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Abstract

Ecologization of agriculture and forestry directly and indirectly influences the environment, water, air, and landscape. There-
fore, analysis of ecological forestry activities, evaluation and forecast are of scientific, ecological and political significance. Weed
control and the resulting ecological farming and forestry issues have attracted greater attention to the use of physical methods in
weed control, because this weed control method is effective and does not leave chemical residues neither in the soil, nor in water.
One of the physical methods is thermal weed control method, which contrary to the other weed control methods, leaves only dead
biomass, preventing self-sowing of weed seeds in the soil, destroys some of the pests and disinfects the surface layer of soil. How-
ever, it is very important to examine the possibilities of wet water steam dispersion in soil. The aim of the study was to determine
temperature field distribution character and intensity in the upper layer of the inter-beds soil in forest nurseries. All analyses were
carried out using air-dry soil (Calc(ar)i-Epihypoglevic Luvisol, LVg-p-w-cc(sc)) passed through 1.7 mm sieve. Temperature field
distribution character and its intensity in the upper soil layer was registered using 0.19 mm diameter nickel-chrome thermocouples,
arranging them in the measuring planes according to the measuring schemes prepared in advance. The change of temperature field
was registered using Almemo device. Study results showed the dependence of temperature field distribution character and intensity
upon the duration of wet water steam supply, steam amount and overpressure under the cover. The data showed that weed seedlings
in the depth of 0.5-2.5 cm would be killed treating the soil with wet water steam for 30-60 seconds. The results of the analysis pro-
vide a possibility to supplement the common existing weed control system using wet water steam with additional technology — weed

seeds control in the upper soil layer.
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Introduction

In Lithuania as in all European Union too, general
politics of agriculture and forestry sectors is oriented to
ecological farming. The main tasks of ecological farm-
ing are to improve soil texture, reduce pollution of heavy
metals, and increase stocks of humus and nutrients in the
soil. One of the biggest problems that occur in ecologi-
cal farming is weed control. This is particularly important
in forestry nurseries because of demand for mechanical
weeding (Tillet 2002, Barberi et al. 2010). Previous stud-
ies have revealed that steam treatment has the potential
to be an efficient and environmentally acceptable method
to reduce the negative influences that ericaceous ground
vegetation has on the growth of planted coniferous seed-
lings (Norberg, Jaderlund, Zackrisson et al. 1997).

Big efforts are made on new technology development
in order to solve that issue. New technologies are created
involving different methods for reduction of environmen-
tal pollution and weed competition of crop (Jergensen
2006, Sirvydas et al. 2006b, Virbickaité et al. 2006). Physi-

cal methods of weed control using different environments,
e.g. hot water, wet water steam, hot gas and infrared ra-
diation have attracted big attention (Kurfess 2000, Hanson
and Ascard 2002, Tei et al. 2003). Soil steaming applied in
bands is also a new technology with the potential to radi-
cally reduce the burden of hand-weeding intra-row weeds
in non-herbicidal vegetable cropping. Preliminary studies
(Melanderand and Kristensen 2011) with band-steaming
have shown effective control of viable weed seeds, when
the maximum soil temperatures reach 60-80 °C. This tem-
perature was very important in our research as well.
Physical methods are based on thermodynamic laws
(Sirvydas et al. 2006a). Using wet water steam for weed
control a temperature of 80-100 °C is raised in the surface
of the soil under the cover in 5-6™ day after sowing (Sirvy-
das et al. 2004, Kerpauskas et al. 20006). It is noticed that
successful weed control is determined by the first weed
removal under the closed cover, when 80-90% of short
life cycle weeds are killed (Sirvydas et al. 2008). Dur-
ing the second weed removal later germinated weeds from
deeper soil layers are removed (Vasinauskiené 2004).
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Investigations using wet water steam technology for
soil disinfection, pathogen destruction and weed control
were made by many authors (Melander and Jorgensen
2005, Cisneros and Zandstra 2008, Barnabas et al. 2010).
This method is effective yet expensive, because soil is
heated 10-30 cm in depth. However, it is known that weeds
intensively germinating in 0.5 cm depth intended most of
them are destroyed at 70 °C (Vasinauskien¢ 2004). There-
fore, the need for temperature spread investigation in soil
during thermal weed control has appeared.

