period. Hard soil, unstruc-
tural layer and low plowing could cause a deformed thickened 
root (Đurovka, 2008). 

On the basis of the previous research results it was estab-
lished that there is a need for defining the dependence between 
intensity and quality of tillage work and the quality with yield of 
carrot root production. 
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MATERIAL AND METHOD 
The impact of soil tillage on physical features and yield of 

carrot root was tested during the period of two years (2008 and 
2009) in the fields of the village of Begeč on the uniform me-
chanical composition of the soil (Table 1). 
 

Table 1. Mechanical composition of the soil in Begeč 
Year of research Components of the soil 
2008 2009 

Coarse sand (2 to 0.2mm), % 19.8 3.2 
Fine sand (0.2 to 0.02mm),% 31.5 44.3 
Dust (0.02 to 0.002mm),% 31.1 24.8 
Clay (<0.002mm),% 17.4 27.7 

 
The classification of the mechanical composition of the soil 

was done according to ISSS – International Society of Soil Sci-
ence. From the agronomic point of view, the best composition of 
soil is the one with the following fractional ratio: sand 40%, dust 
40% and clay 20%, (Vučić, 1987). 

During the first year of research (2008), an additional tillage 
was applied using rotary tiller with rotor diameter of 0.45 m and 
0.12 m of working depth. During the second year, additional till-
age was applied by rotary tiller with rotor diameter of 0.52 m 
and working depth of 0.18 m. 

Mini beds forming machine aggregated with tractor (power 
of 139 kW) had a working speed of 1.6 km/h in 2008, and 1.5 
km/h in 2009. Rotor diameter of the rotary tiller was 0.45 m and 
the rotor revolution number of 230 min¯¹. Working depth was 
uniform in the interval of 22.2 to 22.6 cm, and the width of the 
upper layer of mini bed in 2008 and 2009 was 23.3 and 27.2 cm, 
respectively. 

The test was set as a “split-plot” system. The tested field was 
divided into two identical parts of 3 m width and 30 m length. 
The first observation factor (1) was the shape of the field: flat 
ground (treatment A) and mini beds (treatment B). The second 
factor (2) was the changing of sampling depths. Samples of the 
soil were collected from every 5 cm of depth until 30 cm. Sam-
pling was carried out according to ISO 10381-6 standard. The 
evaluation of quality of pre-seeding tillage was done by measur-
ing soil mechanical/physical features. The structure coefficient 
"k" was determined by using a field dry sifting method (Vučić, 
1987), with a sifter for a soil structure determination with open-
ings defined by Savinov method (Hadžić et al., 2004). The in-
stant soil humidity and volumetric balk density were examined 
by a standard method, based on usage of Kopecky’s physical roll 
(Hadžić et al., 2004). For the determination of the soil compac-
tion electronic penetrometer was used (Savin et al., 2008). Seed-
ing of carrot was performed on May 15th, 2008 and on June 10th, 
2009. The quality of seeding was determined by counting the 
number of sprouted plants according to ISO 7256/1 standard. 
Physical features of thickened carrot root were determined by 
measuring length, minimum and maximum diameter, xylem di-
ameter, root mass and the total yield at the end of the growth pe-
riod (Ponjičan et al., 2009). Data processing was done by Statis-
tica 9 software. Test was done on threshold significance of 5% 
by F-test of ANOVA variance analysis and Duncan’s test. 

RESULTS AND DISCUSSION 
The quality of the tillage work was determined by measuring 

the mechanical/physical features of the soil. The soil humidity 
was recorded just before mini bed forming machine passed. 
Higher depth was followed by the soil humidity increase. During 
the first year of research in the surface layer of 0 to 5 cm soil 
depth humidity of 9.6% was recorded, while on the depth of 5 

to10 cm and 10 to15 cm it was 12.5% and 21.0%, respectively. 
In the second year of research, measured humidity was 14.7 to 
19.9%. The test was performed for the optimal soil humidity. 
Immediate humidity of the soil had a direct impact on its meas-
ured compaction (Birkás, 2008).  

