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D5.4. Report on best cropping systems and

management practices that enhance soll

biodiversity and the associated ecosystem

services

Summary

This deliverable D5.4 combines the results of deliverables D5.2 and D5.3 to develop and present
recommendations for agricultural practice as an outcome of the different 15 case studies. They were
conducted across 17 different field sites - including commercial farms and experimental plots
dedicated to wheat, potatoes, and vegetables — and were established in six different European
Mediterranean South, Lusitanean, Atlantic Central, Continental, Nemoral,
Boreal. Besides the location of each case study, the implemented management practices are
presented. For each case study, strategies to promote soil biodiversity and their main benefits are

pedoclimatic regions:

recommended. Potential drawbacks are mentioned as far as known.
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INTRODUCTION: MEANING AND AIM OF CASE STUDIES IN SOILDIVERAGRO

Fifteen case studies, conducted across 17 different field sites—including commercial farms and
experimental plots dedicated to wheat, potatoes, and vegetables—were established in six different
European pedoclimatic regions: Mediterranean South, Lusitanean, Atlantic Central, Continental,
Nemoral, and Boreal. These studies aimed to evaluate the effects of innovative management
practices and cropping systems on soil biological diversity, with a focus on key groups such as
prokaryotes (archaea and bacteria), fungi, nematodes, and earthworms. Furthermore, the overall
performance of European agriculture was assessed through parameters related to crop quality—
including growth, yield, nutritional value, and pest incidence—as well as soil quality indicators such
as pH, nutrient content, soil structure, and the presence of pesticides.

Two case studies (CS1 and CS2) were conducted in the Mediterranean South region (Region of
Murcia, Southeast Spain) to study the effects of different mineral and organic fertilization strategies,
with and without bacterial and/or fungal inoculants (biostimulants). On the one hand, the
experimental farm selected in CS1 was located in an agricultural area dedicated to intensive
horticulture. The objective of this study was to investigate the potential of biostimulants as a partial
replacement for mineral fertilizers to improve soil health and crop yield. During the three years of
experimentation, the crop rotation included potato, broccoli, melon, and potato. Four different
fertilization treatments were designed under drip irrigation and mineral fertilization, where mineral
fertilizer was reduced by 30-50% and partially replaced by biostimulants (growth-promoting bacteria
and fungi). On the other hand, in CS2, a commercial farm primarily dedicated to cereal cultivation
was selected. The main objective of this case study was to apply novel strategies based on crop
rotations and biostimulant-based formulations to increase nutrient availability and water retention,
reduce the incidence of soilborne crop diseases, and enhance grain production. Following local
practices, the crops (rye, wheat, and ervil) were cultivated under organic, rainfed management. Four
different fertilization treatments were applied, reducing the organic fertilizer (by 30%—pig slurry and
compost) and partially replacing it with biostimulants (nutrient-solubilizing bacteria and fungi).

Three case studies (CS3, CS4, and CS5), located in the autonomous community of Galicia
(northwestern Spain), within the Lusitanian pedoclimatic region, were established to test various
agricultural management practices to address persistent agronomic challenges in the area. In this
region, potatoes represent the main crop, typically rotated with cereals such as wheat. Among the
primary issues identified are the excessive use of agricultural inputs, leading to soil and water
contamination; a high incidence of pests and diseases; and low levels of both aboveground and
belowground biodiversity. Taking this into account, Case Study 3 explores the potential of crop
diversification to increase soil biodiversity and, together with the management of trap crops in potato
fields, to reduce the incidence of cyst nematodes. This strategy aims to increase soil biodiversity and
reduce the use of nematicides, thereby promoting sustainable and profitable potato production
practices. On the other hand, Case Study 4 examines the application of mycorrhizal fungi in potato
cultivation as a means to mitigate the prevalence of common scab, reduce dependency on
phosphorus-based fertilizers, and simultaneously improve both crop yield and soil biodiversity.
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Finally, Case Study 5 investigates the implementation of a pest alert system aimed at reducing
fungicide applications and minimizing the use of heavy agricultural machinery in the field.

