
Abstract
Agricultural management affects soil fertility through the fre-

quency and type of agronomic practices such as mechanical oper-
ations, type and rate of fertilizers, crop rotations, and residue man-
agement. This study evaluated the evolution of soil chemical prop-

erties (pH; electrical conductivity; soil organic carbon, SOC; total
Kjeldahl nitrogen, TKN; and available phosphorous, PO4-P) over
time in two farming systems, organically and conventionally man-
aged, after 5 and 14 years after the establishment of both systems,
in northeastern Italy. SOC content remained stable in the conven-
tional farming system, but slightly decreased in the organic farm-
ing system, despite inputs from organic amendments. In contrast,
soil TKN remained consistently higher in the organic farming sys-
tem. The PO4-P increased over time, in both farming systems.
Moreover, we observed that an increase of 1% in soil clay content
resulted in increases of 0.0534 and 0.0053 g kg–1 in SOC and
TKN, respectively. In conclusion, our results indicate that organic
management does not have an advantage over conventional man-
agement in terms of soil organic matter accumulation. 

Introduction
Soil quality is a crucial topic for the future of agriculture

because the ability of soil to support plant growth depends on the
interactions between soil physical, chemical, and biological prop-
erties. Additionally, human health and well-being are closely con-
nected with soil (Brevik et al., 2020). Therefore, soil plays an
important role in future agricultural policy, environmental protec-
tion, and climate change (Montanarella, 2020). Knowledge of soil
dynamics is necessary to prevent soil quality decline, especially in
terms of soil organic matter (SOM) content and nutrient availabil-
ity. The former is highly correlated with soil physical characteris-
tics, whose deterioration can reduce soil quality, increasing the
risk of desertification. While soil nutrient availability can greatly
influence crop production in the short term (Grilli et al., 2021). 

To obtain robust data on the evolution of soil quality, medium-
to long-term experiments are essential to monitor slow-changing
properties (Hartemink, 2006; Berti et al., 2016). Some physical,
chemical, and biological characteristics of soil have been pro-
posed to be sensitive and consistent indicators of changes in soil
quality (Cano et al., 2018). Although defining suitable indicators
of soil quality is complicated by the need to consider multiple
functions of soil, a minimum dataset with a list of indicators for
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Highlights
- Organic management did not increase soil organic carbon content 14 years after the system was established.
- The soil organic carbon was stable over time in the conventional system.
- Soil organic nitrogen was higher in the organic farm than in the conventional farm.
- Soil C/N ratios in organic and conventional management were <10, indicating active mineralization.
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soil quality assessment has been proposed by Doran and Parkin
(1997). Soil physical characteristics (i.e., texture, structure, poros-
ity, mechanical resistance to penetration, and water infiltration
capacity) have been used as starting points to evaluate the overall
soil quality (Cavalcante et al., 2021). Among chemical properties,
soil fertility can be assessed through soil pH, electrical conductiv-
ity (EC), soil organic carbon (SOC), total Kjeldahl nitrogen
(TKN), available phosphorous (PO4-P), and other nutrient levels
(Hartemink, 2006). Several studies have investigated the correla-
tions between physical and chemical soil parameters, showing that
clay content is positively correlated with SOC at different spatial
scales (Burke et al., 1989; Kaiser and Guggenberger, 2000; Zinn et
al., 2007; Fiorini et al., 2020), sand content is negatively correlated
with SOC in tilled soils (McLauchlan, 2006), and SOC content has
a strong positive correlation with soil N content (Nardi et al.,
2004). One of the main drivers of soil quality is the type of farming
system (Dubois, 2011; De Valença et al., 2017), which impacts
SOM concentration (Montanarella et al., 2015). The widespread
use of mineral fertilizers in recent decades has increased crop
yields, but the replacement or reduction in organic inputs has neg-
atively influenced SOC content (Singh, 2018). Tillage and
mechanical farm operations are responsible for SOC depletion
because they mix and aerate the soil, stimulating microbe-driven
SOM mineralization (Nardi et al., 2004; McLauchlan, 2006).

