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Introduction

Carbon-nitrogen (C:N) coupling refers to the interdependent cycling of carbon and nitrogen in soils, mediated by microbial
processes that regulate nutrient availability and soil organic matter (SOM) stability [M. In agricultural systems, C:N dynamics
influence crop productivity, soil fertility, and greenhouse gas emissions 2. Intensive systems, characterized by high synthetic
fertilizer use and frequent tillage, often disrupt C:N coupling, leading to nitrogen losses and reduced SOC storage 1. In contrast,
low-input systems, which rely on organic amendments and reduced tillage, may enhance C:N coupling by promoting microbial
activity and SOM stabilization 1.

Understanding C:N interactions is crucial for sustainable agriculture, particularly as global food demand increases . Intensive
systems prioritize short-term yield gains but risk long-term soil degradation, while low-input systems aim for sustainability but
may face yield constraints 1. This study compares C:N coupling in intensive and low-input systems, focusing on SOC, nitrogen
pools, and microbial processes. The objectives are to: (1) quantify C:N ratios and nutrient pools, (2) assess microbial
contributions to C:N coupling, and (3) evaluate management impacts on soil health.

Materials and Methods

Study Sites

Field experiments were conducted in temperate (Germany) and Mediterranean (Italy) agricultural regions. Temperate soils were
loamy with 20-30% clay, and Mediterranean soils were sandy loam with 10-20% clay. Sites were selected for their contrasting
management: intensive (high fertilizer, conventional tillage) and low-input (organic amendments, reduced tillage) systems [],
Data were sourced from the European Soil Data Centre (ESDAC) and local sampling in 2023 81,
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Soil Sampling and Experimental Design

Soil samples were collected from the top 20 cm at 60 sites per
region (30 intensive, 30 low-input). A split-plot design was
used, with management system as the main plot and crop type
(wheat, maize) as the subplot. Intensive systems received 150
kg N ha* (urea) and were tilled annually, while low-input
systems used compost (5 t ha™) and no-till practices [l
Samples were air-dried, sieved (<2 mm), and analyzed for
chemical and microbial properties.

Soil Chemical Analyses

Total SOC was measured using dry combustion, and total
nitrogen (TN) was determined via the Kjeldahl method [,
Mineral nitrogen (NH4"-N and NOs~-N) was extracted with 2
M KCI and quantified colorimetrically. C:N ratios were
calculated as SOC:TN. Dissolved organic carbon (DOC) was
extracted with 0.5 M K.SO. and measured using a TOC
analyzer (11,

Microbial and Enzyme Analyses

Microbial biomass carbon (MBC) and nitrogen (MBN) were
quantified using the fumigation-extraction method [,
Enzyme activities (B-glucosidase for carbon cycling, urease
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for nitrogen cycling) were measured using standard
substrates (p-nitrophenyl-B-glucoside, urea) and expressed as
umol product g' soil h' [l Microbial community
composition was assessed via phospholipid fatty acid (PLFA)
analysis, focusing on bacterial and fungal biomarkers 141,

Statistical Analysis

ANOVA was used to compare SOC, nitrogen pools, and
microbial properties between systems and regions, with
Tukey’s test for post-hoc comparisons (p < 0.05). Pearson’s
correlation coefficient (r) was calculated to assess
relationships between C:N ratios, microbial biomass, and
enzyme activities [,

Results

Carbon and Nitrogen Pools

Intensive systems had higher mineral nitrogen (30-50 mg
kg™) but lower SOC (15-20 g kg™') compared to low-input
systems (mineral N: 20-30 mg kg™'; SOC: 20-25 g kg™)
(Table 1). C:N ratios were lower in intensive systems (8—10)
than in low-input systems (10-12) 16l, Mediterranean soils
showed lower SOC and TN than temperate soils due to higher
decomposition rates [*7],

Table 1: Soil Carbon and Nitrogen Pools in Intensive vs. Low-Input Systems

Region System SOC (g kg™) TN (g kg™) Mineral N (mg kg™) C:N Ratio
Temperate Intensive 18.5 2.1 45 8.8
Low-Input 24.0 2.2 28 10.9
Mediterranean Intensive 15.2 1.8 38 8.4
Low-Input 20.5 1.9 22 10.8

