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Introduction

Lykhovyd, P. V., Hranovska, L. M., Rudik, O. L., Averchev, O. V., & Bidnyna, L. O. (2024). Tillage effects on humus
content in the soils of Ukraine: A meta-analysis of current scientific evidence. Regulatory Mechanisms in Biosystems,
15(4), 709-714. doi:10.15421/0224102

Tillage is an agrotechnological factor with the strongest influence on soil properties, especially, agrophysical and agro-
chemical ones. Soil fertility depends on numerous soil traits, but mainly on the content of humus (soil organic matter).
The current food crisis and the aggravation of negative climate impacts on environmental systems require a scientifically
sound reaction of current agriculture to future challenges. Adoption of optimal tillage practices is crucial for the preservation of
soil health and, consequently, for food security. The study is devoted to the meta-analysis of current scientific evidence on
optimal tillage systems for Ukrainian soils in terms of humus content preservation. The meta-analysis was carried out through
the standardized mean differences algorithm. The average effect size was calculated by the Cohen’s distance. Publication
biases were estimated using fail-safe numbers. The heterogeneity of the studies was estimated by Higgins coefficient the Chi®
homogeneity test. Only robust domestic scientific studies were included in the meta-analysis. To search for scientific publica-
tions, the Google Scholar engine was applied. In general, 18 eligible studies out of more than 50 were enrolled and processed.
It was established that there is not sufficient scientific evidence in favour of no-till systems in Ukraine. The meta-analysis
provided inconclusive results because of lack of high-quality scientific research, high bias of publications and high intra-
studies variability. As for the comparison between conventional ploughing and ploughless tillage systems, strong evidence
was established in favour of ploughless tillage. Notwithstanding the subtle general effects size of 0.24, it was statistically
significant at 95% confidence interval. Low heterogeneity and intra-studies variability strengthen the evidence in favour of
ploughless tillage without soil layer inversion. More thorough scientific investigations should be performed to provide more
evidence on the benefits of zero-tillage systems on Ukrainian soils.

Keywords: no-till; ploughing; ploughless tillage; soil fertility; soil organic matter; sustainability.

al factors of agrotechnology, which directly effects soil quality. Irrational
tillage leads to soil erosion, worsening of agrophysical, agrochemical, and

Soil is irreplaceable means of agricultural production and life main-
tenance. Even though novel methods of crop cultivation, which require no
soil (aeroponics, hydroponics), are developed and introduced, they are
suitable only for limited species of plants and cannot satisfy global de-
mand for crop products (Lakkireddy et al., 2012). Thus, soil still remains
and will always be the main productive force in global agriculture (Parr
etal.,, 1992).

Soils are one of the most important and priceless treasures of Ukraine.
Ukrainian soils are among the most fertile soils in the world, and the im-
portance of their preservation for global food security is beyond dispute
(Pereira et al., 2022). This is one of the factors that transformed Ukraine,
even considering the relatively lower introduction of modern innovations
and machinery in the agricultural sector, into a global bread basket. For
example, in 2021 Ukrainian agriculture produced 10% of global wheat
grain, 15% of maize and barley, and nearly 50% of global sunflower
exports were from Ukraine (Bogonos et al., 2023). That is why it is so
important to preserve their qualities and minimise the harmful impacts of
irrational anthropogenic activities on their fertility. The latter is especially
true for irresponsible agricultural activities and tillage is particularly re-
sponsible for soil quality deterioration. Tillage is one of the most influenti-
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meliorative properties, and results in the loss of soil organic matter and
fertility. Consequently, a significant loss in the productivity of agricultural
land is observed (Lal, 1993).

It is a well-established fact that Ukrainian agriculture has developed
mainly though extension of cultivation for decades. It has resulted in a
dangerous neglect of ecological norms for the optimal share of arable land
in the general agricultural land structure. According to the World Bank
data, the share of arable land in Ukraine reached 56.8% in 2021, which is
a way much higher than in developed European countries, e.g., Germany
(33.4%), France (32.8%), the Netherlands (29.8%), Italy (24.3%) and
Spain (23.1%). Furthermore, outdated tillage machines and methods are
still widely applied in Ukraine, resulting in a gradual deterioration of soil
quality and loss of fertility.

Conservation of soil organic matter is one of the major tasks of cur-
rent sustainable agriculture (Castellini et al., 2021). Loss of organic carbon
and leaching of nutrients from the root zone of cultivated plants result in
dramatic decrease in the yields and quality of crop products. Against the
background of the current global food crisis, which is extremely aggra-
vated by rapid climate change and military activities in Ukraine, the task
of maintaining soil fertility has become one of the most important tasks for
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Ukrainian agriculture and requires scientifically sound solutions (Solokha
et al.,, 2022). Optimization of tillage could be one of possible measures to
restrain rapid soil degradation in Ukraine and consecutive enhancement in
crop production, especially considering current scientific evidence in
favour of tillage as one of the measures for better soil health in the semi-
arid regions of the world (Zhang et al., 2021).

