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CONCEPTUAL FRAMEWORK OF THE RESEARCH

Relevance and importance of the research topic. Soil tillage has always been a central
element in the development of agriculture worldwide. Since humans first began cultivating land
to produce crops, nomadism was replaced by a sedentary lifestyle. Over time, rudimentary wooden
tools were replaced by heavy machinery, which profoundly altered soil structure and biodiversity.
This evolution often overlooked the fact that soil is a complex and dynamic ecosystem, essential
for sustaining life. Thus, the advent of agriculture marked not only a major step in the evolution
of human society but also the beginning of significant contemporary economic, ecological, and
social challenges [2, 12, 20].

Soil tillage does not contribute to maintaining soil health; on the contrary, it accelerates
soil degradation, contributes to water and air pollution, and increases erosion. The long-standing
perception that soil resources are infinite has led to devastating consequences, including severe
land degradation in many regions of the world. As a result, millions of tons of soil are lost every
year due to erosion on a global scale [1,11,12].

Research conducted at the Selectia Research Institute of Filed Crops highlights a
concerning situation regarding soil degradation in the Republic of Moldova. The findings show
that Typical Chernozem soils have undergone significant losses of soil organic matter as a result
of intensive tillage, particularly plowing with a moldboard plow. This degradation is directly
linked to agricultural practices, underscoring the negative impact of conventional soil tillage on
soil health [1].

Therefore, the researchers conclusions emphasize the need for a systemic approach to
agricultural practices, one that not only safeguards soil fertility but also ensures the provision of
the ecosystem and social services [16].

Based on the above, it follows that the soil tillage methods used within the agricultural
system in Moldova need to be re-evaluated, with the aim of optimizing or even eliminating tillage
practices under the conditions of the northern region of the Republic of Moldova.

State of the research of the topic. Currently, in the Republic of Moldova, research on
conservation agriculture systems with the inclusion of all its basic principles: minimal soil
disturbance; crop diversification and permanent soil cover is lacking. At the international level,
however, there are numerous studies on CA systems conducted under different conditions and
diverse geographical areas. Among the pioneers of research in CA are Sir Albert Howard, who
promoted agricultural practices aimed at maintaining soil health and fertility in his renowned book

, An Agricultural Testament” (1940); Edward Faulkner, an American farmer and author, who,



through his well-known book ,,Plowman’s Folly” (1943), criticized conventional agriculture and
encouraged the use of conservative technologies, based at that time on minimum tillage and no-
till; Don Reicosky, who made significant contributions to CA starting from the last decades of the
20th century, is actively promoting the CA system to the present day [18].

Professor Rattan Lal is rightly considered the father of conservation agriculture, who
demonstrated in practice the benefits and harms of different soil tillage methods [13,14,17].

Research by Andriuca V. et al. highlights that the implementation of the No-till system on
clay-illuvial and loam-clay chernozem soils significantly improves soil quality, water use
efficiency, and crop productivity. This agricultural approach represents a valuable strategy for
promoting sustainable agriculture, particularly under drought conditions [26].

A study conducted by Olesea Cojocaru, Gheorghe Panfil and Petru Panfil demonstrates
that conservation agriculture systems, particularly No-till and Mini-till, offer effective solutions to
current agricultural challenges. These systems contribute to improving both productivity and
sustainability under difficult environmental conditions through several mechanisms: reducing soil
erosion, enhancing soil structure, conserving soil moisture, lowering production costs and
improving nutrient cycling, among others [27]. Results obtained by G. Baltag show significant
changes in the structure of unit costs of the analyzed crops, depending on nutrient levels [28].

Research carried out at the Selectia Research Institute of Field Crops in Balti includes long-
term field experiments investigating various sustainable agricultural systems. Within the
framework of the PhD thesis, studies were conducted on conservative soil tillage systems for
winter cereal crops within crop rotations, with results published in several national and
international scientific articles by the author of the thesis and members of the research team
[3,5,6,7,21,22].

The Republic of Moldova, however, requires systematic and interdisciplinary research on
conservation agriculture (CA) to facilitate the adaptation of the CA system to local conditions. The
lack of knowledge in implementing CA practices could create serious challenges for its promotion
and adoption by farmers. Therefore, in 2023, at the Selectia Research Institute of Field Crops, a
dedicated CA trial was established, applying CA principles to all crops within the rotation.

The aim of the research is to investigate the possibility of eliminating soil tillage in the
cultivation of winter cereal crops (winter wheat and winter barley) within crop rotations, using
No-tillage, in order to reduce production costs and enhance adaptation to climate change.

To achieve the proposed aim, the following objectives were set:

e study the climatic conditions during the study years 2019-2021;



e study the yields of winter cereal crops depending on the predecessors when using No-till
and soil tillage with a disc harrow;

¢ determine the available water stocks in the soil and calculate water-use efficiency for the
formation of one ton of winter wheat sown directly (No-till) after corn for grains,
depending on the crop rotation;

e compare the available water reserve in the soil and water-use efficiency by winter wheat
grown after different predecessors and different annual climate conditions;

e study the yield of winter barley in the organic agriculture experiment, depending on crop
rotation and fertilisation in the absence of chemical means for disease, pest and weed
control,

o study the influence of different rates of corn residues on the yield of winter barley when
using No-till;

e analyze the possibility of water accumulation in the soil during winter wheat cultivation
using direct sowing (No-till);

e determine the soil bulk density in winter barley cultivation in the studied experiments.
Scientific hypothesis. Agrotechnical practices based on soil tillage have proven to be

economically inefficient due to increasing fuel prices, while simultaneously exerting a
considerable negative impact on the environment and human health. Soil tillage influences global
warming both directly and indirectly. Direct effects include fuel combustion during field
operations, the intensive mineralization of soil organic matter following plowing, and the absence
of soil cover with vegetation for extended periods, which increases the risk of erosion. Indirect
effect is the need to increase the application rates of mineral fertilizers and pesticides as a
consequence of soil fertility loss. The production of mineral fertilisers, particularly nitrogen-based
ones, results in enormous CO: emissions [3].

The CA system can address these challenges by reducing mechanical soil disturbance,
diversifying crop rotations, and maintaining soil cover with live or dead mulch. In other words,
conservation agriculture seeks to mimic natural ecosystems within agricultural systems while
simultaneously reducing production costs.

