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ABSTRACT

Soil moisture is an important factor that affects not only crop growth but also a wide range of soil parameters. 
Nowadays, most crops can be grown in different ways: for example, conventional and conservation techniques. Dif-
ferent cultivation systems also affect soil moisture. For this reason, the main focus of this paper is to compare conven-
tional and strip-till techniques for growing maize (Zea Mays L.) in terms of their effect on topsoil moisture. These tech-
niques were chosen primarily because of the significant difference in surface coverage by plant residues. The research 
was conducted between 2023 and 2024 at two locations in the Czech Republic. Soil moisture at a depth of 15 cm was 
monitored using moisture sensors with automatic recording throughout the maize growing season. Temperature was 
also measured in the same way. Due to the changing soil surface cover, the maize growing season was divided into 
three parts: the initial growth period, the period up to two months after sowing, and the period of full growth. The 
results show the different effects of the tested techniques on soil moisture, especially in the period shortly after sow-
ing. The strip-till had statistically higher (P=0.05) soil moisture in both years compared to the conventional technique. 
This confirmed the positive effect on soil water content during the initial growth period of maize. In the remaining two 
periods, due to the gradual growth of maize and the decomposition of plant residues, the differences between the 
both techniques decreased. In the case of soil temperature, this is a more stable soil parameter which did not differ 
statistically between the techniques considered.
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ABSTRAKT

Vlhkost půdy je důležitým faktorem, který ovlivňuje nejen růst plodin, ale i celou řadu půdních parametrů. V dnešní 
době je možné většinu zemědělských plodin pěstovat různými způsoby: například konvenční a půdoochranný. Rozdílný 
technologický způsob pěstování ovlivňuje mimo jiné i půdní vlhkost. Z tohoto důvodu je hlavním předmětem článku 
porovnání konvenční technologie a technologie strip-till při pěstování kukuřice seté (Zea Mays L.) z hlediska jejich 
vlivu na půdní vlhkost ve svrchní vrstvě půdy. Tyto technologie byly vybrány kvůli výrazné odlišnosti v pokryvnosti 
povrchu rostlinnými zbytky. Výzkum probíhal v letech 2023-2024 na dvou lokalitách v České Republice. Vlhkost půdy 
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v hloubce 15 cm byla sledována pomocí vlhkostních čidel s automatickým záznamem po celé vegetační období kukuřice 
seté. Stejným způsobem byla měřena i teplota. Vzhledem k měnící se pokryvnosti povrchu půdy bylo vegetační období 
kukuřice rozděleno na tři části: období počátečního růstu, období do dvou měsíců od setí, období plného vzrůstu. Z výsled-
ků je patrný rozdílný vliv technologií na půdní vlhkost v období krátce po setí. Technologie strip-till měla v obou letech 
statisticky vyšší (P=0.05) vlhkost ve srovnání s konvenční technologií. Potvrdil se tak pozitivní efekt na obsah vody v půdě v 
počátečním růstu kukuřice. Ve zbylých dvou obdobích se vlivem postupného růstu rostlin a rozkladem posklizňových zbyt-
ků rozdíly mezi technologiemi snižovaly. V případě teploty půdy lze konstatovat, že se jedná o stálejší půdní parametr, který 
se u posuzovaných technologií statisticky nelišil.

Klíčová slova: ůdoochranné technologie, půda, pokryvnost půdy, rostlinné zbytky, kukuřice, vlhkostní senzor

INTRODUCTION

Soil moisture and soil temperature are very important 
parameters in terms of crop germination and growth, in-
cluding yield. Of course, soil water content is influenced 
by the occurrence and amount of atmospheric precip-
itation (e.g. Kovacevic et al., 2007; Maitah et al., 2021; 
Mohammed et al., 2022; Singh et al., 2024). Atmospheric 
precipitation reaches the crop, where it is further redis-
tributed. The total amount that reaches the soil can vary 
considerably depending on the crop. For example, in the 
case of rainfall in maize (Zea mays L.), which is the sub-
ject of this paper, Nazari et al. (2020) report values for 
direct raindrop plus leaf runoff ranging from 31%-83%, 
stem runoff ranging from 15-25%, and interception rang-
ing from 10-20%. Values of rainfall water reaching the 
soil are, of course, influenced by total volume, rainfall in-
tensity, row spacing, number of plants per unit area, as 
well as growth stage and leaf orientation, etc. (Zábran-
sky et al., 2013; Brant et al., 2017; Sun et al., 2017). All 
of the above aspects affect the resulting soil moisture. 
In addition to soil moisture, soil temperature is also the 
subject of the paper, which also affects several parame-
ters (Heinze et al., 2017; Onwuka et al., 2018). In plants, 
for example, it affects germination, emergence time and 
the onset of other growth stages (Blacklow, 1972). Its in-
crease can lead to higher total leaf area index (Bollero 
et al., 1996). For some climatic regions and depending 
on the time of sowing, an increase in soil temperature is 
associated with higher maize grain yield and total plant 
biomass (Vâtcă et al., 2021). Some authors also report on 
a higher effect of temperature than soil water content on 
maize emergence (Kurtyka et al., 2011; Gaile 2012; San-