To provide a scientific solution to the question of rational soil tillage
in the current agro-industrial conditions of Ukraine, relevant experimental
studies are required. As agricultural, soil, and climate conditions in Ukrai-
ne are quite different from those in other European countries, it is neces-
sary to orient mainly on domestic research results. In recent decades, nu-
merous scientific studies have been carried out to determine the direct and
indirect effects of different tillage systems on soil organic matter content in
different types of Ukrainian soils. Most of them involved conventional til-
lage practices (e.g., mouldboard ploughing) and various other options of
ploughless tillage (chisel, disc) including sometimes even the newest opti-
ons such as differentiated ploughless tillage with combined machines,
disc-rippers, soil slitting, etc. As far as sometimes the results of methodo-
logically similar studies are contradictory, it is difficult to draw a final con-
clusion on the choice of the best tillage option. Notwithstanding the fact
that modern mathematics provides reliable means of studies comparison
and justification of the results, for example, through a meta-analysis com-
putation, no generalization of the reported scientific results was performed
until now. Therefore, the main purpose of this study was to generalize
current scientific evidence and establish the significance of effects of diffe-
rent tillage options on the humus content in Ukrainian soils with the main
focus on soil organic matter conservation through the meta-analysis, per-
formed using the algorithm of between the studies, in order to provide sci-
entific substantiation of the optimal tillage systems for the preservation of
soil fertility.

Materials and methods

The current study is a continuation of the series of meta-analyses,
conducted at the Institute of Climate-Smart Agriculture of NAAS, devo-
ted to the subject of tillage effects on soil properties (Lykhovyd, 2024).
The meta-analysis on tillage effects on soil humus content in Ukraine was
carried out using the available scientific data, published in national scienti-
fic periodicals within the time frame 1998-2024 indexed in the Google

Table 1

Scholar database. The total number of scientific studies related to this sub-
ject exceeds 50, but just 18 are eligible for inclusion in the meta-analysis
through the standardized mean differences (SMD) algorithm. Other studi-
es were discarded because of the low quality of evidence, lack of statistical
data processing, or improper data presentation. The keywords for the
search were: “soil”; “humus”; “tillage”; “organic carbon’; “‘organic mat-
ter”; “fertility”. The publications included in the meta-analysis provided
the possibility of calculating the means and standard deviations of the til-
lage variants studied. Generally, the selected studies were subdivided into
two groups, namely: Group 1 — meta-analysis of the difference between
no-till system and other tillage options (5 studies in total); Group 2 — meta-
analysis of the difference between ploughless tillage options and mould-
board ploughing variants of tillage (Table 1). The studies included in the
meta-analysis, embraced three main types of Ukrainian soils: chormozem
(black soils), chestnut soils, and soddy-podzolic soils. The humus content
in all the studies was determined by Turin in the percentage to gross soil
mass in the arable layer (Popa et al., 2016). It is interesting that most stu-
dies regarding no-till practices were carried out after 2010, while plough-
less tillage options have been investigated since the late 1990s with the
greatest share of the studies performed within 2011-2020.

The meta-analysis was performed by the standardized mean differen-
ces (SMD) algorithm without subgroups at 95% confidence interval (CI).
The average effect size was calculated by the Cohen’s distance (h) me-
thod, where h = 0.20 means small effect size; 0.50 — moderate effect size;
0.80 and higher — large effect size, respectively. Fail-safe numbers were
evaluated using Rosenthal’s methodology to establish the influence of
publication bias on the meta-analysis results. The higher the fail-safe num-
ber is, the stronger the evidence in favour of the statistical significance of
differences between the studied groups is (Ellis, 2010; Beheshti et al.,
2020; Borenstein et al., 2021). Forest and drapery plots for the random and
fixed effect models were created to provide the visualization of the meta-
analysis outcomes. The heterogeneity level of the studies was estimated
by the Higgins I* coefficient and the Chi® homogeneity test (Alexander
etal, 1989). The Higgins coefficient could be interpreted as follows:
25%— low heterogeneity; 50% — moderate heterogeneity; >75% — high
heterogeneity (Israel & Richter, 2011). The variability between the studies
in the meta-analysis of random effects model was evaluated through the
calculation of tau” (Ariel de Lima et al., 2022).

The list of scientific studies enrolled in meta-analysis of tillage effects on soil humus content

Groups of studies

Group 1

Group 2

Tanchyk & Yamkovyi (2010); Pikovska (2012),
Morozov & Isachenko (2018); Hlushchenko
etal. (2024); Tkachenko et al. (2024)

Chemilevskyi et al. (1998); Chemilevskyi et al. (2001); Tsandur (2008); Zhuravel et al. (2009); Hololobova (2010);
Remeniuk (2010); Pikovska (2012); Zubenok (2012); Balayev et al. (2013); Shevchenko (2013); Zvedeniuk et al. (2014);
Evtushenko & Tonha (2017); Tkachuk & Trofymenko (2020); Tsvei et al. (2020); Gordienko & Hlushchenko et al. (2024);

Tkachenko et al. (2024)

Results

The meta-analysis testified to the significant difference in soil humus
content between no-till and other tillage systems (Table 2). The average
size effect is moderate. However, it must be admitted that the analysis of
publication bias showed that the current scientific evidence in favour of
no-till could be biased, as the target significance level of 0.05 is less than
the observed significance level of 0.0541 while the fail-safe number is
equal to zero. The meta-analysis showed moderate general heterogeneity
with the I? coefficient equal to 0.60, with no heterogeneity inside the no-till
group (the I coefficient equal to 0) and high heterogeneity inside the
tillage group (the I coefficient equal to 0.85). Besides, relatively high
intra-studies variability was found (tau* = 0.53). The inconclusiveness of
the meta-analysis is also proved by the P-values, which are significantly
higher than standard P = 0.05 (Table 3).

Therefore, although the results of the meta-analysis favour the no-till
system in terms of soil humus content preservation (Fig. 1), it is difficult to
draw a final conclusion on this subject, mainly due to the biased nature of
the available studies conducted in Ukraine. The drapery plot of the meta-
analysis results (Fig. 2) testifies to the relatively strong evidence for no-till
benefits, as well as relatively moderate level of heterogeneity of the stu-

dies. But the value of the fail-safe number equal to zero signifies the insuf-
ficient robustness of scientific evidence in this case, as well as the too wide
blue zone of the drapery plot.