Scientific research methods. The research was conducted in accordance with the
methodology used at Selectia RIFC, following the work program approved at the Scientific
Council meeting. To achieve the aim and objectives of the research, the following analyses were
carried out according to the established plan:

e soil bulk density — using the cylinder method,;



e total soil porosity — by calculation;

e available water reserve — using the gravimetric method,

e nitrate content determination — using an ionometer [23];

e P and K content — according to Ciricov [23];

e organic matter content and reserve — according to 1.V. Tiurin, 1937 [23];
e statistical analysis of results — according to B.A. Dospehov, 1985 [24];

e crop harvesting was performed mechanically, by combine.

Approval of scientific results. The scientific results obtained from the research conducted
under the PhD Program were presented and approved annually at the meetings of the Department
of Crop Science of the Faculty of Agronomy within the State Agrarian University of Moldova; at
the International Scientific Symposium ,,Plant Protection — Achievements and Perspectives”, held
in October 2-3, 2023; and during the annual reporting at the Scientific Council meetings of
Selectia RIFC.



SYNTHESIS OF CHAPTERS
CHAPTER 1. CONSERVATION AGRICULTURE AS AN ALTERNATIVE
TO CONVENTIONAL AGRICULTURE

The first part of Chapter 1 describes the consequences of conventional agricultural
practices on agroecosystems. It also presents some of the crucial challenges currently faced by
agriculture, as well as those expected in the future. In this context, the CA system is presented as
an alternative to conventional agriculture.

Subchapter 1.2 highlights the influence of the CA system on crop productivity, while
simultaneously mentioning its benefits for soil and the environment. Some results from the
implementation of CA practices are also presented in this subchapter.

Subchapter 1.3 mainly focuses on the impact of CA on soil fertility, defining the concepts
of soil health (quality) and fertility. It also describes the capacity of soil to provide ecosystem and
social services, including carbon sequestration as a measure to mitigate global warming.

In Subchapter 1.4 special attention is given to the influence of the CA system on the degree
of weed infestation in crops. At the same time, problems that may arise during the transition from
conventional agriculture to conservation agriculture are highlighted. The need for a clear
understanding of the system and weed management strategies is also emphasized in order to avoid
their negative impact. Several examples of the influence of the agricultural system on weed
infestation are presented.

The last subchapter describes the influence of the conservation agriculture system on global
warming. The role of soil in providing ecosystem and social services, which also has climate
regulation capacity through carbon sequestration, is emphasized. The main greenhouse gases

responsible for intensifying global warming are highlighted.



CHAPTER 2. RESEARCH CONDITIONS AND METHODS

2.1. Meteorological conditions

Meteorological data were analyzed based on observations from the Selectia RIFC
meteorological station for the agricultural years 2018-2019, 2019-2020, and 20202021, focusing
on precipitation amounts and air temperature. The last two years were characterized by contrasting
climatic conditions: 2019-2020 was a very dry year, while 2020-2021 had abundant precipitation,
thus providing the opportunity to evaluate results under different agroclimatic contexts (Fig. 2.1).

The mean air temperature showed positive deviations in all study years (Fig. 2.2). The
largest deviation, +2.7 °C compared to the long-term average, was recorded in 2019-2020. In
2018-2019 and 2020-2021, the increases were 1.7 °C and 1.2 °C, respectively.
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Fig. 2.1. Dynamics of precipitation and air temperature during the agricultural years 2018-2021,
based on data from the meteorological station of the Selectia RIFC, Balti

2.2. Research methods and conditions

The research was carried out within the long-term field experiments of the Selectia
Research Institute of Field Crops, established in 1961 (crop rotation and permanent cropping
experiment) and in 1989 (experiment on ecological agriculture). The soil of the experimental field
are represented by typical loam-clay chernozem. According to soil analysis data from 1993, the
arable layer (0—20 cm) is characterized by the following agrochemical indicators: organic matter
content (Tiurin method) 4.8-5.0%; pH in water 7.3; total nitrogen, phosphorus, and potassium
content 0.21-0.25%, 0.09-0.11%, and 1.22-1.28%, respectively [29]. The research included two
experiments conducted simultaneously using direct sowing (zero tillage), located on nearby but
distinct fields under identical pedoclimatic conditions, each with its own set of experimental
variants.

In the first experiment, the yield of winter barley and winter wheat cultivated in crop
rotations through direct sowing (zero tillage) after corn for grain, and under minimum tillage with
a disc harrow after peas for grain and spring vetch as preceding crops, was studied. The experiment

was set on two fertilisation backgrounds: unfertilised and fertilised with organo-mineral fertilizers.



It was carried out in three replications, according to the principles of experimental statistics. The
area of an experimental plot was 283 m?. It should be noted that zero tillage (No-tillage) was
studied under fertilised and unfertilised backgrounds within a long-term crop rotation field (crop
rotation 1, 3, 4, 5, 6 — fertilised; crop rotation 7 — unfertilised), starting from 2015. In crop rotations
2 and 8, a disc harrow operation was performed after harvesting the predecessors in order to control
weeds before seed formation. Sowing in all studied variants was carried out during the same period
using a Moore Unidrill seeder, with a seeding rate of 5 million of germinant seeds for winter wheat
and 4.5 million for winter barley. Fields under conventional soil tillage were sown by using
SN-16 seeder, with the same seeding rates.

The second experiment aimed to study the yield of winter barley, variety “Scinteia”, was
sown directly (No-till) after corn for grain, under ecological farming without the use of chemical
means for controlling diseases, pests, and weeds. The experiment included three blocks with three
fertilisation backgrounds: unfertilised, fertilised with farmyard manure (40 t/ha under sugar beet;
30 t/ha under spring vetch), and fertilised with organo-mineral fertilisers. The plots were divided
into two halves: mineral fertilisers with nitrogen (NPK) and without nitrogen (PK). Three crop
rotations were studied - with and without a mixture of perennial legume and grasses species. The
structure of the first two crop rotations included a mixture of perennial forages composed of alfalfa
for green mass (legume) and ryegrass (grass), while crop rotation 3 consisted of a mixture of annual
forages, namely spring vetch (legume) and oat (grass), cultivated for green mass.