tos et al., 2018). The layer of organic matter on the soil 
surface then influences the amount of solar radiation, 
protects the soil from water loss by evaporation and 
from erosion, and leads to a reduction in surface runoff 
or soil temperatures, etc. (Nýč et al., 2015; Hůla et al., 
2019; Jaskulski 2019; Kabelka et al., 2021).

The use of different tillage techniques (conventional, 
strip-till, no-till, etc.) can affect soil water content and 
soil temperature (and other soil characteristics - physical, 
chemical and biological), and thus on crop germination 
and growth (Matus et al., 1997; Torabian et al., 2019; Sti-
pešević and Kladivko 2005; Leskovšek 2021; Faligows-
ka et al., 2022). It has been found that deeper soil loos-
ening can lead to drying and temperature changes (e.g. 
Gałęzewski et al., 2023). According to various authors, 
the observed differences in terms of soil water content 
when comparing conventional tillage and soil conserva-
tion techniques may also be influenced by the methods 
of soil water determination (e.g. Gałęzewski et al., 2023).

In this paper, two basic methods of maize cultiva-
tion (conventional cultivation, strip-till) are evaluated. In 
conventional tillage, the soil surface is usually without 
post-harvest crop residues (Mhlanga et al., 2016) as they 
are incorporated into the soil (Kämpf et al., 2016). Strip-
till is considered a soil conservation technique (Procház-
ková et al., 2020; Różewicz, M., 2022) and combines the 
advantages of no-till and conventional tillage, where 
only part of the soil is tilled, and part remains covered 
with crop residues. This paper aimed to test the follow-
ing hypotheses: 
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1.	 strip-till will have higher soil moisture at 15 cm soil 
depth due to higher surface residue coverage; 

2.	 the difference in soil moisture between the 
techniques will be evident throughout the maize 
growing season;

3.	 soil temperature, similar to moisture in strip-till, 
will be statistically different from conventional 
cultivation.

MATERIAL AND METHODS

The research was conducted in the Czech Republic in 
2023 and 2024 (Figure 1). In 2023, the selected location 
was in Central Bohemia, and in 2024, the location was in 
South Bohemia. A more detailed description of the soil 
parameters at both locations is shown in Table 1.

	– Location Central Bohemia – the experimental 
area is in Central Bohemia. The average annual 
temperature is 7-8 °C, and the average annual 
rainfall is approximately 550-650 mm. The altitude 
of the field is 480-520 meters, and the average 
slope is 11.6°. Soil type according to WRB (2022) 
is cambisols.

	– Location South Bohemia – the experimental 
area is in South Bohemia. The average annual 
temperature is 7-8 °C, and the average annual 
rainfall is approximately 550-650 mm. The altitude 

Figure 1. Map of experimental locations in the Czech Republic

of the field is 440-450 meters, and the average 
slope is 3.1°. Soil type according to WRB (2022) 
is stagnosols.

Table 1. Soil conditions at experimental locations

Soil parameter Central Bohemia South Bohemia

Texture (USDA*) Loam Sandy Loam

pH (KCl) 5.4 5.8

SOC* (%) 0.98 1.16

Bulk density (g/cm3) 1.44 1.46

*USDA- U.S. Department of Agriculture: texture triangle; SOC-soil or-
ganic carbon

In each year, the experimental plots were marked 
with different variants of maize. All tested variants were 
located next to each other to ensure the same soil condi-
tions. In total, three sown maize variants were tested in 
each year and are described below:

	– Conventional cultivation: this method is the 
classical way of cultivating the soil for growing 
maize. The standard plant spacing for each row is 
75 cm. As a rule, tillage is carried out in autumn, 
supplemented by organic fertilisation. Plant 
residues are basically absent from the soil surface 
at the time of sowing.
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	– Strip-till: the basic principle is to strip-till the soil 
in dead plant residues. Only a space of about 25 
cm wide is loosened, into which maize is then 
sown precisely (plant spacing 75 cm). The rest of 
the surface is not cultivated and is covered with 
plant residues of different crop species. In both 
years, two different strip-till variants were tested. 
In 2023, 1) Lolium perenne L., 2) Trifolium pratense 
L. were used for strip-till. In 2024, strip-till was 
applied to crops of: 1) Vicia L. + Triticosecale (Witt.) 
Müntzing, 2) Secale cereale L. + Vicia L. The strip-
till technique is characterized by high surface 
coverage of plant residues in the spring season.

