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Abstract

The bacterial biocontrol ageRseudomonas chlororaphistrain MA 342, was tested for activity against a number

of cereal seed-borne diseases in a total of 105 field experiments carried out at different locations in Sweden during
the years 1991-1996. Bacterial liquid culture was directly applied to pathogen-infested seeds of barley, oats, wheat
and rye without additives. The seeds were then dried and sown in field together with fungicide-treated and untreated
seeds used as controls. The bacterization controlled seed-borne diseases cdbsmthdigra (Pyrenophora)
graminea, D. teres, D. avenae, Ustilago averidehordej andTilletia caries as effectively as guazatine + imazalil,

and these effects were consistent over the years and over varying climatic zones. Diseases caused by pathogens like
U. nudg soil-borneT. cariesandT. contraversavere not controlled and the bacterization gave less than full effect
against diseases causedMicrodochium (Fusarium) nivaleandBipolaris sorokiniana (Cochliobolus sativus)
Bacterized seeds could be stored dry for at least two years without losing the disease suppressing effect of the
bacterial treatment, when tested in the field.

Introduction prove performance of known antagonistic organisms
have been envisaged (Dowling et al., 1992; Chet et al.,
The use of biocontrol agents, or biopesticides, for 1993; Moénne-Loccoz et al., 1996). Another strategy
plant disease control may not be more effective than has been a continuous screening for new and better
other control methods, but is commonly encouraged agents from natural sources (Leyns et al., 1990; de
for environmental and other reasons (Cook, 1993; Bruyne etal., 1991; Knudsen et al., 1997).
Campbell, 1994). Several bacterial and fungal strains ~ In @ search for a new and commercially utilizable
showing disease-suppressing abilities have also beendntagonist in an inter-Scandinavian research project
extensively studied to this end (e. g. Hornby, 1990). (Knudsen et al., 1997), cereal seed-borne diseases
Developmental work for large scale use has been suc-were chosen as suitable targets for screening and
cessfully accomplished for certain of these agents testing. These diseases are agriculturally important
(Harman, 1991; Ryder and Jones, 1990; Lumsden etin Sweden and are commonly controlled chemically
al., 1995), or is anticipated for others (Kohl et al., by fungicides (Olofsson and Johnsson, 1985), and
1995; Knudsen et al., 1995). A repeatedly reported convenient diagnostic and testing methods are easily
prob|em’ however, is the often encountered inconsis- available. In this search we isolated a number of bac-
tency in field trial effects (Weller, 1988; Gerhardson terial strains from Swedish soils that gave a strong
and Larsson, 1991; Hornby et al., 1993; Tahvonen et disease-controlling effect when applied to infested
al., 1995) Another common drawback in deve|oping cereal seeds. One of these strains, MA 342, gave con-
large scale utilizable biopesticides has been the small sistent effects in all the preliminary field experiments
range of diseases often possib|e to control by any sin- carried out, strong inhibition of several diseases, and
gle biological agent (Cook, 1993; Campbell, 1994). the seeds treated with this strain could be stored for
To overcome these disadvantagesi several ways to im_months without Iosing the disease controlling effect
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Table 1. Listing of pathogens, crops, and cultivars tested, and locality of the field experiments carried out. The last
column shows the Table number where results from the different experimental series are given. All barley seed lots
are spring barley

Pathogen Crop tested Cultivar Locality of Results

experiment$ shown in
Table No.

Drechslera graminea 6-row barley Agneta M, E, B, C, P, AC 2,3,4

D. teres 2-row barley Golf M, E,R, T,P,C, AC 2,3,4,14

D. avenae Oats Vital M, C 2,3,4,14

Microdochium nivale Spring wheat Drabant M, C 7

M. nivale 2-row barley Pernilla C 6

M. nivale Winter wheat Kosack M,N,R,T,E,C,B 8,9

M. nivale Winter rye Danko/Amilo C,W 8

Bipolaris sorokiniana 2-row barley Blenheim B 5

Tilletia caries seed-borne Winter wheat Kosack M,N,R, T,E,C,B 9

T. caries seed-borne Spring wheat Dragon N, R 10

T. caries soil-borne Spring wheat Drabant C In text

T. contraversasoil-borne Winter wheat Kosack | In text

Ustilago nuda 6/2-row barley Agneta/Pernilla M, E, C, AC 2,6

U. avenae Oats Svea/Vital M,N,E,R,C 11, 12,14

U. hordei 2-row barley Golf M, C 13

Stagonospora hodorun Winter wheat Forné Greenhouse 15

Stored MA 342 seed Barley/oats Golf/Vital C 14

@ Letter denotation of Swedish counties where MA 342 was tested in the field. See map of Sweden in Figure 1.
b Only greenhouse test.
¢ Seed lot from Switzerland.