In crop rotations 1 and 3, crop residues were not applied, unlike in crop rotation 2, where
the influence of different amounts of residues left on the soil surface after harvesting wheat, barley,
and corn for grain was analyzed. In addition to crop yield, several indicators were evaluated:
available soil water reserve, NPK content, organic matter content, bulk density, soil respiration,
etc. Water accumulation and consumption were determined depending on predecessor, crop
rotation, fertilisation, and tillage system. To assess the impact of agricultural systems on organic

matter and agrophysical properties, data from permanent black fallow and meadow were used.
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CHAPTER 3. YIELD OF WINTER CEREALS AFTER CORN FOR
GRAINS AND EARLY PRECEDING CROPS IN DIFFERENT LONG-
TERM CROP ROTATIONS

3.1. Yield of winter wheat, variety “Vestitor”, in the long-term field experiment on crop
rotations and permanent cropping
During the three-year research, it was found that winter wheat has responded more strongly
to crop rotation and preceding crop than to fertilisation. Therefore, the preceding crop had a
decisive impact on the formation of yield levels (Table 3.1).
Table 3.1. Yield of winter wheat, variety “Vestitor”, in crop rotations with different
predecessors, and fertilisation under No-till and disc harrow tillage,

average for the years 2019-2021

Average yield for 3 years
Crop Fertilisation Extra_y_|eld_ from
rotation Predecessors backaround t/ha fertilisation,
g t/ha and %
t/ha %
7 Corn for grains* Unfertilised 3.02 - -
. Farmyard manure
*
3 Corn for grains NPK 3.08 +0.06 2.0
. Farmyard manure
**
2 Peas for grains NPK 4.10
. Farmyard manure
*
4 Corn for grains NPK 3.05
. Farmyard manure
*
5 Corn for grains NPK 3.20
8 Mixture of spring vetch + Farmyard manure 343
oats for green fodder** +NPK '
Dlos 0.12

Note: * zero tillage
** disc harrow (single pass after harvesting predecessors)

The maximum yield was achieved on the variant after peas for grains (crop rotation N2),
reaching 4.10 t/ha. A higher winter wheat yield was also recorded when sown after the mixture of
spring vetch and oats for green fodder (crop rotation N8), reaching 3.43 t/ha. When winter wheat
was sown after corn for grains on unfertilised background, the yield was 3.02 t/ha. The yield
increase from fertilisation after the same preceding crop was insignificant — 0.06 t/ha.

3.2. Yield of winter barley, variety “Scéanteia”, in the long-term field experiment on crop
rotations and permanent cropping

The average yield of winter barley over three years indicates a pronounced response of
winter barley to fertilisation (Table 3.2). Two crop rotations with the same crop sowing structure

were compared: crop rotation N7 (unfertilised background) and crop rotation N3 (fertilised
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background). The yield increase from fertilisation was 0.88 t/ha or 35.3 %, representing a

significant increase compared to the unfertilised background.

Table 3.2. Yield of winter barley, variety “Scanteia”, depending on predecessors, crop

rotation, and fertilisation under direct sowing, average for the years 2019-2021

Average yield for 3 years
Crop Fertilisation Extra yield from
rotation Predecessors background t/ha fertilisation,
t/ha and %
7 Corn for grains* Unfertilised 2,49 -
. Farmyard manure
*
3 Corn for grains NPK 3,37 +0,88/35,3
. Farmyard manure
*
1 Corn for grains 'NPK 3,51
. Farmyard manure
**k
2 Peas for grains *NPK 4,12
. Farmyard manure
*
4 Corn for grains 'NPK 3,27
. Farmyard manure
*
5 Corn for grains *NPK 3,27
8 Mixture of spring vetch + oats Unfertilised 378
for green fodder** ’
Dlos 0,10

Note: * zero tillage
** disc harrow (single pass after harvesting the predecessors)

The highest yield level was obtained on the fertilised background in crop rotation N2 (after
peas for grains) and N8 (after mixture of spring vetch and oats). Thus, direct sowing after a late
preceding crop fails to compensate for yield losses compared to the level achieved after early
preceding crops. Subsequently, we will analyze water accumulation in the soil after different
preceding crops, including with the application of direct sowing. In the case of winter barley sown
directly after corn for grains, no significant differences were observed among the studied rotations
on a fertilised background.

3.3. Influence of different rates of plant residues on winter barley sown after corn for
grains under different fertilisation backgrounds, without the use of chemical means for
controlling diseases, pests and weeds

In Experiment 2 (on ecological farming), plots were established each autumn with the
application of different rates of crop residues, on various fertilisation backgrounds, within a crop
rotation including a mixture of perennial legume and grasses species. No chemical means were
used in the experiment for controlling diseases, pests and weeds.

Based on the analysis of the obtained results, the optimal rates of crop residues left on the

soil surface were identified, which contributed to achieving the maximum yield level depending
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on the fertilisation background (Fig. 3.3). In the absence of fertilisation, the use of crop residues
proved to be ineffective, leading to a decrease in yield with increasing amounts of residues. On the
variants with both organic and organo-mineral fertilisation, the application of a single dose of

residues (5.7 t/ha) proved to be more effective in most cases.

4

2

Yield, t/ha

0
Unfertilized Manure Manure + PK Manure + NPK

Odoses m1dose m=2doses 3 doses
Fig. 3.3. Yield of winter barley on fertilised and different rates of crop residues, average for
3 years
The yield of winter barley sown directly after corn for grain varied significantly depending
on fertilisation and, to a lesser extent, on the crop rotation (Table 3.3). The response of winter
barley to the crop rotation with perennial leguminous grasses was observed in practically all
fertilisation backgrounds, but it was insignificant, with a yield increase ranging between 0.08 and
0.11 t/ha. The 3-year average highlights the influence of fertilisation, particularly in the variants
with manure and manure + PK. Here, grain yield ranged between 3.12t/ha and 3.18 t/ha.
Therefore, the increase compared to the unfertilised control was +0.61...+0.97 t/ha.
The additional application of nitrogen fertilisers, on top of the organic background, led to
a reduction in yield compared to the PK variant and the farmyard manure treatment.
Table 3.3. Yield of winter barley depending on crop rotation and fertilisation

system, average for 2019-2021, t/ha

+ from
Fertilisation . . crop + from + from N
background Sl e Vheltl, e rotation, | fertilisation, t/ha | application, t/ha
t/ha
- With annual grasses 2.21 - - -
Unfertilised
With perennial grasses 2.32 +0.11 - -
Farmyard With annual grasses 2.82 - +0.61 -
manure With perennial grasses 3.12 +0.30 +0.80 -
Farmyard With annual grasses 3.18 - +0.97 -
manure + PK With perennial grasses 3.18 0 +0.86 -
With annual grasses 2.88 - +0.67 -0.30
Manure + NPK With perennial grasses 2.96 +0.08 +0.64 -0.22
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CHAPTER 4. INFLUENCE OF THE CONSERVATION TILLAGE
SYSTEM ON AVAILABLE SOIL WATER RESERVES