Table 3
The results of meta-analysis of soil humus content
depending on the system of tillage
Model Standardized ~ 95% confidence 7t
type mean difference interval statistics
Common effect model 04422 —0.0955;0.9799 1.61 0.1070
Random effects model 04479 —0.6737;1.56%4 1.11 0.3297

Regarding the meta-analysis of the difference between different plo-
ughless tillage systems and conventional mouldboard ploughing, strong
evidence was established in favour of ploughless tillage systems. Publica-
tion bias was almost impossible, as the fail-safe number reached 7 studies,
which constitutes 43.75% of the total number of research reports, included
in the analysis. Besides, the observed significance level was much lower
than the target one: 0.0255 vs. 0.05. The general heterogeneity of the stu-
dies was low (the I coefficient equal to 0.20 at the P = 0.228). The intra-
studies variability was also low. The input and output data of the meta-
analysis are presented in Tables 4 and 5. However, it must be admitted
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that the random-effects model is much less statistically reliable than the
common (fixed) effect model considering the P-values. The difference

Table 2

between the groups of ploughing and ploughless tillage is quite subtle
though (Fig. 3, 4).

Information on the input data sets and the results of the meta-analysis of soil humus content
depending on the system of tillage (all the studies enrolled in the analysis were conducted at P < 0.05)

Study Group 1 Total Group 2 Total Weight (fixed Weight (random  Standardized mean Standardized mean
(no-till) number (tillage) number model), % model), % difference (fixed model) difference (random model)

A 2.00+0.71 3 1.67+£048 9 162 186 0.57[-0.76;1.91] 0.57[-0.76;1.91]

B 4.58+0.05 3 4.57+£0.05 6 150 179 0.18[-121;1.57] 0.18[-121;1.57]

C 4.15+0.08 6 3.88+0.16 18 250 223 1.7910.71;2.86) 1.79[0.71;2.86]

D 3.85+£028 6 400+£026 12 289 234 -0.54[-1.54;0.46] —0.54 [-1.54;046]

E 391+023 4 3.87+0.04 4 149 179 021 [-1.18; 1.60] 021 [-1.18; 1.60]

Total (95% . .

confidence interval) - 22 - 49 100.0 100.0 0.44[-0.10;0.98] 045[-0.67;1.57]

Note: heterogenity: tau® = 0.53; Chi* =9.98; df =4 (P = 0.04); ' = 60.0%.

Standardized mean differences at 95% CI
(Fixed effects model)

General [N

E Il
I

B
A IS
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Standardized mean differences at 95% CI
(Random effects model)

General

-1 -0.5 0 0.5 1 1.5 2

Fig. 1. The meta-analysis plots for the fixed and random effects models of the comparison
between impacts of no-till and other tillage systems on soil humus content in Ukraine

The narrow blue zone of the drapery plot testifies to the statistically
good evidence in favour of ploughless compared to conventional ploug-
hing systems in terms of soil organic matter preservation. Better evidence
was mainly guaranteed by a much greater number of observations, inclu-
ded in this meta-analysis in comparison to the meta-analysis between no-
till and other tillage options (253 vs. 71), as well as a lower publication
bias related to studies on various ploughless tillage options and lower va-
riability of the studies (tau>=0.0018 vs. 0.53).

Discussion

Meta-analysis was developed primarily as a mathematical technique
to summarise and statistically substantiate the effectiveness of different tre-
atments according to the results of several medical studies. However, it
was further adopted in other branches of science as a valuable tool for the
evaluation of real differences between different tested options (Israel &
Richter, 2011). Nowadays, meta-analysis is an important additional instru-
ment in summarising the results of various agricultural studies to assist re-
searchers in finding the most prospective directions of further research
work and provide scientifically sound recommendations on the general
questions of agricultural technology, e.g., best tillage options. As Ding
etal. (2023) stated, the main subjects of meta-analysis in agriculture in re-
cent decades were climate change, yields of crops, soil qualities, and ani-
mal husbandry issues. The presented research was devoted to one of these
four major classes, namely, the investigation of the optimal tillage system
to provide soil humus content preservation.

There are several currently available meta-analyses on the above
mentioned subject. For example, Githongo et al. (2021) conducted a meta-
analysis of the effects of tillage minimisation on soil organic carbon con-
tent in conditions in sub-Saharan Africa. They noted that no benefits were

found in tillage minimisation considering the organic matter content of the
soil. One of the recent meta-analyses showed that a no-till system impro-
ves soil organic carbon storage in the upper soil layers, while mouldboard
tillage is superior in providing higher organic matter content in deeper (26-
35 cm) layers (Angers & Eriksen-Hamel, 2008). Therefore, it is difficult to
claim that no-till can dramatically improve soil organic carbon sequestra-
tion in general because of such a fact.
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Fig. 2. The drapery plot of the meta-analysis of the comparison between
no-till and other tillage systems impact on soil humus content in Ukraine
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Our results as well testify that the difference in humus content in Uk-
rainian soils is not statistically significantly improved by no-till. Quite si-
milar results were obtained in the meta-analysis by Ugarte et al. (2014),
namely, that no-till systems provide no benefits compared to other tillage
systems in terms of soil organic carbon content in the 0-30 cm soil layer.