(Hokeberg et al., 1997). Since these characteristics crodochium nivaléFr.) Samuels & I. C. HalletBipo-
point to feasibility for large scale, practical use of MA laris sorokiniana(Sacc.) Shoemaket)stilago nuda
342, a more extensive field testing program of its per- (Jens.) Rostr. andtagonospora nodoruniBerk.)
formance under various plant production conditions Castellani & E.G. Germano, we were able to use nat-
was carried out. urally and highly infested seed lots. For tests with
We here report on the results obtained in the testing Ustilago avenadPers.) Rostr. control, we used either
of this strain as a biological control agent in 105 field artificially or naturally infested seed lots. All the seed
experiments under various climatic conditions, against lots used in the experiments with seed-borne infesta-
several seed-borne and a few soil-borne diseases, andion of Tilletia caries(DC.) Tul. andUstilago hordei
during six growing seasons. (Pers.) Lagerh. were artificially infested with 2—4 g
crushed bunt spikes per kg seed. The crushed bunt
spikes and the seed were mixed in a cement mixer
during 3 min. In the experiments with soil-borne in-
festation ofT. caries we placed inoculum (8 | per
sg.m) in the sow row above and close to the kernels
at sowing. The inoculum was produced by mixing 5

The pathogens, the crop species and the cultivarsgram of crushed bunt spores with 500 ml ofam.ixture
tested are listed in Table 1. The naturally infested Of equal volumes of sand and humus (Enhetsjord K
seed lots used in most field experiments were in Normal). The experiments for testifgletia contra-
each case, as far as possible, highly infested with versaKihn control were placed on naturally infested
a single pathogen. Thus, for all tests performed Soil. To boqstthi_s soil infestation, about 0.1 g per sg.m
with the pathogen®rechslera graminea(Rabenh. crushed spikes infected Ay contraversavere spread
ex Schlecht.) ShoemakeBrechslera teres(Sacc.) over the soil surface just after sowing the wheat seed.
ShoemakerDrechslera avenaéEidam) Scharif Mi-

Materials and methods

Pathogens and cereal seeds tested
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Bacterial inoculum production and seed treatment
procedures

All inocula were produced from th@®seudomonas
chlororaphisstrain MA 342, as described in Hokeberg
et al. (1997). Bacterial cultures grown on a shaker
in TSB 50 (Tryptic Soy Broth (Difco Ltd.), 50%
strength) for two days (resulting in around 4 x°10
colony forming units (cfu) per ml), were mixed with
the seeds to be treated in a plastic bag and shaken
vigorously for 4-5 min. In most experiments 300 ml
bacterial broth was applied per kg seed. This treat-
ment resulted in a bacterial number of approximately
10’cfu per seed. An exception to this treatment was
in the experiments carried out in 1993, when 200 ml
bacterial broth per kg seed was regularly used. The
seeds were then spread out on a paper for drying over
night or longer. Two controls, untreated seeds and
fungicide-treated seeds, were included in most of the
experiments. For the fungicide controls we used either
Panoctine Plus 400 (guazatine 150 g per |, imazalil
10 g per 1), Panoctine 400 (guazatine 150 g per I) or
Sibutol LS (bitertanol 280 g per I, fuberidazol 18 g
per 1) depending on the disease to be controlled. The
fungicides were applied in standard doses, 4 ml per
kg seed for the Panoctine products and 2 ml per kg or
2.68 (T. contraversaexperiment) ml per kg seed for
Sibutol LS. They were applied in ordinary seed treat-
ment equipment (Ziro, Gamac Zweden, Hallsberg,
Sweden). el
In one experiment seed lots of barley and oats were — 56°
treated with MA 342 and then stored for up to two w
years at room temperature.