Organic farming has been proposed to improve soil quality
(Willer and Sahota, 2020). The expansion in organic farming in
recent decades has renewed the importance of understanding the
effects of agricultural management on soil. However, no unique
effects of farm management on soil characteristics have been
reported because the overlap in management practices among
farming systems makes broad generalizations difficult (Reeve et
al., 2016). This suggests that management practices are more
important than farming systems (e.g., conventional and organic) in
terms of their impact on soil characteristics. Indeed, these effects
are strongly related to the different frequencies and types of agro-
nomic practices, such as the type and rate of fertilizer applications
(Kurki et al., 2021), mechanical operations, crop rotations, residue
management, and cover crops. Dal Ferro et al. (2017) highlighted
that organic farming systems require a higher number of mechani-
cal operations for weed control and reduce yield. Due to the yield
gap and the reduction in the number of crops harvested in the rota-
tion, the productivity of organic farming can be 29% to 44% lower
than that of conventional farming, depending on the crops included
in the rotation (Alvarez, 2021). Lower productivity leads to a
lower quantity of crop residues left in the soil, which might nega-
tively affect the accumulation of organic matter. Watson et al.
(2002) reported that, in conventional and organic systems, the
quantity and quality of crop residues (e.g., C/N ratio) influence the
build-up of SOC and warned that N limitations in organic systems
may decrease the amount of N returned to the field with crop
residues, negatively impacting productivity in the following crop
cycle. In a meta-analysis, Tuomisto et al. (2012) confirmed these
results, showing that organic yields of individual crops are on aver-
age 75% of their conventional counterpart, mainly due to nutrient
deficiencies, especially N. Several studies have reported a positive
effect of organic farming on soil quality (especially increased
SOM) (Reeve et al., 2016). However, organic farming can nega-
tively influence the quantity of SOM in soil (mineralization due to
the higher mechanical operations) and the organic matter supplied
through crop residues due to the lower crops yield. Gosling and
Shepherd (2005) compared the total SOM, total nitrogen, and C:N
ratio from soils of agricultural fields managed organically and con-
ventionally for a minimum of 15 years did not observe significant

differences. However, they observed significantly lower concen-
trations of exchangeable potassium and extractable phosphorus in
organically managed soils. These studies show that management
practices impact soil fertility and should be considered by farmers,
land managers, and crop advisers in the decision-making processes
to choose appropriate agricultural practices (Sofo et al., 2022). 

Although several studies have compared conventional and
organic farming systems, few have been conducted in real farming
conditions and most focused on crop yield. Few studies have con-
ducted long-term monitoring or included results on soil character-
istics. Therefore, our study aims to evaluate the evolution of soil
chemical properties (pH, EC, SOC, TKN, and PO4-P) over time in
two farming systems (organically and conventionally managed), 5
and 14 years after the consolidation of the cultivation protocol.

Materials and methods

Experimental sites
This study was conducted at the experimental farm ‘L.

Toniolo’ of the University of Padua, northeastern Italy. The farm
includes two separate farming sectors (hereafter simply called
‘farms’): an i) organic farm (OF); and ii) conventional farm (CF).
The OF extends for approximately 12.5 ha in the Pozzoveggiani
area in the Padova municipality (45°20´42’ N, 11°54´39´ E; 7 m
a.s.l.) and the CF for approximately 42 ha in Legnaro (45°21´00´
N,11°57´02´ E; 7 m a.s.l.) (Dal Ferro et al., 2017). These areas are
on the flat area of the alluvial Po Valley, approximately 3 km apart,
and are managed by the same technical supervision (Figure 1). The
conditions of the geomorphology, farming systems, and landscape
were similar for both areas. The water table fluctuates during the
year from approximately 0.5 to 1.5 m in the cold season and
approximately 1.5 to 3 m, or lower, during the summer. The cli-
mate is sub-humid, with a mean annual temperature of 13.5°C,
classified as a humid subtropical climate (Cfa) (Beck et al., 2018).
The mean annual rainfall is approximately 830 mm (1994-2021),
and evapotranspiration usually exceeds rainfall from April to
September by an average of 260 mm (Berti et al., 2014). Both
study areas have a fluvic calcaric Cambisol (IUSS Working Group
WRB, 2014). The soil of our experimental sites has an average
bulk density of 1.45 Mg m–3, high total calcium carbonate propor-
tion (CaCO3, approximately 26%), low natural fertility due to low
organic matter content (approximately 15 g kg–1), and low cation
exchange capacity.