This study aimed to determine the influence of water
steam supply duration in upper layer of the soil to tem-
perature regime dynamics.

Materials and Methods

Soil for the research was sampled in nursery of the
Research Station of Aleksandras Stulginskis University.
Soil samples were placed into 50x50x10 cm boxes and
transported for investigations to the Thermal Measure-
ment Laboratory of the Institute of Energy and Biotech-
nology Engineering.

All analyses were carried out on air-dry soil (Calc(ar)i-
EpihypoglevicLuvisol, LVg-p-w-cc(sc)) passed through
1.7 mm sieve thus providing the most advantageous con-

Steam

ditions for the expansion of wet water steam temperature
field. The scheme of experimental set up is provided in
Figure 1.

Wet water steam was provided in 15 kW boilers, /0.
Constant steam pressure of 0.4 bars was kept during the
analyses. The amount of wet water steam in kilograms
was measured during each experiment by control scales, 9
(minimum weight + 0.2 g). Wet water steam was supplied
to 0-3.5 cm upper soil layer to enclosed cavity, /2, under
the cover through steam outlet hose, /3 (Figure 1). Wet
water steam pressure under the cover was measured by
,,U* shaped micromanometer, /5. Temperature shift char-
acter (temperature curves slope respect to time axis) and
intensity in the upper layer of the soil, //, was recorded
by temperature sensors, /, 2, 3, 4, 5, 6, 7 and 8, distributed
in measurement planes, /6. Wet water steam temperature
under the cover was registered by control temperature
sensor, (. Temperature shift under the cover and in the
upper layer of the soil was registered by 0.19 mm in di-
ameter nickel-chrome thermocouples, which were distrib-
uted according to the measurement scheme in the planes
A, B, C and D (Figure 2).

The cover of 20 x 20 x 10 cm was used for the local
wet water steam supply to the upper layer of the soil. The
connections on the cover top for wet water steam supply
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and micromanometer were assembled. Thermocouples
were positioned in vertical measurement planes A, B, C
and D. Vertical distribution of measurement planes in the
upper layer of the soil was arranged in a way enabling to
obtain the real illustration of temperature regime dynam-
ics. Measurement plane A was assembled in the place of
cover vertical symmetry axis. Measurement plane B was
placed 5 cm vertically down the vertical symmetry axis,
and measurement C was placed vertically down next to
the inner wall surfaces of the cover. Thermocouples in
measurement planes A, B and C registered temperature
regime in the upper soil layer under the cover. Measure-
ment plane D was placed vertically down next to the outer
wall surfaces of the cover in order to register temperature
changes out of the cover.

Eight thermocouples were distributed in vertical
position in each m measurement plane. The first ther-
mocouple registered temperature of soil surface, the rest
registered soil temperature every 0.5 cm to depth (0.5 to
3.5 cm). This way of thermocouples distribution allowed
registering real temperature shift in soil as well as char-
acter and intensity of 100 °C temperature field formation.
Meeting requirements for temperature measurements,
thermocouples were distributed agreeably to isotherm
by length corresponding to 100 thermocouples diameters
Temperature measurements were recorded by data logger
ALMEMO-2590-9 17 (Figure 1) equipped with micropro-
cessor data processing and storage systems. Connection
with PC was made using Za 1909-DK5, /9 (Figure 1).
Recorded data were loaded to computer using a serial in-
terface with AMR software.

Temperature regime in measurement planes of upper
layer of the soil was investigated under different wet wa-
ter steam supply duration (5, 10, 20, 30, 40, 50 and 60 s).
Each experiment was carried out for six times.

Data were subjected to analysis of variance ANOVA.