After marking the experimental plots, the TMS-4 sen-
sors (TOMST, Czech Republic) were set up and checked 
to avoid possible problems with discharge or lack of 
memory. This sensor has already been used in a number 
of papers (Wild et al., 2019; Kopecky et al., 2024; Vo-
pravil et al., 2021; etc.). The TMS-4 dataloggers measure 
both soil moisture and soil temperature through one 
moisture sensor and three temperature sensors. Mea-
surements are taken at regular intervals throughout the 
day. The interval for recording the soil moisture readings 
was set to every 15 minutes. This was followed by the 
placement of the sensors in the soil immediately after 
sowing the maize. The sensors were applied on all three 
variants in two repetitions to a soil depth of 15 cm. The 
distance between the two sensors on one variant was 
2 meters. In a set interval (15 minutes), the sensors re-
corded moisture and temperature throughout the maize 
growing season.

Before the harvest, the TMS-4 sensors were removed 
from the soil and the data downloaded to the computer, 
followed by further data processing. There were two 
TMS-4 sensors per variant. The results from both sen-
sors were averaged so that only one value was worked 
with. Due to the large number of sensor records, a 3-day 
interval was chosen for data processing, with the result-
ing value representing the average moisture content in 
% (volumetric) for each of the 3 days. Soil temperature, 
expressed in °C, was processed in the same way.

For data evaluation, the maize growing season was di-
vided into three periods. This step was taken because of 
the changing parameters on each variant during the sea-
son (e.g. residue decomposition in strip-till and the grad-
ual growth of maize plants). The first period represents 
the period from sowing to approximately one month 
after sowing. During this period, the maize crops are in 
the early stages of growth, and the strip-till variants have 
a significant amount of plant residues on the surface. 
The second period falls in the growing season from one 
month after sowing to approximately two months after 
sowing. The maize has a higher leaf area index, and the 
plant residues gradually decrease in the strip-till variant. 
The third period was chosen as two months from sowing 
to harvest. The maize is fully grown in this period.

The data, divided into three periods, were further 
statistically evaluated in order to find out the differences 
between the individual variants. Both soil moisture (%) 
and temperature (°C) were evaluated. In the case of tem-
perature, the two years (2023, 2024) were additionally 
compared with each other. For statistical evaluation, the 
One-Way ANOVA test and Tukey HSD test were chosen 
at a significance level of P=0.05. This made it possible 
to determine whether the parameters considered were 
statistically identical or not.

RESULTS

Soil moisture measured with TMS-4 sensors

Maize: 1st period (from sowing to one month after sowing)

The character of moisture evolution was different in 
the two evaluated years, as can be clearly seen in Fig-
ure 2. The main reason for this is the different climatic 
conditions due to the air temperature and especially the 
occurrence of precipitation events in a given year. Pre-
cipitation has a major influence on soil moisture. In 2023, 
precipitation events at the Central Bohemia location 
were more frequent, which had an impact on soil mois-
ture fluctuations. In 2024 at the South Bohemia location, 
rainfall was not as frequent and intense. Nevertheless, 
the same trend was observed at both locations for each 
technique as described below.
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In the first observation period, the average soil mois-
ture values at 15 cm were lowest in the conventional 
cultivation (see Table 2), which is characterised by low 
surface cover.

In contrast, the strip-till showed statistically high-
er moisture content in both years. The main reason for 
this can be attributed to the surface coverage of plant 
residues, as these are the basis of this technique. The 
strip-till was always monitored in two variants (different 
cover crops). In 2023, there was no statistically signif-
icant difference between strip-till (Trifolium pratense L.) 
and strip-till (Lolium perenne L.). In 2024, in addition to 
the statistical difference from the conventional cultiva-
tion, there was also a difference between the strip-till 
variants. The strip-till (Secale cereale L. + Vicia L.) showed 
statistically higher moisture content than strip-till (Vicia 