Finland

Figure 1. Map showing county letter code designating the differ-
ent Swedish counties where field experiments with MA 342 were

Field experiment localities and plant growing carried out. The daily mean temperature exceef€ fvegetation
diti period limit) more than 200 days per year for county M and N,
conditions 180-200 days for B, C, E, I, P and R, 160-180 days for T and

W, and 140-160 days for county AC. The precipitation during this
The field experiments were situated in the various period is 600-650 mm for county N, 450-500 mm for M, P, R and

climatic zones cropped to cereals in Sweden (Fig- |- 400-450 mm for E and W, 350-400 mm for B, C and I, and
. . 300-350 mm for county AC (Eriksson, 1992).

ure 1). In Table 1 the localities of the various ex-

periments carried out are denoted by letters. These

letters represent counties/localities as shown in the

map in Figure 1. The experiments were, where con- Boslid (N), Skara (R), Orebro (T) and Hedemora (W).

venient, placed on official experimental stations, i. e. Altogether 105 field experiments were conducted.

Alnarp (M), Lanna (R), Stenstugu (1), Ultuna (C) and The sowing times for the experiments with

Robacksdalen (AC), and others were placed on exper-cariesin spring wheat were always as early as possible

imental localities regularly used by the plant breeding in the spring in order to get high bunt infection (Johns-

company Svalof Weibull AB, i.e. Landskrona (M), son, 1991). In all the other experiments the sowing

Svalov (M), Bjertorp (R), Nygéard (P) and Kélback (E). times used were normal for each locality.

A few experiments were further placed on private or The solil types at the different experimental local-

county experimental farms at Marsta (B), Haga (C), ities varied. The predominating soil types were clay
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Table 2. Results obtained in field experimental series testing effects of MA 342 agadrstdhislera gramineand
Ustilago nudain spring barley (cv. Agneta) 1991-1996, yechslera teresn spring barley (cv. Golf) 1991-1996,
iii) Drechslera avena@ oats (cv. Vital) 1991-1995

Treatment Yield, No. of No. of Hecto- 1000- No. of nuda
kghal plantsnT?2 infected litre kernel infected
plants 2  weight, kg weight,g  spikes nf

i) D. gramineaandU. nuda

Control 3110B 378 AB 51.5A 62.7 A 32.9AB 51A
Pan. Plug 3670 A 383A 408B 62.8 A 32.48B 5.0A
MA 342¢ 3660 A 365B 6.9B 62.9 A 335A 47A
No. of analysed plots 76 69 77 6 6 37

ii) D. teres

Control 5050B 354B 63.4 A 67.0B 46.8 A

Pan. Plu¢ 5300 A 365 A 1.1B 67.5A 475 A

MA 342 ¢ 5320 A 348 B 3.6B 67.6 A 476 A

No. of analysed plots 101 112 118 22 22

iii) D. avenae

Control 4940 4 412B 33.7A 56.0 A 31.2B

Pan. Plug 4970 A 442 A 12.6 B 54.9B 31.3B

MA 342¢ 4900 A 425 AB 8.2B 54.4B 32.1A

No. of analysed plots 40 40 44 5 5

@ Means followed by the same letter in each column are not significantly different at P = 0.05 according to Duncan’s
multiple range test.

b pan. Plus = Panoctine Plus 400, 4 mi#gseed.

¢ 200 or 300 ml kg! seed.

Table 3. Results obtained in single years in field experiments testing effects of MA 342 ag&insth)-
slera graminean barley (cv. Agneta) 1991-1996, irechslera teresn barley (cv. Golf) 1991-1996,
iii) Drechslera avena oats (cv. Vital) 1991-1995

Treatment No. of infected plants‘rﬁ during the years
1991 1992 1993 1994 1995 1996 Mean

i) D. graminea

Control 30.8A 101.1A 60.4A 193A 358A 219A 51.5A
Pan. Plu$ 15B 52B 3.8B 39B 3.8B 3.3B 4.0B
MA 342 ¢ 1.0B 6.9B 12.0B 6.8B 6.5B 3.6B 6.9B
No. of analysed plots 4 20 12 16 17 8 77

ii) D. teres

Control 4648 479A 89.3A 68.1A 856A 540A 63.4 A
Pan. Plug 0.3B 0.7B 11B 09B 3.7B 0.2B 1.1B
MA 342¢ 0.5B 1.0B 49B 6.8B 10.3B 0.6B 3.6B
No. of analysed plots 16 20 15 16 19 32 118
D. avenae

Control 7404 22.1A 725A 188A 126A 33.7A
Pan. Plu$ 32.0B 12.6 B 15.6B 6.6B 6.1B 12.6 B
MA 342 ¢ 17.3C 28C 20.0B 40B 7.0B 8.2B
No. of analysed plots 4 16 8 8 8 44

a.bande gae in Table 2.