Table 4

However, Haddaway et al. (2017) claimed that no-till systems resulted in
higher stocks of organic carbon in the arable layer of the soils based on the
systematic review of 351 studies. But it must be stressed that it was just a
review without statistical data processing as in the studies with meta-
analysis.

Information on the input data sets and the results of the meta-analysis of soil humus content
depending on the system of tillage (all the studies enrolled in the analysis were conducted at P < 0.05)

Study Group 1 Total Group 2 Total ~ Weight (fixed Weight(random  Standardized mean  Standardized mean difference
(ploughing) number (ploughless)  number  model), % model), % difference (fixed model) (random model)
A 437027 8 4214045 8 75 75 041[-0.59; 1.40] 041 [-0.59; 1.40]
B 329+0.18 8 334+0.15 16 102 102 -0.30[-1.16; 0.55] —-0.30[-1.16; 0.55]
C 0.95+0.05 5 0.98+0.04 5 45 45 —0.60 [-1.88; 0.68] —0.60 [-1.88; 0.68]
D 290+0.26 3 292+0.13 6 39 39 —0.10[-1.49; 1.29] —0.10[-1.49; 1.29]
E 4.54+0.06 3 4.59+0.04 3 24 24 —0.78[2.53;0.97] —0.78 [2.53;0.97]
F 334+037 15 3314042 30 193 19.1 0.07 [-0.55;0.69] 0.07 [-0.55;0.69]
G 437+0.18 8 448+021 32 12.1 120 —0.53 [-1.31;0.26] —-0.53[-1.31;0.26]
H 374+0.14 6 395+0.14 12 6.0 6.0 —143[2.54,-0.32] —143[2.54;-0.32]
I 399+026 6 401029 6 58 58 -0.07[-1.20; 1.07] -0.07 [-1.20; 1.07]
J 3.93+0.06 4 3.89+0.09 2 24 24 046[-1.28;2.21] 046[-1.28;221]
K 1.12+0.12 3 1.10+0.18 6 39 39 0.11[-1.28;1.50] 0.11 [-1.28; 1.50]
L 356+021 10 3.62+025 10 9.6 9.6 -025[-1.13; 0.63] -025[-1.13;0.63]
M 428+007 2 426+0.06 6 29 29 028 [-1.33;1.89] 028 [-1.33; 1.89]
N 1.18+0.01 2 1.18+£0.04 4 2.6 2.6 0.00 [-1.70; 1.70] 0.00 [-1.70; 1.70]
O 1.38+0.08 4 1.69+0.10 8 2.1 2.1 —3.03[4.92;-1.14] —3.03 [-4.92;-1.14]
P 120+023 4 1.12+031 8 5.1 5.1 0.26[-0.95; 1.46] 0.26[-0.95; 1.46]
Total (95% 91 162 100.0 100.0 -0.24[-0.51;0.03] —-0.24[-0.57;0.09]
confidence interval) ’ ’ ’ o ) o
Note: heterogeneity: tau? =0.0018; Chi* = 18.69; df = 15 (P=0.23); ' =20.0%.
Standardized mean differences at 95% CI Standardized mean differences at 95% CI
(Fixed effects model) (Random effects model)
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Fig. 3. The meta-analysis plots for the fixed and random effects models of the comparison
between ploughless and ploughing tillage systems impacts on soil humus content in Ukraine

Table 3
The results of meta-analysis of soil humus content
depending on the system of tillage

Model type Standardized ~ 95% confidence 7t

mean difference interval statistics
Common effect model -0.2389 -0.5112;0.0333 -1.72 0.0854
Random effects model -0.2396 -0.5708;0.0916  —1.54 0.1439

The meta-analysis by He et al. (2021) showed that the effect of diffe-
rent tillage systems on soil organic matter depends on the peculiarities of
the climate of China, but in general, all conservation tillage options with
different levels of tillage minimisation provided better soil organic carbon
sequestration compared to conventional tillage with soil layer inversion.
The global meta-analysis of 89 scientific studies testified that no-till is sta-
tistically significantly better than conventional mouldboard tillage in terms
of improving soil organic carbon (Liu et al., 2021). As for other tillage op-
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tions, it was proved that conservation minimal tillage is beneficial for soil
fertility preservation, which agrees with our results (Crystal-Omelas et al.,
2021). Besides, additional evidence in favour of ploughless minimal tilla-
ge could be found in the meta-analysis by Topa et al. (2021), who establi-
shed not only soil organic carbon improvements with tillage minimization,
but also great amelioration of general soil nutritive status due to increased
stocks of nitrogen, phosphorus and potassium. As the meta-analysis by Li
etal. (2019) states, tillage minimization and use of ploughless machines to
prepare soil provides additional benefits for soil agrophysical properties
and structure, which is also important for fertility and good growth and
development of the cultivated plants. As the meta-analysis based on US
studies established, cutting down the implementation of full-inversion
tillage machines results in improved soil organic carbon stocks, enhanced
beneficial microbiota activity in soils, and are generally more beneficial to
soil ecosystem health (Nunes et al., 2020).

