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The objective of this case study is to assess the potential of plant diversity in conventional wheat cultivation to reduce fungal diseases (Fusarium) by promoting
antagonistic fungivorous soil fauna, and to enhance soil self-regulatory processes. In this context, the following treatments (Fig. 1) are investigated:
(1) Conventional farming (Control) (plant protection according to local practice, single seed rows (12.5 cm) (Fig. 2))
(2) Extensive farming (EF) (wide seed rows (20 cm) (Fig. 2), no plant protection)
(3) Diversified extensive farming (DEF) (wide seed rows (20 cm) (Fig. 2), no plant protection, clover undersowing)
Cultivation practices (2) and (3) are supposed to increase associated plant diversity within the crop, with (3) also enhancing sown plant diversity.

Objective

Background

State of the art
Very high level of external inputs (mainly fungicides but also stalk-reducing substances) are used to reduce the incidence of fungal diseases. Increasing amounts of
cereals within the crop rotation favour the spread of soil-borne phytopathogenic fungi also in the following vegetation period, leading to even higher fungicide
application rates. Against this background, there is a great demand for alternative methods of controlling fungal pathogens.

Progress with the case study in relation with the state of the art
The promotion of soil intrinsic self-regulating processes and the enhancement of fungivorous soil fauna communities in wheat-cropping systems will help to (i) reduce
the amounts of external inputs, mainly fungicides, (ii) enhance the fertility of soil, (iii) improve product quality and (iv) reduce farmers costs and make the cereals
economically more competitive.

• Cropping system: conventional

• Location: Nideggen (North Rhine-Westphalia)

• Mean annual temperature: 8.8 ºC

• Mean annual precipitation: 600 mm

Fig. 1  Location of the experimental field (a.), arrangement of plots on the field (b.) and experimental design (c.).

Sampling and experimental parameters

• Abundance
• Diversity
• Share of fungivorous species

General sampling - Climatic factors, soil conditions, crop parameters, biodiversity: annually at BBCH stages 39 and 90 +

Experimental sampling - Treatment effects on soil intrinsic bioregulation: annually at BBCH stages 39 and 90:

• Litter amount
• DNA amount of Fusarium species
• Mycotoxin contamination

Samples:

• Soil samples (0-25 cm) for extraction of microarthropods (collembolans, mites) (n=3) (BBCH 39)

• Litter from the soil surface (50 x 50 cm) (n=3) (BBCH 39)

• Plant material (wheat and clover undersowing) (BBCH 39 and 90)

Parameters:

(a.)

(b.)

(c.)

Control

Extensive farming (EF)

Diversified extensive 
Farming (DEF)

Herbicide application
between replications

Crop 2020: rape seed
Crop 2021: winter wheat
Crop 2022: maize

Wide seed rows (EF, DEF)Single seed rows (Control)

Fig. 2 Single and wide wheat seed rows at BBCH 39.

• No significant effects on mite and collembolan abundance and diversity in the first year (Tabs. 1 and
2). However, at the time of sampling, the clover was not yet well developed due to late frosts.

• Are the legacy effects probably stronger?

• F. culmorum infection prior to flowering (BBCH 39) via roots (inoculum: rape mulch (data not shown)).

• Infection by both Fusarium species (F. culmorum and F. graminearum) during flowering (BBCH 90).

• Treatment effects were detected at BBCH 90 (Fig. 3): F. graminearum: DEF > Control + EF; F. culmorum: Control: roots > leaves/stalks;
EF and DEF: leaves/stalks > roots).

• Are there effects on mycotoxin concentrations? (results pending).

Tab. 2 Mean mite abundance ± SE and relative share of taxa at BBCH stage 90.

Tab. 1 Mean abundance and diversity of collembolans at BBCH stage 90 ± SE.

Soil faunal abundance and diversity

Preliminary results - 2021

Fig. 3 DNA amounts of the species Fusarium graminearum and F. culmorum in different plant parts (PP) and treatments (T) at BBCH stages 39 and 90 and statistical results of effects.
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PP nd nd 28.26*** 1 20.02*** 2 345.19*** 2
T nd nd 3.16 2 5.06(*) 2 40.84*** 2
PP*T nd nd 2.02 2 7.74 4 53.37*** 4

Significance codes: < 0.001***; < 0.01**; < 0.05*; < 0.1( *)
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Abundance [Ind m-2] 9,217.7 ± 1,556.5 (a) 9,549.3 ± 2,839.9 (a) 6,167.3 ± 909.9 (a)

Species richness [n] 5.417 ± 0.731(a) 5.083 ± 0.870(a) 4.333 ± 0.701(a)

Shannon Index 1.382 ± 0.155(a) 1.287 ± 0.207(a) 1.202 ± 0.173(a)

Evenness 0.903 ± 0.013(a) 0.950 ± 0.013(a) 0.891 ± 0.019(a)

Simpson Index 0.181 ± 0.023(a) 0.117 ± 0.031(a) 0.241 ± 0.049(a)
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Abundance 8,488.3 ± 1,533.4 (a) 4,509.4 ± 1,273.3 (a) 8,620.9 ± 2,058.6 (a)
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Fungal pathogens

In the continental region, increasing infestation pressure from soilborne plant pathogenic
fungi such as Fusarium is posing increasing challenges to agriculture. In particular, factors
such as rising temperatures due to global climate change, densely growing stands, tight
crop rotations, and reduced tillage intensity favor the survival and spread of fungal
diseases

diseases, leading to a reduction in yield levels and, through mycotoxin formation, also in
yield quality. In the long term, negative effects on soil health, e.g. through leaching of
mycotoxins, are to be expected.
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