Four case studies (CS6, CS7, CS8, and CS9), located in Belgium within the Atlantic Central pedoclimatic
region, were organized based on responses to a questionnaire and feedback collected during regional
meetings with stakeholders and end-users. The gathered information identified and prioritized the
main threats affecting agro-ecosystems in Flanders (Belgium): the use of chemical fertilizers and
liquid manure continues to cause excessive nitrate and phosphate leaching into surface water and
groundwater; intensive management practices lead to a deficit in soil organic matter; and a general
decline in soil health, marked by degraded biological and structural conditions, which further
contributes to issues such as soil erosion and water scarcity. To address these agricultural challenges,
each case study focused on specific aspects of soil fertility, organic matter content, and biodiversity
in distinct ways. Case Study 6 evaluated the combined effects of applying farmyard manure, with or
without co-composting using ‘brown’ material, alongside different cover crop management
strategies (e.g., incorporation or mowing). Case Study 7 assessed the impact of species-diverse cover
crop mixtures, ranging from simple combinations to mixes with up to 12 species, in order to further
diversify cropping systems. Case Study 8 compared agricultural systems (intensive versus extensive,
conventional versus organic), while Case Study 9 examined the use of various organic fertilization
sources, such as farmyard manure, compost, and fermented grass-clover silage.

It is important to note that the results were likely influenced by the climatic conditions in Belgium
during the growing seasons from 2019 to 2023. These years were characterized by generally very
warm weather and, at times, exceptionally dry conditions (Table 1). Specifically:2019: Warm, sunny,
and relatively dry.

TABLE 1

YEAR  MT MMAT  MMIT TH TP PN ss

(°C) (°C) (°C) (DAYS)  (MM) (DAYS)  (HOURS)
2019 115 155 7,8 11 798,6 182 1757
2020 12,2 16,1 8,1 12 7319 169 1838
2021 10,7 14,3 7,2 0 1038,8 192 1590
2022 12,2 16,3 8,1 13 701,4 148 1974
2023 12,1 15,8 8,6 11 837,1 190 1603

Table 1. Climatological conditions in Belgium during the experimental period of case-study 6. MT: mean
temperature; MMAT: mean maximum temperature; MMIT: mean minimum temperature; TH: tropical heat;
TP: tropical precipitation; PN: number of precipitation days; SS: sunshine.




This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme under grant
agreementNo 817819

Sﬂ%&

2020: Very hot, sunny, and dry.

2021: Exceptionally wet.

2022: Very hot, sunny, and dry, with an extremely low number of rainy days.

2023: Also very hot and wet.

The mean temperatures in 2020 and 2022 were the highest recorded since 1991. Notably, 2022 had
the highest mean maximum temperature, while 2023 recorded the highest mean minimum
temperature during this period.

In the Continental pedoclimatic region within Germany, three case studies were established (CS10a,
CS10b, and CS11). The aim was to promote beneficial soil organisms by new and innovative
agricultural measures to increase soil intrinsic self-regulation against soil-borne phytopathogenic
fungi (e.g. Fusarium and their mycotoxins).

Case study 12 (CS12), located in Estonia within the Nemoral pedoclimatic zone, was partially designed
based on data collected through stakeholder questionnaires and feedback provided during regional
workshops involving end-users and local actors. The selection process was further guided by regional
demands for evidence-based knowledge concerning the effects of soil management practices on soil
properties. Informed by both stakeholder input and regional agronomic priorities, a range of
agricultural management strategies was identified to enhance agroecosystem resilience, maintain
soil quality, and promote soil biodiversity within Estonian farming systems. With respect to pesticide
application, the presence of pesticide residues and their effects on soil biota—specifically assessed
through the use of earthworms as bioindicators—was evaluated under direct seeding and reduced
tillage conditions. Additionally, the impact of soil management practices was investigated across
various farming systems, including conventional agriculture with conventional tillage, conventional
farming under no-till practices, and organic farming under no-till regimes.

