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Abstract: In greenhouses, where intensive systems are widely used for organic production, the
differences between “conventionalized” and agroecological approaches are especially evident. Among
the agronomic practices, green manure from agroecological service crops (ASCs) and organic
amendments represent the main tools for soil fertility management with respect to the substitution
of synthetic fertilizer with organic ones (the input substitution approach). Over a two-year organic
rotation, we compared a conventionalized system (SB) and two agroecological systems, characterized
by ASC introduction combined with the use of manure (AM) and compost (AC) amendments.
A system approach was utilized for the comparison assessment. For this purpose, agronomic
performance, soil fertility and the density of soil arthropod activity were monitored for the entire
rotation. The comprehensive evaluation of the parameters measured provided evidence that clearly
differentiated SB from AM and AC. The drivers of discrimination were soil parameters referring to
long term fertility and soil arthropod dynamics. The study confirmed the higher productivity of SB
but also no positive impact on soil fertility and soil arthropods, as highlighted by AM and AC. Based
on the results, a trade-off between productivity and the promotion of long-term ecosystem diversity
and functioning is needed for the assessment of systems of organic production.

Keywords: cover crops; agrobiodiversity; conventionalization; system approach

1. Introduction

The issue of intensive organic production systems has been the subject of debate during the
last decade, since the concept of “conventionalization” of organic production was introduced [1,2].
“Conventionalized” organic production, also called as “input-substitution” system, is characterized
by the substitution of synthetic inputs with those allowed by organic regulations [3]. Despite their
conformity to organic regulations, these systems are, in general terms, very similar to conventional and
integrated ones for the high yield per unit area and the potential environmentally negative externalities,
such as degradation of soil, high greenhouse gases (GHG) emissions and biodiversity losses [4]. On
the other hand, alternative organic production systems based on a balance between productivity,
agrobiodiversity promotion and ecosystem service provision have been set up in different climatic
conditions [5,6]. In the more recent scientific literature [7–9] the great majority of these organic systems
are referred to open field conditions, where agronomic practices such as minimum tillage, organic
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amendments, long-term rotation and cover crop cultivation are more easily introduced. Only recently
have such alternative organic systems of production been tested in protected conditions [10]. Among
the many criteria involved in the definition of the price premium for organic vegetables, the potential
environmental impact of the production system is considered one of the more influential among
consumers of organic food [11–13].

These issues have led to the need to change the organic greenhouse production system, to meet
the expected environmental sustainability (e.g., reduced water consumption and soil organic matter
depletion), together with the market demand for organic production. In this context, an agroecological
approach to organic production should be promoted, adopting a holistic perspective able to also
encompass other aspects of agriculture (i.e., environmental, social), rather than just the production
issues [14]. To implement such an approach, a deep comprehension of the complex interrelationships
among the components of the agroecosystem is necessary, to maximize services and minimize negative
externalities (e.g., biodiversity reduction due to external input use). Furthermore, practices aiming to
increase the agrobiodiversity in space and time should be promoted, to foster the desired biodiversity
components. Long-term rotation and introduction of agroecological service crops (ASCs)—cultivation
of plant species not for yield purposes but for ecosystem service provision (e.g., cover crops, catch
crops, living mulch, etc.) [15]—should also be adopted in greenhouse systems [10]. In this context,
the real challenge for research on organic production is the comparison between different “certified”
organic farming systems, which overcomes the mere comparison between conventional and organic
agriculture. To contrast the widespread production intensification, different criteria for evaluating
production systems must be identified. A holistic and agroecological based approach should reject the
simplistic “conventional” criteria of maximizing yield per square meter or maximizing efficiency per
input unit without any assessment of the negative impact on the environment [16]. Moreover, system
studies in organic farming provide a sort of “knowledge package” including innovative solutions and
multidisciplinary know-how, which go beyond the external inputs dependency of conventionalized
systems of production. Since intensification of production systems implies simplification, and
consequent biodiversity losses, which leads to reductions in ecosystem services, the use of arthropod
biodiversity and dynamics can be a reliable indicator of system diversity, covering a wide range of
ecological functions in the agroecosystem [17].

To investigate the effects of “agroecological” systems on agronomic performance, soil properties,
and associated soil arthropod dynamics in greenhouse crops under a Mediterranean climate,
a two-year field experiment was carried out at the Centre International De Hautes Études
Agronomiques Méditerranéennes (CIHEAM)—Bari, in Valenzano (Puglia region, Southern Italy). The
hypothesis underlying the experiment was that different agronomic management, within organic
systems of production (organic fertilizers and ASC introduction and management, compared to
a conventionalized-business as usual-system), would result in: (1) similar yield; (2) differences
in soil fertility; and (3) differences in soil arthropods composition and their relative ecological
services/disservices (e.g., pest control and organic matter decomposition). To test these hypotheses,
the following aspects were studied: (1) crop performances over the two years of the experiment;
(2) soil arthropod activity density in the management system tested; and (3) linkages between the
cited biological community and the most important soil fertility parameters. A system approach was
utilized for the assessment of different systems of production [18].

