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Abstract. Soil is one of the natural reservoirs of the carbon biogeochemical 
cycle, incorporating approximately 6000 billion tons of carbon. Given that with 
the industrial development more and more carbon is emitted into the atmosphere, 
solutions, technologies and methods are being sought to reduce this carbon or, 
where appropriate, it is not eliminated into the atmosphere. The purpose of this 
paper is to study and identify the simplest methods to be applied in agriculture, 
for soil processing, by identifying the techniques, technologies and equipment to 
achieve this without turning the furrow, so that the carbon incorporated in the 
soil by plants remains sequestered there. 

1 Introduction 

The effects of climate change have had effects in all areas of industry. On this subject, in 
2015, the “4 per 1.000 initiative: soils for food security and climate  it was achievable with 
the aim of sequestering the organic carbon of the soil. It had the main objectives: reducing 
climate change, improving food security and adapting globally to climate change. Also, the 
Paris Agreement to request the reduction the global warming below 2°C. [1, 2].  
The conclusion is that rapid decomposition is due to soil works which is also the main 
cause of short-term CO2 emissions. Being introduced by tillagesoil organic matter damage 
is determined by both soil moisture and temperature, also the dimensions of quality and 
quantity of organic carbon in the soil [3, 5]. Nevertheless, Research colleagues have 
invented higher NT emissions compared to the revised batches distributed to the 
decomposition of the oldest surface residues [5, 6]. Also, recently, some researchers 
reached the conclusion that  reduction of CO2 emissions after the seeding process [7] of the 
no-till emission. The researchers used time emissions and exponential delimitation over 
time as a significance for estimating soil CO2 emissions. 
There are a variety of methods which can be used in order to determine the carbon stocks in 
the aboveground biomass [8-10]. Even though botth contact field measurements and 
contactless measurement use remote sensing, the Contact measurement methods are costly 
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and time consuming, but the results are more accurate. Therefore, for large areas, the 
contact methods are almost unusable [11-14]. Conservation soil use (i.e. no-fill, minimum 
tillage) has had a positive impact in the areas of food security, biodiversity and water 
quality. the recommendation to improve the stocks of organic carbon (SOC) and total 
nitrogen (STN) in the soil, and even though the results were mainly reported to be 
encouraging with a warm climate, with rain crops and low percentage of fertilization with 
N, it represents an improvement in our efforts to conservate the environment [15]. 
For instance, in the United States, only 12 percent of total carbon dioxide emissions from 
the energy, transportation and industrial sectors are cloistered by the forest and croplands of 
the territory. Figure 1,  transposed from the EPA, exemplifies processes in various forms by 
which trees and soils gain or lose carbon [16-18]. 
 

 

Fig. 1. Carbon pools in forestry and agriculture [18] 

The already mentioned “4‰ initiative: Soils for food security and climate” from 2015 - 
Paris, is based on the premise that achieving food security and combating climate change 
are complementary. Therefore, its aim is to ensure that agriculture forwards solutions to 
combat the climate change [19], one of them being the increase of the soil carbon pool to 
offset national greenhouse gas emissions from fossil fuel combustion. The initiative also 
implies a voluntary action plan under the Lima Paris Agenda for Action (LPAA), and is 
backed up by a strong and ambitious research program [20]. 
Currently, all industrial carbon sequestration projects are evaluated using the Life Cycle 
Analysis (LCA) methodology, which takes into account the environmental impact of land 
use, even if carbon sequestration is not done in soil. However, carbon sequestration in the 
soil probably offers the chance for the greatest technological and environmental revolution 
ever [21]. Globally, the carbon content is about twice as high in the soil as in the 
atmosphere and three times as high as in the vegetation. Europe's soils are a huge reservoir 
of carbon, containing about 75 billion tons of organic carbon. When organic matter is 
formed, CO2 is taken up from the atmosphere; reversely, when the organic matter in the soil 
decomposes, it releases carbon dioxide (CO2) into the atmosphere [21].  
The potential for carbon sequestration in the soil is mainly verified by pedological factors 
that specify the maximum physico-chemical limit for carbon storage in the soil. Amongst 
the major factors (Fig. 2), we can use together the texture of the soil and the clay 
mineralogy, the proportion of coarse fragments, the depth, the bulk density [21]. 
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Fig. 2. Factors affecting soil carbon sequestration 