Management of organic and conventional farming systems
Since 2003 the OF area has followed a strict maize (Zea mays

L.) - wheat (Triticum aestivum L.) - soybean (Glycine max (L.)
Merr.) three-year rotation, arranged to permit the presence of all
three crops in different plots during the same year. Agronomic field
operations before sowing include mouldboard plowing to a depth
of 30 cm followed by seedbed preparation with a disc harrow.
Spring crop (maize and soybean) residues are incorporated during
plowing, while wheat straw is harvested for use as livestock bed-
ding and finally returned to the field as farmyard manure. Weed
control of spring crops before sowing is mechanically conducted
using the stale seedbed technique (according to climatic conditions
over the years), whereas throughout the season, it is generally
accomplished by smoothing harrow and hoeing operations. Spring
crops are occasionally irrigated at volumes of approximately 40
mm per irrigation event. Farmyard manure (on average on fresh

                   Article
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weight, C=90 g kg–1, N=6 g kg–1, P=1.6 g kg–1, K=8.6 g kg–1; 20%
dry matter) produced within the farm was the main fertilizer used
for soybean and maize whereas sugar beet vinasse (on average on
fresh weight, C=81 g kg–1, N=25 g kg–1, K=50 g kg–1; 32.5% dry
matter) was the main fertilizer used for wheat (Tables 1 and 2).

The CF area does not follow a strict rotation and has been cul-
tivated with maize, wheat, soybean, and sugar beets (Beta vulgaris
L.). Agronomic field operations for seedbed preparation are similar
to those for OF, with mouldboard plowing (to 0.35 m) followed by
harrowing before seeding. Maize, soybean, and wheat residues are
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Table 1. Crops nutrient application rates over the time frame of the study organized by management system (average ± standard devi-
ation).

Crop                                                N (kg ha–1)                                      P2O5 (kg ha–1)                                         K2O (kg ha–1)

Organic farming                                                                                                                                                                                                                       
         Maize                                                       242.3±34.4                                                         148.3±21.0                                                                418.4±59.4
         Soybean                                                  136.5±44.4                                                          83.5±27.2                                                                 260.7±79.7
         Wheat                                                      117.3±29.8                                                           49.6±0.0                                                                  272.5±58.2
         Weighted average                                      165.4                                                                     79.4                                                                           305.8
Conventional farming                                                                                                                                                                                                             
         Maize                                                      348.5±109.8                                                        136.6±61.4                                                               231.3±159.0
         Soybean                                                         0.0                                                                   64.4±8.0                                                                   100.0±0.0
         Wheat                                                      169.2±13.8                                                          90.5±12.8                                                                  90.5±12.8
         Sugar beet                                             190.3±75.1                                                           55.6±0.3                                                                  166.7±53.4
         Weighted average                                      227.8                                                                    102.6                                                                          162.9

Table 2. Cumulative fertilizers and carbon supplied over the time frame of the study.

Fertilizers     8 year cumulative supply    Fertilizers C                      8 year cumulative C supp
                              (Mg ha–1)                                    content (%) (Mg ha–1)
                                                         OF                                      CF                                                                   OF                                   CF

Manure                                                           172.9                                               26.8                                       9                                            15.6                                            2.4
Slurry                                                                  -                                                  159.1                                     4.2                                              -                                               6.7
Sugar beet vinasse                                        9.8                                                    -                                         8.1                                            0.8                                               -
Other organic fertilizers                              0.3                                                    -                                         40                                            0.1                                               -
Chemical fertilizers                                     0.1°                                                 4.7                                       20#                                             -                                               0.4
Total                                                                                                                                                                                                                     16.5                                            9.5
OF, organic farm; CF, conventional farm. °Potassium sulphate, admitted in organic farming; #the value is referred to urea added in the CF.