2. Materials and Methods

2.1. Experimental Site

The research was carried out at the long-term experiment on organic vegetable production
systems in Mediterranean greenhouses (MOREGREEN LTE) located at the CIHEAM—Bari (MAIB), in
Valenzano (Puglia region - Southern Italy). The location is about 72 meters above sea level (41◦08′ N
latitude and 16◦51′ E longitude). The experimental greenhouse (300 m2; 7.5 m × 40.0 m) was an
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un-heated tunnel (EUROPROGRESS s.r.l., Mirandola (MO), Italy) with galvanized steel frames covered
by ethylene vinyl acetate (EVA) sheets. It was longitudinally divided into two areas/fields (field I and
field II). The present research was based on the two-year rotation of field I, cultivated with kohlrabi
(Brassica oleracea var. gongyloides, cv “Korist”), lettuce (Lactuca sativa L. var. longifolia Lam., cv Salad
bowl), zucchini (Cucurbita pepo L., cv Striata di Puglia) and lamb’s lettuce (Valerianella locusta L., cv
Semegrosso d’Olanda) in rotation (2014–2015 and 2015–2016).

2.2. Experimental Design

The experimental layout was a completely randomized block (CRB) design with three replications
(for a total of 9 plots, 3.0 m × 4.0 m each). The organic farming systems under comparison were as
follows. (1) Substitution (SB), a business as usual organic production system (very diffused especially
in greenhouse vegetable production), based on an “input substitution” approach. This system mimics
conventional agriculture by substituting agrochemicals with products allowed in organic farming
(e.g., substitution of synthetic fertilizers with organic ones). The following fertilizers were applied:
commercial organic fertilizer based on guano (commercial name—“Guanito” by Italpollina); and
liquid commercial organic fertilizer based on sugar beet molasses (commercial name—“Kappabios”
by Serbios). (2) Agroman (AM), characterized by the use of a mixture of ASCs and mature organic
cattle manure as a soil amendment. (3) Agrocom (AC), which utilizes a mixture of ASCs and on-farm
made compost as a soil amendment. In the first year of rotation, before the kohlrabi crop, the same
composition of ASC mixture was used in AM and AC, while two different mixtures of species were
considered in the second cycle of ASCs, before the zucchini crop. The choice of mixtures, instead of
the cultivation of a single ASC species, was made in order to better guarantee the provision of the
ecological services in the long run. The ASC species mixture for each treatment and the ecological
service corresponding to each botanical family are reported in Table 1. During the ASC cycles in AC
and AM, soil was left bare in the SB plots.

Before ASC sowing, the soil was prepared using a rotary tiller. ASC mixture seeds were broadcasted
by hand and gently covered with soil using a rake on 27 and 10 June in 2014 and 2015, respectively. In
the first year of rotation, the ASCs were terminated differently at the start of the flowering stage (about
50 days after sowing); in AC, the ASCs were manually chopped using a sickle and ploughed into the
soil as green manure using a rotary spader, whereas in AM, the ASCs were flattened using a roller
crimper [19] to obtain a mulching layer made of the ASC biomass, in which kohlrabi was transplanted.
After the kohlrabi cycle, before lettuce transplanting, ASC mulch residues were incorporated into the
soil using a rotary spader. In the second experimental year, ASCs were instead terminated as green
manure in both the AM and AC systems. Details on rotation, starting from the first year, were as follows:
kohlrabi was transplanted on 22 October 2014, using seedlings from the nursery of CIHEAM—Bari,
and harvesting was completed on 7 January 2015. Lettuce was transplanted on 9 March 2015, using
seedlings from the nursery of CIHEAM—Bari, and harvested on 24 April 2015. The density of the
kohlrabi and lettuce was 10 plants/m2, (0.5 m between lines and 0.2 m within each line). Zucchini
was transplanted at a density of 1.8 plants/m2, (0.8 m between lines and 0.7 m within each line) on 8
September 2015, using seedlings from the nursery of CIHEAM—Bari, and harvesting was completed
on 30 November 2015.

Finally, lamb’s lettuce was sown at a rate of 50 seeds/m2 on 14 March 2016, using a pre-sown
blanket of biodegradable tissue (supplied by Virens, Padova, Italy), and harvesting was completed
on 18 May 2016 [23]. All crops were harvested according to required market standards. Cumulative
production (yield) per crop was calculated for each system. Air temperature at 2 m height was measured
hourly by two probes during both ASC and cash crop cycles. Air humidity and temperature were kept
under control (10–28 ◦C range) by manually opening/closing tunnel border sides when needed.
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Table 1. Agroecological service crops (ASC) mixture composition and ecological services provided.