Results

Results shown in Figure 3 revealed that soil surface
under the cover is heated up to 88 °C in the steam inlet
spot (measurement plane A), when supply of wet water
steam endured 5 seconds while in the depth of 0.5 cm
temperature rose up to 81 °C. Temperature did not change
in the depth of 1.0-3.5 cm.

Thermocouples placed in measurement plane B reg-
istered temperature change only on the surface of the soil
and water steam temperature under the cover. It is seen
that temperature of soil surface rises up to 79 °C, while in
the depth of 0.5-3.5 cm it remained stable. Temperature in
the measurement plane C changed under the cover and on
the soil surface. It rose up to 50 °C, while in the depth of
0.5-3.5 cm it remained stable. Temperature measurement
data in the measurement plane D showed no temperature
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Figure 3. Temperature regime dynamics under the cover in

the upper layer of the soil, when steam supply duration was 5
seconds

Note. A, B, C and D — temperature measurement planes, 0 -
temperature change in the environment under the cover; 1 - the
change of temperature on the surface of the soil; 2-8 — change
of temperature every 0.5 cm in depth (0.5 to 3.5 cm)
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fluctuations presenting on soil surface as well as in the
depth of 0.5-3.5 cm. The results of investigation from all
measurement planes showed that the temperature of wet
water steam under the cover reached only 90 °C.

As it is seen from the data in the Figure 4, in the mea-
surement plane A temperature of soil surface rose up to
95 °C when wet water steam supply under the cover was
prolonged to 10 s while in the depth of 0.5 cm it reached
88 °C. The temperature remained stable in the deeper soil
layers (1.0-3.5 cm). Temperature change to 90 °C was
registered only on the surface of the soil in the measure-
ment plane B, no temperature changes were registered in
deeper soil layers (0.5 to 3.5 cm). The temperature rose up
to 65 °C in the measurement plane C, while it remained
unchanged in the deeper layers. The temperature of the
soil surface rose very insignificantly (to 23 °C) and re-
mained stable in deeper layers in the measurement plane
D. Wet water steam temperature under the cover was
100 °C in all the cases.

When the supply of wet water steam was prolonged
to 20 seconds, dynamics of temperature curves in mea-
surement planes was more intensive (Figure 5).

Dynamics of temperature curves shows that the tem-
perature rose up to 100 °C on the soil surface and in the
depth of 0.5 cm, while in the deeper layers no temperature
changes were registered. The temperature of 100 °C was
registered on the soil surface in the measurement plane B.
The temperature of the soil rose up to 95 °C in the depth
of 0.5 cm and up to 28 °C in 1.0 cm, while in the deeper
layers it remained stable. Temperature of the soil surface
rose up to 96 °C in the measurement plane C, up to 90 °C
and up to 50 °C in the depth of 0.5 cm and 1.0 cm, respec-
tively. No temperature changes were registered in deeper
soil layers (1.5 to 3.5 cm). The temperature of soil surface
rose up to 60 °C in the measurement plane D, up to 38 °C
in the depth of 0.5 cm, while in the deeper layers (1.0 to
3.5 cm) remained unchanged. Figure 6 shows the results,
which were gotten when wet water steam supply was pro-
longed to 30 seconds.

Temperature dynamics in measurement plane A re-
veals that the temperature of 100 °C was reached on the
soil surface and in the depth of 0.5-1.5 cm. The tempera-
ture of 100 °C reached the soil surface and depth of 0.5
cm in measurement plane B, while in the depth of 1.0 cm
the temperature rose up to 80 °C. Temperature rose up to
100 °C on the soil surface and in depth of 0.5 cm in the
measurement plane C, while in the depth of 1.0 cm it rose
up to 30 °C. The dynamics of temperature curves in mea-
surement planes A; B and C reveals that the temperature
remained unchanged in the soil depth of 2.0-3.5 cm. In
measurement plane D temperature rose up to 98 °C on the
soil surface; up to 80 °C; up to 50 °C and up to 23°C in
the depth of 0.5; 1.0 and 1.5 cm, respectively. Tempera-
ture did not change in deeper layers of 2.0 to 3.5 cm. The
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Figure 4. The dynamics of temperature regime under the cover
in the upper layer of soil, when steam supply duration was 10
seconds