Table 4. Results obtained in field experimental series testing effects of MA 342 against i)
Drechslera graminean spring barley (cv. Agneta) 1991-1996, yechslera teresn spring
barley (cv. Golf) 1991-1996, iiilprechslera avenamn oats (cv. Vital) 1991-1995 at different

experimental localities (see Figure 1)

Treatment No. of infected plants‘rﬁ in the counties of

M R E C AC Mean
i) D. graminea
Control 4514 1115A 444A 606A 381A 51.5A
Pan. Plug 3.8B 11.5B 3.0B 31B 58B 40B
MA 342¢ 6.4B 7.7B 5.0B 9.1B 7.7B 6.9B
No. of analysed plots 20 4 23 20 10 7
ii) D. teres
Control 55.0 A 794A 765A 550A 150A 63.4 A
Pan. Plu¢ 0.8B 19B 1.1B 0.8B 0.5B 1.1B
MA 342 ¢ 45B 46B 35B 2.7B 0.8B 3.6B
No. of analysed plots 32 31 23 20 4 118
iii) D. avenae
Control 314K 35.6 A 33.7A
Pan. Plug 129B 125B 12.6 B
MA 342¢ 6.9B 9.3B 8.2B
No. of analysed plots 20 24 44

a.bande gee in Table 2.

Table 5. Results obtained in a field experimental series, testing effects of MA 342 agaiudaris
sorokinianain barley (cv. Blenheim) during the years 1991, 1993 and 1994

Treatment Yield, No. of Brown Hectolitre 1000-kernel
kghal plantsnT2 coleoptiles,%  weight, kg weight, g

Control 5760 A4 276B 79.4 A 68.3 A 49.8 A

Pan. Plug 5890 A 306 A 30.8C 68.2 A 48.6 A

MA 342 ¢ 5870 A 318 A 50.7B 68.2 A 49.0A

No. of analysed plots 12 12 13 2 2

a.b ande gee in Table 2.

Table 6. Results obtained in 1992 in one field experiment testing effects of MA 342 addiosidochium

nivale andUstilago nudain barley (cv. Pernilla)

Treatment Yield, No. of Infected No. &f. nuda
kghal plantsm2 coleoptile,% infected spikes ¥

Control 5700 & 455A 86.0 A 15.0A

Panoctine Plus 400, 4ml l(g} 5860 A 428 A 51.0B 20.0A

MA 342, 300 ml kg’l 5640 A 414 A 50.5B 31.0A

No. of analysed plots 4 4 4 4

4 See in Table 2.

705
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Table 7. Results obtained in field experiments during 1992 and 1994 testing effects of MA 342 against
Microdochium nivalén spring wheat (cv. Drabant)

Treatment Yield, No. of Stand in Brown
kghal plantsnT2 spring, 0-100  coleoptile,%

Control 4600 4 224C 80C 84 A
Panoctine 400, 4 ml k@l 4520 AB 378 A 97 A 40B
MA 342, 300 ml kg’1 4310B 312B 91B 51B
No. of analysed plots 8 12 8 8

4 See in Table 2.

Table 8. Results obtained in field experimental series testing effects of MA 342 agdicrstdochium nivale
in winter wheat (cv. Kosack, 1990/91 and 1994/95) and winter rye (cv. Danko/Amilo, 1990/91 and 1995/96)

Treatment Winter wheat ~ Stands in Winter rye  Stand in
Yield, spring, 0-100  Yield, spring, 0-100
kg ha 1 kg ha 1

Control 4320 B 74B 4210B 76 B

Panoctine 400, 4Amlikgt 4620 A 95 A 5280 A 99 A

MA 342, 300mikgl 4310B 86 AB 4800 AB 85 AB

No. of analysed plots 4 12 4 2

4 See in Table 2.

soils, with different amount of clay, but sandy and In most of the experiments where the vyield
organic soils were also represented. Cultivation prac- was recorded, the 1000-kernel weight and hectolitre
tices such as fertilization, weed control etc. were weight were measured.

according to official recommended practice inthearea  In the greenhouse experiment wigh nodorum
concerned. infested wheat, the frequency of infected leaves and
coleoptiles was recorded when the plants had 3-4
leaves. The experimental design for the greenhouse

Disease, emergence, stand and yield registration > : ) h
experiment is described by Hokeberg et al. (1997).