Year System Poaceae Fabaceae Brassicaceae Seed
Weight (%)

I (2014) AM; AC

Pennisetum glaucum
(L.) R. Br. 30.0

Setaria italica (L.)
Beauv. 30.0

Lablab purpureus (L.)
Sweet 20.0

Vigna sinensis L. 20.0

II (2015)

AM

Lablab purpureus (L.)
Sweet 20.0

Vigna sinensis L. 20.0
Crotolaria juncea L. 20.0

Hedysarum coronarium L. 20.0
Onebrychis vicifolia Scop. 20.0

AC

Brassica juncea (L.)
Czern. 33.3

Raphanus sativus L. 33.3
Sinapis alba L. 33.3

Ecological services
provided

Nitrogen losses
decrease (catch

crops); soil organic
matter increase,

weed control [20]

Nitrogen fixation; soil
organic matter increase;
soil and water quality

[21]

Nitrogen losses
decrease; nematode

suppression;
soil-borne disease
reduction; soil and
water quality; root

growth increase [22]

2.3. Soil Preparation

The tunnel greenhouse was installed on May 2012, on a soil organically managed for ten years.
Strawberry (Fragaria × ananassa var. Duchesne, cv Festival) was cultivated as previous crop in each
system from September 2013 to May 2014. Before the first ASC cycle, the soil was ploughed using
a rotary tiller (SICMA CS 105). In the SB system, for kohlrabi, lettuce and zucchini cultivation, the
whole soil bed was covered by black polyethylene plastic mulch. Water was mainly supplied by drip
irrigation, except for ASC and lamb’s lettuce cultivation, where sprinkler irrigation was used.

2.4. Organic Amendment and Fertilizers

The total amount of amendments and fertilizers applied to each of the three systems, total nitrogen
and carbon content, and distribution practices are reported in Tables 2 and 3. Compost and cattle
manure samples were analysed in triplicate for dry matter, total organic carbon (TOC) and total nitrogen
(TN). Dry matter was calculated by weight loss overnight in an oven at 105 ◦C. TOC was analyzed
with a LECO analyzer (LECO RC-612; St. Joseph, MI, USA) using a dry combustion method [24]. TN
was analyzed with the Dumas method using the elemental analyzer LECO FP 528.
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Table 2. Characterization of amendments and fertilizers applied for each crop during the rotation.

Cash Crop Fertilizer Supplier TOC TN C/N Ptot

(g kg−1) (g kg−1)

All Commercial organic fertilizer
based on guano, “Guanito”. Italpollina - Italy 320 60 5 6.6

All
Liquid commercial organic

fertilizer based on Sugar beet
molasses (“Kappabios”)

Serbios - Italy 150 30 5 0.0

Before
Kohlrabi

Compost On-farm,
CIHEAM—Bari facility 261 27 10 6.7

Cattle manure Organic farm “la
Querceta”, Bari - Italy 430 18 24 7.3

Before
Zucchini

Compost On-farm,
CIHEAM—Bari facility 301 32 9 2.7

Cattle manure Organic farm “la
Querceta”, Bari - Italy 445 24 19 2.7

Table 3. Distribution of amendments and fertilizers to the three systems for each crop (on dry matter
basis, except for “Kappabios”, in liquid form).

Cash Crop System Fertilizers Distribution

Kohlrabi

SB
Guanito incorporated into the soil before transplanting at 1.67 Mg ha−1

Kappabios fertigation, 7 times during crop cycle for a total of 0.32 Mg ha−1

AC
Compost incorporated into the soil before transplanting at 7.41 Mg ha−1

Kappabios fertigation, 3 times during crop cycle for a total of 0.14 Mg ha−1

AM
Cattle manure incorporated into the soil before ASC sowing at 11.17 Mg ha−1

Kappabios fertigation, 7 times during crop cycle for a total of 0.32 Mg ha−1

Lettuce
SB Kappabios fertigation, 7 times during crop cycle for a total of 0.46 Mg ha−1