Four case studies (CS13, CS14a, CS14b, and CS15) located in Finland, within the Boreal pedoclimatic
region, were organised based on responses to a questionnaire and feedback gathered during regional
meetings with stakeholders and end-users. Based on the collected information we identified
agricultural management practices which could promote overall resilience and soil diversity of agro-
ecosystems in Finland: the use of reduced or minimum tillage with or without direct sowing to
minimize the negative impacts of deep-ploughing to promote soil health and biological diversity of
soil, and use of catch crops and organic amendments from recycled forest-derived material to
prevent nutrient and carbon loss from early potato fields with short cultivation period. Case Study
13 explores the effects of forest-derived recycled organic amendments from side-streams of the pulp
mill spread in the early potato field after the harvesting. Case Study 14a investigates the impact of
springtime ploughing in cereal (spring wheat) field under long-term organic farming with minimum
tillage. Case Study 14b investigates the impact of autumntime ploughing in cereal (winter wheat)
field under long-term organic farming with reduced tillage combined with direct sowing. Case Study
15 examines the impact of two different catch crops, Phacelia and rye (Secale cereale) in the early
potato field sown in the field after the harvest.
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The data obtained from the case studies will support the analysis of environmental and economic
impacts at both farm and regional levels. Ultimately, this will enable the identification and selection
of the most effective crop diversification methods (including cover crops), organic fertilizers, and
farming systems to improve the functionality of soil macro- and microorganisms, which are crucial
for enhancing soil health, crop productivity, and other ecosystem services.

This report highlights the specific characteristics of each case study, focusing on their strategies for
implementing management practices that promote soil biodiversity, as well as the key benefits and
potential drawbacks of these approaches.
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CASE STUDY 1: USE OF SOIL BIODIVERSITY TO REDUCE SOIL-BORNE
DISEASES/PESTS INCIDENCE AND INCREASE NUTRIENT AVAILABILITY IN
POTATOES CROPPED IN MULTIPLE CROPPING AND ROTATIONS

Location

Case Study 1(CS1) was carried out in Cartagena, Southeast of Spain, at the Tomés Ferro Experimental
Farm of the Polytechnic University of Cartagena (UPCT), Spain (37°41'16.6"N 0°56'55.6"W) (Fig. 1.1).
The climate is semiarid Mediterranean with a mean annual precipitation of 300 mm and a mean
annual temperature of 18 °C. Annual potential evapotranspiration surpasses 1.200 mm. Soil is
classified as Haplic Calcisol (loamic, hypercalcic) [IUSS Working Group WRB, 2022], with clay loam
texture, organic matter content of 1.8 %, CaCOs of 25.2%, and a pH of 8.2. The experimental farm is
located in a region dedicated to intensive horticulture, with adoption of multiple cropping (winter
and summer crops) to increase profitability, and rotations, to avoid problems of monocropping. Main
crops are lettuce, cabbage, spinach, broccoli, celery, melon, watermelon, and potato. The most
important environmental problems are low below and aboveground biodiversity, soil erosion, low
soil organic matter content, weak soil structure, low availability of nutrients, and excessive use of
water and nutrients.

Fig. 1.1. Location of Case Study 1 (CS1).
Management practices implemented in the case study
During the three years of experimentation, we rotated in Case Study 1 the following crops (Fig. 1.2):
1) Potato, from 22 December 2020 to 4 June 2021.
2) Broccoli, from 5 October 2021 to 10 January 2022.
3) Melon, from 29 March 2022 to 14 July 2022.

4) Potato, from 16 December 2022 to 15 May 2023.
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Following the local practices, the crops were established under drip irrigation and mineral
fertilization. Four different fertilization treatments were designed, where we reduced mineral
fertilizer to partially replace it by biostimulants:

1) Inorganic fertilizers applied at the nutritional demands of the crop (F100).
2) The 50% of the rate of inorganic fertilizers added in F100 (F50).

3) F50 + the application of a formulation of nitrogen-fixing and phosphorus and potassium
solubilizing bacteria (BAI).

4) F50 + the application of a formulation of bacteria and non-mycorrhizal fungi (BAI+FU).

The formulation of BAIl was mostly based on plant growth promoting rhizobacteria (PGPR) such as
Azospirillum, Pseudomonas, and Bacillus (Bactoneco®). The formulation of BAI+FU was mostly based
on a mix of PGPR and beneficial fungi as Bacillus, Azotobacter, and non-mycorrhizal fungi (Nuve®).
These products were provided by “Fertilizantes y Nutrientes Ecol6gicos S.L.” (Spain), and the exact
compositions were not shared due to the protection of the providers' intellectual property rights.
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The field experiment was established as a completely randomized design with four treatments of 740
m?, each composed of four replicates. All treatments received the same quantity of irrigation, that
was scheduled according to the climatic conditions, crop coefficient, and evapotranspiration rate. In
all treatments, the soil was tilled at 25 cm depth for the preparation of the crop.