In most of the field experiments with spring cereals,
the number of germinated plants were recorded by
counting the seedlings emerged in about 0.5 sg.m per
plot. In most of the field experiments with winter ce-
reals, the stand in the spring was graded on a scaleAll field experiments were performed in a randomized
from 0 to 100, where 0 means no stand and 100 meansblock design. Usually, we used four replications, but
full/optimal stand. In experiments concerniDgteres in a few cases only three replications were used. The
and D. avenae the number of infected plants were plot size varied from about 8 sg.m in the bunt experi-
recorded when the plants had 3—4 leaves. In experi- ments to about 25 sqg.m in those experiments where the
ments withD. gramineathe number of infected plants  yield was measured. The statistical analyses are based
were recorded at heading. In the experiments with on the single plot value for the yield, the number of
Drechslerapathogens, the recorded area with infected germinated plants, the stands in spring and autumn
plants per plot was 1.0 sqg.m. In tB&polaris experi- and the frequency of infected plants, coleoptiles or
ments, the percentage of plants with brown coleoptiles spikes. For the variables 1000-kernel weight and hec-
was recorded when the plants had 2-3 leaves. In thetolitre weight, the analyses are based on a pooled value
experiments with different kinds of bunt or smut, the from all the plots values for each treatment in every
number of infected spikes were recorded 2—3 weeks separate experiment. Differences between means are
before maturity. The area counted varied depending tested with Duncan’s multiple range test, P = 0.05.
on the smut infection level. Means followed by the same letter are not significantly

Experimental design and statistical analysis
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Table 9. Results obtained in a field experimental series testing effects of MA 342 against seedibletiae
cariesandMicrodochium nivaldn winter wheat (cv. Kosack) during the years 1992, 1993, 1995 and 1996

Treatment No. of infected spikes—rﬁ during the years Stand, 0-100
1992 1993 1995 1996 Mean autumn  spring
Control 69.0A 1338A 56.2A 105.1A 752A 883B 735B
Panoctine 400, 4 ml k@l 6.5B 30.0B 5.8B 9.6B 9.2B 93.3A 84.6 A
MA 342 0.0B 20.0B 2.1B 4.6B 43B 93.3A 77.6 B
No. of analysed plots 4 4 22 7 37 18 26

@ See in Table 2.
b 200 or 300 ml kg1 seed.

Table 10.Results obtained in two field experiments testing effects of MA 342 against
seed-borndilletia cariesin spring wheat (cv. Dragon) during 1995

Treatment No. of infected spikes*nzl Stand, 0-100
Control 1004 100 A
Panoctine 400, 4mkyt 1.1B 100 A

MA 342, 300 ml kg*1 0.2B 100 A

No. of analysed plots 8 8

@ See in Table 2.

different from each other. All analyses with percent
figures are done after arcsine transformation.

Results

The results from the disease readings (frequency of
infected plants, spikes/panicles or coleoptiles), regis-
tration of emergence, stand, yield, 1000-kernel weight
and hectolitre weight for the different experiments car-

nae after storing MA 342 treated seeds for one year
(Table 14). The stability of MA 342 over the years is
shown in Tables 3, 9 and 11 and at different localities
in Table 4.

The disease controlling effect of MA 342 was
weaker than the fungicidal effect agaihat nivalein
barley, wheat and rye (Tables 6 to 9) and agaBst
sorokiniana(Table 5) in barley, MA 342 treatment
was, however, in most cases significantly better than
controls. MA 342 had no effect against nudain

ried outare givenin Tables 2 to 15. The diseases testedparley (Table 2 and 6), against soil-borhecariesor

and locality of testing are listed also in Table 1.