AC Kappabios fertigation, 3 times during crop cycle for a total of 0.20 Mg ha−1

AM Kappabios fertigation, 4 times during crop cycle for a total of 0.26 Mg ha−1

Zucchini

SB
Guanito incorporated into the soil before transplanting at 1.83 Mg ha−1

Kappabios fertigation, 7 times during crop cycle for a total of 0.46 Mg ha−1

AC
Compost incorporated into the soil before transplanting at 6.25 Mg ha−1

Kappabios fertigation, 3 times during crop cycle for a total of 0.20 Mg ha−1

AM
Cattle manure incorporated into the soil before transplanting at 8.33 Mg ha−1

Kappabios fertigation, 4 times during crop cycle for a total of 0.26 Mg ha−1

Lamb’s
lettuce

SB Kappabios fertigation, 7 times during crop cycle for a total of 0.46 Mg ha−1

AC Kappabios fertigation, 3 times during crop cycle for a total of 0.20 Mg ha−1

AM Kappabios fertigation, 4 times during crop cycle for a total of 0.26 Mg ha−1

2.5. Plant Sampling and Analysis

Each year, at the end of the ASC cycle, three quadrats (0.25 m × 0.25 m) per plot were used to
sample the fresh aboveground biomasses. At the harvest stage, cash crops were collected from the
plots and partitioned into products and residues. Plant samples were divided into two subsets. One
was dried at 105 ◦C for the determination of the dry matter content by gravimetric loss (total plant
biomass, total yield and biomass of residues ploughed into the soil at the end of crop cycle—hereafter
reported as Tot Biom, Tot Yield and Inc res, respectively), while the other was dried at 60 ◦C and stored
for analyses. In SB, crop residues were removed from the field. TN was analyzed using samples of the
ASCs, products and residues, with the Dumas method using the elemental analyzer LECO FP 528.
N uptake of cultivated plants was then calculated by multiplying N content by the correspondent
biomass per hectare values, in order to obtain the total N uptake (Tot Nu) and the yield N uptake
(Yield Nu). All the organic biomass utilized as C input (ASC and cash crop residues—Inc res C) were



Agronomy 2019, 9, 372 6 of 16

analyzed for C content on a LECO analyzer (LECO RC-612) using a dry combustion method. To obtain
the C input, the carbon content of plant materials was multiplied by the correspondent biomass per
hectare values.

2.6. Soil Sampling and Analysis

For each crop in rotation, at different plant phenological phases (at transplanting, during the
plant growth cycle—twice for kohlrabi and zucchini and once for lettuce and lamb’s lettuce, and at
harvest), elementary soil sub-samples were taken from each plot using an auger at a depth of 0–30 cm
and mixed to form a composite sample for each plot. For each composite sample, total soil mineral
nitrogen (SMN), as the sum of nitrate (NO3

−-N) and ammonium nitrogen (NH4
+-N), was determined.

Fresh soil samples were extracted by 2M KCl (1:10 w/v). Then NH4
+-N and NO3

−-N were determined
according to Henriksen and Selmer-Olsen [25] and Krom [26]. At the beginning of the experiment and
at the end of each cash crop cycle, the soil samples were air dried, sieved at 2 mm and stored for the
determination of total organic carbon (Soil TOC), total nitrogen (Soil TN) and available Phosphorus
(Soil P). Soil TOC content was determined by combustion method on a LECO analyzer (LECO RC-612;
St. Joseph, MI, USA) using a dry combustion method [24]. Soil TN was analyzed with the Dumas
method using the elemental analyzer LECO FP 528. Soil P was extracted and measured according to
the Olsen method [27].

2.7. Soil Arthropods Monitoring

Soil arthropods were monitored from July 2014, following the rotation plan, until May 2016.
Depending on the crop cycle, monitoring periods were as follows: ASC ‘14 (49 days); kohlrabi (56 days);
lettuce (43 days); ASC ‘15 (46 days); zucchini (93 days); and lamb’s lettuce (58 days). Pitfall traps were
used to collect arthropods (one per plot). Each trap consisted of a plastic cup (13 cm × 10 cm, 500 mL)
half filled with 50% propylene glycol water solution. The cups were dug into the soil and the rim was
levelled with the soil surface. A 15 cm × 15 cm plastic saucer was placed 4 cm above the cup to prevent
irrigation water entering the cups. The traps were replaced every 15–25 days during the monitoring
period (depending on the capture rate). The content of each cup was emptied in the field into plastic
containers and stored in the fridge until soil arthropods were counted in the laboratory. In the
present study, seven macrogroups were considered (Coleoptera Carabidae, Coleoptera Staphylinidae,
Collembola, Araneae, Myriapoda, Isopoda and Opiliones). Data are presented as mean activity density
for each macrogroup per crop and as mean for full rotation period (total number of individuals divided
by days of trap activity and multiplied by 10; resulting in cumulative activity density for a 10 days
period). Detailed elaboration of total soil arthropods and relative abundance is reported in [28], while
the present paper reports the activity density of individual macrogroups and intends to explore their
possible relations with the main soil parameters studied.

2.8. Statistical Analysis

Agronomic parameters and arthropod macrogroups were analysed with a mixed model, using
YEAR (levels: 1◦–2◦) as random factor, SYSTEM (levels: AC, AM and SB) and CROP (levels: A, K, L, Z
and LM, for ASC, kohlrabi, lettuce, zucchini and lamb’s lettuce, respectively) as fixed factors. In the
model, CROP was nested within YEARS. Mixed model analyses were performed by means of SAS 9.0.

Agronomic and arthropod data were also analyzed by means of an explorative multivariate
analysis, using canonical discriminant analysis (CDA). CDA was used for understanding the temporal
dynamics of the systems during the two-year rotation. In other words, to underpin the interactions
evidenced by the mixed model (see previous analysis). The group variables of the CDA were System
(SB, AC and AM) and Crop rotation (Year: 1 and 2), while the response variables (represented by
arrows) were agronomic parameters and arthropod taxa. In the biplot, the multivariate 95% confidence
coefficient of the canonical means of each group variable was represented by a circle. CDA was
employed using R 3.3.2.



