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Abstract

This study conducts a comparative evaluation of carbon farming versus conventional agricultural systems
in corn (Zea mays L.) and sunflower (Helianthus annuus L.) cultivation, examining their impacts on soil carbon
and nitrogen dynamics alongside other soil properties during the 2024-2025 growing season. Soil samples
were collected at three critical stages—vegetation onset, midseason, and harvest—to quantify total organic
carbon (TOC) and total nitrogen (TN) under each management regime.

Results reveal that carbon farming consistently and significantly enhanced TOC and TN compared
to conventional agriculture. In corn plots, carbon farming induced a progressive accumulation of both TOC
and TN, driven by increased organic matter inputs and stimulated microbial activity—trends consistent with
established organic amendment outcomes. Sunflower plots exhibited a delayed but notable increase in soil C
and N, likely reflecting the crop’s high nutrient uptake and distinct biomass turnover patterns.

Conversely, conventional management displayed stable or declining TOC and TN trends, underscoring
the adverse impacts of reliance on synthetic inputs on soil fertility . These findings highlight carbon farming’s
effectiveness in enhancing soil health by improving nutrient retention and increasing organic matter, aligning
with climate-adaptive and regenerative agriculture principles.

In summary, carbon farming presents a promising strategy for boosting soil carbon and nitrogen
stocks in cereal and oilseed production systems, offering co-benefits for soil fertility and climate mitigation. Its
implementation may advance sustainable crop production and long-term soil resilience.

Key words: carbon farming, conventional agriculture, soil organic carbon, total nitrogen, corn, sunflower,
agroecological practices, soil fertility, climate-adaptive agriculture, sustainable soil management.

INTRODUCTION
Carbon serves as a vital indicator of soil a key component of soil carbon (Merckx et al.,
health in agroecological systems, reflecting 20071; Lorenz et al., 2018; Javed et al., 2022). Its

the intricate interplay between soil organic
matter (SOM), microbial activity, and overall
soil functionality (Bienes et al., 2021; Lal et al.,
2021; Bhattacharyya et al., 2022). Monitoring
carbon levels provides insights into soil fertility,
structure, and resilience, all of which are
essential for sustainable agricultural practices
(Davis et al., 2017). SOM, primarily composed
of decomposed plant and animal material, is

presence enhances soil aggregation, leading
to improved soil structure. Well-aggregated
soils have better porosity, facilitating root
penetration and water infiltration, which
are crucial for plant growth and resilience
to droughts (Qi et al, 2022). Additionally,
improved soil structure reduces erosion and
nutrient leaching, promoting long-term soil
fertility (Bronick & Lal, 2005; Ramesh et al,
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2019). Carbon-rich soils have improved water-
holding capacity, which is vital for maintaining
crop health during dry periods (Usharani et al.,
2019). Enhanced water retention reduces the
need for frequent irrigation and helps maintain
soil moisture levels, contributing to more
resilient agricultural systems (Adhikari et al.,
2022; Song et al., 2023). Soil carbon contributes
to the formation of stable aggregates, which
protect the soil from erosion. Cover crops and
reduced tillage practices increase soil organic
matter, further enhancing soil structure and
reducing the risk of soil erosion (Triberti et
al., 2016; Nayak et al., 2019). This protection
preserves the productivity and long-term use
of agricultural land.

Agriculture accounts for nearly a quarter
of global greenhouse gas emissions, primarily
through methane (CH,) and nitrous oxide
(N,O) emissions, as well as soil carbon losses
(Acharya et al., 2022). Conversely, sustainable
agricultural practices such as no-till farming,
cover cropping, and agroforestry can sequester
significant amounts of carbon in soils and
biomass (Meena et al., 2020; Nicoloso & Rice,
2021). To effectively mitigate climate change, it
is imperative to establish reliable benchmarks
for carbon sequestration in agricultural systems.
Several findings indicate that carbon farming
practices lead to higher SOC levels compared
to conventional methods. For instance, a meta-
analysis of cover crop responsesin corn systems
revealed an average SOC increase of 7.3 %
(Joshi et al., 2023). Similarly, studies in Brazil
showed that no-tillage systems combined with
cover crops resulted in higher carbon stocks
and increased maize yields (Besen et al., 2024).
The increased SOC in carbon farming systems
can enhance soil fertility, water retention, and
enhance resiliencies to extreme weather events.
However, the effectiveness of these practices
can vary based on factors such as soil type,
climate, and management techniques (Paustian
et al,, 2019; Coonan et al., 2020; Dupla et al,,
2024). Further research is needed to optimize
these ‘practices for different agricultural
contexts. Adopting carbon farming practices in
corn and sunflower cultivation can significantly
contribute to soil carbon sequestration and
promote sustainable agriculture (Andries
et al., 2021). While challenges remain, the
potential benefits underscore the importance
of integrating these practices into mainstream

farming systems.

