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Increasing Arbuscular mycorrhizal
fungi (AMF) colonisation in wheat

Arbuscular mycorrhizal fungi (AMF) form a symbiotic association with the roots of most
crop plants with the potential to contribute to sustainable agricultural production via the
reduced use of mineral fertilisers and pesticides.

Benefits of AMF:

e enhanced nutrient acquisition of P, N and Zn
e increased tolerance to biotic and abiotic stresses
e enhanced soil structure through aggregation

e provide a marker for soil health and quality

Fig. 1: Arbuscular mycorrhizal structures in wheat roots from field samples stained with ink and vinegar: cvs. ‘Aurelius’ (A)
and ‘Arminius’ (B).



SOLUTIONS:

AMF have been shown to be more abundant in soils with reduced tillage

AMF have been shown to be more abundant in organic than conventional soils
where pesticides and mineral fertilisers are not permitted

Numerous studies have shown genetic variation in wheat for AMF colonisation
(Hetrick et al., 1996; Zhu et al., 2001)

Wheat varieties with the potential for increased colonisation efficiency are being
screened in the ECOBREED project

Breeding for AMF colonisation offers clear long-term potential for sustainable
agricultural production

PRACTICAL RECOMMENDATIONS:

>

Promote the use of soil management strategies which support native AMF such as
reduced tillage and reduced fertiliser input.

Biostimulants containing AMF either applied as a seed dressing or directly to crops
have the potential to increase colonisation in soils poor in native AMF.

Promote the use of healthy functional soils through increased organic matter, soil
health and soil microbial communities.

Further research is required for the optimisation of AMF in wheat production to
provide an economic return to farmers.

FURTHER INFORMATION

Hetrick, B. A. D., Wilson, G. W. T. and Todd, T. C. (1996). Mycorrhizal response in wheat
cultivars: Relationship to phosphorus. Canadian Journal of Botany, 74(1): 19-25.
doi.org/10.1139/b96-003

Zhu YG, Smith SE, Barritt AR and Smith FA. (2001). Phosphorous (P) efficiencies and
mycorrhizal responsiveness of old and modern wheat cultivars. Plant Soil 237: 249-55.
doi.org/10.1023/A:1013343811110
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PRACTICE ABSTRACT No. 7

Cover crops: the potential for
reducing pest and disease in potato
(Solanum tuberosum)

The role of cover crops:

Cover crops have the potential to enable us to move towards more sustainable farming
practices by:

e Reducing soil erosion and losses of P to water

e Reduced leaching of N to the environment and thereby increase the supply of N to
the following crop

e Improving soil organic matter content, soil structure, soil health, water infiltration
and nutrient retention/supply

e Reducing pest and disease levels

PROBLEMS

Potato growers have a clear reliance on the use of extended rotations, soil fumigants, and
granular nematicides to control pests and disease but due to the increasing cost, reduced
efficiency as well as the withdrawal of an increased number of active ingredients in recent
years the use of cover crops has increasing potential.

SOLUTIONS

Cover crops are usually planted as a mixture of species including brassica, legume, and
cereal species, whereby the synergistic effects of variation in above and below ground
growth of individual species can be matched to their function. A number of cover crop
species have been identified to have roles in the reduction of pest and disease in potato:

e Biofumigation crops like Indian mustard (Brassica juncea) and oil radish (Raphanus
sativus) and their role in the control of potato cyst nematode (PCN) (Ngala, 2015).



e Sticky nightshade (Solanum sisymbriifolium) and black nightshade (Solanum nigrum)
in the control of PCN (Ellis & Cook, 2016).

e CQOilseed rape (Brassica napus) in the control of early blight (Alternaria solani) (Runno-
Paurson et al., 2019).

e Mustard (Brassica juncea), Sudangrass (Sorghum bicolor), rye (Secale cereale), oilseed
rape (Brassica napus) in the control of common scab and black scurf (Larkin et al.,
2010; Larkin et al., 2014).

e Vetch (Vicia sativa) and brassica species in the control of Rhizoctonia solani.

Current research:

ECOBREED partners in the UK and Slovenia are currently evaluating the impact of a range
of cover crop species, i.e. brown mustard (Brassica juncea), oil radish (Raphanus sativus),
lucerne (Medicago sativa), black oat (Avena strigosa), vetch (Vicia sativa), and a mixture of all
five species on the performance and pest and disease levels of 4 potato varieties.

Fig. 1: ECOBREED cover crop trials in Slovenia (green cover crops in autumn 2020 and over-wintering cover crops in spring
2022).

The knowledge arising from ECOBREED will assist farmers in selecting cover crop species
with the potential to control pests and diseases in potato.