Figure 1. The location of the experimental sites. OF, organic farm; CF, conventional farm.
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managed as in OF. For sugar beets, present only in the CF area, the
seedbed is prepared as for other crops and residues are buried after
crop harvest. Pests and weeds are controlled by agrochemicals
according to the crop and seasonal trends. They generally include:
i) for wheat, post-emergence tribenuron methyl and strobilurin-
based compounds for weed control and rust disease; ii) for maize, a
pre-emergence mix of S-metolachlor, terbuthylazine, and mesotri-
one; and iii) for soybean, post-emergence imazamox. Irrigation is
occasionally performed on maize and soybean at volumes of
approximately 40 mm per irrigation event. Wheat fertilization
(Table 1) includes NPK application in autumn and N topdressings
as urea and/or ammonium nitrate in late winter and spring. Maize
fertilization generally consists of cattle slurry produced in the farm
(C=42 g kg–1, N=2.8 g kg–1, P=0.6 g kg–1, K=2.0 g kg–1, 10% dry
matter) in autumn or spring, just before ploughing, and one top-
dressing application of urea during inter-row hoeing (Table 1).
Sugar beet fertilization is performed using potassium sulphate,
triple super-phosphate, urea, and ammonium nitrate (Table 1).
Soybean fertilization consists of two split applications: triple super-
phosphate at sowing and potassium sulphate in spring (Table 1). 

In summary, the differences between OF and CF management
included pest and weed management; mechanization; crop types
and varieties; and rates, timing, and source of fertilization. The
comparison presented in this paper uses soil samples taken in 2008
and 2017. In this period, the average yearly N and P2O5 supplied in
CF were 37.7% and 29.2% higher, respectively, than those sup-
plied in OF, while the K2O input was 87.7% higher in OF than in
CF (Table 1). The eight-year cumulative carbon supplied with fer-
tilization was 73.7% higher in OF than in CF (Table 2).

Soil sampling and chemical analysis
Plots of 25 m wide × 250 m long were delineated in three fields

on each farm to collect soil samples in georeferenced positions,
allowing soil evolution to be compared over time. These were
referred to as OF1, OF2, and OF3 for OF and CF1, CF2, and CF3
for CF. Within each plot, soil samples from a depth of 0-25 cm
were collected in February/March of 2008 and 2017. In each plot,
the soil samples were collected using a grid of 7.5 × 25 m in 2008
and a grid of 7.5 × 50 in 2017 for a total of 40 and 20 samples in
2008 and 2017, respectively. Each sampling point was georefer-
enced (Figure 2). The soil samples were air-dried and crushed to 2
mm using an electrical mill. Skeleton was absent.

Soil texture analyses were performed in the laboratory (pipette
method) and the soil was classified according to the USDA classi-
fication method. The chemical analyses included pH, EC, SOC,
TKN, and PO4-P. pH and EC were determined in a solution with a
soil/water ratio of 1:2.5 using a pH meter and an electrode
(SevenMulti pH/conductivity meter, Mettler Toledo, Greifensee,
Switzerland), respectively; SOC was determined using the
Walkley-Black method; TKN was determined using the Kjeldahl
method; and available PO4-P was determined using the Olsen
method. 

Statistical analysis 
Soil data were analysed using mixed-effect (hierarchical) mod-

els, separately for each chemical property (outcome variable). A
nesting structure (random effects) was used to account for the
interdependence of observations, sampling points within the same
field as spatial pseudo-replicates, and samples from 2008 and 2017
as repeated measurements. Additionally, clay was used as a candi-
date covariate (fixed effect). These choices were made to obtain
unbiased estimates of the fixed effects of interest. The fixed effects
of interest were: i) farm type (OF or CF); ii) year (2008-2017); and

iii) interaction between farm and year. Specifically, several models
of different complexity in the fixed effect part were built, ranging
from the full model that included all fixed effects (clay, farm, year,
interaction between farm and year) to the null model that included
only random effects and no fixed effects. All the models were com-
pared using the Akaike information criterion (AIC, that balances
goodness of fit and model complexity), to select a single final
model for each chemical property. The final model (lowest AIC)
was refitted using restricted maximum likelihood to obtain defini-
tive unbiased estimates of the fixed effects. Marginal and condi-
tional residual distributions were visually checked in the final
model to detect possible issues of non-normality or heterogeneity
of variances. If issues were found, the original data were trans-
formed, the models were refitted, and the residuals of the new final
model were checked. Issues were observed for PO4-P but were
solved by logarithmic transformation. The procedure used to build
the hierarchical structure and select the best model was primarily
based on Crawley (2007) and Onofri et al. (2016). Wald test
ANOVA was used to confirm the final model results and post-hoc
analysis was carried out to summarize the results in an easily inter-
pretable way. For simplicity, only the results of the post-hoc anal-
ysis of the final model (after model selection with AIC) were
reported. For farms, years, and their interaction, contrast plots
showing the mean and standard error of the mean were drawn
when the fixed effect was significant. Results of pairwise or mul-
tiple comparisons (with Tukey adjustment) are represented with
letters (different letters = significant difference, same letters = non-
detectable differences). Relationships with the clay covariate (if
significant) were represented in a scatterplot with a regression line
and its 95% confidence interval. All statistical analyses were car-
ried out in R (R Core Team, 2021) using the following interdepen-
dent packages: lme4 for building the mixed models (Bates et al.,
2015), DHARMa for residual diagnostics (Hartig, 2021), and
emmeans for post-hoc comparisons (Lenth, 2021).