The soil compaction represents its mechanical feature, and it 
was measured with electronic penetrometer on every 3.5 cm of 
depth. The analysis included values measured until 31.5 cm of 
the soil depth. 

 
a) 

 
b) 

Fig. 1. The soil compaction for years of testing, type of tillage 
and measuring depth a) 2008; b) 2009. 

 
Utilization of F-test ANOVA variance analysis showed sig-

nificant statistical differences of measured values for the soil 
compaction with the change of factors observed: tillage method 
(1) and changes of working depth (2), Fig. 1. The interaction of 
observed factors (1x2) is also important during both years of re-
search. Statistically equal values of the soil compaction were de-
termined by using Duncun's test, during the first year (2008), at 
the depth of 14.0 cm, and during second year (2009) at the depth 
of 17.5 cm, as a consequence of intensive tillage work with ro-
tary tiller. In the first year statistically significant lower values 
on mini bed (treatment B) occurred at 17.5 to 24.5 cm of the soil 
depth, and in the second year at the depth of 21.0 cm. With the 
raise of the soil depth, statistically equal values were measured 
on threshold significance of 5%. 

Determination of the soil physical features was done by 
measuring its volumetric bulk density and structure coefficient. 
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A standard method was used (Hadžić et al., 2004), by sampling 
the soil at every 5 cm of depth until of 30 cm with Kopecky roll,  
 

 
a) 

 
b) 

Fig. 2. The soil volumetric bulk density for years of testing, till-
age method and its measuring depths a) 2008; b) 2009. 

 

F-test of variance analysis showed that in the first year of re-
search (2008) statistically significant differences for soil volu-
metric bulk density (2) occurred while both factors were chang-
ing: tillage method (1) and working depth (2). The interaction of 
the observed factors (1x2) had no statistical significance. During 
the second year of research (2009), statistically significant dif-
ference was recorded only with changes of working depth, factor 
(2). Change of tillage method, factor (1) and interaction of the 
observed factors (1x2) showed no statistically significant differ-
ences. Duncun’s test showed statistically significant differences 
between tillage methods for measuring depths of 15 and 20 cm 
during first year of research (2008). Measured values for treat-
ment A were between 1.39 and 1.41 g/cm³, and for treatment B 
1.16 to1.20 g/cm³. 

Measuring of volumetric bulk density of the compact soil 
can precisely determine the impact of tested machine before and 
after tillage. Tillage quality change due to tillage method cannot 
be precisely determined only by measuring volumetric bulk den-
sity. For determination of tillage quality and the impact of work-
ing regime of the tested machine, it is necessary to establish the 
soil structure with its structure coefficient (Ponjičan et al., 
2009b). The soil structure coefficient “k” represents the relation 
between macro-structural aggregates (0.25 to10 mm) and the 
sum of mega (>10 mm) and micro (<0.25 mm) of structural ag-

gregates (Šein et al., 2001). Generally, higher values of the soil 
structure coefficient represent its better disintegration. 
 

 
a) 

 
b) 

Fig. 3. The soil structure coefficient “k” for years of research, 
tillage method and measuring depths, a) 2008; b) 2009. 

 

F-test of variance analysis for the first year of research 
(2008), statistically significant differences of structure coeffi-
cient (Figure 3), with the change of factors: tillage method (1) 
and working depth (2) were determined. The interaction of fac-
tors observed (1x2) is statistically significant, too. In the second 
year of research (2009), statistically significant differences for 
structure coefficient occurred as a consequence of working depth 
change, factor (2). Change of the working method – factor (1), 
interaction of factors (1x2) showed no statistically significant 
differences. During the first year of research (2008), according 
to Duncun’s test, statistically significant differences between 
tillage method for working depths 15, 20 and 25 cm were re-
corded. 