4.1. Possibilities of soil water accumulation depending on preceding crop and tillage
methods
The experimental data highlight a higher capacity for soil water accumulation from
precipitation in the case of zero tillage with crop residues compared to disc harrowing. On average,
over three years, soil water retention under zero tillage variants ranged between 87.1% and 100%
(Table 4.1).
Table 4.1. Soil water accumulation during autumn—winter—spring under winter wheat

sown directly (No-till), average for 2019-2021, mm

Average for 3 years
Soil water Water reserve
Soil water reserve at Total amount of |accumulated in Layer Water
Crop reserve at vegetation precipitations, |different layers share | accumulated
rotation |sowing, mm | regeneration, ' "1 0-100 from
mm cm o
mm cm, % [precipitations, %
0-100|0-200 | 0-100 | 0-200 0-100 | 0-200
1 62.4 |155.4 | 137.3 | 2744 136.6 86.6 | 119.0 | 62.9 87.1
2 98.4 1243.2 | 152.9 | 338.3 136.6 619 | 951 | 574 69.6
4 66.6 |153.5 | 162.7 | 320.8 136.6 1146 | 167.2 | 57.5 100
5 65.6 [147.2 | 152.3 | 279.0 136.6 104.6 | 131.8 | 65.8 96.5
In the dry year 2020
1 452 |131.1| 96.6 | 189.5 76.5 514 | 58.4 | 88.0 76.3
2 84.4 |241.7 | 124.3 | 293.5 76.5 39.9 | 518 | 77.0 67.7
4 67.5 [155.0 | 126.9 | 221.8 76.5 594 | 66.8 | 88.9 87.3
5 61.0 | 132.7 | 112.0 | 205.7 76.5 51.0 | 73.0 | 69.9 95.4

The accumulation and conservation of soil water are of major importance for agriculture
in the Republic of Moldova, taken in consideration the local meteorological conditions. In addition
to the increasing frequency of droughts, an essential problem is the uneven and variable
distribution of precipitation throughout the year. This highlights the need to apply technologies
capable of retaining water in the soil.

4.2. Influence of fertilisation, crop rotation, and crop residues on the agrophysical properties
of soil for winter barley under direct sowing

The data presented in Figure 4.1 highlight the influence of crop rotation type and
fertilisation on the amount of water accumulated in the soil during different agricultural years, in
the 0—100 cm and 0—200 cm layers. Under normal climatic conditions (2019), the highest amount
of water was recorded in the fertilised variant with annual grasses (196.5 mm, 0-200 cm),

suggesting a beneficial effect of these crops in soil moisture accumulation. In the extremely dry
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year 2020, the values decreased considerably for all variants; however, the best results were
obtained on the fertilised variant with perennial grasses (130.8 mm), demonstrating their superior
capacity to conserve water under drought conditions. In 2021, with a more favorable distribution
of precipitation, the maximum amount of water was recorded in the unfertilised variant with annual
grasses (189.5 mm), while the fertilised variants accumulated less water, possibly due to the higher
water consumption of well-developed plants. Overall, the results show that systems with perennial
grasses are more stable in maintaining soil water reserves during dry years, whereas annual
grasses, in combination with fertilisation, are more effective in accumulating water under normal

or wet climatic conditions.

250.0
£
£ 200.0
=
g 1500
g
©
= 1000
50.0 I I
0.0
0-100 0-200 0-100 0-200 0-100 0-200
2019 2020 2021
m Unfertilized with perennial grasses 82.9 176.2 58.6 64.7 98.5 184.2
Unfertilized with annual grasses 85.3 179.8 78.0 107.3 89.4 189.5
Fertilized with perennial grasses 82.1 175.4 76.4 130.8 68.3 128.1
Fertilized with annual grasses 97.4 196.5 35.4 375 62.8 136.9

Fig. 4.1. Soil water accumulation in winter barley under direct sowing after corn for grain

during the autumn-winter—spring period, average 2018-2020
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CHAPTER 5. NUTRITIONAL REGIME AND AGROPHYSICAL

PARAMETERS OF THE SOIL
5.1. Agrochemical indicators

According to V.R. Viliams, soil fertility is the capacity of soil to provide plants with
terrestrial factors (water and nutrients) [4].

According to Amir Kassam, soil fertility can be defined as ,,the capacity of the soil to
sustain sustainable plant production in a way that protects and improves soil quality, water
quality, biodiversity, and other environmental functions, as well as human health”. This definition
integrates both agricultural and ecological-social aspects, emphasizing the importance of healthy
soil and sustainable agricultural practices for environmental protection and human health [15].

Soil organic matter represents any organic matter of plant or animal origin present in the
soil that can undergo microbial decomposition. This organic matter is composed of a complex
mixture of organic compounds such as carbohydrates, proteins, lipids, and nucleic acids, which
enter the soil through plant roots, excretions of microorganisms and animals, and other biological
processes [10].

Carbon is an essential element for soil fertility. Soil organic matter, largely composed of
carbon, plays a crucial role in maintaining soil health and fertility. It serves as a food source for
soil microorganisms, contributing to the formation of a viable and productive soil [9].

According to the research program, the organic carbon content in the soil was determined
in the studied experiments. To convert the soil organic carbon (SOC) content into organic matter,
a transformation coefficient of 1.724 was used.