Table 2. Moisture conditions on the tested variants in the first period

Central Bohemia - 2023 South Bohemia - 2024

Soil moisture (%) - volumetric

Date

Conventional 
cultivation

Strip-till:
Trifolium pratense

Strip-till:
Lolium perenne

Date

Conventional 
cultivation

Strip-till: 
Vicia + Triticosecale

Strip-till: 
Secale + Vicia

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

27.5 3.69 0.56 15.76 0.49 13.35 0.54 6.6 16.48 0.26 18.15 0.27 20.74 0.29

30.5 3.28 0.51 14.78 0.48 12.38 0.49 9.6 16.68 0.12 18.63 0.17 20.98 0.21

2.6 2.91 0.52 13.80 0.39 11.73 0.46 12.6 16.48 0.17 18.27 0.16 20.37 0.17

5.6 10.73 8.95 18.19 4.76 17.38 6.22 15.6 16.45 0.26 18.08 0.24 19.79 0.23

8.6 16.60 2.86 21.14 0.58 24.35 0.49 18.6 16.61 0.81 18.09 1.08 19.32 0.41

11.6 20.00 4.96 22.46 1.64 25.22 1.07 21.6 17.08 0.11 18.71 0.18 18.96 0.20

14.6 16.24 1.47 20.36 0.66 24.01 0.54 24.6 17.48 0.15 18.90 0.18 19.03 0.20

17.6 18.67 1.44 20.29 0.98 24.22 0.77 27.6 17.20 0.21 18.37 0.19 18.66 0.24

20.6 19.03 3.04 19.81 1.48 23.74 0.99 30.6 16.83 0.11 17.97 0.13 18.33 0.15

23.6 21.31 1.68 24.10 0.78 24.77 0.49 3.7 16.34 0.20 17.49 0.23 17.76 0.30

26.6 18.43 0.77 22.87 1.08 22.53 1.04 6.7 16.18 0.19 17.11 0.16 17.46 0.22

29.6 16.95 0.36 20.10 0.65 19.12 1.03 x x x x x x x

Average 13.99 2.26 19.47 1.17 20.23 1.18 Average 16.71 0.24 18.16 0.27 19.22 0.24

* SD - standard deviation

L. + Triticosecale (Witt.) Müntzing). The main reason for 
this was the better quality of the crop residues and the 
higher surface cover, which was visually evident in the 
strip-till (vetch+pigeonpea). Hypothesis 1 (higher soil 
moisture in strip-till) was confirmed in the first period.

Figure 2 also shows that when comparing the differ-
ences between conventional cultivation and strip-till, the 
differences are greatest at the beginning of the period. 
All lines tend to converge as time progresses. This trend 
is also clearly visible in Table 2. Throughout the first pe-
riod, strip-till had a positive effect on soil moisture. Plant 
residues, by their presence on the surface, prevented 
evaporation and, at the same time, slowed down sur-
face runoff and promoted water infiltration into the soil 
when rainfall occurred. This resulted in higher average 
soil moisture at both locations.

Original scientific paper DOI: /10.5513/JCEA01/27.1.4870
KABELKA et al.: Effect of different methods (conventional and strip-till) of maize cultivation...

239

https://doi.org/10.5513/JCEA01/27.1.4870


Maize: 2nd period (from the end of the 1st period to two 
months after sowing)

The beginning of the second period directly follows 
the end of the first. Again, the lines in the two years un-
der evaluation have a different evolution, which is due, 
as in the previous case, to the different occurrence and 
frequency of rainfall. The trend seen in the first peri-
od, when the average moisture values were gradually 
approaching, continued. During the second period, the 
moisture content of the strip-till was lower than that of 
the conventional cultivation in a number of cases (Fig-
ure 3). This was particularly true for the strip-till (Lolium 
perene L.), where this was also reflected in the statistical 
evaluation, as this variant is statistically different from 
the strip-till (Trifolium pratense L.). However, the pattern 
of the trend is the same for both strip-till techniques, as 
can be clearly seen in Figure 3.

Figure 2. Trend of soil moisture in the experimental plots in the first period (polynomial trend line, fourth degree)

There was no statistical difference between the con-
ventional cultivation and strip-till variants, and therefore, 
they can be considered identical in the second period 
(Table 3). One reason for this is the gradual decompo-
sition of the crop residues in strip-till. As a result, the 
surface cover decreases, and the techniques evaluated 
gradually become more similar. In addition, conventional 
cultivation usually leads to partial weeding, which fur-
ther makes the two farming techniques closer (in terms 
of surface cover). Another reason is the gradual growth 
of maize plants. This has the impact of reducing the sur-
face cover effect. While surface cover is a key factor in 
the period shortly after sowing, once the maize plants 
are more mature, they are able to intercept any rainfall 
with their leaves and limit the impact of sunlight. This 
reduces the effect of remaining crop residues in strip-till 
techniques.