As for Ukraine, there is no available meta-analysis regarding the ef-
fects of different tillage systems on soil humus content and organic carbon

Regul. Mech. Biosyst., 2024, 15(4)



stocks. The presented study is the first conducted based on national rese-
arch and provides novel information on the future strategy of the adoption
of tillage practices in Ukraine to preserve soil health. Ploughless tillage
should be widely implemented, while conventional deep mouldboard
ploughing can take place once or twice per crop rotation just to destroy the
plough-pan. Excessive ploughing must be avoided. Regarding no-till
systems and direct sowing, the results are still inconclusive. More studies
are required to strengthen the evidence in favour of no-till system. Not-
withstanding the fact that many foreign studies and meta-analyses claim
the benefits of no-till, it should be noted that these effects are incoherent
under different environmental conditions.
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Fig. 4. The drapery plot of the meta-analysis of the comparison
between ploughless and ploughing tillage systems impact
on soil humus content in Ukraine

Therefore, nationwide meta-analysis for the soils of Ukraine should
be conducted to draw the final conclusions on this subject, because direct
adoption of foreign practices, which were studied in other climates on
other types of soil, can result in fewer benefits or even can turn to be harm-
ful. At the same time, further meta-analyses should consider the depth of
different tillage options, as it was stated by Cooper et al. (2016) that shal-
low depth of mouldboard tillage is not inferior to minimal tillage in soil
organic carbon preservation, while deep conventional tillage significantly
reduces soil fertility in the arable layer.

Conclusions

The results of the meta-analysis testified that there is scientific eviden-
ce in favour of minimising soil tillage to provide better soil organic matter
conservation. However, the results for different minimisation practices
were different. In case of the no-till system, there is a statistically insignifi-
cant proof of its benefit over other tillage options. Also, it was found that
the available studies are biased. Therefore, further unbiased investigations
should be carried out in Ukraine to provide a relevant and scientifically
sound solution to this question. As for the comparison between various
ploughless tillage systems and conventional mouldboard ploughing, it was
established that there is strong evidence in favour of ploughless tillage for
soil humus content preservation. Although the difference is subtle in fig-
ures, it is statistically significant, and ploughless tillage systems should be
preferred over plough-related tillage systems in Ukrainian soils. Generally,
the meta-analysis supports current recommendations for soil tillage mini-
mization to ensure preservation of fertility in the context of global climate
change and related issues of ecological instability of natural ecosystems.
The enrichment of the research results on the impacts of no-till on Ukrai-
nian soil fertility will create an opportunity for a more robust meta-analysis
to answer the question of whether we should support massive transfer to
zero-tillage.

References

Alexander, R. A., Scozzaro, M. J., & Borodkin, L. J. (1989). Statistical and empirical
examination of the chi-square test for homogeneity of correlations in meta-ana-
lysis. Psychological Bulletin, 106(2), 329.

Angers, D. A., & Eriksen-Hamel, N. S. (2008). Full-inversion tillage and organic car-
bon distribution in soil profiles: A meta-analysis. Soil Science Society of Ameri-
ca Journal, 72(5), 1370-1374.

Ariel de Lima, D., Helito, C. P., Lima, L. L. D., Clazzer, R., Gongalves, R. K., & Ca-
margo, O. P. D. (2022). How to perform a meta-analysis: a practical step-by-
step guide using R software and R Studio. Acta Ortopedica Brasileira, 30(3),
e248775.

Balayev, A. D., Havrylyuk, M. V., & Stopa, V. P. (2013). Rodiuchist chomozemiv
Lisostepu za vykorystannia minimizatsii obrobitku gruntu i elementiv biolohiza-
tsii zemlerobstva [Fertility of Forest-Steppe chermozems under use of minimi-
zing tillage and elements of biologization in agriculture]. Herald of Kharkiv Na-
tional Agrarian University named after V. V. Dokuchaiev, Series: Soil Science,
Agrochemistry, Agriculture, Forestry, Soil Ecology, 1, 8-11 (in Ukrainian).

Beheshti, A., Chavanon, M. L., & Christiansen, H. (2020). Emotion dysregulation in
adults with attention deficit hyperactivity disorder: A meta-analysis. BMC Psy-
chiatry, 20(1), 1-11.

Bogonos, M., Nivievskyi, O., Martyshev, P., Neyter, R., Kolodiazhnyi, L., Litvinov,
V., Piddubnyi, 1., & Stolnikovich, H. (2023). Agriculture in Ukraine: Pre-war,
status quo and a look ahead. KSE Agrocenter, Kyiv.

Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2021). Introduction
to meta-analysis. John Wiley & Sons, New York.

Castellini, M., Diacono, M., Gattullo, C. E., & Stellacci, A. M. (2021). Sustainable
agriculture and soil conservation. Applied Sciences, 11(9), 4146.

Chemilevskyi, M. S., Meleshko, O. P., & Havrylov, S. O. (2001). Minimalizatsiia os-
novnoho obrobitku gruntu — vazhlyvyi zakhid biolohizatsiyi zemlerobstva [Mi-
nimization of tillage as an important measure of agticultural biologization]. He-
rald of State Agroecological Academy of Ukraine, 1, 103—105 (in Ukrainian).

Chemilevskyi, M. S., Rybak, M. F., Biliavskyi, Y. A., & Sayuk, O. A. (1998). Vplyv
sposobiv osnovnoho obrobitku na ekolohichnyi stan gruntu i vrozhainist” sil’s’-
kohospodarskykh kul’tur [Effect of soil tillage on ecological conditions of the
soil and yields of crops]. Herald of State Agroecological Academy of Ukraine,
2,33-39 (in Ukrainian).

Cooper, J., Baranski, M., Stewart, G., Nobel-de Lange, M., Barberi, P., Fliebach, A.,
Peigne, J., Bemer, A., Brock, C., Casagrande, M., Crowley, O., David, C., De
Vliegher, A., Doring, T. F., Dupont, A., Entz, M., Grosse, M., Haase, T., Halde,
C., Hammerl, V., Huiting, H., Leithold, G., Messmer, M., Schloter, M., Sukkel,
W., van der Heijden, M. G. A., Willekens, K., Wittwer, R., & Méder, P. (2016).
Shallow non-inversion tillage in organic farming maintains crop yields and in-
creases soil C stocks: A meta-analysis. Agronomy for Sustainable Develop-
ment, 36, 1-20.