                   Article

Figure 2. Sampling design in 2008.  
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Results and discussion

Soil physical properties
Soil from both sites had a loam texture with sandy veins present

in some fields, such as OF2 and CF2, as shown by the higher per-
centage of sand (Table 3). Such textural characteristics are typical of
this agricultural area, as indicated by the soil thematic maps of the
Veneto Region Agency for Environmental Prevention and Protection
(ARPAV) (http://geomap.arpa.veneto.it/maps/123/ view). 

Soil chemical properties
In both management sectors, the pH was generally

neutral/weak alkali, ranging from 7.06 to 7.85. Although the pH
values were generally steady, significant differences were
observed according to the interaction between year and manage-
ment system (Figure 3A). The pH value increased by 2.6% in CF
from 2008 to 2017. Additionally, significant differences in pH

were found between CF and OF in 2008 and 2017: in OF, pH was
higher than in CF in 2008 but lower in 2017. Several studies
reported that soil pH increases under organic management
(Drinkwater et al., 1995; Clark et al., 1998; Fließbach et al., 2007;
Suja et al., 2017; Kiboi et al., 2020). However, in our OF system,
we observed a decreasing trend for SOC and pH. As reported by
Nardi et al. (2004), soil acidification can be related to the SOM
mineralization process, which produces nutrient elements (in par-
ticular NH3) whose oxidation may contribute to H+ production.

Sugar beet vinasse and slurry may increase salt concentrations
in the soil (Moran-Salazar et al., 2016; Dionisi et al., 2020), as
does the excessive application of manure (Yilmaz and Alagöz,
2010). Even though these materials were used in our study, we did
not notice any significant difference in EC depending on the sam-
pling year or farm management, probably due to the salt leaching
after rainfall events. The soil EC values ranged from 0.12 to 0.4
mS cm–1, in line with the average values of loam and sandy loam
soils in the area (Nardi et al., 2004), and guaranteeing no salinity
risk (ARPAV, 2007).

                                                                                                                                 Article

Figure 3. Average response of the chemical variables to farm management (OF, organic farm; CF, conventional farm) and sampling year,
as estimated from the selected mixed effect model: A) soil pH; B) soil organic carbon (SOC); C) total Kjeldahl nitrogen content (TKN);
D) soil available phosphorus (PO4-P) content (mean±standard error). Different letters indicates significant differences at P<0.05, after
Tukey’s correction for multiple post-hoc comparison.  

Table 3. Soil texture and standard deviation from data collected in the three fields of each management system are classified according
to USDA (average ± standard deviation). 

Management system                        Field                         Texture                      Sand (%)                      Silt (%)                          Clay (%)