FURTHER INFORMATION

Ellis S & Cook S (2018). To investigate the potential of both native and non-native Solanum
species as PCN trap crops. AHDB Reprt No. 2016/4. Available at AHDB research reports
| AHDB.

Larkin RP, Griffin TS & Honeycutt CW (2010). Rotation and Cover Crop Effects on Soilborne
Potato Diseases, Tuber Yield, and Soil Microbial Communities. Plant Disease 94 (12): 1491-
1502. doi.org/10.1094/PDIS-03-10-0172

Larkin RP & Halloran JM (2014). Management effects of disease-suppressive rotation
crops on potato yield and soil-borne disease and their economic implications in potato
production. American Journal of Potato Research 91 (5): 429-439.
doi.org/10.1007/s12230-014-9366-z


https://ahdb.org.uk/research
https://ahdb.org.uk/research

Ngala BM, Haydock PJ, Woods S & Back MA (2015). Biofumigation with Brassica juncea,
Raphanus sativus and Eruca sativa for the management of field populations of the
potato cyst nematode Globodera pallida. Pest Management Science 71 (5): 759-769.
doi.org/10.1002/ps.3849

Runno-Paurson E, Kiiker R Joutsjoki T, & Hannukkala A (2016). High genotypic diversity
found among population of Phytophthora infestans collected in Estonia. Fungal biology
120 (3): 385-392. doi.org/10.1016/j.funbio.2015.11.008
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Wireworm biocontrol strategies

Wireworms (Coleoptera: Elateridae) are the soil-dwelling larvae of click beetles and are
one of the most important pests of potatoes. Within the ECOBREED project field
experiments on wireworm biocontrol strategies were established at Kmetijski inStitut
Slovenije in 2020 and 2021 evaluating several preparations based on entomopathogenic
fungi of the genus Metarhizium. The knowledge arising from ECOBREED will assist farmers
in the control of wireworms in organic potato production.

PROBLEMS:

¢ Wireworms damage potatoes by tunnelling into the tubers while feeding, reducing
their market value rather than yield.

e Even a small population of wireworms can cause significant economic losses.

e Wireworms have a very long development cycle (3-6 years), which makes them
difficult to control in both organic and conventional production systems.

Fig. 1. Potato tubers damaged by wireworms

SOLUTIONS:

e Biological control with entomopathogenic fungi (EPF) of the genus Metarhizium
whereby these beneficial cosmopolitan soil fungi successfully kill root feeding
herbivores such as wireworms.



By increasing the concentration of entomopathogenic fungi in the soil, we can
increase the frequency of fungal infections of wireworms.

Attracap® is a granular bioinsecticide for wireworm control in potato and
asparagus crops that works via the “attract and kill” principle. The granules contain
starch, yeast and EPF M. brunneum. When the capsules come into contact with soil
moisture, they start to release CO,. Wireworms are attracted to the CO; sources

and thus come into contact with the entomopathogenic fungi in the capsules and
die within a few days.

yeast —» producing CO:
- » CO, — attracts wireworms
E - FPF — kill wireworms —»

Fig. 2. Baker's yeast, starch, and entomopathogenic fungi are encapsulated in Attracap® granules. Yeast produces CO,
that attracts the wireworms away from the plant.Wireworms come into contact with the entomopathogenic fungi in the
capsule, become infected and die (photo:BioRender.com).

PRACTICAL RECOMMENDATIONS:

>

The use of entomopathogenic fungi is a suitable biological control method for
certified organic potato production.

For long-term effects, it is recommended that entomopathogenic fungi are used
over several consecutive seasons.

Caution is advised as entomopathogenic fungi are sensitive to UV light, so their
efficacy is reduced if they are exposed to sunlight for too long.

It is recommended that entomopathogenic fungi are applied to the potato field at
the time of planting.

FURTHER INFORMATION

Biocare Biological plant  protection (2022).  Attracap. Available  at:
https://biocare.de/attracap-eng/


https://biocare.de/attracap-eng/

Parker WE and Howard ]J (2002). The biology and management of wireworms (Agriotes
spp.) on potato with particular reference to the U.K. Agricultural and Forest Entomology
3(2): 85-98. doi.org/10.1046/j.1461-9563.2001.00094.x

Benjamin EO, Grabenweger G, Strasser H, Wesseler J (2018). The socio-economic benefits
of biological control of western corn rootworm Diabrotica virgifera virgifera and wireworms
Agriotes spp. in maize and potatoes for selected European countries. Journal of Plant
Diseases and Protection 125: 273-285. doi.org/10.1007/s41348-018-0156-6
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Wheat breeding for organic farming

PROBLEMS:

e The area under organic cultivation in Europe has been growing steadily.

e The choice of wheat varieties adapted to organic farming is more limited than for
conventional farming.

e The demands made on an organic wheat variety differ in part from those of
conventional varieties. There are a number of characteristics, mostly complex, that
have a higher priority in organic farming.

e Rising input prices, the increasing impact of climate change and the need for
sustainability are creating a large opportunity for breeding wheat varieties adapted
to organic farming.