Microbial Biomass and Activity

Low-input systems had higher MBC (300-400 mg kg™) and
MBN (3040 mg kg™) than intensive systems (MBC: 200—
250 mg kg™'; MBN: 20-25 mg kg™") (Table 2). p-glucosidase

activity was 20—-30% higher in low-input systems, indicating
enhanced carbon cycling 8. Urease activity was similar
across systems but slightly higher in low-input systems under
temperate conditions [*3],

Table 2: Microbial Biomass and Enzyme Activities

Region System | MBC (mg kg™") | MBN (mg kg™") | B-Glucosidase (umol g* h™") Urease (umol g h™)
Temperate Intensive 220 22 50 30
Low-Input 350 35 65 35
Mediterranean Intensive 200 20 40 28
Low-Input 320 32 55 30

Nutrient Dynamics and Crop Response

Low-input systems showed higher DOC (50-70 mg kg™)
than intensive systems (30-50 mg kg™), supporting microbial
activity ™%, Nitrogen use efficiency (NUE) was higher in
low-input systems (60—70%) compared to intensive systems

(50-60%) 19, Crop yields were comparable, but low-input
systems maintained yields under nutrient stress, with wheat

showing 5-10% higher biomass in low-input temperate plots
[20]

Table 3: Nutrient Dynamics and Crop Biomass

Region System DOC (mg kg™") | NUE (%) Wheat Biomass (t ha™)
Temperate Intensive 40 55 6.5
Low-Input 65 68 7.0
Mediterranean Intensive 35 52 5.8
Low-Input 60 65 6.0

Discussion

C:N Coupling in Intensive Systems

Intensive systems exhibited lower C:N ratios due to high
mineral  nitrogen inputs, which accelerate SOM
decomposition and reduce SOC stability 1. Elevated NOs -
N levels increase leaching risks, disrupting C:N coupling [€],
The lower MBC in intensive systems reflects microbial stress
from tillage and synthetic fertilizers, which disrupt microbial

habitats '], These findings align with studies showing that
intensive management prioritizes  short-term  nutrient
availability over long-term soil health [,

C:N Coupling in Low-Input Systems

Low-input systems maintained balanced C:N ratios (10-12),
promoting SOM stabilization and microbial resilience [,
Higher MBC and enzyme activities indicate enhanced
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microbial mediation of C:N coupling, driven by organic
inputs 81, The increased DOC in low-input systems supports
microbial carbon cycling, reducing nitrogen losses ', These
systems demonstrate  sustainable nutrient  cycling,
particularly in temperate soils with higher clay content ['7],

Regional Influences

Mediterranean soils showed lower SOC and TN due to
warmer temperatures and faster decomposition, which
challenge C:N coupling ["l. Temperate soils, with higher clay
content, supported greater SOC storage and microbial
activity, enhancing C:N interactions ., These regional
differences highlight the need for context-specific
management strategies [*],

Management Implications

Low-input systems should be prioritized to enhance C:N
coupling and soil health. Organic amendments, such as
compost, and reduced tillage can increase SOC and microbial
biomass, improving nutrient retention . Intensive systems
could adopt precision fertilization to reduce nitrogen losses
and support C:N balance [*9. Integrating cover crops in both
systems can further stabilize C:N dynamics %,

Limitations

The study focused on two regions and crop types, limiting
generalizability 1, Short-term data may not capture long-
term C:N trends, and microbial community responses require
deeper molecular analysis . Future research should explore
multi-year dynamics and diverse cropping systems 21,

Conclusion

Low-input systems promote sustainable C:N coupling by
maintaining balanced C:N ratios, higher SOC, and resilient
microbial activity compared to intensive systems. Intensive
systems, while supporting short-term vyields, risk nitrogen
losses and reduced SOC stability. Management strategies
should emphasize organic inputs and reduced tillage to
optimize C:N interactions and enhance soil health. Further
research is needed to refine these approaches across diverse
agroecosystems.
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