Historically, the Green Revolution
introduced  high-yielding  varieties and
intensive input use, significantly boosting
cereals production (Khush, 1999; Pingali,
2017). However, these methods often led to
environmental concerns, including soil erosion,
nutrient depletion, and increased greenhouse
gas emissions. Consequently, contemporary
agricultural research emphasizes integrated
approaches that balance productivity with
environmental stewardship.  Key strategies
for improving corn farming encompass: 1)
Crop rotation and intercropping including
implementing diverse « cropping systems,
such as maize-legume rotations, enhances
soil fertility and reduces pest pressures; 2)
Conservation tillage: adopting no-till practices
preserves soil structure, mitigates erosion, and
sequesters carbon; 3) Nutrient management
with optimizing fertilizer application, including
the use of green ammonia, reduces emissions
and improves nutrient use efficiency; 4)
Biological " control and integrated pest
management utilizinging biopesticides and
IPM. strategies curtails reliance on chemical
inputs and promotes ecological balance. These
practices not only bolster corn yields but also
contribute to environmental sustainability
(Nsabiyeze et al., 2024).

Establishing robust benchmarks for
carbon sequestration in agriculture is crucial for
evaluating the effectiveness of carbon farming
practices and achieving climate mitigation
goals. By integrating diverse methodologies
and addressing existing uncertainties, the
proposed framework offers a pathway towards
reliable and scalable carbon quantification in
agricultural systems (Avasiloaie et al., 2023).
Monitoring and enhancing soil carbon levels
are fundamental for assessing and improving
soil health in agroecological systems (Oldfield
et al., 2022). Practices that increase soil organic
matter, such as agroforestry, cover cropping,
and reduced tillage, not only sequester carbon
but also bolster soil structure, fertility, and
resilience (Rumpel et al, 2020; Smith et al,
2020; Tiefenbacher et al., 2021; Kyriakarakos
et al., 2024). These benefits emphasize the
significance of carbon as a central indicator
of soil health and a fundamental element of
sustainable agriculture.
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MATERIAL AND METHODS

Field activity overview

In 2024, a series of field activities were
undertaken to assess the effectiveness of
differentagricultural practiceson soil healthand
carbon sequestration. The experimental setups
included corn and sunflower crops. The field for
each crop was divided into two sub-plots (0.25
hectares for conventional production and 0.25
hectares for carbon farming). Conventional
corn production involved sowing it as a sole
crop. The carbon farming plot used the sowing
of beans between corn rows as an intercrop for

A2 (Corn + Beans):This intercropping system
aimed to enhance biodiversity and soil nutrient
cycling. Regular irrigation was implemented to
support early growth.

A3 (Corn): Conventional corn cultivation
was practiced, focusing on standard agronomic
practices. Irrigation was applied as needed to
maintain optimal growth conditions.

A4 (Sunflower): Sunflower seeds were sown,

Throughout this period, soil maisture levels
were monitored, and necessary adjustments to
irrigation schedules were made to accommodate
the varying water requirements of each system.
By August, all crops had reached full growth
and midpoint assessments of soil agrochemical
properties and carbon footprint estimates were
conducted. After harvesting all crops in October,

A2 (Corn + Beans): Harvesting was
performed for both cornand beans. Immediately
after harvest, in October 2024, post-harvest
residues were plowed, and in May 2025, soil
samples were collected to analyze the impact of
intercropping on soil carbon content.

A3 (Corn): Corn was harvested following
standard procedures. After harvest, in October
2024, the post-harvest residues were plowed,
and in May 2025, soil sampling was conducted
to assess the effects of conventional practices on
soil health.

A4 (Sunflower): Sunflowers were harvested,
and after harvest in October 2024, post-harvest
residues were plowed into the soil, and in May
2025, soil samples were taken to evaluate the
influence of monoculture on soil properties.