Crystal-Omelas, R., Thapa, R., & Tully, K. L. (2021). Soil organic carbon is affected
by organic amendments, conservation tillage, and cover cropping in organic far-
ming systems: A meta-analysis. Agriculture, Acosystems and Environment,
312, 107356.

Ding, W., Li,J., Ma, H., Wu, Y., & He, H. (2023). Science mapping of meta-analysis
in agricultural science. Information, 14(11), 611.

Ellis, P. D. (2010). The essential guide to effect sizes: Statistical power, meta-analysis,
and the interpretation of research results. Cambridge University Press, Cam-
bridge.

Evtushenko, T. V., & Tonha, O. L. (2017). Umist i zapasy humusu zalezhno vid
udobrenniya i obrobitku chomozemu typovoho [Content and stock of humus,
depending on fertilization and treatment of the soil of chemozem of typical].
Scientific Reports of the National University of Environmental and Life Scien-
ces of Ukraine, 269, 168—176 (in Ukrainian).

Githongo, M. W., Kiboi, M. N., Ngetich, F. K., Musafiri, C. M., Muriuki, A., &
Fliessbach, A. (2021). The effect of minimum tillage and animal manure on
maize yields and soil organic carbon in sub-Saharan Africa: A meta-analysis.
Environmental Challenges, 5, 100340.

Gordienko, V. P., & Shevchenko, I. M. (2013). Zmina vmistu zahal’noho humusu v
grunti za riznykh system udobrennia i obrobitku ta vrozhainist” ozymoyi pshe-
nytsi [The content of soil humus under various systems of fertilizer and tillage].
Scientific Collection of the Southern branch of the National University of Envi-
ronmental and Life Sciences of Ukraine, Series: Agricultural Sciences, 154,
120-125 (in Ukrainian).

Haddaway, N. R., Hedlund, K., Jackson, L. E., Kitterer, T., Lugato, E., Thomsen,
1. K., Jorgensen, H. B., & Isberg, P. E. (2017). How does tillage intensity affect
soil organic carbon? A systematic review. Environmental Evidence, 6, 1-48.

He, C,,Niu,J. R, Xu, C. T., Han, S. W., Bai, W., Song, Q. L., Dang, Y. P., & Zhang,
H. L. (2022). Effect of conservation tillage on crop yield and soil organic carbon
in Northeast China: A meta-analysis. Soil Use and Management, 38(2), 1146—

1161.

Hlushchenko, L. D., Len, O. L, & Olepir, R. V. (2024). Enethozberihaiuchi sposoby
osnovnoho obrobitku gruntu pry vyroshchuvanni pshenytsi ozymoyi ta yikh

Regul. Mech. Biosyst., 2024, 15(4) 713


http://doi.org/10.1037/0033-2909.106.2.329
http://doi.org/10.1037/0033-2909.106.2.329
http://doi.org/10.1037/0033-2909.106.2.329
http://doi.org/10.2136/sssaj2007.0342
http://doi.org/10.2136/sssaj2007.0342
http://doi.org/10.2136/sssaj2007.0342
http://doi.org/10.1590%2F1413-785220223003e248775
http://doi.org/10.1590%2F1413-785220223003e248775
http://doi.org/10.1590%2F1413-785220223003e248775
http://doi.org/10.1590%2F1413-785220223003e248775
http://doi.org/10.1186/s12888-020-2442-7
http://doi.org/10.1186/s12888-020-2442-7
http://doi.org/10.1186/s12888-020-2442-7
http://doi.org/10.3390/app11094146
http://doi.org/10.3390/app11094146
http://doi.org/10.1007/s13593-016-0354-1
http://doi.org/10.1007/s13593-016-0354-1
http://doi.org/10.1007/s13593-016-0354-1
http://doi.org/10.1007/s13593-016-0354-1
http://doi.org/10.1007/s13593-016-0354-1
http://doi.org/10.1007/s13593-016-0354-1
http://doi.org/10.1007/s13593-016-0354-1
http://doi.org/10.1007/s13593-016-0354-1
http://doi.org/10.1016/j.agee.2021.107356
http://doi.org/10.1016/j.agee.2021.107356
http://doi.org/10.1016/j.agee.2021.107356
http://doi.org/10.1016/j.agee.2021.107356
http://doi.org/10.3390/info14110611
http://doi.org/10.3390/info14110611
http://doi.org/10.1016/j.envc.2021.100340
http://doi.org/10.1016/j.envc.2021.100340
http://doi.org/10.1016/j.envc.2021.100340
http://doi.org/10.1016/j.envc.2021.100340
http://doi.org/10.1186/s13750-017-0108-9
http://doi.org/10.1186/s13750-017-0108-9
http://doi.org/10.1186/s13750-017-0108-9
http://doi.org/10.1111/sum.12784
http://doi.org/10.1111/sum.12784
http://doi.org/10.1111/sum.12784
http://doi.org/10.1111/sum.12784

vplyv na vmist humusu [Energy-saving methods of the main tillage in the culti-
vation of winter wheat and their influence on the humus content]. In: Agrarian
science and practice: Achievements and development prospects: Proceedings of
V International Scientific and Practical Conference. Bila Tserkva. Pp. 228-230
(in Ukrainian).