Recommended strategies to promote soil biodiversity and main benefits

e The addition of biostimulants did not increase crop yields in any crops, but kept yields at the
same level of full inorganic fertilization.

e The addition of biostimulants did not affect broccoli and melon quality. However, it improved
potato quality. Although size distribution and starch content showed no significant
differences between treatments, BAI+FU showed the highest mean weight and flesh
firmness of tubers. In addition, the addition of BAI+FU reduced the incidence of Rhizoctonia
in tubers compared to full inorganic fertilization by 30%, improving the marketable value of
the potatoes.

e Soil CO; emissions were reduced by 40% when adding biostimulants compared to full
inorganic fertilization.

e The application of biofertilizers enhanced N fixation, ammonification, denitrification, and CO-
fixation, compared to full inorganic fertilization.

e There was an increase in prokaryote diversity with the addition of biostimulants, with
changes in the taxonomic composition. However, the use of biostimulants did not affect
overall fungal diversity and composition. There was a decrease in the abundance of fungal
pathogens and an increase in the relative abundance of fungal symbiotrophs in BAI+FU.

e The number and biodiversity of nematodes was not affected by the addition of biostimulants,
but their composition changed compared to full inorganic fertilisation. In addition,
biostimulants addition led to decreased functional complexity of the nematode community,
increasing nematode taxa that feed on bacteria and fungi.

e There was no clear effect of soil physical and chemical properties shaping the prokaryotic,
fungal or nematode communities.

In conclusion, the addition of biostimulants, mostly when plant growth promoted bacteria and fungi
were added together (BAI+FU), was positive to keep high crop yields and reduce soil CO2 emissions.
For potatoes, the addition of biostimulants also improved potato quality, and reduced the incidence
of pathogens in the tubers, increasing their marketable value. Furthermore, biofertilizers increased
soil bacterial diversity and changed bacterial composition, with increased soil functioning, and
increases in fungal symbiotrophs abundance.

Thus, the use of biostimulants can be fostered in Mediterranean horticulture to reduce the
dependency on mineral fertilizers, with stimulation of beneficial microorganisms that contributes
to keep high crop yields and reduce soil pathogens abundance and incidence.
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Potential drawbacks

No drawbacks observed in this case study with the addition of both biostimulants, with no negative
effects compared to full inorganic fertilization.
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CASE STUDY 2: USE OF SOIL BIODIVERSITY TO INCREASE NUTRIENT AND
WATER AVAILABILITY AND REDUCE SOIL-BORNE DISEASES INCIDENCE TO
INCREASE WHEAT YIELDS

Location

Case Study 2 (CS2) was carried out in the farm La Junquera, Region of Murcia (Southeast of Spain)
37°56'11.2“ N 2° 10”11.2* W (Fig. 2.1). The climate is semiarid Mediterranean with a mean annual
precipitation of 316 mm and a mean annual temperature of 13 °C. Annual potential
evapotranspiration surpasses 1.000 mm. Soil is classified as Calcic Cambisol [IUSS Working Group
WRB, 2022], with clay texture, organic matter content of 2.3 %, CaCO3 of 49%, and a pH of 9.0. The
commercial farm is located in a region dedicated to field crops, mostly cereals such as wheat, barley
or rye, with adoption of rotations to avoid problems of monocropping. The most important
environmental problems are low below and aboveground biodiversity, soil erosion, low soil organic
matter content, weak soil structure, and low availability of nutrients and water.

Fig. 2.1. Location of Case Study 2.

Management practices implemented in the case study

During the three years of experimentation, we rotated in Case Study 2 the following crops (Fig. 2.2):

1) Rye, from 12 December 2020 to 29 July 2021.
2) Wheat, from 1 December 2021 to 3 August 2022.