Original scientific paper DOI: /10.5513/JCEA01/27.1.4870
KABELKA et al.: Effect of different methods (conventional and strip-till) of maize cultivation...

240

https://doi.org/10.5513/JCEA01/27.1.4870


Figure 3 shows that when heavier rainfall occurs, 
strip-till can still slow surface runoff more effectively and 
promote infiltration of water into the soil. Higher water 
infiltration results in higher soil moisture. In 2023, this 
condition is well evident around the time of July 12th, 
when a higher rainfall event occurred. Shortly after this 
precipitation event, a significant increase in soil moisture 
occurred specifically for strip-till, while this increase was 
less noticeable for conventional cultivation.

A similar situation occurred in 2024, also in the first 
half of July. The main reason can again be observed in 
the plant residues on the surface. Although there is a 
gradual loss of these due to decomposition, they were 
still present on the soil surface during this period. By the 
end of the second period, this statement may no longer 

Table 3. Moisture conditions on the tested variants in the second period

Central Bohemia - 2023 South Bohemia - 2024

Soil moisture (%) - volumetric

Date

Conventional 
cultivation

Strip-till:
Trifolium pratense

Strip-till:
Lolium perenne

Date

Conventional 
cultivation

Strip-till: 
Vicia + Triticosecale

Strip-till: 
Secale + Vicia

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

2.7 16.37 0.35 18.55 0.65 16.91 1.05 9.7 16.39 0.82 17.13 0.90 17.47 1.21

5.7 15.69 0.17 16.88 0.50 14.50 0.50 12.7 16.27 0.58 17.19 1.98 17.55 2.22

8.7 15.12 0.41 15.16 0.73 12.40 1.01 15.7 19.21 0.18 22.52 0.18 23.01 0.26

11.7 16.15 4.69 14.62 3.35 10.27 0.66 18.7 18.37 0.76 20.48 0.48 20.04 0.47

14.7 18.43 2.85 20.96 0.71 20.11 4.97 21.7 17.83 0.66 19.71 0.20 19.02 0.92

17.7 18.57 3.52 21.59 2.05 20.82 2.48 24.7 18.14 0.22 19.85 0.19 18.63 0.43

20.7 15.08 0.73 18.87 0.93 17.08 1.34 27.7 17.13 0.25 19.22 0.34 17.11 0.39

23.7 13.57 0.42 16.34 0.79 13.62 1.03 30.7 16.47 0.16 18.41 0.22 16.21 0.18

26.7 12.92 0.14 15.29 0.10 12.53 0.39 2.8 15.60 0.11 17.22 0.07 15.07 0.14

29.7 15.36 2.06 16.19 0.61 12.71 0.33 5.8 15.60 0.14 17.00 0.11 14.97 0.18

1.8 16.30 0.89 16.89 0.23 12.81 0.42 8.8 15.53 0.15 16.82 0.15 14.81 0.18

4.8 15.41 0.47 16.78 0.50 12.41 0.45 x x x x x x x

Average 15.75 1.39 17.34 0.93 14.68 1.22 Average 16.96 0.37 18.69 0.44 17.63 0.60

* SD - standard deviation

be true, as there are not many plant residues on the sur-
face. This was confirmed on 26 July 2023, when a more 
significant rainfall event occurred, and soil moisture in 
conventional cultivation was higher than strip-till (Lolium 
perenne L.) but lower than strip-till (Trifolium pratense L.).

At the end of the second period, in both years, one 
strip-till technology showed higher average values than 
conventional cultivation, and the other strip-till tech-
nique showed lower values. This is due to the above find-
ings, where both techniques (conventional cultivation, 
strip-till) become more and more similar as time passes, 
and different results may occur compared to the first pe-
riod evaluated. On the basis of the results, hypothesis 2 
cannot be confirmed as statistical significance was not 
confirmed in the second period.
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Figure 3. Trend of soil moisture in the experimental plots in the second period (polynomial trend line, fourth degree)

Maize - 3rd season (from the end of the 2nd season to har-
vest)