Organic farming                                                  O1                                      Loam                                35.17±3.77                            46.93±3.07                                 17.90±2.39
                                                                               O2                                 Sandy loam                           52.08±5.87                            32.40±6.08                                 15.52±2.12
                                                                               O3                                      Loam                                37.44±4.63                            46.22±3.46                                 16.34±3.26
Conventional farming                                        C1                                       Loam                                45.82±8.25                            41.77±6.98                                 12.41±3.50
                                                                               C2                                 Sandy loam                           58.44±8.46                            28.06±5.61                                 13.50±4.18
                                                                               C3                                       Loam                                45.63±8.66                            39.01±5.73                                 15.35±3.20
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Soil organic carbon in 2008 differed between the two manage-
ment systems (Figure 3B). Overall, the SOC level was generally
poor according to ARPAV (2007). In 2008, SOC content in OF was
higher (26.6% on average) compared to CF; nine years later, the
difference was not significant due to the SOC decrease in OF from
9.0 g kg–1 in 2008 to 8.3 g kg–1 in 2017 (Figure 3B). In contrast to
our findings, Schrama et al. (2018) observed a higher percentage
of SOM in OF fertilized with manure than in CF fertilized with
slurry or mineral with a similar fertilization strategy and period as
our study. The different findings may be due to different soil tex-
tures, climatic conditions, cultivated crops, and yield gaps between
the studies. Although organic farming is considered to improve
SOC concentrations (Tuomisto et al., 2012), the increase in SOC
should be specifically evaluated in relation to the adopted agricul-
tural practices; namely, the use of organic amendments, conserva-
tion tillage, and cover crops (Leifeld and Fuhrer, 2010; Crystal-
Ornelas et al., 2021). In our organically managed site, of these
three practices, only organic amendments were applied. The SOC
concentration trend observed in this study in the OF soil can be
ascribed to: i) the frequency of tillage in OF was higher than that
in CF, to mechanically manage weeds; ii) the crop yield was, on
average, 32% lower in OF than in CF (details in Dal Ferro et al.,
2017) with consequent lower residues. The stable SOC concentra-
tion in CF can be explained considering that slurry application pro-
vided a lower cumulative C input in CF than in OF. However, the
greater amount and ready availability of mineral fertilizers permit-
ted higher crop yields in CF (Dal Ferro et al., 2017), so a higher
amount of organic matter returned to the soil as crop residues. In
addition, fewer tillage operations in CF may have contributed to
the preservation of C stock. While SOC content in CF remained
fairly stable between 2008 and 2017, the trend observed in the OF
might suggest the risk of a future SOC concentration decrease
despite inputs from organic amendments. This is in line with the
work of Berti et al. (2016) in the same location, who observed
long-term declining trends of SOC content in the plowing layer,
regardless of fertilization and residue management; however, the
use of farmyard manure slowed the decline. SOC accumulation in
the topsoil occurred at approximately 7.5 g kg–1 as observed in our
CF system. Our findings confirmed the results of the modelling
approach of Longo et al. (2021) that did not find clear evidence of
a generalized topsoil SOC increase under organic farming; hypoth-
esizing that organic farming can suffer from low residue and root
carbon inputs, which may offset the positive effect of adding exter-
nal organic material. 

TKN did not significantly change over time in either farming
system. However, it was higher (22.2%) in OF than in CF (Figure

3C) in both sampling years. TKN remained consistently higher in
OF over time, probably because of the notable amount of manure
applied (Table 2). The latter was characterized by a higher content
of organic N (about 2.1 times) compared to the slurry that was used
in CF in addition to the mineral N. 

The soil C/N ratio was not significantly different between OF
and CF within the same sampling time, but on average significant-
ly decreased from 2007 (8.34) to 2017 (7.95). A C/N ratio lower
than 10 highlights high mineralization activity (Riffaldi et al.,
1996), which may explain the lack of organic matter accumulation. 

Available P increased over time, being on average 50.3% high-
er in 2017 than in 2008 (Figure 3D). The management system did
not significantly influence soil PO4-P content despite the CF fertil-
ization strategy applying more P (on average 79.4 and 102.6 Kg
P2O5 ha–1 year–1 in OF and CF, respectively). These results are in
line with those obtained by van Diepeningen et al. (2006), who did
not observe any difference in phosphate and total phosphorus
between soils under different management conditions. This may
indicate that differences in the systems could not be assessed with
sufficient confidence, or that the two types of management had no
real impact on PO4-P content. Therefore, no conclusions should be
drawn on the difference in available P between the two farms.
However, the build-up of PO4-P over time indicates that a surplus
of P is achieved through fertilization, with respect to crop require-
ments.

A summary of the results of the Wald test ANOVA for each
chemical variable is provided in Table 4, to complement the infor-
mation provided in this section. 

Effects of texture on soil chemical properties
The relationship between each chemical property and clay was

investigated to obtain a more reliable quantification of the effects
of the farming system and year. Clay was chosen as the only tex-
tural property to be used as a covariate since: i) texture, in general,
does not change over time; ii) textural properties are interrelated,
so only one of them can be appropriately used as a covariate; and
iii) the relationship between clay and SOM has long been known
(Burke et al., 1989), and a relationship between N and SOC (and
thus clay) was observed in a long-term trial close to our site (Nardi
et al., 2004).