3) Ervil, sown on 1 December 2022, but crop could not develop owing to extreme draught
during winter/spring 2023.
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Following the local practices, the crops were established under organic rainfed management. Four
different fertilization treatments were designed, where we reduced organic fertilizer to partially
replace it by biostimulants:

1) Organic fertilizers (pig slurry and compost) applied at the nutritional demands of the crop
(F100).

2) The 50% of the rate of organic fertilizers added in F100 (F50).

3) F50 + the application of a formulation of nitrogen-fixing and phosphorus and potassium
solubilizing bacteria (BAI).

4) F50 + the application of a formulation of bacteria and non-mycorrhizal fungi (BAI+FU).

The formulation of BAIl was mostly based on plant growth promoting rhizobacteria (PGPR) such as
Azospirillum, Pseudomonas, and Bacillus (Bactoneco®). The formulation of BAI+FU was mostly based
on a mix of PGPR and beneficial fungi as Bacillus, Azotobacter, and non-mycorrhizal fungi (Nuve®).
These products were provided by “Fertilizantes y Nutrientes Ecolégicos S.L.” (Spain), and the exact
compositions were not shared due to the protection of the providers' intellectual property rights.
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The field experiment was established in one block with the four treatments of 1.1 ha each. True field
replication was impossible owing to machinery and labour constraints in the commercial farm. In all
treatments, the soil was tilled at 25 cm depth for the preparation of the crop.

Recommended strategies to promote soil biodiversity and main benefits

< The addition of biostimulants did not increase crop yields in any crops, but kept yields at the
same level of full inorganic fertilization. Crop quality was not affected by the addition of
biostimulants.

e There was no effect of biostimulants in prokaryotic, fungal and nematode diversity and
composition. Functional gene abundance for genes involved in C and N cycles were not
affected by biostimulants either. However, biostimulants addition led to decreased
functional complexity of the nematode community, increasing nematode taxa that feed on
bacteria and fungi. In addition, the 50% reduction in organic fertilisation (F50) increased
nematode diversity.

In conclusion, organic fertilisation could be reduced for cereal production under organic rainfed
management with no negative effect on crop yield and quality, and soil properties. The use of
biofertilizers was not successful to increase productivity neither soil biodiversity nor
multifunctionality.

Potential drawbacks

Owing to the high price of commercial biostimulants, this strategy may not be competitive for rainfed
organic systems under Mediterranean climate, since there is no increase in crop yields and quality.
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CASE STUDY 3: USE OF CROP DIVERSIFICATION AND TRAP CROPS IN POTATO
FIELDS TO REDUCE THE INCIDENCE OF CYST NEMATODE, REDUCE
NEMATICIDES AND INCREASE YIELD AND SOIL BIODIVERSITY
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Location

Case Study 3 (CS3) was implemented in the Lusitanean Pedoclimatic region, Spain. Concretely in the
town of Sandias, Ourense province, Galicia region (Fig. 3.1). The geographical coordinates of the
experimental plots used for this CS are 42° 6' 0.32" N, 7° 43' 29.98" W. This location has a mean
annual temperature of 12.9 °C, mean annual precipitation of 780 mm and annual potential
evapotranspiration of 2.9 mm.

0005

SRR
AR

Fig. 3.1. CS3 location (to the left) and experimental plot (to the right).
Management practices implemented in the case study

This case study was carried out in an experimental potato cropland of 5 ha, where potato is the main
crop conventionally rotated with cereals (wheat). This area has high incidence of cyst nematode and
low yield. Consequently, the use of nematicides if high, increasing costs production and contributing
to soil and water pollution. In addition, aboveground and belowground biodiversity is low, mainly
due to the high input’s application.

New management practices implemented in this area were the diversification of crop rotations and
introduction a trap crop. They were carried out between 2021 and 2023. The aims were to reduce
the incidence of cyst nematode and consequently, decrease the nematicide inputs and N external
fertilization, as well as increase crop yields and soil biodiversity (Fig. 3.2).
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Fig. 3.2. Management practices implemented and depiction of the objectives pursued.
To this, three different crop rotations were carried out (Table 3.1):

1) Control with conventional rotation (Ctrl).

2) Crop diversification, including a leguminous in the rotation to fix N in soil and reduce inputs
application (Alt1Pot, alternative crop rotation 1 in the potato field).