Figure 5.1 shows the distribution of SOC by soil layers, determined for the variants studied
in the experiment. A gradual decrease in soil organic carbon content can be observed with
increasing depth. This trend is characteristic of all studied variants; however, the SOC content
determined in crop rotation N5 (crop rotation with perennial leguminous grasses) proved to be
higher, even in the deeper soil layers. The difference is particularly evident in the 40-60 cm layer,
explained by the greater amount of roots compared to crop rotations that do not include perennial

leguminous grasses in their structure.
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Fig. 5.1. Distribution of SOC content by soil layers depending on crop rotation and
fertilisation

The analysis of the average SOC content for the 0—40 cm soil layer highlights crop rotation
N 2 and N 5 (Fig. 5.2). The highest SOC content was recorded in the crop rotation with perennial
leguminous grasses, reaching 2.68%, compared to the rotation that includes black fallow, where
the organic carbon content was only 2.29%, even lower than in the unfertilised background (crop
rotation N7). For the 0—100 cm soil layer, the same trend is maintained, with SOC content ranging
between 1.68% and 1.95%, emphasizing the same variants.

2.64

169 168 I184 II I165 Il78

Crop rotations

o B N W

= Average (0-40 cm) = Average (0-100 cm)

Fig. 5.2. Soil organic carbon content in the long-term crop rotations field
experiment, year 2020
The results of SOC content analyses obtained in the ecological farming experiment are
presented in Fig. 5.3. According to these data, a lower SOC content is observed here compared to
the long-term crop rotation experiment. Thus, the SOC content for the 0—40 cm soil layer ranges
between 2.16-2.61%, and between 1.51-1.76% for the entire 0—100 cm profile. At the same time,
more pronounced differences are observed in the upper soil layers compared to the deeper ones.
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Fig. 5.3. SOC content in the long-term organic farming experiment, year 2020
Annotation:
1. Crop rotation with a mixture of perennial legume and grass species (without additional
crop residues applied);
2. Crop rotation with a mixture of perennial legume and grass species (with additional crop
residues applied);
3. Crop rotation with annual legume and grass species (without additional crop residues
applied).
5.2. Agrophysical indicators

The agrophysical properties of soil influence the growth and development of plants.
Although defined differently by various authors, these properties generally include the following
indicators: water field capacity, soil structure, bulk density, soil porosity, and texture [25, 30, 8,
19].

For comparative analysis, the experiment included two extremes: permanent black fallow
and permanent uncultivated land. As intermediate variants (representing a transition from black
fallow to a natural ecosystem), crop rotation N2 (with black fallow) and Crop rotation N5 (with
alfalfa) were analyzed. The experimental data indicate an increase in soil carbon content depending

on management practices (Fig. 5.4).
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Fig. 5.4. Soil carbon content depending on the studied variants (soil layer 0-20 ¢m), 2020,
Selectia RIFC, %
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The lowest soil carbon content was determined in the variant with black fallow under
permanent cultivation, amounting to 2.25% in the 0—20 cm layer. In crop rotations, an increase in
carbon content is observed, especially when cultivating alfalfa for green mass within the rotation.
Here, the carbon content reached 2.83%, being closer to the natural ecosystem (permanent
meadow). However, maintaining the soil permanently covered, along with a greater species
diversity and the absence of mechanical disturbance, favored the accumulation of the highest
amount of carbon in the soil — 3.29%.

The carbon stock in the 0-100 cm soil layer varies depending on the studied variants,
ranging between 196.2 and 280.8 t/ha. It increases with the amount of organic matter left in the
soil during plant cultivation, particularly from perennial legume grasses (Fig. 5.5). This trend is

similar to that observed for soil carbon content.

269.9 280.8
200 196.2 231.4
/
200
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Ne 2 Ne 5 meadow

Fig. 5.5. SOC stock in the 0-100 cm soil layer depending on the studied variants, t/ha,
2020, Selectia RIFC, %

Experimental data on the bulk density of the soil demonstrate the relationship between soil
organic matter (SOM) content and the soil’s agro-physical properties (Fig. 5.6). An opposite trend
is observed here, namely a decrease from the black fallow to the meadow. The bulk density of the
soil ranged between 1.12 and 1.35 g/cm?®. Therefore, the higher the organic matter content, the
lower the bulk density of the soil.

Black fallow Crop rotation Crop rotation ~ Permanent
Ne 2 Ne 5 meadow

Fig. 5.6. Bulk density of the soil depending on the studied variants, g/cm?, summer
2020, Selectia RIFC
The total soil porosity also varies depending on the SOM content (Fig. 5.7). Thus, for the
studied variants it ranged between 46.0 and 55.2%, showing similar values in the case of

permanent black fallow and black fallow in crop rotation (46.0-47.2%). Total porosity increased
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considerably in the crop rotation with perennial leguminous grasses (53.6%) and in permanent
meadow (55.2%).

472 46 53.6 55.2
60 P
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Fig. 5.7. Total soil porosity depending on the studied variants, year 2020, Selectia RIFC, %

Field capacity plays a particularly important role in the soil’s ability to accumulate water
(Fig. 5.8). To a large extent, this determines the soil’s capacity to adapt to droughts, which have
become increasingly frequent in recent years.

24 21.44 2
:
: “y
18
16
Black fallow Crop rotation Crop rotation ~ Permanent
Ne 2 Ne 5 meadow
Fig. 5.8. Field capacity of the soil under the studied variants, summer 2020, Selectia RIFC,
%

The results of our research confirm the relationship between the soil properties described
above and water field capacity. Thus, in variants with lower organic matter content, field capacity
is lower, and vice versa. Therefore, we can state that in order to enhance adaptability to droughts,
which are often caused by the uneven distribution of precipitation throughout the agricultural year,
it is strictly necessary to increase the soil’s capacity to store water from atmospheric inputs. This
is possible only by increasing the content of soil organic matter, with a simultaneous reduction of

soil mechanical disturbance.
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CONCLUSIONS AND RECOMMENDATIONS

Following the conducted research, the following conclusions can be formulated:

1. The soils of the Republic of Moldova are exposed to an alarming danger of degradation
due to their irrational management, characterized by intensive agricultural practices focused
mainly on production and short-term economic profit.

2. The adaptation of agroecosystems to climate change caused by global warming can be
achieved by imitating natural ecosystems, using conservation technologies that exclude soil tillage
and keep its surface permanently covered. These practices help reduce the negative impact of biotic
and abiotic factors on crops.

3. Excluding soil tillage (zero tillage) in the cultivation of winter wheat after maize for
grain contributes to higher efficiency of water accumulation in the soil. On average, over three
years, the water retention capacity from precipitation ranged between 87.1% and 100%, and in the
dry year 2020, between 76.3% and 95.4%. By comparison, under minimum tillage, the average
values for three years were 69.6%, and in the dry year 2020 — 67.7%.

