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ABSTRACT

The regulation of water regime in the soil is the most important task in semi-humid climate with not even precipitation
distribution conditions. Reduced or minimum tillage may change soil hydrological properties. The objectives of this
study were to investigate the possibilities to manage soil water regime during the whole soil tillage system for sugar
beet, which are especially sensitive for water deficit or abundance. Five field experiments were carried out at the Ex-
perimental Station of the Lithuanian University of Agriculture (Aleksandras Stulginskis University since 2011)
(54°52'N, 23°49'E) during 1995-2010. The soil of the experiments was silty loam Luvisol. In this study we highlighted
the reduction of primary soil tillage from deep annual soil ploughing to shallow ploughing, deep and shallow cultivation
and no till, comparison of soil ploughing and subsoiling, presowing ploughed or unploughed soil tillage with different
cultivators—S-tine, complex, rotary and others, soil compressing with Cambridge and spur rollers before and after
sugar beet sowing investigations. According to the results of experiments, reduction of primary soil tillage conserved
soil water. The highest storage of soil water in spring was observed in non-reversibly tilled or not tilled soil. Subsoiling
led higher water infiltration rate, and top layer of subsoiled soil consisted less moisture content than ploughed. Sugar
beet seedbed moisture mostly depended on soil tillage intensity and depth. Presowing rotary tilling was the top tillage
method in the case of water preservation in ploughed or unploughed soil. Soil compressing with rollers mostly had
negative or low influence on light loam Luvisol moisture content. Rolling with Cambridge roller effected on more rapid
water transport from deeper to top sugar beet seedbed layers and higher evaporation rate.
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1. Introduction increased soil bulk density and compaction and reduced
soil aeration and water permeability [7-9]. On the other
hand, minimum tillage improves soil structure, and crop
residues better conserve soil moisture [10] and it is more
efficient to use in comparison with intensive tillage. In
spring time minimally tilled soil frequently consists higher
amount of water than intensively tilled. In Lithuanian
semi-humid climate conditions intensive soil tillage in-
creased topsoil moisture release into the environment
[11]. Other authors’ studies showed that, for example,
direct seeding in wet years leads lower and in dry-higher
soil moisture content. In no ploughed soil moisture con-

Soil moisture content depends on precipitation rate, air
temperature, and relief, depth of ground water, soil type,
humus content, water infiltration rate and grown plants [1,
2]. Moisture regime (especially deficit) limits the forma-
tion of plant productivity, reduces the possibility of rea-
lizing the cumulated bio-potential, which cannot be com-
pensated in later plant growth stages. Therefore, soil wa-
ter resource optimization in order to increase its effi-
ciency in reducing environmental degradation processes,
is one of the most important objectives in agriculture

[3-5].

Soil tillage may influence on soil properties, especially
on soil water content [6]. There was established strong
relation between soil tillage, soil compaction, bulk den-
sity, aeration and water permeability. Reduced soil tillage
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tent of the upper layers increased, but it decreased in the
deeper layers as compared to conventional tillage [12]. In
Moraru et al. [13] experiment moisture determinations
showed significant differences, statistically insured, at
no-till (wheat 76%; soya-bean 86%), although high va-
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lues were recorded at minimum tillage, too. Soil moisture
was higher in NT and MT at the time of sowing and at
the early stages of vegetation, then the differences di-
minished over time. Water dynamics did not show dif-
ferences that could affect crop yields.

The influence of soil tillage intensity on soil water
content are well documented, however, there is no com-
plex evaluation of the whole tillage system for sugar beet,
which consist of primary tillage, subsoiling, presowing
tillage of different intensity and tillage after sowing. So,
the aim of our article is to review and highlight the pos-
sibilities to manage soil water regime in all steps of soil
tillage system for sugar beet.

2. Materials and Methods
2.1. Site and Soil Description

Five field experiments were carried out at the Experi-
mental Station of the Lithuanian University of Agricul-
ture (Aleksandras Stulginskis University since 2011)
(54°52'N, 23°49'E) [14] during 1995-2010. The soil of
the experimental sites was clay loam over moraine clay
on a silty loam (Calc(ar)i-Epihypogleyic Luvisol, LVg-p-
w-cc(sc)) [15]. Soil chemical properties are presented in
Table 1.

