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’/‘4 PRODUCTION — COMBINED BIOLOGICAL CONTROL
WITH MICROORGANISMS AND BIOFUMIGATION
EcoStack

The overall objective of EcoStack is to develop and support ecologically,
economically and socially sustainable crop production via enhancement of
ecosystem services provision and protection of functional biodiversity.

Context

Soil-borne plant diseases cause major problems like the Ascomycete fungus Pyrenochaeta
lycopersici. This pathogen can infect and cause damage to members of the families of
Solanaceae and Cucurbitaceae such as pepper, eggplant and cucumber. The organic tomato
production is also affected with the challenging disease of corky root rot. This disease is
caused by Pyrenochaeta lycopersici and is characterized by dark brown root discoloration,
problems with uptake of water and nutrients and lack of vigor can be observed as the primary
symptomes.
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Symptoms of corky root rot on tomato. Symptoms of corky root rot on tomato.
Photo: Hanna Friberg (SLU) Photo: http://ephytia.inra.fr/fr/D/814

This soil-borne fungus, first described in Europe, is now present in production areas on several
continents. P. lycopersici is reported in many countries under rather cold growing conditions.
The suitable soil temperature for P. lycopersici to initiate the infection is in the range between
15 and 20 °C.

It is an important issue because most professional production sites in Sweden have problems
with corky root rot of tomato, with estimated losses commonly reaching 30-40% and in severe
cases up to 75% of expected yields. The pathogen survives in the soil through microsclerotia
that are viable up to 10-15 years and is a poor competitor during the saprotrophic parts of its
life cycle. It is therefore suppressed by a wide range of soil organisms, and can be limited by
conservation biological control, where various soil organisms are favoured by cultural
practices, or by augmentative biological control, where biological control organisms are
inoculated into the soil.

The control of corky-root rot is today mainly based on grafting the cultivated variety on
tolerant root stocks.


http://ephytia.inra.fr/fr/D/814

Approach Approach and field studies N

In EcoStack project, the corky root rot and soil-borne fungal communities was investigated
influenced by biofumigation with mustard. This treatment influences fungal communities both
because of toxic substances released from the plant material and is also considered as a type of
conservation biological control, as soil organisms are growing on the organic material added to the
soil. The seed in many plants of the family Brassicaceae contain high levels of glucosinolates, which
upon incorporation under humid condition are hydrolysed into a range of glucosinolate hydrolysis
products.

The effect of augmentative biological control with Trichoderma spp., using the commercial product
Binab®, based on Trichoderma polysporum and Trichoderma harzianum, was also studied.

Methodology and bioassay

Soil was collected from five greenhouses with professional organic tomato production, all located
in Sweden. The soils represented different soil types and production history, and thereby had
differences in the problems with presence of root pathogens and the severity of root diseases. The
soil collection was done after the final harvest for the season and was stored at +4°C until use, for a
maximum of two months.

The experiment focused on biofumigation treatments of soils from all five sites. The biofumigation
treatment was done by incorporation of 2% ground seed of Caliente mustard Brand 199 (Tozer
seeds Ltd, UK), consisting of Brassica juncea, Sinapis alba, and Raphanus sativus var. oleiformis. Five
soils (soil A-E) were treated with ground mustard seed and water, or with water only as a control
treatment, and incubated at 18°C for two weeks — one week covered with a plastic lid and the
second week without any cover. The effect of the treatment was evaluated with a bioassay using
tomato (Solanum lycopersicum cv. Arvento) as a test plant.
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Key findings LN

1- Biofumigation reduced the problems with root diseases in some of the soil. The total
discoloration was reduced after the biofumigation treatment in two of the soils (A and B). In
the soils where the most severe problems with root diseases were observed (A and E),
biofumigation resulted in a significant decrease in the severe discoloration of tomato roots

100

S0 4

B0

70

20 A

10

o -

60

50 1

40

30

A- A+

B-

B+

C-

C+ D-

D+

E-

E+

Root discoloration in the five soils (A-E)
with (+) and without (-) biofumigation
treatments. The dark brown part of each
bar represents severe discoloration, the
orange part mild discoloration. Different
letters indicate statistically significant
differences in the percentage of severe
and total discoloration .

2 - A general increase in root weight was observed after biofumigation treatments. Pairwise
comparisons showed that the difference was significant in soil A, i.e. in the soil with the most
severe problems with disease symptoms on the roots, and the soil where biofumigation had a
significant effect on the severe and overall discoloration. The biofumigation treatment also
gave a significant increase in root weight in soil C, with limited problems with root diseases
and where biofumigation did not give any decrease in the disease symptoms.

3 — The biofumigation treatment was more variable among the three soils studied. It resulted
in an increase in root disease symptoms in one case (A), reduced disease symptoms in one
case (D) and no significant difference in one case (E). Trichoderma treatments gave an
increase in severe root discoloration in soil D when applied as single treatment, but not when
combined with biofumigation. Biofumigation alone and in combination with the Trichoderma
treatments resulted in increased root weight only in soil A.
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Conclusion

Biofumigation with ground mustard had a general positive effect on root and shoot weight of to
tomato plants. In the first experiment, there was also a clear positive effect on disease
suppression. Effects on disease development were more pronounced in soils with severe disease
problems than in soils with limited disease development on the test plants.

Fungal communities on the roots of the tomato plants differed in all but one case with the origin
of the soils, which was expected since physicochemical differences as well as the cropping
history is know to have an important influence on fungal communities. In the first experiment,
biofumigation had a pronounced effect in two of the soils: A and C. In these two soils, the
treatment also resulted in increased root weight. In soil A, this difference might be explained by
the decrease in disease symptoms. As disease symptoms were limited in soil C also without any
biofumigation, less disease could not explain the differences in this soil.

Plant-associated fungal and bacterial communities perform important ecological functions of
vital importance for plant health. This result studies show a potential for sustainable crop
protection by conservation biological control approaches,

Soil and plant associated microorganisms are stimulated through organic amendments or other
cultural practices, as well as by augmentative biological control approaches, where selected
microbial biological control agents are introduced into the system. Both approaches need
however to be carefully selected and adjusted to the cropping system and local conditions to be
used at their full potential.

This practice was studied in the laboratory. It will require new experiment in large cultivated
parcel.

Questions? Please contact us: Hanna.Friberg@slu.se , awezel@isara.fr or info@ecostack-h2020.eu
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