4. The inclusion of perennial grasses in crop rotation facilitates carbon accumulation
throughout the entire soil profile. The SOC content in the 0—100 cm soil layer reached 1.95% in
the crop rotation with alfalfa and 1.68% in the crop rotation with black fallow.

5. A high SOC content ensures a granular soil structure and improves water storage
capacity. Consequently, improving agrophysical properties can provide better adaptation to
climate change.

6. Winter barley shows a stronger response to fertilisation compared to winter wheat. In
favorable years, the application of fertilisers led to a yield increase of 2.27 t/ha (135%) compared
to the unfertilised variant. In the case of winter wheat, the yield increase obtained from fertilisation
was 0.63 t/ha, exceeding the unfertilised variant by 34%.

7. Winter wheat responds better to crop rotation and preceding crops than to fertilisation,
and the importance of the preceding crop increases significantly under drought conditions due to
its influence on soil water reserves. The earlier the preceding crop is harvested, the greater the
possibility of accumulating a larger amount of precipitation water in the soil before sowing (34.5—
47.8 mm).

8. Fertilisation under excessive moisture conditions can cause significant yield losses due

to the abundant growth of plant aerial biomass and lodging.



RECOMMENDATIONS

1. The Republic of Moldova needs to intensify fundamental and applied scientific research
aimed at developing a new agricultural system based on sustainable (regenerative) soil resource
management, as an essential element in the process of adapting to climate change.

2. For the adaptation of agricultural ecosystems to climate change, we recommend
reducing or excluding soil mechanical disturbance, while keeping its surface permanently covered
with live or dead mulch.

3. The soils of the Republic of Moldova require improvement of their agrophysical
properties; therefore, the inclusion of mixtures of leguminous and perennial grasses in crop
rotation is crucially important.

4. Winter cereal crops can be successfully cultivated using direct seeding, while respecting
crop rotation, even after late preceding crops, and also in the absence of chemical means of
controlling diseases, pests, and weeds, by respecting the entire agricultural system.

5. In the cultivation of winter wheat, regardless of the applied cultivation technology, it is
important to take into account the preceding crop, especially in dry years. Under such conditions,
the preceding crop plays a more important role than fertilisation.
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ADNOTARE
Cebanu Dorin ,,Sistemul Conservativ de Agricultura in zona de Nord a Republicii
Moldova”, teza de doctor in stiinte agricole, Balti, 2025

Structura tezei: introducere, 5 capitole, concluzii generale si recomandari, 117 pagini de
text de baza, bibliografie din 109 surse, 42 tabele, 34 figuri. Rezultatele obtinute au fost publicate
in 9 lucrari stiintifice.

Cuvinte cheie: agricultura conservativa, fertilitatea solului, materia organica a solului,
managementul durabil si rezilient a solului, cernoziom, degradarea solului, incalzire globala,
sechestrarea carbonului, productia culturilor, asolament.

Scopul lucririi: constd in examinarea posibilitatii adoptarii lucrarii zero a solului la
cultivarea culturilor cerealiere de toamna, 1n special a graului si orzului de toamna, in contextul
respectarii unui asolament diversificat.

Obiectivele cercetarii: includ studierea conditiilor climaterice, evaluarea productiei
culturilor cerealiere de toamna in functie de diferite procedee agrotehnice aplicate, determinarea
consumului de apa si a rezervei de apa accesibild din sol pe parcursul perioadei de vegetatie,
analiza efectelor asolamentului si a resturilor vegetale asupra productiei agricole si evaluarea
Republicii Moldova.

Noutatea si originalitatea stiintifica: derivd din abordarea holisticd si integratd a
diferitelor aspecte legate de procedeele agrotehnice, tehnologiile de cultivare prin influenta lor
asupra solului si a productiei agricole. Lucrarea se distinge prin analiza detaliatd a impactului
lucrarii zero a solului (No-tillage) asupra productiei culturilor cerealiere de toamna (grau si orz de
toamnd), cu o atentie deosebitd asupra asolamentului si a practicilor de management a resturilor
diferite tehnologii de cultivare cu aplicarea lucrarii zero a solului, in conditiile repartizarii
neuniforme a precipitatiilor atmosferice cu evidentierea avantajului sistemului conservativ de
lucrare a solului in raport cu procedeele conventionale.

Rezultatul obtinut care contribuie la solutionarea unei probleme stiintifice
importante: consta in argumentarea necesitatii tranzitiei la un nou sistem de agricultura, capabil
sd raspunda provocarilor alarmante cu care se confruntd agricultura contemporand, inclusiv
degradarea solurilor si incélzirea globala. Rezultatele cercetdrilor confirma cresterea capacitatii de
acumulare a apei in sol la pastrarea resturilor vegetale de porumb la suprafata solului prin folosirea
lucrarii zero a solului, cu reducerea concomitenta a cheltuielilor de producere la culturile cerealiere

de toamna. Rezultatele obtinute ofera un suport stiintific solid pentru necesitatea adoptarii unei
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strategii agricole sustenabile, capabile sa protejeze resursele naturale si s minimizeze impactul
negativ al activitatilor agricole asupra mediului Inconjurator.

Semnificatia teoreticia: cercetdrile stiintifice efectuate contribuie la aprofundarea
cunostintelor in domeniul cultivarii culturilor de camp, folosind diferite sisteme de agriculturd in
diferite conditii climaterice. Analiza datelor obtinute a confirmat posibilitatea refuzului de lucrarea
solului in cazul respectarii intregului sistem de agriculturd, bazat pe asolament, folosirea resturilor
vegetale, folosirea Ingrasamintelor organice etc. Rezultatele obtinute permit promovarea
sistemului conservativ de agriculturd prin respectarea unui management durabil si rezilient a
solului de cernoziom.

Valoarea aplicativa: rezultatele obtinute in cadrul cercetarilor realizate pe unele elemente
a Sistemului Conservativ de Agricultura (SCA) reprezintd un pilon esential in tranzitia spre
sistemele agricole durabile. Prin adaptarea sistemului de agricultura conservativa la conditiile
specifice locale, aceste rezultate servesc drept bazad solida pentru educatia si informarea
fermierilor, studentilor si lucrdtorilor stiintifici In vederea adoptdrii unui sistem durabil de

agricultura adaptat la provocarile actuale ale agriculturii.
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AHHOTADUA
Yeoany dopun «KonceppartuBHasi Cucrema 3emiienenusi B CesepHoii 3oHe
Pecny6smku MoJigoBay», [uccepTanusi HA COMCKaHUe YYeHOl cTeleHu 10KTopa
ceJIbCKOXO0351iiCTBEHHBIX HayK, beabubl, 2025 1.