Agronomy 2019, 9, 372 7 of 16

3. Results

The results of the mixed model analysis for agronomic parameters are reported in Table 4. The
system x crop rotation (Year) showed significant interaction for most of the analyzed parameters,
except for Soil P, Soil TN, Tot Biom, Inc res and Inc res C, while both System and Crop rotation (Year)
factors highlighted significant differences, except for Soil TN in Crop rotation (Year). Tables 5 and 6
display means for soil chemical and plant parameters, respectively, for each system and crop in rotation,
including the total means for the compared systems in the whole rotation. In particular, Soil TOC
showed increasing trends during the rotation in AC and AM until ASC ‘15, whereas a slight variation
around the average value was recorded for SB (Table 5). No difference due to the Year was recorded
for Soil TN, while a significant effect of Systems was detected (Table 4), with lower value in SB than
in agroecological systems (Table 5). Soil P showed the highest values for AC, followed by SB and
then by AM, with higher values in the first year rotation than in the second one (36.6 and 31.0 ppm,
respectively). Soil mineral nitrogen (NO3

−-N + NH4
+-N as SMN) parameters showed the lowest

dynamics in SB and first crop year rotation, whereas the highest were recorded in the same year by AC,
recording the highest NO3

−-N content during the lettuce cycle (179 ppm), with a similar trend also
shown by AM. The lowest SMN values were instead recorded for the SB in the zucchini cycle (second
year), corresponding to 23.3 ppm (NO3

−-N + NH4
+-N) (Table 5). As far as the plant parameters are

concerned (Table 6), SB showed the highest yield for all the cash crops, with the exception of lamb’s
lettuce when AM showed the highest yield. Similar results were recorded for the Nuptake parameters
(Tot Nu and Yield Nu), whereas AM showed the highest Carbon input (Inc Res C) due to residues
(0.23 t ha−1 vs 0.19 t ha−1 for AM and AC, respectively).

Crop rotation (System) showed significant differences, among the farming systems compared,
in activity density for four out of the seven taxa (Araneae, Opiliones, Staphylinidae and Myriapoda)
(Table 7). The significant interaction (p < 0.01) between systems and crops in the two-year rotation
demonstrated that the effect of agroecological systems was strongly associated with the year of the
rotation. Indeed, crop (Year) factor was strongly correlated with activity density for all the arthropod
taxa. A detailed analysis of the mixed model interactions explains better the response of arthropod
fauna to all the variables of the rotation (Table 8). For example, besides a general positive impact of
agroecological systems on Staphylinidae in comparison with SB (mean value for the rotation), the
AC system was positively associated with the activity density of this taxon mainly in the first year of
rotation, and in particular during the kohlrabi and lettuce cultivation. Collembola activity density was
higher in SB in comparison with agroecological systems, particularly for ASC during the first year.

This trend changed during the second year, when density of this taxon was higher in the
agroecological systems (zucchini) or it had similar values for all systems. Araneae were positively
correlated with AM in the ASC cycle during the second year of rotation, while the difference among
the systems was not relevant in the other crops. Opiliones positively responded to AC and AM in
the first year during lettuce cycle, while Myriapoda were more associated with the agroecological
systems during the second year (ASC and zucchini). The mean activity density of Carabidae and
Isopoda during the whole rotation was not correlated with the systems (Tables 7 and 8). Carabidae
density showed a higher increase in AC than in SB and AM during the kohlrabi rotation (Table 8) and
a partial response to AC in the ASC during the first year and in zucchini in the second year, even if the
interaction is not significant (Table 7). Isopoda density was higher in agroecological systems in ASC
during both the cultivation years.
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Table 4. Results of the mixed model analysis on agronomic parameters (P levels). See material and methods for explanations.

Effect NO3−-N NH4
+-N Soil P Soil TOC Soil TN Tot Biom Tot Yield Inc Res Yield Nu Tot Nu Inc Res C

System <0.001 <0.001 <0.001 <0.001 <0.05 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Crop (year) <0.001 <0.001 <0.001 <0.001 >0.05 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

System × Crop (year) <0.001 <0.001 >0.05 <0.001 >0.05 >0.05 <0.001 >0.05 <0.001 <0.001 >0.05

Table 5. Means of soil chemical parameters for the three organic systems during the two-year rotation period.