2.2. Experimental Design and Agricultural
Practice

The number of replications per each experiment was four,
plot distribution was randomized. The space between the
rows of sugar beets was 0.45 m, the distance between
seeds 0.11 - 0.16 cm. Pre-crops of sugar beet were winter
wheat, winter triticale and spring barley. Agricultural
practice of experiments is presented in Table 2.

2.3. Weather Conditions

The Lithuanian climate lies between maritime and conti-
nental, with wet winters and moderate summers. Winter
temperatures are usually below freezing. Rainfall is dis-
tributed throughout the year, but more rain tends to fall
on the coast of the Baltic Sea. Summer is the wettest
season. The average annual precipitation is 720 millime-
ters on the coast and 490 millimeters in the eastern part
of the country.

Lithuanian climate is uneven. The variation of pre-
cipitation mostly is up to 45% - 50% or more. So, the
influence of soil tillage on soil moisture content is not
clearly expressed year by year. Different soil tillage
methods had stronger influence on soil top layer water
content in dry weather conditions. The variation of rain-
fall during experiments execution is presented in Table 3.

In Lithuania sowing of summer plants starts at the end
of April. In this period the trend of rainfall rate shows

Copyright © 2013 SciRes.

Table 1. Soil chemical properties.

Index Amount of elements Evaluation
pH 6.9-7.1 Neutral
Humus g-kg ™' 2.1-2.7 Average
P,0s mg-kg ™' 100 - 250 Sufficient/high
K,0 mgkg™' 70 - 170 Low/sufficient
Camgkg™ 2100 - 3600 Very high

decrease of precipitation (Figure 1), which negatively
influenced on seed germination of agricultural plants. So,
the qualitative tillage and possibility to conserve mois-
ture in the soil become a very important task.

2.4. Experimental Methods

Gravimetric water content (mass wetness) [16] was de-
termined by the cylindrical and weighing methods. Cyl-
inder size was 200 cm’. Sampling depth—from 10 to 40
cm. Soil samples were taken in 4 places per each plot.
Sugar beet seedbed moisture content was determined by
Kritz method [17,18]. Experimental data were analyzed
by Anova. The treatment effects were tested by P test.

Each year data were analyzed separately. The trial data
were also evaluated using correlation and regression
analysis by Sigma Plot 8.0 software.

3. Results and Discussion
3.1. Primary Soil Tillage

Stationary long-term field experiment was performed
during 2001-2005. Five types of soil tillage methods
were compared—ifrom conventional deep mould-board
ploughing to deep or shallow cultivation and no tillage.
Different soil tillage was performed in autumn time be-
fore wintering. Stubble disking was made 2 weeks before
primary soil tillage (except no tillage plots).

In conditions of ploughless soil tillage or no-till more
plant residues are left on or near the soil surface, which
led to lower evapotranspiration and higher content of soil
water [19-21]. Marginally cultivated soils in spring con-
tain more moisture than in the case of intensive tillage
[22-24].

Similarly in our experiment reduction of primary soil
tillage intensity increased the amount of moisture in the
soil upper layer (0 - 10 cm) (Table 4).

According to the average data of 2001-2005, the high-
est amount of moisture was observed in no tilled soil (NT)
before pre-sowing soil tillage (25.8%) and after sowing
till sugar beet germination (22.9%). Soil tillage intensity
had no significant influence on moisture content in a
deeper (10 - 20 cm) soil.
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Table 2. The agricultural practice of sugar beet growing in field experiments.

221

. . Execution Status of . Initial size Fertilization
Title of experiment . Tillage treatments 2
years experiment of plot m rate
1. Conventional ploughing with moldboard plough up to 22 - 25
cm depth;
1. The reduction of 2. Shallow ploughing with moldboard plough up to 12 - 15 Neo+60

. P Long-term, .
primary soil tillage 2001-2005 stationa cm depth; 84.0 Pso
intensity for sugar beet Y3, Deep cultivation with chisel cultivator up to 25 - 30 cm; Ko