The carbon sequencing obtained was defined by several factors that will determine the 
carbon intake in the soil system. One of the leading factor is  change in photosynthesis rate 
minus autotrophic respiration (NPP) Practices used to manage land that increase carbon 
sequestration by supplementing NPPs tend to raise the level reached to be closer to the 
potential level, thus showing that a climate has direct and indirect effects over achievable 
sequestration. [23-24]. 
Compared to natural vegetation, agricultural soils contain less organic carbon in the soil 
(SOC), due to the removal of plant material as part of the crop, which itself contains 
carbon. As a result, agricultural soils have about 30-40% less SOC than soils with natural 
vegetation. Obviously, not all agricultural land could be converted back into natural 
vegetation because food must be produced, but changing agricultural practices could 
increase the amount of SOC contained in agricultural soils. This is called carbon 
sequestration in the soil, which signifies taking CO2 from the atmosphere and capturing it 
in the soil [25]. 
The agricultural practices that determine the increase of CO2 emissions from the soil are 
varied: plowing works, deforestation, drainage of organic soils / peatlands, subsistence 
agriculture that determines the depletion of fertility, overgrazing etc. In the soil 
mineralization of organic carbon is strongly dependent on temperature, therefore global 
warming can increase CO2 emissions into the atmosphere. Loosening the soil through 
agricultural work leads to losses of carbon and nitrogen from the soil due to increased 
accessibility of oxygen needed to break down organic matter and respiration, thus 
increasing the release of CO2. The application of conservation works leads to an 
accumulation of carbon and organic matter in agricultural [26].  
Recommended measures include: the transition to no-tillage management system; if an 
agricultural work is required, it is recommended to avoid autumn works and wait until 
spring; reducing the number of crossings of agricultural machinery on the soil, the use of 
chisel and discs only in the upper layer of the soil; the operation of agricultural equipment 
at lower speed [26]. 
The decomposition rate increases with temperature and decreases with increasingly 
anaerobic conditions. The dynamics of SOC pool are with a strong influence on soil 
management practices  and which are dependent on the balance between the input carbon 
(C) and the output by different methodss [23-24]. 
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2 Research Methods 

The agricultural practices that determine the increase of CO2 emissions from the soil are 
varied: plowing works, deforestation, drainage of organic soils / peatlands, subsistence 
agriculture that determines the depletion of fertility, overgrazing, etc. The method of 
mineralization of organic carbon in the soil is strongly dependent on temperature, therefore 
global warming can increase CO2 emissions into the atmosphere. 
Soil temperature measurement (if the no-tillage system will be applied on 76% of the arable 
land), is done by installing temperature sensors, the simplest of which can be made from a 
junction of two metals with different properties (for example a nickel-constant 
thermocouple). Thus, it should be noted that Figaro type oxygen sensors generate a voltage 
of the order of millivolts, so the accuracy of reading the datalogger must be greater than 
one tenth of a millivolt, and for thermocouples an accuracy of hundreds of mV is needed 
[27, 28]. 
Figure 3 shows a system with three sets of sensors, at three different depths (4, 8 and 22 
cm). The number of sensor sets and their depths can be chosen depending on the purpose of 
the study, the specific conditions of moisture, temperature, vegetation and the limitation 
due to the physical dimensions of the sensors. Thus, for the strict determination of the flow 
at the soil surface, a set of sensors is sufficient, located at a depth between 7 and 10 cm, the 
concentration gradient considered in this case being the one between the surface, where the 
concentration of CO2, respectively O2, can be considered constant and measurement depth, 
where the concentration will be recorded by direct measurement [28]. 

 

    

Fig. 3. Overview and section of the monitoring system of CO2, O2, moisture and 
temperature in the soil, based on the gradient method [28] 

In order to achieve higher aggregate breakdown and smaller soil aggregate sizes, three 
optional passes of the rotary tiller have been used and the work to be cultivated has been 
carried out by means of a tractor having an engine power of 77,3 kW,  which had a speed 
of movement before 3.5 km h - 1 and a rotary tipper with 2.5 km h - 1. Prior to the works, 
the batches without traces of culture residues were removed. Two days before, the residues 
had been on the surface of the soil since the harvest period The vast majority of residues 
were incorporated into the soil about 0.20 m long before and 0.05 m after the soil [29]. 
Two efficient methods use to determine SOC have been evaluated and compared, the 
obtained data showing interesting results.  One of the methods used is the "wet" Thurin 
method in modifying Nikitin (TN).  At the last, "dry" measurement of the SOC was 
performed using the CN analyzer (EA), was performed on 95 soil samples from 17 
sampling sites with a wide range of SOC (1-15%). The process of stealing samples from 
sites that include arable land and meadows main soil types and subtypes of Slovakia. The 
statistics processed revealed that the differences between the two methods are minimal in 
the case of a parcel of soils with the SOC content up to 3%. [30].  
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Percentage of C loss due to emission factors caused by soil or crop residues, could be easily 
summed up in accordance with the assumptions described above. Figure no. 2 presents the 
emission factors associated with the loss of C from crop residues in the second-year 
experiment. The tillage system that proved itself to cause the greatest relative loss when it 
comes  to the additional CO2-C from the residue was MP, which led to an equivalent 
decrease of approximately 3.99% of C in emissions over a short period of time [29]. 

  

 
Fig.4. The main emission factors of the soil for each of the cultivation systems that were 
analyzed (years 2008 -2009 
 
SOC sequestration in the relationship between percentage and induction organic C (Fig. 4) 
indicated that the soil under analysis was still unsaturated,  even after a period of 20 years 
of contribution of crop residues, compost or both. The data obtained that revealed the 
maintenance of the stock level of SOC, is equal to zero changes,  the amount subjected to 
the C contribution analysis in the soil was 2.04 Mg C ha−1 yr−1 (Fig. 4), which was a much 
lower percentage than Kong reported [31] (3.1 Mg C ha - 1 year - 1). It can be seen that 
after a period of 10 years of cultivation in Davis- California, in the conditions of 
Mediterranean climate, of Mandal [32] (3.41 Mg C ha - 1 year - 1) for a system of double-
cultivated rice, of 36 years, in a subtropical climate, and Majumder [33] (3.56 Mg C ha −1 
year - 1)  for a 19-year-old rice wheat system in subtropical India [34]. 
 