MA 342 applied as a biopesticide has shown as
good disease controlling effect agaibstteresin bar-
ley andD. avenaein oats (Tables 2, 3, 4 and 14),
againstD. gramineain barley (Tables 2, 3 and 4),
againstU. hordei in barley (Table 13) and against
seed-borndl. cariesin wheat (Tables 9 and 10) as
the fungicides tested. The effect of MA 342 against
U. avenaen oats was significantly better than of the
tested fungicide and the non-treated control (Tables
11, 12 and 14). In the years 1991 and 1992 (Table 3)
the effect of MA 342 againdD. avenaewas signifi-
cantly better than the fungicide effect; and in the years

againstT. contraversan wheat (data not shown). In
the T. cariesandT. contraversaexperiments, the ef-
fect of MA 342 was compared to the effect of Sibutol
LS. This fungicide significantly reduced the number of
infected spikes, as compared to the non-treated con-
trol, while MA 342 did not reduce disease incidence
from these soil-borne inocula. In a greenhouse experi-
ment, MA 342 showed good effect agaiSsthodorum
(Table 15).

Discussion

1993-1996 the effects were at the same level as theThe results presented provide evidence that seed bac-

fungicidal effect.

The effect of MA 342 againdd. tereswas still very
good after storing MA 342 treated seeds for one and
even for two years, and agairi3t avenaeandU. ave-

terization with the strain MA 342, as carried out here,

gives excellent control of several cereal, seed-borne
diseases in the field and under normal cropping condi-
tions. They further show that the effects are consistent
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Table 11. Results obtained in single years 1991-1996 in field experiments testing effects of MA
342 againststilago avenaén oats (cv. Vital and Svea)

Treatment No. of infected panicles T during the years
1991 1992 1993 1994 1995 1996  Mean

Control 70X 465A 450A 82A 157A 51A 193A
Pan. Plug 34B 375A 40.0A 83A 164A 42A 16.6A
MA 342 ¢ 0.8B 6.3B 50B 17B 56B 0.2B 29B
No. of analysed plots 4 4 4 3 4 8 27

a.b ande gee in Table 2.

Table 12. Results obtained in field experiments testing effects of MA 342 aghlisisiago avenae
in oats (cv. Vital and Svea). Results from experiments carried out during 1991-1996

Treatment Yield, kg il  No. of plants T2 No. of infected panicles m?
Control 3630 A 327 A 25.7A

MA 342° 3840 A 323 A 3.6B

No. of analysed plots 7 28 50

@ See in Table 2.
200 or 300 ml kg! seed.

not only over time, but also under different climatic effects shown here is that MA 342 suppresses the
conditions, from the south of Sweden to the northern pathogens by production of antifungal metabolites
parts (Figure 1). For diseases caused by the seed-bornavith a broad activity spectrum. Its capacity to con-
pathogen®d. teres(Tables 2 to 4, 14)D. graminea trol many seed-borne diseases, or their inocula, but
(Tables 2 to 4),T. caries(Tables 9 to 10)U. hordei inability to affect soil-borne inocula could, further,
(Table 13) andS. nodorum(Table 15), the bacterial reflect a strong spermosphere, but a poor coleoptile
disease suppressing effect was as reliable and effectiveand/or rhizosphere colonizing ability. This possibil-
as conventional fungicide (Panoctine products) treat- ity has been indicated also in other investigations in
ment, and it was even better than the fungicidal effect our laboratory (D.J. van der Gaag, unpubl.), where
againstD. avenagTables 2 to 4) and). avenagTa- the spatial-temporal colonization pattern of MA 342
bles 11to 12, 14). MA 342 treatment was, on the other is studied, using cell-tagging with gfp (green fluores-
hand, not effective against soil-borne infections from cent protein) (Tombolini et al., 1997). A combination
T. cariesand T. contraversaor against seed-borne of a localized, metabolite-mediated mode of action
infections fromU. nuda (Tables 2, 6), which show and a strong spermosphere colonizing ability, could,
selectivity in effects. Also, from a practical point of thus, account for the varying biocontrol effects ob-
view, less than fully satisfactory control was obtained tained depending on type and placement of disease
of diseases caused by seed-bdBnaorokiniana(Ta- inocula. This interpretation is also in agreement with
ble 5), andM. nivale (Tables 6 to 9), further pointing  the findings that those seed-borne pathogens that are
to selectivity depending on disease and/or infection effectively controlled by MA 342, are usually rather
route. MA 342 bacterization, thus, gives effective superficially localized in or on the seeds (Neergaard,
and reliable control of a selected number of seed- 1977). Some seed-borne pathogens not controlled, like
borne diseases, and although field effects of biocontrol U. nuda which is localized in the seed embryo (Neer-
agents are well documented (Knudsen, 1994; da Luz, gaard, 1977), could then be too deeply hidden in the
1994; Hornby et al., 1993; Tahvonen et al., 1995), we seed to be affected by MA 342, or its metabolites.
know of no earlier reports where a consistent effect The consistency over years/seasons and varying
on a broad range of cereal diseases has been shown irlimates found, further, points to a disease control
long series of field experiments. mode of action where the MA 342 strain does not di-
The mode of action of MA 342 is not eluci- rectly antagonize the pathogens on or outside the plant
dated in detail. A plausible interpretation of the field surface. Rather, it seemingly is more dependent on
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Table 13. Results obtained in field experiments testing effects of MA 342 aghisisago hordeiin barley
(cv. Golf) during the years 1991 (C-county) and 1996 (M- and C-counties, see Figure 1)