Fig. 1: High weed presure from Galium aparine in winter wheat with low weed suppression. Ecobreed
trial 2021 Feldkirchen, Germany.



SOLUTIONS:

e Screening of parental and breeding lines for characteristics which are important
for organic farming, like weed suppression, early and rapid seedling development,
high soil coverage, disease resistance and high N use efficiency.

e Crossing of varieties with known traits which are important for organic farming.

PRACTICAL RECOMMENDATIONS:

» Direct selection of quantitative traits (e.g., yield, quality) influenced by Genotype x
Environment interactions should be performed under organic conditions. For
example, weed suppression, soil coverage, yield, end-use quality, N use efficiency.

» The use of marker assisted selection (MAS) can increase success in finding
resistance genes to leaf, ear, and soil-borne diseases. Overall, promising
applications of MAS in organic breeding will be to identify QTLs associated with
complex traits, e.g., weed competition under different environmental conditions.
Fortunately, methods are emerging that can improve the efficiency of selection for
complex characters (Wolfe et al. 2008).

FURTHER INFORMATION

Wolfe MS, Baresel JP, Desclaux D, Goldringer |, Hoad S, Kovacs G, Loschenberger F,
Miedaner T, Ostergard H and Lammerts van Bueren ET (2008). Developments in breeding
cereals for organic agriculture. Euphytica 163: 323-346. doi.org/10.1007/s10681-008-
9690-9

Rakszegi M, Miké P), Loschenberger F, Hiltbrunner J, Aebi R, Knapp S, Tremmel-Bede K,
Megyeri M, Kovacs G, Molnar-Lang M, Vida G, Lang L and Bedo Z (2016). Comparison of
quality parameters of wheat varieties with different breeding origin under organic and
low-input  conventional conditions. Journal of Cereal Science 69: 297-305.
doi.org/10.1016/j.jcs.2016.04.006

Muellner AE, Mascher F, Schneider D, Ittu G, Toncea |, Rolland B and Léschenberger F
(2014). Refining breeding methods for organic and low-input agriculture: analysis of an
international winter wheat ring test. Euphytica 199: 81-95. doi.org/10.1007/s10681-014-
1169-2

AUTHOR

Nadine BAUER (nadine.bauer@secobra.de): SECOBRA Saatzucht GmbH, Feldkirchen,
Germany



ECOBREED CONSORTIUM

> Kmetuskl in§titut Slovenije

Agricultural Institute of Slovenia

G_e\ozéﬁ .}I'\*L“l;‘g"é‘ UniversidagVigo

B AN WASHINGTON STATE
@) B oo @ T2 ® Broa mede 9 Jum SAATOUTL Clie
ABOUT ECOBREED:

ECOBREED is a 5-year (2018-2023) project funded by European Union's Horizon 2020 research and innovation
programme that will improve the availability of varieties and seed suitable for organic and low-input production.
Activities will focus on four crop species i.e. wheat, potato, soybean and common buckwheat, selected for their potential
contribution to increasing the competitiveness of the organic sector.

FOLLOW US:
www.ecobreed.eu Funded by European Linkon
g Horizon 2020
@EcobreedP Grant agreement No 771367

H@ecobreed

The sole responsibility for the content of this document lies with the authors. The publication reflects the views only of the author,
and the EC cannot be held responsible for any use which may be made of the information contained therein.


http://www.ecobreed.eu/
http://www.twitter.com/EcobreedP
http://www.facebook.com/ecobreed/

Ao
&)goaojm ecobreed Increasing the efficiency and
o@-é&_@ RN CHGEE competitiveness of organic crop breeding
ONV
PRACTICE ABSTRACT No. 10

Seed inoculation (soybean)

PROBLEMS:

Unfavourable conditions for rhizobia (symbiotic nitrogen-fixing bacteria) that
result in decreased nodulation include (i) low soil pH, (ii) high or low temperature,
(iii) insufficient soil moisture, (iv) high soil nitrogen content etc.

Rhizobia are living organisms that may lose their viability and effectiveness to
colonise plant roots under unfavourable conditions.

Soils on which soybean has not been grown previously usually do not contain the
specific strains of rhizobia, hence, it is necessary to provide them through seed
inoculation.

SOLUTIONS:

Soybean has a special role in crop rotations through its ability to fix and utilise
atmospheric nitrogen from the air to support growth.

Bacteria that form nodules in symbiosis with soybean are Bradyrhizobium
Japonicum, Bradyrhizobium elkani, Sinorhizobium fredii, etc.