A5 (Sunflower + Cover Crop): The
sunflowers were harvested according to
standard procedures and post-harvest residues

natural nitrogen fixation. The sowing of corn,
beans and sunflower, in both conventional
and carbon production, was carried out on
12.04.2024. On sunflower plots, conventional
production used sowing sunflower as a sole
crop. For the carbon farming plot, sunflower
sowing was carried out with the application
of a cover crop. Before sowing and after the
emergence of the sunflower, a biostimulator
was applied using a drone.

with attention to spacing and depth to ensure
uniform <emergence. lIrrigation was carefully
managed to promote optimal plant growth and
development.

A5 (Sunflower + Cover Crop): Sunflower
planting was complemented with a cover crop
(winter barley), to enhance soil organic matter
and prevent erosion. drrigation practices were
adjusted to supportboth crops effectively.

post-harvest residues were ploughed into the
soil. The sunflower carbon production plot was
sown with winter barley as a cover crop on
20.11.2024 and the winter barley was plowed
into the soil on 26.03.2025, at the booting stage.
Final assessments were conducted in May 2025.

were immediately plowed into the soil. The cover
crop was sown on 20.11.2024, and incorporated
into the soil on 26.03.2025. Soil samples were
collected in May 2025, to determine the benefits
of cover cropping on soil organic matter and
carbon sequestration.

Soil samples were collected from multiple
representative sites under agricultural land
use. Sampling followed a stratified approach,
accounting for variables such as crop type,
fertilizer application history, inclusion of
intercrops, cover crops and soil texture. At each
site, composite samples were taken from the
top 0-20 cm layer using a soil auger and stored
in labeled polyethylene bags for laboratory
analysis.
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Table 1. General overview of the applied cultivation practices.

. Start-point Mid-point End-point
Setup Crop(s) Practicetype | aoril, 2024) | (August, 2024) | (May 2025)
. - Residue
A2 Corn + Beans | Carbon Farming Soyvmg & . Fer't|I|zer management,
Irrigation (biostimulator)
Intercrop
A3 Corn Conventional Soyvmg & Fertlllzer e sidue
Irrigation (mineral) management
A4 Sunflower Conventional So.wm.g & Fertlllzer Residue
Irrigation (mineral) management
Sunflower + . Sowing & Fertilizer Residue
A5 Carbon Farming L N management,
Cover Crop Irrigation (biostimulator)
cover crop

Figure 1. Field setup for the experiments: A2 (Corn + Beans) — Carbon farming; A3 (Corn) -
Conventional; A4 (Sunflower) - Conventional; A5 (Sunflower + Cover Crop) — Carbon farming.

Agrochemical soil characterization

Agrochemical determination of soil
typically outlines the procedures used to
analyze key soil parameters related to fertility.
To assess the agrochemical properties of the
soil, a series of standardized laboratory analyses
were conducted. Each soil sample was air-dried,
ground, and passed through a 2 mm sieve prior
to testing.

Soil pH and electrical conductivity
(EC) were determined using aqueous soil
suspensions. For pH measurement, a 1:2.5 soil-
to-water ratio (weight/volume) was prepared
and allowed to equilibrate before being
analyzed with a calibrated digital pH meter.
For EC, a separate suspension was made using
a 1:5 soil-to-water ratio and measured using a

conductivity meter to evaluate the soluble salt
content of the soil.

Organic matter content was estimated
using the Walkley-Black method, which involves
the oxidation of organic carbon by potassium
dichromate in the presence of sulfuric acid.
The unreacted dichromate was then titrated
to determine the amount of oxidized carbon,
which was used to calculate the organic matter
percentage.

Total nitrogen (N) content in the soil
was determined by the Kjeldahl method. This
procedure includes the digestion of the soil
sample with concentrated sulfuric acid in
the presence of a catalyst to convert organic
nitrogen into ammonium. The digest was
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then subjected to alkaline distillation, and the
released ammonia was trapped and quantified
through titration.

Available phosphorus (P) was measured
based on soil reaction type. The Olsen method
was applied for neutral to alkaline soils,
utilizing a sodium bicarbonate extractant.
For acidic soils, the Bray-1 method was used.
In both methods, the phosphorus in the
extract was quantified colorimetrically using a
spectrophotometer, based on the formation of
a phosphomolybdenum blue complex.

Soil carbon analysis - comparative validation

Soil organic matter was quantified using
both the traditional Walkley-Black (WB) method
and a modified spectrophotometric variant to
improve sensitivity and analytical precision.