Note. A; B; C and D - temperature measurement planes,

0 - temperature change in the environment under the cover;

1 - temperature change on the soil surface; 2—8 - temperature
change every 0.5 cm in depth (0.5 to 3.5 cm)
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Figure 5. The dynamics of temperature regime under the cover
in the upper layer of soil, when steam supply duration was 20

seconds

Note. A, B, C and D - temperature measurement planes,
0 - temperature change in the environment under the cover;
1 - temperature change on the soil surface; 2-8 — temperature

_Tumur_}# S
rara )
fll .l. i --m-- 3
| 5-’ i ——4
I ; S
I S S :
—7
T T T T T T T T T | ’8
02 4 6 8 101214 16 18 20
Time s A
0
A 2
f _ul"f ......... 3
T 4
- —4
[ 5 .
s | )
£ 7M 6
7
02 46 8 1012 14 16 18 208
Time s B
0
v Y7
4 L
j /S
{ i —4
| .
T j ..ﬂf i 6
w £ 4
S
0 2 4 6 8 101214 1618 20
Time s C
0
WM 1
dj .

—{mgf .MMF ——7
— &

o 2 4 6 & 10 12 14 16 18 20
Time s D

change every 0.5 cm in depth (0.5 to 3.5 cm)

o

)
=

=i |
= o

P
=]

Temperatwre °C
L
=]

=]
=

T T T T T 17T 8

T T T T T
0 3 6 912151821 242730
Time s A

100 ,?_ ooy 0
90 f .l I ........ F— 1
] 80 f .. ; #_1__2
Bl : i i
70 —+——= ri -
] «f Il i TR 3
g5 60 4 &
Bl § ¢
g 07 : ;] .
5 40 1 7
= 30 ; s 6
20 __ ——el
10 T —— -8

03 6 912151821242730

Time s B
100 1 Cmm——mem———
ag

0 80 P ;’rf e ]
"0l A -2

[ie] ¥+ f i
£ 60 4 --- 3
£ 50 VA .
= = ——
E 40 jr f S
T30 1 ; s
o [ T
0 3 6 9 12151821242730 8
Time s C

100

Temperatwre °C

03 6 9 121518 21242730
Time s D

Figure 6. The dynamics of temperature regime under the cover
in the upper layer of soil, when steam supply duration was 30
seconds

Note. A, B, C and D — temperature measurement planes, 0 — the
change of temperature in the environment under the cover;

1 — the change of temperature on the soil surface; 2 - 8 — the
change of temperature every 0.5 cm in depth (0.5 cm to 3.5 cm)
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results of the investigation presented in Figure 7 reveals
more intensive temperature regime dynamics when wet
water steam supply duration under the cover was 40 sec-
onds. This is proved by temperature dynamics change in
the measurement plane A. Data results revealed tempera-
ture rise up to 100 °C on soil surface and in soil layers of
0.5-2.0 cm in depth. Temperature rose up to 94 °C and
up to 40 °C in 2.5 and 3.0 cm, respectively. Temperature
remained unchanged in the depth of 3.5 cm. In measure-
ment plane B the temperature of 100 °C was registered on
the soil surface and in depth of 0.5-1.5 cm. Layer of 2.0
cm in depth was heated up to 40 °C while deeper layers
(2.5 to 3.5 cm) were not affected. In measurement plane
C the temperature of soil surface rose up to 100 °C, layers
of 0.5 cm and 1.0 cm were heated up to 95 °C and 23 °C,
respectively, while temperature of deeper layers remained
unchanged. The temperature of soil surface in measure-
ment plane D was 100 °C, in the depth of 0.5 cm it was
92 °C and remained unchanged in deeper layers.