CTpykTypa auccepTanuM: BBEJEHHE, 5 TJaB, 0OIIME BBIBOJBI M pekoMmeHmaruu, 117
CTpaHHUIl OCHOBHOTO TekcTa, Ooubnnorpadus uz 109 ucrounukon, 42 tabnuubl, 34 puCyHKa.
PesynpTaThl paboThl OMyOIMKOBaHBI B 9 HayYHBIX paboTax.

KuroueBble cioBa: KOHCEpBATUBHOE 3€MJIEAEIUE, IUIOJOPOAME MOYBBI, OPraHUYECKOE
BEIIECTBO MOYBBI, YCTONUMBBIA M KU3HECIIOCOOHBIM MEHEKMEHT ITOYB, YEPHO3EM, Jerpajanus
MOYBBI, II100aJIbHOE MOTENJICHUE, CEKBECTpALUs YIIIepoAa, PaCTEHUEBOICTBO.

Leas padoThi: U3yYUTh BO3MOKHOCTH NMPUMEHEHHUS TEXHOJIOTMU HYJIEBOH 0OpabOTKH
nouBbl (NO-till) mpu Bo3nenbIBaHUN 03UMBIX 36PHOBBIX KYJIBTYP, B YACTHOCTH O3UMO¥! MIIICHHIIBI
Y 03UMOTO STUMEHSI, B KOHTEKCTE JUBEPCU(PHIIMPOBAHHOIO CEBOOOOPOTA HA TUITMYHOM YEpHO3EME
benbukoii crenu.

3agauu HCcJIeJOBaHUSA: OLIEHKA IIPOM3BOJICTBA O3UMBIX 3€pPHOBBIX KOJIOCOBBIX KYJIBTYp B
YCIOBUSIX PAa3HBIX KIUMATHUECKUX YCIOBUH W Pa3IUYHbIX AarpoTeXHUYECKHUX MPHEMOB,
OlpeieIeHNe HaKOIICHHsI U MOTPeOICHHs BOJIbI U3 IOCTYIHBIX 3aI1aCOB BOJIbI B I0YBE B TEUECHUE
BEreTAllMOHHOTO MEPUO0/Ia, AHAIN3 BIUSHUS [TOYBBI U PACTUTEIbHBIX OCTATKOB HA MPOU3BOJICTBO
CEJIbCKOXO35IMCTBEHHBIX KYJIBTYp U OLIEHKA BJIMSHHS TEXHOJOTHU C MPUMEHEHHEM HYJIEBOM
00pabOTKK MOYBBI HA BOBMOKHOCTH aJIaliTallMK K 3aCyXaM, XapaKTepHbIM 1S ceBepa MoJ10BbI.

Hayynasi HOBH3HAa M OPHMIMHAJIBHOCTB: OOYCIIOBJIEHA LIEJIOCTHBIM M KOMIUIEKCHBIM
MOJXOJOM K PA3JIMYHBIM aCIEKTaM arpoOTEXHUYECKUX NPUEMOB, TEXHOJOTMN BO3JEIIBIBAHUS
CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYp Y€pEe3 HMX BIUSHUE HA IIOYBY M CEJIBCKOXO3SHCTBEHHOE
pOU3BOACTBO. PaboTa oTiinyaeTcs moApoOHBIM aHATM30M BIUSHUS TEXHOJIOTHH C TPUMEHEHUEM
HYJIEBOM 00pabOTKHU MOYBBI HA MPOU3BOACTBO O3UMBIX 3€PHOBBIX KOJOCOBBIX KYJIBTYp, BKIIOUas
O3MMYIO MIICHUIy U O3UMBIH SYMEHb, C Y4ETOM METOAOB OOpabOTKH MOYBBI U YIpPaBICHUSL
pacTUTEIbHBIMU OCTATKAMHU.

JIpyruM akTyaldbHbIM aclEeKTOM JAaHHOM paboThl SIBJIAETCS OLIEHKAa BO3MOXXHOCTHU
HaKOIJICHUsl TOYBEHHOM BJIaru Mpy UCIOJIb30BAaHUH PA3JIUYHBIX TEXHOJIOTUH 00pabOTKH OYBBI B
YCIIOBUSAX HEPABHOMEPHOTI'O PACHIPECIICHUS aTMOC(EPHBIX OCATKOB C BBISBICHUEM ITPEUMYILECTB
pecypcocOeperaronieif 00paboTKH MOYBBI [0 CPABHEHUIO TPAJAULMOHHBIMU METO/IaMHU.

IHosryuyeHHBIN pe3y/IbTaT, CIOCOOCTBY IO PelIeHNI0 BaKHOI Hay4YHO# po0JieMbl:
AKCIIEPUMEHTAIbHbIE JaHHBIE, TIO3BOJISIIOT ApIYMEHTHPOBATh HEOOXOJUMOCTh MEPEX0/1a K HOBOM

CHUCTEMCE 3EMJIICCIINA, CIocoOHO# OTBETUTH Ha BBI3OBEI, C KOTOPBIMHU CTAJIKUBACTCA COBPEMCHHOC
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CEJIbCKOE XO3AHCTBO, BKJIOYAs JErpajalvio MOYB U INI00aNbHOE MOTeIieHue. Pe3ynbTaTsl
UCCIICIOBAaHUM  TOATBEP)KJAIOT  YBEJIMYEHHE BIArOEMKOCTH IOYBBl IPU  COXpPaHEHUU
pPAaCTHTENBHBIX OCTATKOB KYKypy3bl Ha TMOBepXHOCTH TmouBbl ¢ momoinsio No-till, ¢
OJTHOBPEMEHHBIM CHIKCHHEM 3aTpaT Ha MPOU3BOJICTBO O3MMBIX 36pPHOBBIX KOJOCOBBIX KYJIBTYP.
OHu cinyxat yoeIuTelIbHbIM Hay4YHbIM MOJITBEPAKIEHUEM HEOOX0AUMOCTH O00pEH sl CTpaTeruu
YCTOMUYUBOTO Pa3BUTHUS CEIbCKOIO XO03s5ICTBA, 0OecneunBaroLiel 3aluTy IpUPOAHBIX PECYPCOB
U MUHHMM3ALMIO HETaTUBHOTO BO3ACUCTBUS CEJIBbCKOXO3SHCTBEHHOM JAEATENbHOCTH Ha
OKPYKaIOUIYIO Cpefy, C OJTHOBPEMEHHBIM MOBBIIIIEHUEM KOHKYPEHTHOCTIPOCOOHOCTH (hepMEPOB.