3) Trap crop inclusion in the rotation, to reduce parasitic nematodes and thus, the use of
nematicides (Alt2Pot, alternative crop rotation 2 in the potato field).
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Table 3.1. Composition of each type of rotation including the period of application.

Crop rotation Cycle 1 Cycle 2 Cycle 3
Ctrl | Potatos | Cereal (wheat) Potatos
MAY — SEP 21 OCT 21 -JUL 22 MAY — SEP 23
Alt1Pot Cereal (wheat) Leguminous (peas) Potatos
ABR-JUL 21 ABR -JUL 22 MAY — SEP 23
Alt2Pot Potatos Trap crop Potatos
MAY — SEP 21 ABR —-JUL 22 MAY — SEP 23

Recommended strategies to promote soil biodiversity and main benefits

The alternative crop rotation 2 (Alt2Pot) slightly increased in Proteobacteria, with a corresponding
reduction in Acidobacteria compared to the control and Alt1Pot treatment. This indicates the trap
crop produced an improvement in the nitrogen cycle, decomposition of organic matter, promotion
of plant growth, greater biodiversity, and potential for bioremediation enhanced by an increase in
Proteobacteria. Conversely, a reduction in Acidobacteria could indicate less competition for nutrients
and a shift toward more fertile, nutrient-rich soils. Overall, these results would generally benefit soil
health and productivity, promoting a more active and efficient microbial ecosystem in terms of
nutrient recycling.

The rotation of Alt2Pot resulted in a significantly increased number of observed amplicon sequence
variants (ASVs) compared to the alternative crop rotation 1 treatment. However, the increased
number of observed ASVs in the Alt2Pot treatment did not significantly differ from the conventional
control treatment. An increase in the number of observed ASV is typically indicative of greater species
richness and potentially higher diversity. Therefore, the best rotation to choose to increase soil
biodiversity is the one including the trap crop.

On the other side, the alternative crop rotation 1 system (rotation with legumes), presented an
increased trend of genes involved in the carbon and nitrogen biogeochemical cycles, except for the
genes involved in nitrification, while the opposite trend was observed for samples from the
alternative crop rotation 2 system (Alt2Pot), i.e., the introduction of trap crops reduced the
abundance of microorganisms involved in the carbon and nitrogen biogeochemical cycles.

In the same way, regarding fungal diversity, there was an increasing trend in the abundance of
Nectriaceae and a decreasing trend in the abundance of Plectosphaerellaceae in Alt1Pot treatment.
The most abundant genera of these families, Gibberella and Gibellulopsis contain common plant
pathogens and might have different response to Alt1Pot treatment. There was also an increasing
trend in the abundance of Hydnodontaceae in Alt2Pot. The most abundant genus of
Hydnodontaceae, Trechispora, contains wood saprotrophs that might have benefited Alt2Pot
treatment. Therefore, the rotation including leguminous increased microbial pathogens while the
rotation including the trap crop increased the presence of wood saprotrophs while decreasing the
relative abundance of the pathogens.
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Regarding microbial characterization, none of the alternative treatments tested (Alt1Pot, Alt2Pot)
increased neither microbial abundance nor any especific groups, compared to the Ctrl. Therefore,
alternative treatments did not alter microbial abundance mantaining their functional groups
overall.

Regarding nematodes abundance, with the alternative crop rotation 1 system (rotation with
legumes), the number of nematodes dropped drastically in the last year of study while in the other
treatment (trap crop inclusion) and control, the number of nematodes were maintained or increased
moderately. Nematodes diversity showed that the predominant genera were Acrobeloides,
Aphelenchoides, Cruznema and Aphelenchus. At the start, also Panagrolaimus is present in
treatments “AltlPot” and “Ctrl”. However, this genus is not highly represented in treatment
“Alt2Pot”. Acrobeloides, Aphelenchoides and Pristionchus are the predominantly genera present in
the nematode communities together with Paratylenchus but, considering Paratylenchus is a plant-
parasitic nematode genus capable of causing yield loss, the treatment Alt2Pot tested in order to
reduce plant parasitic-nematodes (PPN) was a success to reduce nematodes affecting main crop.
The analysis of nematode functional diversity showed that the “Ctrl” and “Alt2Pot” treatment show
a significant increase concerning functional biodiversity. The same trend was observed with the
treatment “AltlPot”, although not statistically significant. Alternative crop rotations were
investigated in this case-study and more complex crop rotations can induce a higher nematode
community complexity. As a summary, the treatments tested in this case study did not significantly
increase functional biodiversity compared to the control, but they were maintained. Additionally,
and most important, the treatment “Alt2Pot” tested mainly to reduce PPN, worked successfully by
reducing their abundance.