Figure 8 shows the results, when the supply of wet
water steam was prolonged to 50 s. Temperature curves
intensity reveals the most intensive temperature change
being in measurement plane A. Soil surface and layers of
0.5-3.0 cm depth were heated up to 100 °C, the tempera-
ture of the deepest layer reached 95 °C. Thermocouples
registered less intensive temperature dynamics in mea-
surement plane B. Temperature rose up to 100 °C on the
soil surface and in soil depth of 0.5-2.0 cm, while in the
depth of 2.5 cm temperature rose up to 32 °C and remained
unchanged in deeper layers (3.0-3.5 cm). Temperature re-
gime dynamics intensity decreased in measurement plane
C. Soil surface and the layers of 0.5-1.0 cm in depth were
heated up to 100 °C; temperatures of 88 °C and 75 °C
were reached in layers of 1.5 cm and 2.0 cm, respectively,
while the temperature in deeper layers (2.5-3.5 cm) did
not changed. Temperature rose up to 100 °C in soil surface
and in the 0.5 cm depth at measurement plane D. Tem-
perature rose up to 45 °C in the layer of 1.0 cm in depth
and remained unchanged in deeper layers (1.5-3.5 cm).

Temperature change dynamics in the upper layer of
soil, when supply of wet water steam under the cover en-
dured 60 s is shown in Figure 9.

Temperature change intensity and distribution char-
acter reveals the most intensive soil heating up to 100 °C
being at the measurement plane A. Soil surface and lay-
ers of 0.5-3.5 cm in depth reached 100 °C. Less inten-
sive temperature changes were observed in measurement
plane B. The temperature of 100 °C reached the surface
of the soil and layers of 0.5-2.5 cm in depth, while deeper
layers had lower temperature: 96 °C at 3.0 cm and 32 °C
at 3.5 cm significant changes of temperature were regis-
tered at measurement plane C. The temperature of 100 °C
reached the surface of soil and the layers of 0.5-2.5 cm in
depth, temperature of 45 °C reached the layer of the soil
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Figure 7. The dynamics of temperature regime under the cover
in the upper layer of soil, when the duration of steam supply
was 40 seconds

Note. A; B; C and D- temperature measurement planes, 0-the
change of temperature in the environment under the cover; 1 -
the change of temperature on the soil surface; 2-8 - the change
of temperature every 0.5 cm in depth (0.5 to 3.5 cm)
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in 3.0 cm depth, while the temperature in 3.5 cm depth
remained unchanged. The least intensive temperature
changes were observed at measurement plane D. Tem-
perature rose up to 100 °C on the surface of soil as well
as in the depth of 0.5-1.0 cm. The temperature of 45 °C
was reached in the depth of 1.5 cm, while temperature
remained unchanged in deeper layers.

Discussion

Earlier investigations of the soil surface treatment by
applying wet water steam were carried out by Sirvydas
and Kerpauskas (2012). They investigated soil heating
process under completely different conditions, thus the
comparison of those results to ours is not possible. The
results show the dependence of temperature regime inten-
sity (dynamics of heating of different soil layers) on wet
water steam supply duration, place where heat exchange
processes occur and dislocation under the cover. Wet wa-
ter steam supply under the cover transfers heat quantity.
The biggest part of the heat quantity is used for the upper
soil layer heating. The rest part is used for air and cover
walls heating as well as for the dissipation (Figure 10).

Taking into account the quantities of heat mentioned
above, soil heating process could be described by this heat
balance equation:

q,=4,% 4,74, t4q,, (1

where

q,is the quantity of heat used for soil heating, kJ kg';

g, is the heat loss in environment, kJ kg'';

q, 1s the heat loss because of heating the walls of
cover, kJ kg'';

g, 1s heat lost for air heating under the cover, kJ kg™

Quite a big portion of heat quantity was used for the
air and cover walls heating to 100 °C (steam condensa-
tion temperature) in the beginning of wet water steam
supply under the cover. When the duration of wet water