Fig. 1. Inoculated soybean seed. Photo credit: Institute of Field and Vegetable Crops, Department of Soybean

Nitrogen fixation takes place in nodules which are globular structures located on
the roots. The process of nodule formation starts during early root formation and
development, with the nodules becoming fully active during the latter part of the
plant’s growth and development.



e Application of inoculants and biostimulants enables successful; nodulation of
plants, better nitrogen fixation from the atmosphere, stimulation of plant growth,
increase in biomass and nitrogen content in the plant, as well as yield and grain
quality.

PRACTICAL RECOMMENDATIONS:

» Inoculation of soybean is required prior to sowing.

» It is important to use inoculated seeds on the day they are treated as because
viability is reduced by exposure to light.

» It is important to handle the product in the shade since the bacteria might lose
vitality if exposed to direct sunlight.

Fig. 2. IFVC Inoculant for soybean NS-Nitragin. Photo credit: Institute of Field and Vegetable Crops Novi Sad

FURTHER INFORMATION

Pordevi¢ V, MalidZza G, Vidi¢ M, Milovac Z and Seremesi¢ S (2016). Best practice manual
for soya bean cultivation in the Danube region, Donau Soja, Headquarter, Vienna,
Austria.

Leggett M, Diaz-Zorita M, Koivunen M, Bowman R, Pesek R, Stevenson C and Leister T.
(2017). Soybean Response to Inoculation with Bradyrhizobium japonicum in the United
States and Argentina. Agronomy Journal 109 (3): 1031-38.
doi.org/10.2134/agronj2016.04.0214

Marinkovic J, Bjeli¢ D, Tintor B, Miladinovi¢ ], Buki¢ V and bordevi¢ V (2018). Effects of
soybean co-inoculation with plant growth promoting rhizobacteria in field trial. Romanian
Biotechnological Letters 23: 13401-08.

Omari RA, Yuan K, Anh KT, Reckling M, Halwani M, Egamberdieva D, Ohkama-Ohtsu N and
Bellingrath-Kimura SD (2022). Enhanced soybean productivity by inoculation with
indigenous Bradyrhizobium strains in agroecological conditions of Northeast Germany.
Frontiers in Plant Science 12: 707080. doi.org/10.3389/fpls.2021.707080



Toleikiene M, Slepetys J, Sarunaite L, Lazauskas S, Deveikyte | and Kadziuliene Z (2021).
Soybean Development and Productivity in Response to Organic Management above the
Northern Boundary of Soybean Distribution in Europe. Agronomy 11(2): 214.
doi.org/10.3390/agronomy11020214
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Sheep grazing of autumn-sown
cereals

PROBLEMS:

Early drilled cereal crops can often develop high disease inoculum levels over
winter which can pose a challenge for organic production systems.

Early drilling can be used to increase the compretitiveness against weeds
depending on location and weed species.

SOLUTIONS:

Grazing of autumn-sown cereals during the winter months can bolster the winter
feed supply for farmers with minimal effects on grain yield. Grazing with sheep
over the winter months, has shown that wheat yield can be increased, by around
0.5t/ha in places (Virgoona et al., 2006).

Fig. 1. Grazing of winter wheat with sheep in the autumn at Thornton Farm in the UK

By eating diseased leaves, this can reduce the disease inoculum levels and the crop
can grow away cleanly in the spring. The reduction of biomass also encourages
the plant to tiller more and increases root growth (Virgoona et al., 2006). In
addition to eating off some of the weed burden, the sheep manure can add to the
soil nutrient supply and soil biology. Depending on location tillering can be very
high which increases crop susceptibility to lodging.



PRACTICAL RECOMMENDATIONS:

» Grazing is best suited to fast developing varieties that have been drilled early to
help control weeds in organic production systems. However, the situation is very
different depending on location so farmers should trial a small area initially to see
whether grazing works in their environment.

> Itis key to remove the sheep before the plants reach the start of stem extension
i.e. GS30 (Zadoks et al., 1974) to limit potential damage to the developing ear. A
large number of sheep for a short period of time is preferred with careful
monitoring essential to avoid over-grazing and poaching. Sheep can also help
consolidate the soil surface which can help reduce the risk of crop-heave with
winter barley being more susceptible than wheat.

FURTHER INFORMATION

Virgoona J, Gummer FAJ, and Angus JF (2006). Effects of grazing on wheat growth, yield,
development, water use, and nitrogen use. Australian Journal of Agricultural Research
57:1307-19. doi.org/10.1071/AR06085

Zadoks JC, Chang TT and Konzak CF (1974). A decimal code for the growth stage of
cereals. Weed Research 14: 415-421.
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