ASC ‘14 Kohlrabi Lettuce ASC ‘15 Zucchini Lamb’s Lettuce Mean for Rotation (SE)

SB 1 AC AM SB AC AM SB AC AM SB AC AM SB AC AM SB AC AM SB AC AM

NO3
−-N ppm 78.9 81.7 10.3 77.6 58.7 19.3 65.9 179. 85.6 21.8 40.1 22.9 8.07 18.5 14.3 5.8 19.6 46.8 43.0 (8.94) 66.2 (13.6) 33.2 (7.29)

NH4
+-N ppm 15.2 21.6 16.2 23.4 27.9 18.4 22.1 22.8 19.8 29.1 30.1 30.9 15.2 21.6 16.2 23.4 27.9 18.4 22.8 (1.42) 23.4 (1.27) 19.8 (1.25)

Soil P ppm 36.5 44.4 33.1 31.4 40.9 28.3 40.8 39.0 35.3 25.1 18.6 21.1 36.5 44.4 33.1 31.4 40.9 28.3 34.6 (2.23) 36.7 (2.51) 33.5 (1.92)
Soil TOC % 1.37 1.54 1.50 1.50 1.78 1.65 1.67 2.01 1.89 1.53 2.16 2.10 1.37 1.54 1.50 1.50 1.78 1.65 1.42 (0.05) 1.69 (0.08) 1.63 (0.08)
Soil TN % 0.12 0.14 0.13 0.12 0.14 0.13 0.12 0.15 0.14 0.11 0.19 0.18 0.12 0.14 0.13 0.12 0.14 0.13 0.12 (0.01) 0.15 (0.01) 0.14 (0.01)

1 SB–Substitution, AC–Agrocom; AM–Agroman.

Table 6. Means of plant parameters for the three organic systems during the two-year rotation period.

ASC ‘14 Kohlrabi Lettuce ASC ‘15 Zucchini Lamb’s Lettuce Mean for Rotation (SE)

SB 3 AC AM SB AC AM SB AC AM SB AC AM SB AC AM SB AC AM SB AC AM

Tot Biom 1 - 22.6 26.9 2.30 1.91 1.31 1.59 1.15 1.40 - 4.16 4.73 3.87 2.43 2.74 0.50 0.75 0.93 1.38 (0.34) 5.50 (1.98) 6.34 (2.29)
Tot Yield 1 - - - 1.75 1.51 1.03 1.59 1.15 1.40 - - - 0.79 0.49 0.54 0.50 0.75 0.93 0.77 (0.17) 0.65 (0.14) 0.65 (0.13)
Res inc 1 - 22.6 26.9 - 0.39 0.29 - - - - 4.16 4.73 - 1.94 2.20 - - - - (-) 4.85 (2.06) 5.69 (2.38)
Tot Nu 2 - 502. 588. 75.9 56.4 41.2 65.5 47.3 48.1 - 75.3 123. 189. 112. 117. 18.7 25.9 40.5 58.3 (16.1) 137 (42.7) 159 (48.3)

Yield Nu 2 - - - 53.5 41.8 30.2 65.5 47.3 48.1 - - - 51.3 30.1 32.2 18.7 26.0 40.5 31.5 (6.65) 24.2 (4.63) 25.2 (4.84)
Inc Res C 1 - 0.89 0.10 - 0.16 0.11 - - - - 0.18 0.26 - 0.76 0.89 - - - - (-) 0.19 (0.08) 0.23 (0.09)

1 t ha−1; 2 kg ha−1; 3 SB—Substitution, AC—Agrocom; AM—Agroman.
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Table 7. Results of the mixed model analysis on arthropod taxa (P levels). See material and methods for explanations.

Effect Carabidae Araneae Opiliones Staphylinidae Isopoda Myriapoda

System >0.05 <0.01 <0.01 <0.01 >0.05 <0.01
Crop (year) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

System × crop (year) >0.05 (0.0711) <0.01 <0.01 <0.01 >0.05 (0.0587) <0.05

Table 8. Activity density of soil arthropods macrogroups for the three organic systems during the two-year rotation period.

Macrogroup ASC ‘14 Kohlrabi Lettuce ASC ‘15 Zucchini Lamb’s Lettuce Mean for Rotation (SE)

SB 1 AC AM SB AC AM SB AC AM SB AC AM SB AC AM SB AC AM SB AC AM

Carabidae 0.1 0.8 0.1 0.8 1.3 0.2 0.2 0.4 0.3 0.1 0.3 0.4 0.4 0.9 0.6 0.1 0.1 0.2 0.3 (0.1) 0.6 (0.2) 0.3 (0.1)
Araneae 1.6 1.1 2.7 1.3 1.2 1.0 2.6 2.3 2.2 5.7 8.4 11.5 3.0 3.1 1.9 0.7 0.9 0.7 2.5 (0.7) 2.8 (1.2) 3.3 (1.7)

Opiliones 0.0 0.2 0.0 0.1 0.7 0.2 1.1 2.9 4.0 0.1 0.3 0.1 0.2 1.0 1.3 0.8 1.3 1.1 0.4 (0.2) 1.1 (0.4) 1.1 (0.6)
Isopoda 1.0 3.8 4.6 2.5 1.1 0.7 1.3 1.8 1.7 2.6 4.8 10.9 3.7 2.7 2.3 3.2 2.9 2.8 2.4 (0.4) 2.9 (0.5) 3.8 (1.5)