Finally, incorporating a trap crop (as in the Alt2Pot treatment) into the rotation system is
recommended to reduce plant parasitic nematodes, promote soil biodiversity and a more active
and efficient microbial ecosystem in terms of nutrient recycling. In contrast, crop rotations with
legumes (Alt1Pot) changed the most abundant microbial pathogens’ families and increased the
abundance of genes driven carbon and nitrogen biogeochemical cycles.

Therefore, taking into account all the results, this strategy results in several key benefits:

1) Enhanced nitrogen cycle and organic matter decomposition promoted by an increase
Proteobacteria, which supports nutrient availability and plant growth.

2) Higher species richness and biodiversity indicated by the significant rise in observed amplicon
sequence variants (ASVs) suggests greater microbial richness, which is crucial for a resilient
and diverse soil ecosystem.

3) Reduced soil pathogens by decreasing fungi such as the Nectriaceae family and nematodes
such as Paratylenchus genera, while promoting beneficial fungi like wood saprotrophs (e.g.,
Trechispora), will enhance nutrient cycling and productivity.
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Potential drawbacks

Since the impact of alternative crop rotation on fungi were either neutral or positive, potential
drawbacks of them cannot be identified.
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CASE STUDY 4: USE OF MYCORRHIZA IN POTATO FIELDS TO REDUCE THE
INCIDENCE OF COMMON SCAB, DECREASE THE USE OF PHOSPHORUS
FERTILIZERS, INCREASE CROP YIELDS AND SOIL BIODIVERSITY
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Location

Case Study 4 (CS4) was implemented in the Lusitanean Pedoclimatic region, Spain. Concretely in the
town of Xinzo de Limia, Ourense province, Galicia region (Fig. 4.1). The geographical coordinates of
the experimental plots used for this CS are 42°5' 37.09" N, 7°41' 52.92" W. This location has a mean
annual temperature of 12.9 °C, mean annual precipitation of 780 mm and annual potential
evapotranspiration of 2.9 mm.

Fig. 4.1. Case Study 4 location (to the left) and experimental plot (to the right).

Management practices implemented in the case study

This case study was carried out in an experimental potato cropland of 9.6 ha, where potato is the
main crop conventionally rotated with cereals (wheat). This area has high incidence of the common
scab in potato crop and low yield. Consequently, potatoes are low valued and their profitability
decreases. At the same time, the strategy followed to control common scab consist of maintaining
soil at low pH (<5). Consequently, phosphorous availability decreases leading farmers to apply
external P-fertilizers. This increases the production costs and reduces profitability as well as
contributing to soil and water pollution and the reduction of soil biodiversity.

New management practices implemented in this area were introducing mycorrhizas and the
reduction of P doses. They were carried out between 2021 and 2023. The aims were to reduce the
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incidence of common scab and consequently, increase the potatoes value, and to slightly increase
soil pH to increase P availability reducing the external P fertilization, while increasing crop yield and
soil biodiversity (Fig. 4.2).
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Fig. 4.2. Management practices implemented and depiction of the objectives pursued at Case Study 4.
To this, five treatments were carried out (Table 4.1):
1) Control with conventional rotation.

2) Introduction of mycorrhiza in potato cycles and reduction the P fertilization to the half (%2 P-
dose).

3) Introduction of mycorrhiza in potato cycles and no application of P fertilization (No P).

4) Conventional rotation with reduction the P fertilization to the half (%2 P-dose), without
mycorrhiza.

5) Conventional rotation without the application of P (No P) fertilization and without
mycorrhiza.

Table 4.1. Composition of each type of rotation including the period of application.