4. Shallow cultivation with disc cultivator up to 12 - 15 cm depth;

5. No tilled.
1L The investigations 1. Deep extensive (with S-tine cultivator up to 5 - 6 cm depth); Nizo
of presowing soil 2. Shallow intensive (with complex cultivator RAU Ecomat up to P
tillage methods for 1995-1999 Short-term  3° . 26.5 80
sugar beet in ploughed 3 - 4 cm depth); . . Kieo
soil 3. Shallow with rotors (with rotary tiller up to 3 - 4 cm depth). Boo
II1. The minimization 1. No tilled straw;

’ L 2. Intensive straw tillage with rotary tiller up to 3 - 4 cm depth; Nss+60
of presowing tillage 3. Intensive straw tillage with rotovator up to 3 - 4 cm depth; P
methods for sugar beet  2000-2002  Short-term > . & Hor up pth, 36.0 85
in unploughed soil 4. Conventlonalltechnplqu (plogghmg_ with moldboarq plough in Kiso

. autumn, presowing soil tillage with S-tine cultivator twice up to Boo
(stubble cultivation)
4 - 5 cm depth).
1998-1999 1. No compressed;
IV. Effect of seedbed ’ 2. Compressed with Cambridge roller before sowing; Nso+60
. 2002, . .
compressing for sugar 2004-2005 Long-term 3. Compressed with spur roller before sowing; 12.0-16.0 Pso
beet ’ 4. Compressed with Cambridge roller after sowing; Kiss
2007 . .
5. Compressed with spur roller after sowing.
1. Conventional ploughing with moldboard plough up to 20 - 22 N
V. Subsoiling for sugar Short-term, cm depth; 48468
beet 2009-2010 on-farm scale 2. Deep soil tillage with subsoiler (Agrisem Combiplow) up to 50,000 11()78
40 - 45 cm depth. 133
Table 3. The rainfall during sugar beet growing seasons. Kaunas meteorological station.
Year/Month April May June July August September October
1995 42.1 78.4 76.9 47.0 47.7 75.1 18.0
1996 24.8 70.6 64.0 88.9 17.4 335 43.5
1997 454 65.1 75.2 62.9 45.0 65.6 69.7
1998 64.9 36.2 59.5 118.0 84.1 21.8 54.4
1999 42.0 324 53.9 30.5 85.9 28.7 79.4
2000 4.2 41.8 64.4 113.0 53.5 15.0 42
2001 322 58.4 45.7 144.5 55.0 75.3 77.3
2002 28.1 30.4 93.1 53.5 13.8 423 167.0
2003 323 45.1 57.1 118.2 53.4 279 89.5
2004 15.1 383 62.9 78.5 98.0 353 80.7
2005 37.4 76.9 78.1 454 136.2 46.5 10.8
2006 293 74.5 18.0 70.7 165.6 89.8 47.7
2007 222 96.5 70.0 148.7 78.6 41.5 56.7
2008 32.1 35.5 83.2 43.0 99.3 27.0 69.8
2009 8.6 42.0 107.4 83.8 87.5 28.3 101.2
2010 58.5 94.8 127.0 100.7 823 63.3 44.6
1974-2010 38.1 47.2 66.7 83.0 73.2 53.8 54.8
Copyright © 2013 SciRes. JEP
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Table 4. The influence of primary tillage methods on moi-
sture content in top soil layers, 2001-2005.

Soil tillage Sampling Before soil Till sugar beet
methods depth cm tillage in spring %  germination %
0-10 22.8 20.6
cp 10 - 20 24.7 22.6
Sp 0-10 22.6 19.8
10-20 25.6 21.4
0-10 249 222"
be 10 - 20 24.9 22.7
0-10 24.1 22.1°
s¢ 10-20 26.3 212
0-10 25.8° 229
NT 10-20 23.8 219

CP = conventional ploughing with mould-board plough up to 22 - 25 cm
depth; SP = shallow ploughing with mould-board plough up to 12 - 15 cm
depth; DC = deep cultivation with chisel cultivator up to 25 - 30 cm; SC =
shallow cultivation with disc cultivator up to 12 - 15 cm depth; NT = no
tilled; *signiﬁcant difference from control treatment (CP) at P < 0.05.

1r0nOm
80
60
40

o

Figure 1. The trend of rainfall in April. Kaunas meteoro-
logical station, 1974-2007. X = 37.3; Mo = 36.7; V% =
56.4.