 
Fig. 4. SOC report after 20 years of application of inorganic fertilizers and compost [34] 
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3 Results and Discussion 

Sequestration of carbon in the soil can be achieved, in addition to adopting 
measures of a managerial and administrative nature, by using appropriate methods and 
technologies, called conservative, tillage, the most used worldwide being presented, in the 
system, in table 1. 

 
Tabel 1. Synthesis of conservative tillage technologies 

Crt. 
No. 

The technology 
used 

The work done Recommendations 
for use 

Effects of use 

1 Paraplow tillage 
technology 

It cultivates the soil 
without turning the 
furrow and 
incorporating the 
vegetal remains 
superficially 

On sloping terrain, 
on sandy soils, on 
saline terrain 

Erosion reduction, 
water conservation, 
stopping structural 
degradation and soil 
dusting 

2 Conservative 
tillage technology 
with CIZEL 

The chisel processes 
the soil to a depth of 
max. 40 cm without 
overturning the furrow, 
causing fragmentation, 
crushing and loosening 

Especially on 
sloping, saline, 
thin-walled and 
wind-eroded lands 

Reducing soil erosion, 
water conservation in 
the soil, reducing 
structural degradation 
and soil dusting. 

3 Soil scarifier 
technology 

Soil tillage at working 
depths of 0.50 ÷ 0.60 m, 
without turning the 
furrow and a superficial 
crushing 

Generally on 
heavy, heavily 
compacted soils 

Elimination of the 
impermeable layer of 
soil (hardpan), 
facilitates deep water 
infiltration 

4 Conservative 
tillage technology 
with 
multifunctional 
aggregates 

Deep loosening of the 
soil, shredding and 
leveling, preparation of 
the germination bed, in 
a single pass 

Spring or autumn, 
on stubble, on all 
types of soil 
located on sloping 
lands up to max. 6° 

Water conservation in 
the soil, reduction of 
soil compaction, 
halting the decline of 
humidified organic 
matter, structural 
degradation and soil 
dusting 

5 Narrow strip 
tillage technology 

Uncultivated tillage 
and loosening in strips 

Preparation of 
myrtle, for later 
sowing of weed 
crops 

Water conservation in 
soil, reduction of soil 
processing, stopping 
the decline of 
humidified organic 
matter 

6 Technology for 
soil compaction 
simultaneously 
with fertilization 

Compaction and partial 
tillage at the same time 
as fertilization with 
chemical fertilizers 

Stubble processing, 
for subsequent 
sowing of weed 
crops 

Decompaction, deep 
aeration of soils, 
removal of hardpan, 
improvement of soil 
permeability 

7 Technology of 
sowing and 
fertilizing weeds 
directly in the 
stubble 

Partial surface 
processing of myrtle, 
sowing and fertilizing 
of weed crops 

For sowing the 
second crop after 
straw or after 
weeding crops in 
uncultivated or 
insufficiently 
prepared soils for 
spring sowing 

Water conservation in 
the soil, reduction of 
soil processing, 
conservation of 
organic matter 
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The development of technologies for this new type of agricultural exploitation could 
be stimulated by environmental subsidies, taking into account the fact that this results in a 
reduction of the environmental pollution of the global warming type [35]. The main 
innovative technologies for sequestering carbon in the soil that were developed by INMA 
are shown in figure 5. 

 
 Fig. 5. Innovative technologies for carbon sequestration in the soil  developed by INMA 

 
The expansion, in practice, of soil conservation works differs from one country to 

another, the possibilities of mechanization are different depending on the increase of the 
capacity of tractors and agricultural machines and with the diversification of unloading, 
cultivating and sowing equipment. The technological systems of tillage have evolved a lot 
in the last decades, both in Romania and worldwide, evolution taking place both 
conceptually and in terms of extension of the conservative tillage methods.  
 
4 Conclusions 
 
At the global level, carbon management involves taking complex measures including 
actions on soil, atmosphere, water management, vegetation, resources and measures to 
combat climate change. 
The possibility of carbon sequestration is mainly dominated by pedological factors that can 
establish the maximum physico-chemical delimitation when storing carbon in the soil.  
these factors contain soil texture and clay mineralogy, depth, bulk density, aeration and 
proportion of coarse fragments. 
One of the important directions approached worldwide to reduce carbon losses and 
implicitly the measures adopted for its sequestration in the soil, is the use of methods and 
technologies for carrying out conservation work on the soil, these being mainly: no tillage; 
strip tillage, mulch tillage, rotational tillage. 4. Worldwide, a series of conservative 
technologies have been developed and used, made with the appropriate technical 
equipment, the most used being presented in table 3 of this paper. 
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