Hololobova, O. (2010). Humusovyi stan gruntu yak pokaznyk agroefektyvnosti spo-
sobiv obrobitku gruntu [Humus conditions of the soil as a marker of soil tillage
agroefficiency]. In: Ohorona dovkillia. Proceedings of the V Ukrainian Scienti-
fic Taliyev Readings. Kharkiv. Pp. 45-52 (in Ukrainian).

Israel, H., & Richter, R. R. (2011). A guide to understanding meta-analysis. Journal
of Orthopaedic and Sports Physical Therapy, 41(7), 496-504.

Lakkireddy, K. K. R., Kasturi, K., & Sambasiva Rao, K. R. S. (2012). Role of hydro-
ponics and aeroponics in soilless culture in commercial food production. Journal
of Agricultural Science and Technology, 1(1), 26-35.

Lal, R. (1993). Tillage effects on soil degradation, soil resilience, soil quality, and su-
stainability. Soil and Tillage Research, 27(1-4), 1-8.

Li, Y., Li, Z., Cui, S., Jagadamma, S., & Zhang, Q. (2019). Residue retention and mi-
nimum tillage improve physical environment of the soil in croplands: A global
meta-analysis. Soil and Tillage Research, 194, 104292.

Liu, X, Wu, X,, Liang, G., Zheng, F., Zhang, M., & Li, S. (2021). A global meta-
analysis of the impacts of no-tillage on soil aggregation and aggregate-associa-
ted organic carbon. Land Degradation and Development, 32(18), 5292-5305.

Lykhovyd, P. V. (2024). Biological activity of soils in Ukraine depending on tillage
options: A meta-analysis. Regulatory Mechanisms in Biosystems, 15(1), 119-128.

Morozov, O., & Isachenko, S. (2018). Vplyv gruntozberihaiuchykh tekhnolohiy sys-
tem obrobitku na rodiuchist” gruntu v umovakh stepu Ukrayiny (na prykladi
Zaporiz’koyi oblasti) [Effect of soil-saving technologies of tillage on soil fertility
inb the conditions of the steppe of Ukraine (on the example of Zaporizhzhia re-
gion)). In: Radieva, M. M., & Kolomiets, V. M. (Eds.). Ekolohiya — philoso-
phiya isnuvannia liudstva [Ecology — philosophy of existence of mankind].
Color Print Publishing, Melitopol. Pp. 79-81 (in Ukrainian).

Nunes, M. R, Karlen, D. L., Veum, K. S., Moorman, T. B., & Cambardella, C. A.
(2020). Biological soil health indicators respond to tillage intensity: A US meta-
analysis. Geoderma, 369, 114335.

Parr, J. F., Papendick, R. I, Homick, S. B., & Meyer, R. E. (1992). Soil quality:
Attributes and relationship to alterative and sustainable agriculture. American
Journal of Alternative Agriculture, 7(1-2), 5-11.

Pereira, P., Basi¢, F., Bogunovic, 1., & Barcelo, D. (2022). Russian-Ukrainian war
impacts the total environment. Science of the Total Environment, 837, 155865.

Pikovska, O. V. (2012). Vplyv riznykh system obrobitku gruntu na vmist i dynamiku
humusu chomozemu zvychainoho [Effect of different systems of soil tillage on
humus contents and dynamics in typical chomozem]. Scientific Herald of the
National University of Life and Environmental Sciences of Ukraine, Series
Agronomy, 176, 170-173 (in Ukrainian).

Popa, M., Lato, A., Corches, M., Radulov, 1., Berbecea, A., Crista, F., Nita, L., Lato,
K. L, & Popa, D. (2016). Quality of some soils from the westemn region of Ro-
mania. AgroLife Scientific Journal, 5(1), 174-177.

Remeniuk, Y. O. (2010). Vplyv tryvaloho obrobitku gruntu na rodiuchist” chornoze-
mu typovoho [Effect of continuous soil tillage on the fertility of typical chomo-
zem]. Herald of Agricultural Science, 11, 14-17 (in Ukrainian).

Solokha, M., Pereira, P., Symochko, L., Vynokurova, N., Demyanyuk, O., Sement-
sova, K., Inacio, M., & Barcelo, D. (2023). Russian-Ukrainian war impacts on

the environment. Evidence from the field on soil properties and remote sensing.
Science of the Total Environment, 902, 166122.

Tanchyk, S. P., & Yamkovyi, V. Y. (2010). Humusnyi stan chomozemu typovoho
zalezhno vid obrobitku hruntu [Humus state of typical chomozem depending
on soil tillage]. Scientific Collection of the Institute of Agriculture of UAAS, 1—-
2,39-45 (in Ukrainian).

Tkachenko, M., Zadubynna, Y., Kondratiuk, L., Tsiuk, O., & Tarasenko, O. (2024).
Zminy vmistu humusu ta fizyko-khimichnykh vlastyvostey chomozemu typo-
voho zalezhno vid system obrobitku ta mineralnoho udobrennia [Changes in
humus content and physicochemical properties of typical chornozem depending
on cultivation and mineral fertilizer systems]. Herald of Agricultural Science,
850, 16-22 (in Ukrainian).

Tkachuk, V. P., & Trofymenko, P. I. (2020). Vmist humusu za riznoho vykorystan-
nia demovo-pidzolystoho supishchanoho gruntu ta obsiahy emisiinykh vtrat
CO, [Humus content for different use of sod-podzolic sandy soil and the
amount of CO, emission lost]. Scientific Reports of the National University of
Environmental and Life Sciences of Ukraine, 2, 84 (in Ukrainian).