Myriapoda 0.1 0.5 0.3 0.5 0.8 0.1 0.2 0.5 0.3 0.8 4.0 3.1 0.3 1.1 1.1 1.4 1.7 1.5 0.6 (0.2) 1.4 (0.5) 1.1 (0.5)
Staphylinidae 0.1 2.1 2.9 0.7 3.2 1.9 1.2 6.9 2.1 0.9 4.0 4.3 0.9 1.4 1.2 0.2 0.2 0.2 0.7 (0.2) 3.0 (1.0) 2.1 (0.6)

1 SB–Substitution, AC–Agrocom; AM–Agroman.
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Figures 1 and 2 refer to the system discrimination due to the agronomical parameters variability.
In particular, in Figure 1, SB differentiates with respect to AC and AM for yield (higher in SB), for Yield
N uptake (higher nutritional efficiency of SB respect to AM and AC) and partially for Soil P. On the
other hand, AM and AC differentiate from SB mainly for their effects on Soil TOC and Soil TN.
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Figure 2 refers to the same dataset utilized in Figure 1, with the difference that the effect of single
systems of production (SB, AM and AC) on soil and plant parameters are analyzed during the two
years of the experiment (SB1 and SB2; AM1 and AM2; AC1 and AC2), giving to the production systems
compared a dynamic effect on plant and soil parameters. In particular, it is worth noting how, during
the first year of rotation, the three systems compared (SB1, AM1 and AC1) did not differentiate clearly.
In the second year, the differences among SB2, AM2 and AC2 seem to strongly discriminate substitution
from agroecological systems in terms of soil parameter vectors (Soil TOC, NH4

+-N and Soil TN).
Figure 3 graphically represents the distribution of the systems based on soil arthropod macrogroup

abundances, pooling the two-year rotation together. In this case, AM assumed an intermediate position
between SB and AC, along the first axis. So, the discrimination among the systems did not follow the
same trend reported for soil chemical parameters. In any case, both AC and AM seem to be associated
with vectors representing most of the groups of arthropods (higher abundance). Conversely, SB was
correlated only with Collembola.Agronomy 2019, 9, x FOR PEER REVIEW 2 of 17 
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In Figure 4, the dynamic effect of the production systems (SB, AM and AC) on soil arthropod
abundance is represented. CDA corroborates mixed model analysis, and in particular the interaction
between system and crop rotation (year). The almost complete overlap of SB1 and SB2 confirms that
the influence of the input substitution system of production on soil arthropods did not change during
the two-year rotation. Conversely, for the two agroecological treatments, crops cultivated in the two
years of rotation affected the trends of soil arthropods. In particular, during the first year, Staphilinidae
and Opiliones showed strong correlation with AC and AM, respectively. During the second year, an
overlap of the effects of AM2 and AC2 was observed, with a strong correlation of the agroecological
systems with Araneae, Collembola and Myriapoda. During the second year, Isopoda showed slight
correlation with AC and AM, confirmed by the almost significant interaction between systems and
crop in rotation (Year) of the mixed model (Table 7). Both agroecological systems in the second year
(AC2 and AM2), were associated with groups (Araneae, Myriapoda, Collembola) which were different
in comparison to those of the first year (AC1 and AM1) of the experiment (Opiliones, Staphylinidae).
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4. Discussion

Yield comparisons between conventional and organic farming systems have been reported by
several authors and show that marketable yields are usually higher in conventional systems compared
to organic systems by 10% to 25% [20,29,30]. In our research, as expected, similar results were observed
for SB and agroecological treatments. Indeed, organic fertilisers used in SB seemed to play exactly
the role of the synthetic input in a conventional system, guaranteeing a better productive effect and
more efficient nitrogen uptake of the cash crop compared to AM and AC. So, the hypothesis of similar
results was not verified. As observed by Tittarelli et al. [10], agroecological systems have a lower
efficiency in N utilization because the amount of N associated to organic biomass incorporated to
soil (e.g., crop residues, green manure and organic amendments) is higher compared to the amount
applied with organic fertilizer. These agronomic practices have the wide objective of guaranteeing
not only nutrients availability to the crops but also to increase soil organic matter content [31]. The
analysis of the results in terms of soil fertility are further supported by the evidence shown in Figure 2,
where the increasing amount of organic matter incorporated into the soil in the AC and AM systems is
graphically represented in CDA by the shifting of agroecological systems in the second year of the trial
under the Soil TOC and Soil TN drivers. On the other side, SB slightly changed during the biennial
rotation with respect to the soil parameters analyzed, and it was mainly driven by yield and available
mineral nitrogen. This result is in accordance with those of Garcia-Franco et al. [32]. Agroecological
practices, which are mainly characterized by the introduction in the system of higher amounts of
organic carbon, differentiated with respect to the input substitution system during the second year,
when the amount of organic amendments incorporated into the soil became significantly higher than
in SB, where just organic fertilizers were broadcasted.