The Walkley-Black method is a classical
wet oxidation technique that estimates soil
organic carbon through chemical oxidation
(Balabanovaetal.,2024).Inthismethod,aknown
amount of finely ground soil was treated with
an excess of potassium dichromate (K,Cr,0;)
solution and concentrated sulfuricacid (H,SO,).
The exothermic reaction generates sufficient
heat to oxidize the organic carbon present in
the soil sample. After a reaction period, the
remaining unreacted dichromate was titrated
with ferrous sulfate solution. The amount of
dichromate reduced during the reaction is
stoichiometrically related to the amount of
oxidized organic carbon, which is then used to
calculate organic matter content.

To improve sensitivity and detection,
especially in soils with low organic content,

Data collection and model application

To comprehensively evaluate the
agrochemical profile of the soil and its
associated environmental impact, a structured
approach combining field data collection with
model-based analysis was adopted. The study
focused on characterizing key soil agrochemical
parameters and estimating the carbon footprint
resulting from agricultural inputs and practices.
Integrating chemical characterization of soil

Exchangeable  potassium  (K)  was
extracted from the soil using 1M ammonium
acetate solution. The potassium content in
the extract was then quantified using either
flame photometry or atomic absorption
spectrophotometry (AAS), depending on the
available instrumentation.

These methods collectively provided
key insights into the fertility and chemical
status of the soils under study, contributing
to a comprehensive understanding of their
suitability for agricultural use.

the Modified Walkley and Black method
was also employed. This variation follows
the same principle of dichromate oxidation
but replaces the  titrimetric endpoint with
spectrophotometric detection. After the
oxidation reaction, the resulting chromate
solution « is analyzed® using a UV-Vis
spectrophotometer, typically at a wavelength
around 600 nm; corresponding to the
absorbance of ‘the Cr’X complex formed.
This modification allows for more precise
quantification of organic carbon, particularly in
samples with low or variable organic matter, by
reducing operator subjectivity and enhancing
sensitivity.

By applying both methods, a comparative
analysis of the accuracy and efficiency of
classical versus modern detection techniques
was achieved, ensuring robustness and
reliability in the determination of soil organic
matter.

with carbon footprint analysis, this approach
provided a holistic view of both soil fertility and
the environmental sustainability of agricultural
practices, guiding more efficient and climate-
conscious land management decisions. The
key components included: Soil carbon fluxes,
influenced by organic matter levels and land
management practices.

RESULTS AND DISCUSSION
Climate variables such as temperature and decomposition, potentially reducing SOC levels,

precipitation significantly affect SOC dynamics.
Warmer temperatures accelerate organic matter

while increased precipitation can enhance plant
growth and organic matter input, promoting
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SOC accumulation. These climatic factors
interact with soil properties to influence overall
soil health and carbon storage capacity. The
field experiment aimed to compare the impacts
of conventional farming and carbon farming
practices on soil health and environmental

Agrochemical analysis outputs

The analysis of soil agrochemical
parameters, specifically pH (KCl), pH (H,0), total
nitrogen (N), available phosphorus (P,Os), and
potassium (K,0), provided valuable insight
into the impact of carbon farming practices
compared to conventional agriculture for corn
and sunflower cultivation during the 2024-2025
growing season. Measurements were taken at
three key stages: the start of the experiment
(April, 2024), mid-point (August, 2024), and end-
point (May, 2025), allowing for a comparative
temporal and treatment-based assessment.

Across both crops, soils managed under
carbon farming practices showed notable trends
in terms of nutrient retention and soil quality
stabilization. For corn, carbon farming plots
exhibited a gradual increase or maintenance
of total nitrogen levels, in contrast to the
more fluctuating and sometimes declining
trends observed under conventional practices.
This suggests that the application of organic
amendments commonly associated with carbon
farming may enhance nitrogen preservation
through improved microbial activity and reduced
leaching.

Phosphorus (P,0O;) and potassium (K,0)
levels were generally higher or more stable
in carbon farming systems over both years. In
contrast, conventional plots showed greater
year-to-year variability, likely due to standard
fertilization regimes combined with increased
nutrient runoff and lower organic matter
retention. These findings are consistent with
other studies emphasizing the nutrient buffering
capacity of carbon-enriched soils.

Soil pH values remained within optimal
agronomic ranges in all plots; however, a slight
acidification trend was observed in conventional
systems, particularly in sunflower cultivation,
as reflected in decreasing pH (KCl) values from
2024 to 2025. This could be attributed to the
continuous application of mineral fertilizers,
which are known to gradually lower soil pH. In
contrast, carbon farming plots maintained more
stable pH values, suggesting a buffering effect

performance, specifically for corn (Zea mays)
and sunflower (Helianthus annuus) cultivation.
The comparison was structured around two
key analytical dimensions: soil agrochemical
properties and carbon footprint assessments:

from increased organic matter contentand lower
synthetic input intensity.