Topa, D., Cara, 1. G., & Jitareanu, G. (2021). Long term impact of different tillage
systems on carbon pools and stocks, soil bulk density, aggregation and nutrients:
A field meta-analysis. Catena, 199, 105102.

Tsandur, M. O. (2008). Dynamika vmistu humusu v chomozemi pivdennomu pid
vplyvom system obrobitku gruntu i poperednykiv [Dynamic of humus content
in the southem black soil under the influence of a system of preparing the soil].
Scientific and Methodical Journal, 81, 39-42 (in Ukrainian).

Tsvei, Y. P., Levchenko, L. M., & Tyshchenko, M. V. (2020). Formuvannia rodiu-
chosti chornozemu slabosolontsiuvatoho za dovhotryvaloyi systemy udobren-
nia i obrobitku hruntu v korotkorotatsiyni sivozminy [Fertility of slightly saline
chemozem under the effect of long-term fertilization system and tillage method
in short crop rotation]. Scientific Papers of the Institute of Bioenergy Crops and
Sugar Beet, 28, 20-28 (in Ukrainian).

Ugarte, C. M., Kwon, H., Andrews, S. S., & Wander, M. M. (2014). A meta-analysis
of soil organic matter response to soil management practices: An approach to
evaluate conservation indicators. Journal of Soil and Water Conservation, 69(5),
422-430.

Zhang, X., Lu, S., Wang, C., Zhang, A., & Wang, X. (2021). Optimization of tillage
rotation and fertilization increased the soil organic carbon pool and crop yield in
a semiarid region. Land Degradation and Development, 32(18), 5241-5252.

Zhuravel, S. V., Kravchuk, M. M., Kravchuk, N. N., Kropyvnytskyi, R. B., Kropyv-
nytskyi, R. B., & Kravchuk, T. V. (2009). Zmina humusnoho stanu i vmistu
luzhnohidrolizovanoho azotu za riznykh system udobrennia ta obrobitku v si-
vozmini [Changes in humus conditions and content of hydrolyzed nitrogen un-
der different systems of fertilization and tillage in the crop rotation]. Herald of
Zhytomyr National Agroecological University, 2, 95-103 (in Ukrainian).

Zubenok, O. V. (2012). Vplyv sposobiv osnovnoho obrobitku na vmist humusu v chor-
nozemi typovomu ta biolohichnu aktyvnist” gruntu [Effect of tillage on humus
content in typical chomozem and soil biological activity]. Herald of Sumy Na-
tional Agrarian University, Series: Agronomy and Biology, 2, 94-97 (in Uk-
rainian).

Zvedeniuk, T. B., Havrylov, S. O., & Tarariko, N. M. (2014). Produktyvnist” zemo-
voyi sivozminy ta rodiuchist” siroho lisovoho gruntu za riznykh system osnov-
noho obrobitku [The productivity of grain crop-rotation and gray-forest soil fer-
tility with use different systems of basic tillage]. Agriculture, 1-2, 24-27 (in Uk-
rainian).

714 Regul. Mech. Biosyst., 2024, 15(4)


http://doi.org/10.2519/jospt.2011.3333
http://doi.org/10.2519/jospt.2011.3333
http://doi.org/10.1016/0167-1987(93)90059-X
http://doi.org/10.1016/0167-1987(93)90059-X
http://doi.org/10.1016/j.still.2019.06.009
http://doi.org/10.1016/j.still.2019.06.009
http://doi.org/10.1016/j.still.2019.06.009
http://doi.org/10.1002/ldr.4109
http://doi.org/10.1002/ldr.4109
http://doi.org/10.1002/ldr.4109
http://doi.org/10.15421/022418
http://doi.org/10.15421/022418
http://doi.org/10.1016/j.geoderma.2020.114335
http://doi.org/10.1016/j.geoderma.2020.114335
http://doi.org/10.1016/j.geoderma.2020.114335
http://doi.org/10.1017/S0889189300004367
http://doi.org/10.1017/S0889189300004367
http://doi.org/10.1017/S0889189300004367
http://doi.org/10.1016/j.scitotenv.2022.155865
http://doi.org/10.1016/j.scitotenv.2022.155865
http://doi.org/10.1016/j.scitotenv.2023.166122
http://doi.org/10.1016/j.scitotenv.2023.166122
http://doi.org/10.1016/j.scitotenv.2023.166122
http://doi.org/10.1016/j.scitotenv.2023.166122
http://doi.org/10.31073/agrovisnyk202401-02
http://doi.org/10.31073/agrovisnyk202401-02
http://doi.org/10.31073/agrovisnyk202401-02
http://doi.org/10.31073/agrovisnyk202401-02
http://doi.org/10.31073/agrovisnyk202401-02
http://doi.org/10.31073/agrovisnyk202401-02
http://doi.org/10.31548/dopovidi2020.02.007
http://doi.org/10.31548/dopovidi2020.02.007
http://doi.org/10.31548/dopovidi2020.02.007
http://doi.org/10.31548/dopovidi2020.02.007
http://doi.org/10.31548/dopovidi2020.02.007
http://doi.org/10.1016/j.catena.2020.105102
http://doi.org/10.1016/j.catena.2020.105102
http://doi.org/10.1016/j.catena.2020.105102
http://doi.org/10.2489/jswc.69.5.422
http://doi.org/10.2489/jswc.69.5.422
http://doi.org/10.2489/jswc.69.5.422
http://doi.org/10.2489/jswc.69.5.422
http://doi.org/10.1002/ldr.4105
http://doi.org/10.1002/ldr.4105
http://doi.org/10.1002/ldr.4105