The Central Bohemia location received more signif-
icant precipitation in 2023 than the South Bohemia lo-
cation in 2024, where soil moisture trends were down-
ward (Table 4). There were some significant differences 
in the statistical evaluation (Table 5). In both years, the 
situation was essentially the same. Conventional culti-
vation was statistically identical with one strip-till tech-
nique each time (Trifolium pratense L. 2023; Secale cereale 
L. + Vicia L. 2024). A statistically significant difference 
was found for the other strip-till variant (Lolium perenne 
L. 2023; Vicia L. + Triticosecale (Witt.) Müntzing 2024). 
Generalizing the results only to conventional cultivation 
and strip-till (regardless of cover crop type), it can be 
concluded that these two techniques are identical during 
the full growth period of maize. A very important aspect 
of strip-till in this evaluation is the rate of decomposition 

of plant residues depending on the type of crop used. 
Similarly, the effect of weeding must be considered for 
both conventional cultivation and strip-till. These as-
pects must be considered individually as they can sig-
nificantly affect the results in a given year. It may be the 
case that conventional cultivation achieves better results 
than strip-till in this period (Figure 4).

Soil temperature from TMS-4 sensors

Soil temperature is generally a more stable parame-
ter. Therefore, one of the aims was to compare whether 
the soil temperature at 15 cm was statistically the same 
in both years. The results presented in Figure 5 show the 
temperature evolution over the growing seasons. Figure 
5 shows the temperature changes over the growing sea-
sons. From the results in Table 6, it is clear that the soil 
temperature trends are statistically significantly differ-
ent in 2023 and 2024 (P=2.51E-09). 
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Table 4. Moisture conditions on the tested variants in the third period

Central Bohemia - 2023 South Bohemia - 2024

Soil moisture (%) - volumetric

Date

Conventional 
cultivation

Strip-till:
Trifolium pratense

Strip-till:
Lolium perenne

Date

Conventional 
cultivation

Strip-till: 
Vicia + Triticosecale

Strip-till: 
Secale + Vicia

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

7.8 22.23 2.69 21.46 1.61 15.11 0.70 11.8 15.54 0.21 16.73 0.30 14.85 0.23

10.8 24.24 2.04 23.40 0.88 16.14 0.43 14.8 15.12 0.14 15.96 0.11 14.45 0.14

13.8 18.44 1.30 22.10 0.43 14.20 0.75 17.8 14.61 0.16 15.21 0.12 14.04 0.15

16.8 14.88 0.61 19.60 0.92 12.08 0.58 20.8 14.70 0.13 15.28 0.11 14.12 0.18

19.8 13.09 0.52 17.06 0.73 10.40 0.54 23.8 14.78 0.16 15.34 0.08 14.29 0.14

22.8 11.87 0.36 15.04 0.57 8.92 0.51 26.8 14.59 0.20 15.11 0.15 14.01 0.26

25.8 11.11 0.26 13.53 0.36 7.62 0.35 29.8 14.74 0.16 15.18 0.11 14.22 0.16

28.8 18.46 6.83 16.84 2.95 9.22 1.68 1.9 14.44 0.17 14.87 0.11 13.94 0.19

31.8 25.13 0.35 21.16 0.26 11.77 0.23 4.9 14.20 0.14 14.68 0.10 13.83 0.17

3.9 23.19 0.73 20.81 0.52 11.30 0.39 7.9 13.86 0.15 14.44 0.06 13.67 0.28

6.9 21.64 0.42 19.61 0.24 10.52 0.41 10.9 13.73 0.16 14.39 0.10 13.83 0.12

Average 18.57 1.46 19.15 0.86 11.57 0.60 Average 14.57 0.16 15.20 0.12 14.11 0.18

* SD - standard deviation

Figure 4. Trend of soil moisture in the experimental plots in the third period (polynomial trend line, fourth degree)
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Table 5. Statistical evaluation of soil moisture in each period using One-Way ANOVA and Tukey HSD test (P=0.05)

Period
Central Bohemia - 2023 South Bohemia - 2024

Variants One Way Anova HSD Tukey Test Variants One Way Anova HSD Tukey Test

First x1-x2 1.43E-02 4.45E-02 x1-x4 8.61E-08 3.46E-04

x1-x3 1.97E-02 x1-x5 4.84E-08

x2-x3 9.36E-01 x4-x5 8.45E-03

Second x1-x2 4.30E-02 2.74E-01 x1-x4 1.23E-01 1.06E-01

x1-x3 5.53E-01 x1-x5 6.98E-01

x2-x3 3.47E-02 x4-x5 4.12E-01

Third x1-x2 6.30E-05 9.33E-01 x1-x4 1.70E-04 2.46E-02

x1-x3 4.50E-04 x1-x5 1.19E-01

x2-x3 1.70E-04 x4-x5 1.10E-04

* x1 – conventional cultivation; x2 strip-till (Trifolium pratense); x3 strip-till (Lolium perenne); x4 – strip-till (Vicia + Triticosecale); x5 – strip-till (Secale 
+ Vicia)

The average soil temperature, regardless of the vari-
ant, was 19.19 °C in 2023 and 20.96 °C in 2024. This 
information is important for the interpretation of the 
soil moisture results, as two temperature-different years 
are being compared. Although the soil temperature was 
statistically different, the trend in soil moisture on the 
tested variants was essentially maintained in both years. 
This indicates that soil temperature did not affect the 
moisture trend.