For sunflower, similar patterns were
observed, with carbon farming systems
showing a consistent or improved soil nutrient
profile over time, particularly in nitrogen and
potassium content. Notably, the mid-point
measurements in 2024 captured an increase
in nutrient availability in carbon farming plots,
possibly reflecting. cumulative improvements in
soil structure and biological activity as a result of
sustainable practices such as organic fertilization
and the introduction of intercropping.

Total nitrogen (N) is a critical indicator of soil
fertility, directly influencing plant growth and
productivity. The monitoring of total nitrogen
levels over the vegetation period under different
agricultural management practices, carbon
farming versus conventional farming, in corn and
sunflower cropping systems provides important
insight into how farming practices impact long-
term soil nutrient dynamics and sustainability.
At the start point of the measurement period,
nitrogen content across both carbon farming
and conventional plots was comparable,
reflecting similar baseline soil fertility levels.
However, divergent trends emerged over time.
In the carbon farming plots, total nitrogen
content showed a gradual increase or remained
stable between mid-point and end-point of
measurements. This trend can be attributed
to the incorporation of organic matter and
improved microbial activity, all of which promote
nitrogen mineralization and retention in the root
zone (Figures 2a and 2b).

By contrast, in conventional corn plots,
nitrogen levels exhibited a declining trend,
especially between the mid-point (2024) and
end-point (2025) measurements. The decrease
is likely due to the use of synthetic nitrogen
fertilizers, which may lead to higher rates of
nitrogen leaching or volatilization in the absence
of sufficient organic matter to retain and buffer
nutrients.
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Table 2. Overall agrochemical soil characteristics.

it:i':t- PH(KCI) PH(H20) (mSEl(;m) Tr‘:lt;llgN (mgPl21(())f)g) (mg;(/l;gOg) SOM (%)

A2 7.56 8.43 0.53 115 209 57.4 7.93

A3 7.66 8.43 0.50 136 4738 713 7,59

A4 7.54 8.45 051 119 40.4 51.8 7.12

A5 755 8.46 051 134 335 472 7.02
Mid-point | pH(KCI) | pH(H20) (msE/ccm) {:;/'g'\)' (m:/z%ig) (m:ﬁgog) SOM (%)

A2 8.55 7.74 0.54 131 4159 99.64 1.95

A3 8.63 7.78 0.41 0.79 37.13 80.09 194

A4 8.57 7.76 0.46 0.82 39.39 68.82 1.71

As 8.51 775 0.65 0.93 39.98 69.57 1.56
End-point | pH(KC) | pH(H20) (m:/im) {:‘t;/'g': (mgP/21%ig) (m:ﬁgog) SOM (%)

A2 8.71 7.81 0.50 1.03 39.27 73.63 242

A3 8.79 7.85 0.45 0.86 39.08 67.85 232

A4 8.68 7.81 0.44 137 40.11 7218 1.96

A5 8.77 7.79 0.43 1.77 48.88 73.19 2.05

In the sunflower plots, a similar pattern was
observed. Carbon farming systems maintained
relatively stable or slightly increasing total
nitrogen content over the two-year period.
The application of regenerative practices,
such as the introduction of cover crops and
organic inputs, likely contributed to enhanced
nitrogen conservation, consistent with carbon
sequestration goals. Conversely, conventional
sunflower fields showed a more pronounced
decrease in total nitrogen, particularly in

mid-point assessments. This decline may be
exacerbated by sunflower’s relatively high
nitrogendemandduringflowering (Reproductive
stage R5, according to the system of phenological
phases according to Schneiter and Miller 1981),
and - seed formation R6 (anthesis complete),
which, under conventional systems, may not
be replenished adequately through mineral
fertilization alone. The absence of organic matter
recycling and microbial support mechanisms
further limits nitrogen retention.
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Total N (mg/g)

Start-point

Mid-point

End-point

mCormn CF mComn

Figure 2a. Nitrogen content in soil, along the vegetation period Carbon farming vs. conventional

practices (corn case study), CF — carbon farming.

Total N (mg/g)

Start-point

I K

Mid-point

End-point

m Sunflower CF  m Sunflower

Figure 2b. Nitrogen contentin soil, along the vegetation period Carbon farming vs. conventional
practices (sunflower case study), CF - carbon farming.