Wet water steam 1

Figure 10. The components of heat quantity in 100 °C tem-
perature field formation: 1 — cover box, 2 — soil surface, 3 —
100 °C temperature front, 4 — initiation of 100 °C temperature
field formation
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steam supply was 5 seconds, heat quantity, q,, was insuf-
ficient not only for soil surface but also for air heating
up to 100 °C because of big heat loss, g, and g,. This is
clearly seen from the character of wet water steam and
soil surface temperature changes in measurement planes
A; B; C and D (Figure 3). In that case the temperature
of steam under the cover rose up to 90 °C and the high-
est temperature of the soil surface reached approximately
89 °C (measurement plane A).

When the duration of wet water steam supply was
prolonged to 10 seconds, steam temperature reached
100 °C, however temperature of 100 °C was not reached
in any measurement plane. The highest soil surface tem-
perature (95 °C) was registered in measurement plane A,
temperature of 89 °C was reached in measurement plane
B; 65 °C — in measurement plane C while in the measure-
ment plane D it remained almost unchanged. This proved
that 5-10 seconds wet water steam supply did not ensure
sufficient steam amount for soil surface heating. When the
duration of steam supply ensured sufficient amount of wet
water steam the air under the cover and cover box, / (Fig-
ure 10), was heated up to 100 °C (water steam condensa-
tion temperature); the equation of heat balance could be
described as follows:

9,=4,%4, ).

In the case of balanced heat regime member of equa-
tion ¢ is constant; its value in comparison with ¢, is insig-
nificant. Heat lost to the environment (¢,) could be further
reduced by thermal insulation of the cover.

When the supply of heat quantity (wet water steam)
under the cover was sufficient, water steam condensate in
contact with soil surface, 2 (Figure 10), and heated it up to
100 °C. As high as 100 °C temperature front, 3, appeared
on the surface of the soil and spread further to the deeper
soil layers in the process of water steam supply (Figure
10). The field of 100 °C temperature, 4, was formed above
the temperature front. Qualitative change of temperature
regime was obtained when the supply of wet water steam
under the cover endured 20 seconds. Temperature curve
change character showed 100 °C temperature present on
the soil surface and in the depth of 0.5 cm (Figure 5, mea-
surement planes A and B). Temperature of 100 °C was not
registered in measurement planes C and D. Temperature
field formed in the soil was limited by temperature front
illustrated by curve 1 (Figure 11).

When steam supply under the cover endured 30 s
(Figure 6) temperature of 100 °C was reached in soil sur-
face (measurement planes A, B and C) in the depth of 0.5
cm (measurement planes A, B and C) and in the depth of
1.5 cm (measurement plane A). As high as 100 °C temper-
ature field (Figure 11) was limited by temperature front
illustrated by curve 2. When steam supply under the cover
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endured 30 s 100 °C temperature front deepened to 1.5 cm
beside vertical cover axis. When the duration of wet wa-
ter steam supply was increased to 40 seconds (Figure 7)
100 °C temperature was reached in the soil surface in all
measurement planes (A, B, C and D) in the depth of 0.5
cm (measurement planes A, B and C) in the depth of 1.0-
1.5 cm (measurement plane A and B) and 2 cm (measure-
ment plane A). The temperature of 100 °C temperature
field configuration was limited by temperature front illus-
trated by curve 3 (Figure 11). When wet water steam sup-
ply under the cover endured 40 s temperature front beside
vertical cover axis deepened to 2 cm.

Temperature regime dynamics in the soil surface
significantly changed, when duration of wet water steam
supply under the cover increased to 50 s (Figure 8). As it
is seen in Figure 8 the temperature of 100°C was reached
at soil surface (measurement planes A, B, C and D) as
well as in the depth of 1.0 cm (measurement planes A, B
and C); 2.0 cm (measurement planes A and B) and 3.0 cm
(measurement plane A). Temperature of 100°C tempera-
ture field was limited by temperature front illustrated by
curve 4 (Figure 11). After 50 s temperature front deepened
to 3.0 cm.