3.2. Subsoiling

Subsoiling is the process of deep tilling of the ground (up
to 40 - 50 cm depth). It is mainly used to uncompact the
soil, but also improves aeration of the soil, water infiltra-
tion, soil water capacity and dispersion of nutrients.

Conventional mould-board ploughing was compared
with subsoiling in on-farm scale experiment. Soil tillage
was performed in autumn time before wintering. Soil
water content was measured three times: after subsoiling
in autumn 2009, before pre-sowing soil tillage in spring
2010 and before sugar beet harvesting in autumn 2010.
Investigation data showed, that mean water content in top
0 - 5 cm depth soil layer was higher in ploughed soil
(25.8%), than in subsoiled (23.3%) because of slower
water infiltration. Such conditions influenced on disap-
pearance of some sugar beet plants, especially in the
wettest places.

Deep subsoiling leads to 4 t-ha™' higher sugar beet root
production and by 0.86% unit higher sucrose content in
comparison with ploughed one.

3.3. Pre-Sowing Tillage of Ploughed Soil

Short-term field experiment was carried out during 1995-
1998. In autumn ploughed soil before sowing was culti-
vated with three different cultivators: S-tine (deep exten-
sive pre-sowing tillage), complex (shallow intensive till-
age) and rotary. According to the data of experiment,
pre-sowing soil tillage up to 5 - 6 cm depth influenced on
faster water evaporation from the top layers of the soil
(Table S). In shallowly tilled soil water content was sig-

Table 5. Impact of ploughed soil presowing tillage methods on soil moisture content.

. 1995 1996 1997 1998
Soil tillage method Sampling depth
cm A v A v A v A 14
0-10 19.3 15.1 19.4 15.7 22.7 16.9 24.1 19.8
10-20 23.8 16.8 22.1 15.9 252 17.9 23.6 20.6
Deep extensive
20-30 - 15.5 - 16.0 - 17.4 - 20.7
30 - 40 - 14.9 - 16.2 - 12.6 - 18.5
0-10 22.0° 14.9 19.9 16.4 24.7" 18.4" 225 20.3
10-20 22.9 16.4 22.9 16.7 26.7 19.3 254" 19.2
Shallow intensive
20 -30 - 15.5 - 16.9 - 18.7 - 19.5
30 - 40 - 13.7 - 17.1 - 14.4° - 17.9
0-10 20.9° 15.2 20.4" 17.5" 24.5" 17.8 22.6 18.9
10-20 24.4 17.0 22.0 17.9° 26.0 18.7 26.17 19.4
Shallow with rotors .
20 - 30 - 16.0 - 18.0 - 18.6 - 19.5
30 - 40 - 15.2 - 18.3" - 15.0° - 18.6

A = soil moisture content % after sowing during sugar beet germination; V = continuously during sugar beet vegetation. Precipitation rate during sugar beet
vegetation in 1995 - 303.9 mm, 1996 - 250.4 mm, 1997 - 339.9 mm, 1998 - 338.6 mm. significant difference from control treatment (deep extensive soil tillage)

at P <0.05.

Copyright © 2013 SciRes.
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nificantly higher. However, this effect mostly was short
and depended on precipitation rate.

Higher differences were observed in dry conditions of
1996. Pre-sowing soil tillage with rotary tiller influenced
on higher water content from top to deeper (up to 30 - 40
cm) soil layers.

3.4. Pre-Sowing Tillage of Stubble

Short-term field experiment was performed during 2000-
2002. The main task of experiment was to compare dif-
ferent soil tillage methods for stubble cultivation and its
influence on sugar beet seedbed moisture content. The
comparable control treatment was conventional for
Lithuanian technology—deep ploughing in autumn, S-
tine cultivation before sowing twice.

The data of experiment showed that stubble tillage
with rotary tiller and no tillage (direct sowing) led to
significantly higher amount of water in different sugar
beet seedbed layers (Table 6). Stubble cultivation with
rotovator increased seedbed water content but signifi-
cantly—in deeper layer only.

Sugar beet seedbed moisture content depended on
depth of tillage (Figure 2).