Figure 5. Evolution of soil temperature in the experimental plots in 2023 and 2024

In addition to the comparison of the two years, the 
soil temperature was further divided into three periods, 
as well as the moisture, in order to compare the tem-
perature evolution of conventional cultivation and strip-
till. The average results for each variant for the two years 
evaluated are shown in Table 7, and the statistical evalu-
ation in Table 8. Potentially, the largest difference in soil 
temperature between the variants should have been in 
the first period, as was the case for soil moisture.
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Table 6. Statistical evaluation of temperature in 2023 and 2024 using One-Way ANOVA and Tukey HSD test (P=0.05)

Parameter 2023 2024 One-Way ANOVA (Tukey HSD)
P = 0.05

Average temperature (°C) 20.96 19.19
2.51E-09

Standard deviation (°C) 1.63 2.21

Table 7. Average temperature values for each variant in 2023 and 2024

Central Bohemia - 2023 South Bohemia - 2024

Temperature in °C

Period

Conventional 
cultivation

Strip-till:
Trifolium pratense

Strip-till:
Lolium perenne

Conventional 
cultivation

Strip-till: 
Vicia + Triticosecale

Strip-till: 
Secale + Vicia

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

Av
er

ag
e

SD

First 19.5 0.7 18.8 0.6 18.1 0.6 21.0 1.1 21.3 1.0 21.0 0.9

Second 20.3 0.7 19.3 0.6 19.2 0.6 20.9 0.7 20.9 0.6 21.3 0.6

Third 18.5 0.7 18.0 0.7 18.2 0.7 20.4 0.6 20.1 0.6 21.1 0.7

* SD - standard deviation

Table 8. Statistical evaluation of temperature at 3-day intervals in each period using One-Way ANOVA and Tukey HSD test 
(P=0.05)

Period
Central Bohemia - 2023 South Bohemia - 2024

Variants One Way Anova HSD Tukey Test Variants One Way Anova HSD Tukey Test

First x1-x2 2.81E-01 6.74E-01 x1-x4 8.96E-01 9.15E-01

x1-x3 2.50E-01 x1-x5 1.00E+00

x2-x3 7.23E-01 x4-x5 9.11E-01

Second x1-x2 2.65E-01 3.78E-01 x1-x4 5.71E-01 9.90E-01

x1-x3 2.96E-01 x1-x5 6.76E-01

x2-x3 9.85E-01 x4-x5 5.91E-01

Third x1-x2 2.65E-01 3.78E-01 x1-x4 5.71E-01 9.90E-01

x1-x3 2.96E-01 x1-x5 6.76E-01

x2-x3 9.85E-01 x4-x5 5.91E-01

* x1 – conventional cultivation; x2 strip-till (Trifolium pratense); x3 strip-till (Lolium perenne); x4 – strip-till (Vicia + Triticosecale); x5 – strip-till (Secale 
+ Vicia)
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This was partially fulfilled in 2023, when the average 
temperature was higher in the first period for conven-
tional cultivation (Table 7). However, the differences be-
tween the variants were very small and, when the stan-
dard deviation was considered, there was an overlap of 
values, which had a major impact on the statistical evalu-
ation, in which no statistical difference was confirmed. In 
2024, the results for all variants show very similar values 
in all three periods. It is important to mention here again 
that this is the temperature at a depth of 15 cm, as some 
differences could be expected in the case of surface 
measurements due to the presence of plant residues. 
However, at 15 cm depth, their effect was not apparent, 
which means that hypothesis 3 was not confirmed