Crop rotation
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CONTROL (Ctrl) Potatos Cereal (wheat) Potatos

MYCORRHIZA + Y% P  Potatostmycorrhizat¥%
(MycPotHP) P

Potatos + mycorrhiza + %

Cereal (wheat) P

MYCORRHIZA + NO P Potatostmycorrhiza+tno Potatos + mycorrhiza +

Cereal (wheat)

(MycNoP) P No P
NO MYCORRHIZA + Y% P
’ Potatos + % P Cereal (wheat) Potatos + %2 P
(PotHP)
NO MYCORRHIZA + NO P
Potatos (No P) Cereal (wheat) Potatos (No P)

(PotNoP)

Recommended strategies to promote soil biodiversity and main benefits

e Treatment with mycorrhizal inoculum without P fertilization (MycNoP) can improve the
abundance and diversity of the prokaryotic community.

e Reduced amount of phosphorus in fertilization with or without mycorrhizal inoculant may
change soil fungal community and thus can be used to improve nutrient balance and water
retention, decrease soil erosion, and improve the C sequestration capacity.

e The incorporation of mycorrhizal inoculum can lead to an increase in the abundance of
microbial biomass.

e The treatment PotHP caused a decrease in the Structure Index in terms of nematode
diversity, which implies an increase in the imbalance between the different genera, leading
to a loss of biodiversity.

e The treatment MycNoOP resulted in an increase in the contents of exchangeable Mg, CaCOs;
and nitrates, thus improving soil fertility.

e The PotHP treatment (No mycorrhiza + %2 P) caused an increase in soil organic matter, as well
as in the contents of exchangeable Mg and nitrates, while at the same time it led to a
decrease in bioavailable Cu. Therefore, this treatment increases C sequestration, improves
soil fertility and decreases the possible toxic effects of Cu.

e The MycPotHP treatment (Mycorrhiza + % P) resulted in an increase in ammonium and eCEC,
thus improving soil fertility, while also causing a decrease in certain heavy metals, such as
Fe or Zn.
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e Finally, regarding earthworms, the MycNoP, PotHP, and MycPotHP treatments resulted in
a decrease in earthworm richness, as earthworm richness was negatively correlated with
POC, NH4, FMa, NO3, and Pav.

In conclusion, reduced phosphorus application, with or without mycorrhizal fungi, can enhance soil
fertility, improve nutrient balance and water retention, reduce soil erosion, and increase carbon
sequestration capacity. Additionally, the mycorrhizal treatment generally resulted in an increase
in biodiversity, except for earthworms.

Potential drawbacks

Since the impacts of fertilization treatment with less phosphorus has clear positive impact on
beneficial fungi, potential drawbacks of alternative phosphorus fertilization treatment in potato field
in Lusitanian region cannot be identified.
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CASE STUDY 5: IMPLEMENTATION OF A PEST ALERT SYSTEM TO REDUCE THE
USE OF FUNGICIDES IN POTATO AND WHEAT CROPS AND THEIR IMPACT ON
BIODIVERSITY
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Location

Case Study 5 (CS5) was implemented in the Lusitanean Pedoclimatic region, Spain. Concretely in the
town of Sandias, Ourense province, Galicia region (Fig. 5.1). The geographical coordinates of the
experimental plots used for this case study are 42° 6' 3.92" N, 7° 43' 32.42" W. This location has a
mean annual temperature of 12.9 °C, mean annual precipitation of 780 mm and annual potential
evapotranspiration of 2.9 mm.

Fig. 5.1. Case Study 5 location (to the left) and experimental plot (to the right).

Management practices implemented in the case study

This case study was carried out in an experimental potato cropland of 0.75 ha, where potato is the
main crop conventionally rotated with cereals (wheat). Potato crop in this area has high incidence of
fungal diseases. High fungicide inputs are widely applied using heavy machinery. Consequently, soil
is highly compacted, and the application of fungicides makes potatoes production costs increases. In
addition, the high application of inputs contributes to soil and water pollution and the reduction of
soil biodiversity.

New management practices implemented in this area were the introduction of a pest alert system
(Fig. 5.2). This will provide an alert to the farmers when the concentration of fungi in the air is high,
and the application of fungicides should be done. This system is expected to reduce the application
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of fungicides as well as the reduction of heavy machinery in the field. The experiments were carried
out betwe