The spatio-temporal distribution of soil arthropods in the systems of production we compared
was more complex and seemed to follow a multi-effect response. Besides a general positive influence
of agroecological systems on arthropod activity density, responses of macrogroups do not allow us to
identify precise drivers of their patterns. Indeed, the agroecological systems (AM and AC) positively
affected the activity density of most of the arthropod taxa, but these effects were strongly influenced by
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the year of cultivation. The positive effect of the agroecological systems, and in particular AC, was
evident for Staphylinidaee during the first year of rotation. Some positive effects of the agroecological
systems were found also for Opiliones, Araneae and Myriapoda, but only in the second year of rotation
(Table 8). On the contrary, the SB system did not affect activity density of soil arthropod taxa in the two
years of the cultivation of cash crops, and this lack of effect was constant during the whole rotation. The
partial responses of taxa only for few crops in rotation seems to be the reason for the interactions close to
significant values (Table 7), whereas the CDAs carried out for evaluating the temporal performance of
systems on agronomic parameters and arthropod activity density confirmed the interactions observed
with the mixed model and allowed a more in-depth evaluation of the results obtained.

The macrogroup of Collembola demonstrated, in our study, how complex soil arthropods reactions
to production systems are. Agricultural practices implemented can affect nutrients supply and can be
a source of physical disturbance, both considered to be among the key factors determining biological
diversity in aboveground systems [33,34]. Coulibaly et al. [35] found that during a 4-year period,
tillage intensity (i.e., physical disturbance) had a significant effect on diversity and abundance of
Collembola, while residue incorporation (resource supply) had no significant impact. Our results only
partially confirmed these findings, since in the first year of our experiment, additional disturbance of
soil due to the sowing of ASC in AM and AC resulted in much lower activity density of the Collembola
macrogroup in these systems than in SB. While the beneficial effects of agroecological practices (e.g.,
resource supply) appeared to be significant for the following crop (kohlrabi) and with a residual effect
for the subsequent one (lettuce). During the second year, the effects of rotation (crop) could be observed,
since the AC and AM systems had similar or higher values of Collembola activity density than in SB.
In other words, the direction of the Collembola vector changed toward the AC and AM systems in
the second year of the study. These results should be attributed to systems stabilization, since after
the ASC cultivation in 2014, Collembola activity density was not significantly different between the
systems for the whole rotation.

According to the scientific literature, soil fauna plays a key role in soil functioning and in the
maintenance of soil quality [36] and can reflect anthropogenic disturbances to soil ecosystems [37,38].
Our results demonstrated how the community structure of soil arthropods is strictly linked to changes
in soil fertility parameters. Soil arthropods are recognized as reliable bioindicators, due to their
important role in terrestrial ecosystem services delivery, especially because of their capability to affect
organic matter decomposition processes [39] and to contribute to biological pest control [40]. When
soil arthropods are divided according to ecosystem service delivery groups (functional subgroups),
such as biological pest control subgroups (Carabidae, Aranea, Opiliones, Staphylinidae) and nutrient
cycling subgroups (Isopoda, Myriapoda, Collembola), the results obtained indicate significantly higher
contribution of AC and AM systems to biological pest control [28]. In the case of the nutrient cycling
subgroup, the systems did not differ significantly; thus, the hypothesis related to diversified services
among systems is only partially confirmed.

It is worth noting that the introduction of agroecological practices, such as the cultivation of ASC
as green manure and the use of soil amendments instead of commercial organic fertilizers, determined
a quick change in some soil characteristics, which were able to discriminate systems of production.

5. Conclusions

The results obtained during the two-year rotation generated evidence for how the input substitution
system (SB) is different to agroecological systems, both in terms of agronomic parameters and soil
arthropods abundance. Thus, SB showed effects on short term soil fertility but, as expected, did not
have any effect on parameters related to the long run. These slight differences in agronomic parameters
were in line with the results obtained for soil arthropods, since significant changes in abundance and
dynamics were not observed. On the other hand, both agroecological systems showed a significant
change in long-term soil fertility parameters, and also an evolution of soil arthropod groups. Actually,
in accordance with previous findings, patterns analyzed can be considered to be bioindicators for



Agronomy 2019, 9, 372 14 of 16

a comprehensive assessment of management systems. In protected condition, where the systems
are often very intensive, the cultivation of ASC which are not aimed to produce yield represents an
agronomic mean which is not easily acceptable by growers. Recent publication of European regulation
(EU 2018/848) on organic production reports the need of short-term green manure for certified organic
production in protected conditions. It is a challenge which would only be accepted by growers if its
environmental impact is demonstrated.

Our results demonstrated that the label “organic” does not represent the same impact on soil
fertility and biodiversity per se. Since, in protected conditions the input substitution approach is the
more widely diffused system of production, it could be worth investigating its potential impact also on
other aspects of soil health and suppressiveness (e.g., nematode biodiversity, soil microbial activity, etc.)
in comparison with organic systems characterized by the implementation of agroecological practices.
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