Despite all chemical properties being investigated and
accounting for the spatiotemporal structure of the experiment, the
only chemical variables with significant relationships with clay
were SOC and N. The relationships with other chemical variables
were not significant and were therefore excluded from the models.
Figures 4 and 5 show the regressions between SOC and clay and

                   Article

Table 4. Results of the Wald-test ANOVA on the final models (only the predictors included in the final model are presented). 

Outcome                                        Predictors                                          Chisq                                       Df                                   P-value

SOC (g kg–1)                                                   Clay (%)                                                          4.4028                                                     1                                                 0.036*
                                                                             Farm                                                            14.5528                                                    1                                               0.000***
                                                                              Year                                                             0.9681                                                     1                                                   0.325
                                                                         Farm:Year                                                        7.7762                                                     1                                                0.005**
TKN (g kg–1)                                                   Clay (%)                                                          7.3618                                                     1                                                0.007**
                                                                             Farm                                                            64.1110                                                    1                                               0.000***
                                                                              Year                                                             2.7922                                                     1                                                   0.095
pH                                                                        Farm                                                             9.4215                                                     1                                                0.002**
                                                                              Year                                                             4.1445                                                     1                                                 0.042*
                                                                         Farm:Year                                                       53.0485                                                    1                                               0.000***
PO4-P (mg kg–1)                                                 year                                                             10.3200                                                    1                                                0.001**
SOC, soil organic carbon; TKN, total Kjeldahl nitrogen content; Chisq, Wald chi-square; Df, degrees of freedom; Farm:Year, interaction; *P<0.05; **P<0.01; ***P<0.001.
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TKN and clay, respectively. Regardless of farm management and
sampling year, SOC and TKN increased at a rate of 0.0536 and
0.0054 g kg–1 per percentage point of clay, respectively (slope of
the regression). This confirmed our initial hypothesis regarding the
link between SOM and clay and allowed us to obtain unbiased esti-
mates of the effects of farming system and year on the investigated
chemical properties.

Dexter et al. (2008) and Johannes et al. (2017) proposed the
SOC:clay ratio as a relevant criterion for evaluating the soil struc-
ture quality. This criterion allows for the evaluation of the evolu-

tion of soil quality over time in different management systems. A
1:8 ratio indicates a good structure quality, a 1:10 ratio indicates a
reasonable goal for farmers, and a 1:13 ratio indicates a degraded
structure that needs improvement (Johannes et al., 2017). Ratios
above this value have a ‘bad’ soil structure quality. In our study, the
SOC:clay ratio increased from 1:17.2 to 1:18.2 and from 1:18.2 to
1:20.1 in CF and OF, respectively, indicating a decrease in soil
quality over time. The decrease was more marked in OF, suggest-
ing that the negative effect of soil tillage offsets the positive effect
of higher C supply.
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Figure 4. Average response of soil organic carbon (SOC) (g kg–1) to changes of clay content (%). Estimated regression line (thick) and
95% confidence interval (dotted lines) are reported. Regression between SOC and clay was significant with P=0.036. OF, organic farm;
CF, conventional farm.

Figure 5. Average response of total Kjeldahl nitrogen (TKN) (g kg–1) to changes in clay content (%). Regression line (thick) and 95%
confidence interval (dotted lines) are reported. Regression between N and clay was significant with P=0.007. OF, organic farm; CF, con-
ventional farm.
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Conclusions
Farm history, management, and pedoclimatic conditions con-

tribute to soil fertility. In our study, despite the experimental sites
being close to each other, the SOC, TKN, and pH soil properties
revealed notable differences between the two management systems
(organic and conventional). TKN was affected by the farm man-
agement (higher in the OF than CF), while the pH was influenced
by the interaction between the farm management and time
(decreased in OF and increased in CF). The SOC content in CF
remained fairly stable over the study period, whereas it showed a
slightly decreasing trend in OF despite inputs from organic amend-
ments. This suggests that agroecosystem organic management
does not necessarily have positive effects by increasing SOC, and
that if well-managed, conventional agroecosystems do not neces-
sarily have negative effects on soil fertility. 
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