DISCUSSION 

Copec et al. (2015) studied the effect of different till-
age methods (conventional cultivation, conservation till-
age, no-till) on soil water content and yields in maize and 
wheat cultivation in Croatia. For example, the authors 
report the highest soil water content during maize culti-
vation in the no-till variant at a depth of up to 20 cm (in-
creased infiltration and reduced evaporation); the least 
soil water was found in conventional cultivation. The 
absence of tillage can lead to lower or higher crop yields 
(or no effect on yields) compared to conventional culti-
vation. For maize, Copec et al. (2015) report lower yields 
for the no-till compared to conventional cultivation, but 
only in some years. In contrast, Sun et al. (2024) report 
in an extensive review that yields can be comparable in 
some cases for conventional cultivation and soil conser-
vation techniques. Wang et al. (2024) studied the effect 
of different strip-till strip widths when it is used in maize 
cultivation on the water content (and temperature) of 
the soil layer up to 20 cm soil depth (and other soil prop-
erties). The authors report the differences in water con-
tent (and changes in soil water content during and after 
rainfall) between the variants with different strip-tilled 
strip widths. Licht and Al-Kaisi (2005) studied the effect 
of tillage methods, namely conventional, strip-till and no-
till, on the soil temperature pattern during selected days 
characterized by different weather conditions and soil 

volumetric moisture content. These authors reported 
that soil volumetric moisture at depths up to 120 cm was 
maximum for no-till and strip-till, but that the differences 
between the technologies studied were small.

Gałęzewski et al. (2023) also studied soil water con-
tent and soil temperature (at a depth of 5 to 15 cm) un-
der conventional cultivation versus strip-till in winter 
barley. The authors reported higher soil water content 
for the strip-till only during part of the growing season 
(BBCH 87 versus BBCH 77); for both variants, soil water 
content was higher between rows compared to with-
in rows. Jaskulski (2019) studied changes in soil water 
content when winter wheat, winter canola, and maize 
were grown using strip-till. The authors reported that 
during wheat cultivation, soil water content was higher 
between rows than in rows in the absence of rain for at 
least 14 days or at least 5 days after rain; in contrast, just 
after rain, soil water content was higher in rows.

For soil temperature monitoring, Wang et al. (2024), in 
their study on different strip widths for strip-till (maize), 
report differences between the variants with different 
strip widths treated to a depth of 20 cm (including the 
amplitude of daily soil temperature fluctuations and the 
time of occurrence of maximum and minimum tempera-
tures) determined directly in and outside the cultivated 
strips. For soil temperature, they report the maximum 
differences between the variants during the first weeks 
after sowing, whereas before harvest, these differences 
were small. 

However, Wang et al. (2024) assume that given soil 
temperature (or soil water content) results may not be 
evident under other climatic conditions. Gałęzewski et 
al. (2023) state lower temperatures (and amplitude of 
temperature fluctuations) in the case of strip-till in win-
ter barley cultivation by an average of 0.64 °C (for both 
row and inter-row) for almost the entire growing season. 
Compared to conventional cultivation, strip-till heated 
and cooled the soil more slowly due to its higher water 
content. For conventional cultivation, soil temperature 
was slightly higher in the rows compared to between 
rows (and for strip-till, soil temperature was slightly 
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higher between rows). Licht and Al-Kaisi (2005) report-
ed the highest soil temperatures in the top 5 cm of soil 
for the conventional cultivation and the lowest for the 
no-till (comparing conventional cultivation, strip-till, and 
no-till - for maize); however, there were noticeable dif-
ferences between techniques as the day progressed (and 
as weather conditions changed - clear sky, cloudy, rain).

CONCLUSION

Sufficient water in the soil is essential for plant growth. 
The results show that the strip-till technique contributes 
to a higher infiltration of water into the soil shortly af-
ter sowing of maize due to the higher surface roughness, 
and therefore to a higher moisture content. This is one of 
the reasons why strip-till is considered a highly effective 
soil conservation technique. In this context, the quality 
and type of crop residues in strip-till are very import-
ant, as this tends to influence the results considerably. 
Nevertheless, in all cases, a significantly higher soil mois-
ture was confirmed in the first period (from sowing to 
one month after sowing), regardless of the quality of 
the crop in strip-till. The effect of plant residues on the 
soil surface decreases with time in strip-till. More than 
one month after sowing, the higher soil moisture may no 
longer be noticeable with this technique, as confirmed 
by the measured results. Due to the decomposition of 
crop residues and the growth of maize, the differences 
between the evaluated variants decreased. From the 
second period between the conventional cultivation and 
the strip-till, there was no longer a statistically significant 
difference in soil moisture at a depth of 15 cm.

In terms of temperature, the years evaluated were 
statistically different, but the effect of plant residues 
on soil moisture was maintained in the first period. No 
statistically significant differences were detected in the 
evaluation of temperature for the individual variants, 
which confirmed the fact that it is a more stable soil pa-
rameter than soil moisture, where more significant fluc-
tuations were observed.
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