The comparative trends clearly indicate
that carbon farming practices are more effective
in maintaining or improving soil nitrogen levels
over time, compared to conventional systems
that tend to deplete nitrogen reserves. The long-
term retention of nitrogen in carbon farming
systems is critical not only for maintaining
crop yields but also for enhancing soil health,
promoting microbial biodiversity, and reducing
environmental impacts such as nitrate leaching

Carbon footprint and soil carbon measurements

Organic matter is the primary reservoir of
soil organic carbon (SOC), and its accumulation
is directly linked to the potential of soil to
function as along-term carbon sink. In this study,
the temporal dynamics of OM were monitored
across corn and sunflower systems under both

into groundwater. These findings underscore the
importance of integrating organic matter inputs
and conservation management techniques in
nitrogen-sensitive cropping systems such as
corn and sunflower. Sustained improvements in
total nitrogen under carbon farming contribute
to the broader goals of increasing the level of
agroecosystem resilience and climate-smart
agriculture.

carbon farming and conventional practices
from start-point to end-point of measurement,
providing valuable insight into the processes
of soil carbon stabilization and loss. In the corn
plots managed under carbon farming, total
organic matter showed a steady increasing
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trend across all three measurement points. This
increase is a clear indication of successful carbon
sequestration. The application of intercropping,
cover crop and organic soil amendments
contributed to the accumulation of plant

residues and microbial biomass in the upper soil
layers. These inputs not only directly add organic
carbon but also foster a microenvironment that
enhances humus formation and slows down
organic matter decomposition.

Total organic matter (%)

3

CORN CF CORN

m Start-point

SUNFLOWER CF
= Mid-point = End-point

SUNFLOWER

Q2

A

Figure 3. Total organic matter in experimental fields, carbon farmingvs. conventional farming,

CF - carbon farming.

In the plots under carbon farming, total
organic matter initially decreased from April
2024 to August 2024, but then increased by the
2025 end-point (Figure 3). This initial decline
could be attributed to several crop-specific and
management-related factors. Sunflower is known
for its deep rooting system and high nutrient
demand, especially nitrogen‘and potassium,
which can deplete the organic matter pool in the
early growth stages. Additionally, decomposition
of previously applied organic materials or
transition from conventional to regenerative
practices may result in a temporary imbalance
between organic matter inputs and microbial
decomposition rates.

By 2025, the observed increase in organic
matter under carbon farming can be linked to
improved soil structure and higher biomass
return to the soil after harvest. The cumulative
effect of residue retention and microbial activity
leads to better humification of organic inputs,
allowing the soil to recover and sequester more
carbon over time.

In conventional plots, the organic matter
trend remained flat or slightly declining,
indicating limited capacity for carbon
accumulation. The absence of systemic organic
inputs and soil conservation practices hampers

the replenishment of soil carbon, especially
after high-demand crops like sunflower. The
findings from both crop systems show a strong
positive correlation between total organic
matter and carbon sequestration potential. In
carbon farming systems, increased TOM reflects
enhanced biological activity, greater biomass
input, and improved physical conditions that
favor long-term carbon storage. Conversely,
conventional practices tend to either deplete
or stagnate organic matter levels, limiting
the soil’s ability to sequester carbon. As the
primary component of soil organic matter,
TOC is directly linked to soil fertility, microbial
activity, and carbon sequestration potential.
TOC was measured across corn and sunflower
plots managed under both carbon farming and
conventional practices. The temporal trends
reveal important distinctions between the two
management systems and their impact on
carbon dynamics in agricultural soils. In corn
plots managed with carbon farming practices,
TOC levels showed a consistent and significant
increase in 2024 and remained elevated through
2025. This trend reflects the cumulative benefits
of regenerative practices such as organic
residue incorporation, intercropping and cover
cropping, all of which contribute to both the
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addition and stabilization of organic carbon in
the soil. Enhanced soil aggregation and microbial
biomass formation under these systems likely
contributed to the retention of newly added
carbon, leading to a steady buildup of TOC. In
contrast, conventional corn plots demonstrated
either minimal increases or stagnant TOC levels,
with minor fluctuations over the two years. This

stagnation can be attributed to low organic input
levels, and the reliance on synthetic fertilizers,
which do not contribute organic carbon and
may accelerate the mineralization of existing
soil organic matter. As a result, the soil under
conventional management exhibits limited
capacity to sequester carbon in the long term.