IIpakTHyeckoe 3HA4YeHHe: IPOBEACHHOE HAyYHOE MCCIIEJOBAaHUE BHOCUT BKJIAA B
yri1yOieHre 3HaHU| B 00J1aCTH BO3/ICJIBIBAHUS MTOJIEBBIX KYJIBTYpP IPU UCIOJIb30BAaHUN Pa3INYHbBIX
CHCTEM 3eMJIe/IeNHs B Pa3IMYHBIX KIMMATHUYECKUX YCIOBHUSX. AHANN3 TOJTYYEHHBIX JaHHBIX
MOJATBEPANUI BO3MOXKHOCTH OTKa3a OT MEXaHMYeCKOH OOpaOOTKM MOYBBI IMpPH COOJIOJECHUU
LEJIOCTHOM CHCTEMBl 3€MJIE/IeNHs, OCHOBAaHHOM Ha MPUMEHEHUMH OOpabOTKH IOYBHI,
UCITIOJIb30BAaHUM PACTUTENIBHBIX OCTaTKOB, MPUMEHEHMHM OPraHWYECKUX YIOOpeHU u T.I.
[TosydyeHHBIE pe3ynbTaThl MO3BOJIAIOT PACHIMPATH IJIOLIAAM IOJ KOHCEPBATHBHYIO CHCTEMY
3eMJieieNus Ipy COOIIOAEHUH YCTOMYMBOTO MEHEI)KMEHTA YEPHO3EMHON MTOUBHI.

3HaveHue 1Jis1 IPUMEHEHM: PE3yJIbTaThl UCCIEIOBAaHUN IO KOHCEPBAaTUBHOM cucTeMe
semnenenust (KC3) saBasioTCS BaKHEMIIMM 3JIEMEHTOM IEepexojia K YCTOMYMBBIM METOJaM
BEJICHUSI CEJIbCKOTO XO34iCTBAa. AJANTHPys KOHCEPBAaTHBHYIO CHCTEMY 3€MIICHENNs K
KOHKPETHBIM MECTHBIM YCIIOBHSIM, 3TH PE3YyJIbTATHI CIY)KaT MPOYHON OCHOBOM Ui OOy4YeHHS U
UHPOpPMHUPOBaHUS (EpMEpOB, CTYIEHTOB M HAayYHBIX paOOTHUKOB B LEJIAX BHEIPEHUS
YCTOMUYMBOW CHUCTEMBI 3eMJICIeNHs, aJallTUPOBAHHON K COBPEMEHHBIM CEbCKOXO035HCTBEHHBIM

npoosieMam.
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ANNOTATION

Dorin Cebanu “Conservation Agriculture System in the Northern Part
of Moldova”, PhD thesis in agricultural sciences, Balti, 2025

Structure of the thesis: introduction, 5 chapters, general conclusions and
recommendations, 117 pages of basic text, bibliography from 109 sources, 42 tables, 34 figures.
The obtained results were published in 9 scientific papers.

Keywords: conservation agriculture, soil fertility, soil organic matter, sustainable and
resilient soil management, chernozem, soil degradation, global warming, carbon sequestration,
crop production, crop rotation.

The purpose of the work consists in examining the possibility of adopting No-till
technology for the cultivation of winter cereal crops, especially winter wheat and winter barley, in
the context of respecting a diversified crop rotation on the Typical Chernozem of the Balti steppe.

The objectives of the research: include the study of climatic conditions, the evaluation of
the yield of winter cereal crops according to different agricultural practices, the determination of
water consumption and the stocks of soil moisture during the vegetation period, the analysis of the
effects of crop rotations and plant residues on agricultural production and evaluation of the impact
of No-till technology on the possibility of adaptation to droughts typical for the North part of the
Republic of Moldova.

Scientific novelty and originality: derives from the holistic and integrated approach to
various aspects related to agricultural practices, cultivation technologies through their influence
on soil and agricultural production. The paper is distinguished by its detailed analysis of the impact
of No-till technology on the production of winter cereal crops, including winter wheat and winter
barley, with special attention to crop rotations and crop residues management practices. Another
relevant aspect consists in evaluating the possibility of water accumulation in the soil by using
different cultivation technologies, under the conditions of uneven distribution of atmospheric
precipitation, highlighting the advantage of the conservative tillage system in relation to
conventional practices.

The result obtained that contributes to the solution of an important scientific
problems: consists in arguing the need for the transition to a new agricultural system, capable to
responde to the challenges faced by modern agriculture, including soil degradation and global
warming. The results of the research confirm the increase in soil capacity to accumulate water by
keeping the surface of the soil covered with crop residues, with the simultaneous reduction of

production costs for winter cereal crops. The obtained results provide solid scientific support for
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adoption of a sustainable agricultural strategy, capable to protect natural resources and to minimize
the negative impact of agricultural activities on the environment.

Theoretical significance: the scientific research carried out contributes to the deepening
of knowledge in the field of cultivation of field crops, using different farming systems in different
climatic conditions. The analysis of the obtained data confirmed the possibility of refusing to
tillage the soil in case of respecting the entire agricultural system, based on crop rotation, the use
of plant residues and organic fertilizers etc. Experimental data allow the promotion of the
conservative farming system by respecting a sustainable and resilient management of the
chernozem soil.

Applicative value: the results obtained within the framework of the research carried out
on the Conservation Agriculture System (SCA) represent an essential pillar in the transition
towards sustainable agricultural practices. By adopting the conservation farming system to site -
specific local conditions, these results serve as a solid basis for educating and informing farmers,
students and scientific workers in order to make the transition to a sustainable farming system

adapted to the current challenges of agriculture.
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