3.5. Soil Compressing

Long-term field experiment was carried out in 1998,
1999 and 2002 and with modified methodology—in 2004,
2005 and 2007. Before and shortly after sowing the soil
was pressed with a complex roller KKN-2.8 (Cambridge
roller). The working width of the roller was 2.8 m, mass
per meter of working width—256.4 kg. In other plots the
soil was pressed with a spur roller 3KKS-6, working
width—6.0 m (only one section of the three was used;
working width 2.0 m) and mass per meter of working
width 300.8 kg [25].

Soil compressing (rolling) is especially useful in dry
spring, while in the dry soil layer sugar beet seeds need
more time to swell and their germination is uneven.
Compressing improves the consolidation of soil aggre-

Table 6. Impact of reduced primary soil tillage on sugar
beet seedbed moisture content till sugar beet germination,
2000-2002.

Sugar beet seedbed layers
0-15cm 1.5-3.0cm 3.0-4.5cm

Soil tillage methods

Conventional tillage 16.3 14.3 6.5
Stubble tillage with rotary tiller

* *

up to 3 - 4 cm depth 20.7 17.9 12.5
Stubble tillage with rotovator o
up to 3 - 4 cm depth 18.9 17.1 10.3
No tilled stubble 20.17 19.4° 15.7"

*signiflcant difference from control treatment (conventional tillage) at P <
0.05; -atP<0.01.

Copyright © 2013 SciRes.
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Figure 2. Relation between pre-sowing tillage depth and soil
moisture content in sugar beet seedbed.

gates and seeds, increases capillary moisture movement
which is necessary for sugar beet seed germination (18%
- 22%) [18,26]. In the lightest and heaviest soils com-
pressing reduces evaporative water losses. Conversely,
compressing increases water loses in the intermediate
textured soils [18]. Similarly, in our primary experiment
soil compressing mostly had negative or low influence
on light loam soil moisture content (Table 7). Only ap-
plying of heavy spur roller before sugar beet sowing led
to some tendencies of water content increase.

However, in our other investigations sugar beet seed-
bed moisture content in upper seedbed layer was higher
after its compressing with Cambridge roller before and
after sowing (Table 8). That influence on rapid soil wa-
ter and sugar beet yield (data are not presented) loss.
Seedbed compressing mostly had negative, but not sig-
nificant effect on moisture content in deeper (1.5 - 3.0
and 3.0 - 4.5 cm depth) seedbed layers. Only seedbed
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Table 7. The influence of soil compressing methods and
time on soil moisture content till sugar beet germination,
1998-1999, 2002.

Soil compressing method Soil layers

and time 0-10cm 10-20 cm
Not compressed 19.3 21.8
Compressed with Cambridge 19.0 200
roller before sowing ’ ’
Compressgd with spur roller 197 236
before sowing

Compressed Wth Cambridge 194 220
roller after sowing

Compressed with spur roller after 18.9 217
sowing ’ '
P>0.05.

Table 8. The influence of soil compressing methods and
time on sugar beet seedbed moisture content, 2004-2005,
2007.

Soil compressing method Sugar beet seedbed layers

and time

0-15cm 1.5-3.0cm 3.0-45cm

Not compressed 42 10.1 16.4
Compressed with Cambridge

roller before sowing 4.6 7.6 13.6
Compressefi with spur roller 41 78 15.6
before sowing

Compressed w1_th Cambridge 62 102 141
roller after sowing

Compressed with spur roller 40 94 131"

after sowing

*signiﬁcant difference from control treatment (not compressed) at P < 0.05.

compressing with spur roller after sowing had negative
significant impact on moisture content of deeper seedbed
layer.

4. Conclusions

Reduction of primary soil tillage intensity from annual
deep ploughing to shallow ploughing, deep and shallow
cultivation and no tillage conserve soil water. The highest
storage of soil water in spring was observed in non-re-
versibly tilled or not tilled soil.

Subsoiling led to higher water infiltration rate, and top
layer of subsoiled soil consisted less moisture content
than ploughed.

Sugar beet seedbed moisture mostly depended on soil
tillage intensity and depth. Pre-sowing rotary tilling is the
top tillage method in the case of water preservation for
ploughed or unploughed soil.

Soil compressing with rollers mostly had negative or
low influence on light loam luvisol moisture content.
Rolling with Cambridge roller effected on more rapid
water transport from deeper to top sugar beet seedbed

Copyright © 2013 SciRes.

layers and higher evaporation rate.
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