Based on the measured values of mechanical/physical fea-
tures of the soil, tillage quality of a flat surface layer was high 
and no statistically significant differences were found in com-
parison to mini bed system. In the first year of research (2008), 
statistically significant differences occurred at the depth above 
14 cm for the soil compaction and above 10 cm for volumetric 
bulk density and with structure coefficient. Forming of mini 
beds created conditions for forming a longer and higher quality 
thickened carrot root. During the second year of research (2009), 
due to deeper tillage work with rotary machine (18 cm), no sta-
tistically significant differences for compaction, volumetric bulk 
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density and structure coefficient were found. Therefore, the op-
timum conditions for growth and formation of thickened carrot 
root were supplied on both flat ground and mini bed formation 
system fields (Đurovka, 2008). 

Seeding was performed by two-row pneumatic seeder on one 
mini bed formation. Set distance in the row was 19 mm, with the 
number of plants 137.89 plants/m². Counting of plants during 
2008, one month after the seeding, showed 88.10 on flat ground 
(treatment A), and 104.96 plants/m² on mini bed formation 
(treatment B). In the same year, at the end of the growth period, 
the total number of plants on flat ground was 82.75 plants/m², 
and 100.00 plants/m² on mini bed formation. In 2009, one month 
after the seeding, there were 91.83 plants/m² on flat ground 
(treatment A), and 109.67 plants/m² on mini bed formation 
(treatment B). At the end of the growth period, the number of 
plants on flat ground was 88.50 plants/m², and on mini bed for-
mation 99.75 plants/m². 

Testing the values for the number of plants per square meter 
by using F-test of variance analysis confirmed statistically sig-
nificant differences with changes of the soil formation. No 
strictly important differences were found between the first and 
the second counting, and the interaction between the two factors 
was of no importance (field shape and time of measurement). 
The number of plants per square meter is one of the crucial fac-
tors for carrot root yield. 

During the first year (2008), on mini bed formation a thick-
ened carrot root was formed with statistically significant greater 
length, with the average value of 193.5 mm at the end of the 
growth period, and 133.0 mm on flat ground. Thickened root 
with greater maximum and minimum diameter and bigger xylem 
diameter was formed on flat ground. The average mass of carrot 
root on mini bed formation was 94.2 g and 76.8 g on flat ground 
(Ponjičan et al., 2009a). 

During the second year of research (2009), no statistically 
significant differences were found between measured values of 
root length, 171.1 to 175.8 mm, maximum diameter 26.2 mm, 
xylem diameter 12.6 to13.3 mm and thickened root mass 79.1 to 
84.6 g. 

On mini bed formation (treatment B), statistically significant 
higher yield is recorded in comparison with flat ground (treat-
ment A), during 2008 – 40.24% more, and during 2009 – 
20.56% more. 

Better quality of carrot root and higher yield justify the use 
of mini bed formation system of production. 

CONCLUSION 
The quality of tillage is determined by measuring mechani-

cal/physical features of the soil. The research was conducted in 
conditions of the optimal soil humidity. The analysis of the 
measured values of volumetric bulk density of the soil in 2008 
showed statistically significant differences at 10 to 20 cm of 
depth. For treatment A the interval of values was 1.39 to 1.41 
g/cm³ and for treatment B 1.16 to 1.20 g/cm³. In 2009 no statisti-
cally significant differences of measured values for volumetric 
bulk density of the soil were found. Measuring the structural co-
efficient and the soil compaction showed same dependence. 

During the first year (2008) on mini bed formation field the 
result was a statistically significant longer root with smaller 
maximum and minimum diameter, and xylem diameter. Thus, a 
better quality root was produced on mini bed formation field. 
During the second year (2009), no statistically significant differ-
ences of measured values of root length and root diameter were 
found. 

The number of plants per square meter is one of the crucial 
factors for carrot root yield determination. On mini bed forma-
tion (treatment B) statistically significant higher yield was re-
corded compared with the yield measured on flat ground (treat-
ment A), 40.24% (in 2008) and 20.56% (in 2009).  

Higher yield and better quality of carrot root justify the use 
of mini bed formation system of production. 
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