Organic Carbon %

1,80

Start-point

mCormn CF mComn

1,60 ==

1,40 b

1,20 =

1,00 ‘
0,80 A

0,60 =5

0,40 S

0,20 0

0,00

Mid-point

End-point

- 4

Figure 4. Total organic carbon for pilot corn cultivation, CF — carbon farming.

In sunflower plots under carbon farming,
TOC levels also increased in 2024, and remained
elevated in 2025, though the magnitude of
change was slightly more gradual compared
to corn. This pattern may be explained by
the higher nutrient and carbon demands of
sunflower, which can slow initial organic carbon
accumulation, particularly in'soils transitioning
from conventional to regenerative practices.
However, as the carbon farming system matures
and'stabilizes, the rate of carbon input from plant

residues and microbial activity begins to exceed
decomposition rates, leading to a net increase in
TOC. On the other hand, conventional sunflower
plots exhibited relatively static TOC levels
with no significant upward trend. The absence
of organic amendments and the lack of soil
conservation practices reduce the opportunity
for carbon input and stabilization, highlighting
the limitations of conventional management in
supporting carbon sequestration, particularly for
high-demand crops like sunflower.

Organic Carbon %

14

12

00

[=)]

s

[

Start-point

Mid-point

1
0,
0,
0,
0,

0

End-point

m Sunflower CF ® Sunflower

Figure 5. Total organic carbon for pilot sunflower cultivation, CF — carbon farming.
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The experimental findings clearly
demonstrate that carbon farming practices
enhance total organic carbon content in
agricultural soils for both corn and sunflower
systems. The sustained increase in TOC over the
two-year period under carbon farming reflects
the effectiveness of these systems in promoting
carbon storage, improving soil resilience, and
mitigating climate change impacts. Importantly,
the maintenance of elevated TOC levels at the
end of the study (2025) suggests that carbon
farming not only boosts carbon input but also
creates the conditions necessary for long-

term carbon stabilization, including increased
microbial activity, better aggregation, and
reduced soil erosion. These findings are in
agreement with extensive literature that
underscores the pivotal role of organic carbon
in sustainable soil management. The distinction
between the steady carbon gains in carbon
farming and the stagnation in conventional
systems underscores the need for widespread
adoption of regenerative practices to enhance
carbon sequestration and overall soil quality in
intensive cropping systems.

CONCLUDING REMARKS

This study demonstrates the substantial
benefits of carbon farming practices over
conventional systems in enhancing soil health,
improving agrochemical properties, and
increasing carbon sequestration in corn and
sunflower cropping systems. Over the 2024-
2025 growing seasons, soils under carbon
farming management exhibited more stable
and favorable trends in total nitrogen, available
phosphorus, and potassium content, alongside
improved pH buffering capacity. In terms of
carbon dynamics, carbon farming significantly
increased total organic matter (TOM) and total
organic carbon (TOC) across both crop systems.
The observed gainsin TOC reflect the cumulative
effect of enhanced biomass input, improved soil
structure, and greater microbial activity under
regenerative management: Notably, while TOC
and TOM levels in conventional plots remained
staticor declined, carbon farming plots showed
sustained and measurable increases, indicating
a superior capacity for long-term carbon storage
and soil resilience.

The evidence from this field experiment
underscores the crucial role of carbon farming

in advancing climate-smart agriculture. By
promoting nutrient stability, enhancing
soil organic carbon stocks, and reducing
environmental degradation, carbon farming
practices offer a viable pathway to more
sustainable and resilient agroecosystems.
The findings support the broader adoption
of regenerative techniques to mitigate soil
degradation, support food security, and
contribute meaningfully to climate change
mitigation through agricultural carbon
sequestration.

Overall, the results demonstrate that
carbon farming has the potential to enhance
soil fertility and stability over time, compared to
conventional agriculture. The ability to maintain
or improve agrochemical soil parameters over
multiple growing seasons suggests not only
environmental benefits but also agronomic
sustainability. These findings highlight the
critical importance of long-term soil monitoring
for assessing the effectiveness of regenerative
agricultural practices, especially within the
framework of climate-smart and carbon-
sequestering strategies.
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How to measure, report and verify soil carbon

KOMNAPATUBHA CTYAUJA HA NPAKTUKW 3A JATJIEPOAHO U KOHBEHLIMOHAJIHO OATNEAYBAE
HA MYEHKA 1 COHYOIMNEA: CTYAUJA HA CZTYYAJ BO CEBEPHA MAKEALOHWJA