Treatment No. of infected spikes‘rﬁ No. of
1991 C-county 1996 M-county 1996 C-county  Mean plant®m

Control 48 A 25A 0.7A 27A 320A
Pan. Plug 1.5B 2.7A 0.2B 1.4A 330A
MA 342 ¢ 0.3B 1.0A 0.0C 04B 321A
No. of analysed plots 4 4 4 12 12

aandb gee in Table 2.
¢ 300 ml kg1 seed.

Table 14.Results obtained in field experiments testing effects of storing seeds treated with MA 342 against
Drechslera teresn barley (cv. Golf),Drechslera avenaén oats (cv. Vital) andUstilago avenaén oats (cv.
Vital) in the year 1994 (seeds were stored at room temperature in the laboratory)

Treatment Barley Oats
No. of D. teres No. of D. avenae No. of U. avenae
infected plants m2  infected plants m2  infected panicles m?

Control 34.0 A4 12.4A 8.2A
Pan. Plug 0.0B 428 8.3A
MA 342, treated in spring 1992 40B n. t. n.t.
MA 342, treated in spring 1993 28B 6.7B 26B
MA 342, treated in spring 1994 3.8B 39B 1.7B
No. of analysed plots 4 7 3

aandb gee in Table 2.
¢ 300 ml kg1 seed.
4 200 ml kg! seed.

Table 15.Results obtained in one greenhouse experiment

testing effects of MA 342 againitagonospora nodoruin disease-controlling effect (Table 14), and by the rather

winter wheat (cv. Forno) during 1996 broad range of diseases that may be controlled. MA
342 may from this point of view constitute a sound
Treatment Infected plants,% alternative to chemical fungicides for cereal seed-
Control 225 A borne diS(_aase control. To k_)e commerc_ially competitive
Panoctine Plus 400, amkd 058 however, it also has to fulfil other requirements.
MA 342, 300mikgl 158 Harman (1991) suggested three general ap-
No. of replications 4 proaches for achieving the level of reliability and
efficacy needed for biocontrol agents to be as compet-
@ See in Table 2. itive as chemical fungicides: (i) genetically superior

strains (obtained through selection or genetic manipu-

lation), (ii) cost-effective, large scale production meth-
the host plant, or its seed and seedling, than on the oqs (fermentation) for producing biocontrol agents of
surrounding environment, where the varying seasonal high quality and long shelf life, and (jii) development
and climatic conditions otherwise would have had a of delivery systems that give the biocontrol agent a
stronger influence on the bacterial performance. competitive advantage.

From an agricultural point of view, the results ob-  The results so far obtained with the strain MA 342
tained on consistency in biocontrol effect of MA 342 ¢jearly fulfil the first of these criteria, while the other
over the years and under different climatic conditions, two are still to be better elucidated. The findings that
emphasize the possibilities of large scale practical uti- liquid cultures of MA 342, grown in laboratory scale,
lization of this strain. This is further emphasized by ¢ould be stored for at least one month without losing

the proven possibilities of storing MA 342-treated their activity (Hokeberg et al., 1997), like the possibil-
seeds under dry conditions without losing the bacterial
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ity to store treated seeds without losing the biocontrol and Ingrid Rydberg for good help with the field exper-
effect, indicate that the shelf life of MA 342 is not a iments at Svaltf Weibull AB.

main obstacle. Considering the possibilities of easily

producing cells of MA 342 in the laboratory, cost-

effective and reliable large scale fermentation also References
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