Dynamics of temperature regime was even more in-
tensive, when duration of wet water steam supply under
the cover was 60 s. As it is seen from Figure 9, the tem-
perature of 100 °C was reached in the surface of soil and
in the depth of 0.5-1.10 cm (measurement plane), in the
depth of 1.5-2.5 cm (measurement planes A, B, C) while
in the depth of 3.0 — 3.5 cm only in the measurement plane
A. Temperature of 100 °C temperature field was limited
by temperature front illustrated by curve 5 (Figure 11).
When wet water steam supply under the cover endured
60 s 100 °C temperature front deepened to 3.5 cm beside
the cover axis.

The results of the investigation show (Figures 3-9)
the most intensive change of temperature regime dynam-

ics being registered in the measurement planes A and B.
Measurement planes C and D exhibited significantly less
changes of temperature regime. This proves that more fa-
vourable conditions for soil heating up to 100 °C and tem-
perature field formation were provided under the cover
not next to the cover inner and outer walls (measurement
planes C and D).

Different conditions for heating the upper soil layer
and 100 °C temperature field formation developed be-
cause the heat from cover walls was transferred out to the
cooler soil layers thus the heating of soil was less inten-
sive in these spots. Temperature regime dynamics change
of the upper layer of the soil fundamentally depends on
wet water steam supply duration, z. longer duration, t,
means larger amount of water steam and heat quantity q,
under the cover. Bigger amounts of steam and heat de-
termined more intensive temperature change as well as
favourable condition for 100 °C temperature field forma-
tion in the upper layer of the soil.

Measurements of wet water steam amount, d, used
were made in presence of different steam supply dura-
tions, 7. Their results are shown in Figure 12. This depen-
dence can be described by the equation:

y=0.004x +5E - 17, R*=1.

The pressure of wet water steam was monitored dur-
ing the investigation. When the supply of water steam en-
dured 5-10 seconds insignificant 3-5 mm of H,O column
overpressure was registered. Enhancement from 20 to 60
seconds in duration of wet water steam supply significant-
ly increased amount of wet water steam thus determining
increased steam overpressure under the cover.

Overpressure of steam under the cover changed from
10 to 40 mm of H,O column, when wet water steam supply
was prolonged 20 to 60 seconds. Local burst of wet water
steam from under the cover appeared due to the enhance-
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Figure 12. Dependence of wet water steam supply duration, z,
on the amount of water steam

ment of steam overpressure. This created additional steam
loss and decreased the value of heat quantity balance com-
ponent, g, Overpressure under the cover promoted direct
(mechanical) steam leakage to deeper soil layers. Thus
temperature front besides the vertical axis of the cover
gained the shape of down pointed hoop (Figure 11).

Conclusions

The duration of wet water steam supply for 5-10 sec-
onds under the cover does not ensure appropriate wet wa-
ter steam amount for upper layer heating of air dry soil.

Front of 100 °C temperature forms on the surface of
the soil and spreads to deeper soil layers, when wet water
steam amount is sufficient.

Wet water steam supply duration for 20-60 seconds
forms 10-40 mm water overpressure under the cover af-
fecting intensity of 100 °C temperature field formation
intensity and the shape of temperature front in the bottom
part.

Data results shows that weed seedlings in the depth
of 0.5-2.5 cm would be killed by treatment of the soil
with wet water steam for 30-60 seconds.

References

Ascard, J., Hatcher, P.E., Melander, B. and Upadhyaya, M.K.
2007. Thermal weed control. In: Non-chemical weed manage-
ment: principles, concepts and technology. Upadhyaya M. K.,
Blackshaw R. E. (Eds.). CABI International, Ch. 10, p. 155-
175 (ISBN 9781845932909).

Barberi, P., Moonen, A.C., Perruzzi, A., Fontanelli, M. and
Raffaelndli, M. 2010. Weed suppression by soil steaming in
combination with activating compounds. Weed Research 49:
55-56.