BumaHa bana6anosa', Bepnua Ununesa', Cawa Mutpes’, Bnaroja Mykanos?,
Mapwvo MertkoBcku?, JoBaHa MunocasmeBa?
Bemjogesncku hakyniliet, YHusepsuitied ,foue [enyes’, ,Kpcitie Mucupkos” 10-A, 2000 LLITiud, Pedy6uxa
CesepHa MakegoHuja
’AeQyttypa TexHonoauu, ,OpaHknuH Pyzeentt” 6/2-33, 1000 Ckonje, Peliy6nuka CesepHa MakegoHuja

*KoHwak astuop: biljana.balabanova@ugd.edu.mk

Pesume

OBaa cTyavja npeTcTaByBa copenbeHa eBanyalja Ha jarnepofHOTO 3eMjoAeNICTBO M KOHBEHLMOHANTHMTE
arpoeKOoNoLWKN CUCTEMU NPU OArNedyBate Ha NUYeHKa (Zea mays L.) n coHuornep (Helianthus annuus L.), co
$OKyC Ha HMBHOTO BfMjaHUE BP3 jariepofHaTa 1 a3oTHaTa AMHaMUKa BO MOYBaTa, Kako 1 BP3 APYry MOYBEHN
KapaKTepuCTVKM BO nepuogoT 2024-2025. MNouseHn npumepoLun 6ea 3eMaHn Ha NMOYEeTOKOT, Ha cpefnHaTa 1
Ha KpajoT oA cTyanjaTa, Co Len Aa Ce NpoLeHn BKymnHaTa opraHcka matepuja (TOC) n BkynHuoT a3oT (TN) nog
pasnMyYyHM CUCTEMM Ha yrpaByBahbe.

PesynTtatute nokarkaa fJOCNeAHO 1 3HaYajHO 3rofieMyBatbe Ha COAPPKUHATa Ha jarnepon 1 a3oT BO MoYBUTe
TpeTupaHn CNOPeA NPUHLMNUTE Ha jarnepoaHO 3eMjOAeNCTBO, BO cropenba co OHMe Mo KOHBEHLMOHANHO
yrnpaByBatbe. Kaj MyeHKaTa, jarnepofHOTO 3eMjoAencTBo AoBefe A0 NPorpecnBHO akymynmparbe Ha TOCn TN,
LITO ce MPUMKLLYBa Ha BHECOT Ha OpraHcka MaTepuja 1 3acuneHaTa MUKPOOHa akTUBHOCT. Kaj coHuornegot
ncTo Taka belle 3abenexxaHo sronemyBate Ha TOC 1 TN, nako co oanoxeHa peakuuja, HajaepojaTHO nopaau
MOBVICOKMTE HYTPUTUBHIM NOTPEOU Ha KynTypaTa 1 NOrofieMoTo BpaKkake Ha b1Momaca Bo noysaTa.

HacnpoTtu Toa, KOHBEHLMOHANHNTE CUCTEMM MOKaxaa CTarHaumja nim Hamanysare Ha TOC n TN, wto
rM NOTEHWMpPa OrpaHMyyBakbaTa Ha 3aBUCHOCTa Off CUHTETMYKM FyOpriBa 3a Ofp)KyBarbe Ha AOSIrOpoYHaTa
NnoAHOCT Ha noysata. OBMe HaoAW ro HarnacyBaaT MOTEHLMjanoT Ha jarfepofHOTO 3eMjofencTBO Kako
ofpXnMBa CTpaTervja 3a nojobpyBarbe Ha 3[paBjeTo Ha nousaTa, 3rofieMyBakbe Ha 3aApXKyBarbeTo Ha
XPaHANBU MaTepU 1 NMPUAOHECYBake KOH KIUMATCKM MPUarofnBo 3eMjogencTBo BO NPOU3BOACTBOTO Ha
XKMUTapKU 1 MacNOAajHU KynTypu.

KnyuHun 360poBu: jaesiepogHO 3emjogesciliso, KOHBEHUUOHAIHO 3eMjo0esICiiBO, Op2aHCKU jaznepog

80 nouysatla, sKyleH d3olll, NYeHKd, COHYoa/1eg, a2po-eKo/IoOWKU NPAKWUKU, no4yseHa n10gHOCW, KIUMAaicKu
Upunazognuso 3emMjogesicliso, 0gpXauso yupasysdree co loysaiud.
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