Barnabas, J., Siores, E. and Lamb, A. 2010. No thermal micro-
wave reduction of pathogenic cellular population. Internation-
al Journal of Food Engineering 6 (5): 1-9.

Cisneros, J.J. and Zandstra, B. H. 2008. Flame weeding effects on
several weed species. Weed Technology 22: 290-295.

Hanson, D. ad Ascard, J. 2002. Influence of developmental stage
and time of assessment on hot water weed control. Weed Re-
search 42: 307-316.

Jorgensen, M.H. 2006. Band heating for weed control. In: Dar-
cof 11, Danish research in organic food and farming systems
2000-2005, p. 40-43.

Kerpauskas, P., Sirvydas, A.P., Lazauskas, P., Vasinauskiené, R.
and TamoSiiinas, A. 2006. Possibilities of weed control by
water steam. Agronomy Research 4: 221-255.

Kurfess, W. 2000. Untersuchungen zum Einsatz von Heilwasser
zur thermischen Unkrautregulierung. Verlag Grauer, Stuttgart,
p. 118-126.

Melander, B. and Kristensen, J.K. 2011. Soil steaming effects on
weed seedling emergence under the influence of soil type, soil
moisture, soil structure and heat duration. Annals of Applied
Biology 158: 194-2003.

Melander, B. and Jorgensen, M.H. 2005. Soil steaming to reduce
intrarow weed seedling mergence. Weed Research 45:202-211.

Norberg, G., Jaderlund, A., Zackrisson, O. et al. 1997. Vegeta-
tion control by steam treatment in boreal forests: a comparison
with burning and soils scarification. Canadian Journal of For-
est Research 27: 2026-2033.

Sirvydas, A., Lazauskas, P., Vasinauskiené, R., Stepanas, A. and
Kerpauskas, P. 2004. Thermal weed control by water steam
in bulb onions. Proceedings of the 6" EWRS Workshop on
Physical and Cultural Weed Control, European Weed Research
Society, p. 170-173.

Sirvydas, A., Lazauskas, P., Stepanas, A., Nadzeikiené, J. and
Kerpauskas, P. 2006a. Plant temperature variation in the
thermal weed control process. Zeitschrift fiir Pflanzenkrakheit
und pflanzenschutz Sonderheft XX: 355-361.

Sirvydas, A. P., Kerpauskas, P., Nadzeikiené, J., Stepanas, A.
and Teresciuk, V. 2006b. Temperature measurements in re-
search of thermal weed extermination. In: Proceedings of the
International Conference Development of Agricultural Tech-
nologies and Technical Means in Ecological and Energetic
Aspects. Raudondvaris — Lithuania 11: 321-331.

Sirvydas, A. P., Vasinauskiené, R., Kerpauskas, P., Cingiené, R.,
Sinkeviciené, J. and Staniuliené, R. 2008. Peculiarities of
rosette weed thermal control. Vagos 79 (32): 7-13

Tei, F., Stagnari, F. and Granier, A. 2003. Preliminary results on
physical weed control in spinach. 5" EWRS Workshop on
Physical and Cultural Weed Control. European Weed Research
Society. Proceedings: 164—171.

Tillett, N. D., Hauge, T. and Miles, S. J. 2002. Inter-row vision
guidance for mechanical weed control in sugar beet. Comput-
ers and Electronics in Agriculture 33: 163—177.

Vasinauskiené, R. 2004. Investigation of a thermal environment
impact on plants and its agrotechnological evaluation. Doctor-
al dissertation. Lithuanian University of Agriculture, p. 1-98.

Virbickaité, R., Sirvydas, A. P., Kerpauskas, P. and
Vasinauskiené, R. 2006. The comparison of thermal and me-
chanical ways of weed control. Agronomy Research 4 (spec.
iss.): 451-455.

Received 23 June 2014
Accepted 30 September 2016

I 2016, Vol. 22, No. 2 (43) |, 1sSN2029-9230 .

306



