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Abstract

A screening system is described for identifying fungal antagonists from soil which are effective in controlling
seed-bornd-usarium culmorurron wheat T. aestivurml.). The procedure comprised three consecuitiveivo

tests done under controlled conditions using three different plant growing media. Altogether 1701 fungal isolates
from Finnish field soils were screened for biocontrol activity. 210 fungal isolates that had advanced to various
stages in the screening system were also included in a field experiment. The isolates that were the most effective
in controlling seedling blight under natural conditions belonged to the gétiosladium The screening tests
separatedsliocladiumspp. rather clearly from the rest of test fungi and thus the overall agreement among the
results was good. The assays run under controlled conditions did not efficiently predict whiclGtibttiadium

isolates would be best in protecting wheat seedlings under field conditions.

Introduction The objectives of this study were to identify fun-
gal antagonists df. culmorumfrom Finnish soils and

Seedling blight of wheaflfiticum aestivunt..), caused to evaluate the screening methods used. @mlyivo

by Fusariumspp., arises primarily from seed-borne tests were used during screening: the pathogen and the

inoculum (Wiese, 1987). In Northern Europe the level candidate antagonists were allowed to interact on ger-

of contamination in seed lots varies considerably from minating seeds under controlled conditions after which

year to year and sometimes a large proportion can bethe degree of antagonism was determined by inspect-

infected (Daamen et al., 1991; Skou, 1991; Uoti and ing the disease symptoms on young seedlings. A field

Ylimaki, 1974). experiment was set up to provide information on the
Fusarium culmorunfW.G. Sm.) Sacc. is the most  potential of the screening tests for predicting biocon-

prevalent (Uoti and Ylirdki, 1974) and probably trol activity under natural conditions. A preliminary

the most economically damaging (Uoti, 1976) of the report of this research was presented (Tahvonen and

Fusariumspecies in Finnish wheat fields. Microbial Teperi, 1995).

antagonists of this pathogen, when applied to infect-

ed seeds, have appeared capable of preventing disease

development (Knudsen et al., 1995; Sivan and Chet, Materials and methods

1986). Seed treatments comprising bacterial (Kempf

and Wolf, 1989) and fungal (Sivan and Chet, 1986) Isolation of the test fungi

isolates have also protected wheat seedlings from soil-

borneF. culmorumin tests done in the greenhouse. Soil samples were collected from 143 fields from dif-

ferent areas of Finland in the autumns of 1989 and
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1990. About 1 ha plots from fields of diverse soil tures (about4000 isolates) were stored-80°C until
type and cropping histories were selected for sampling. needed for the first screening test.
About twenty subsamples from the depth of 0-15 cm
were mixed properly and 1 kg of the mixture was stored Screening fungal isolates
in plastic bags at +4C for up to 4 weeks prior to iso-
lation of fungi. Fungal isolates were obtained either The screening program consisted of three sepamate
from roots of bait plants grown in the soil samples vivotests carried out under controlled conditions; each
(root isolates, RI), or directly plated soil (soil isolates, with a different plant growing medium. Sand was used
S). in the first test, peat in the second and field soil in the
Bait plants were used to acquire fungi able to third. After each screening stage the ineffective isolates
colonise the surfaces of young roots at low tempera- were excluded from further testing.
tures, which was regarded as animportant propertyofa  Spring wheat cv. Luja (certified seed, Jokioinen
biocontrol agent used as a seed treatment. Three differ-Seed Center) was the test plant in all the screening
ent plant species, wheat, barléygrdeum vulgare..) tests. The fungal isolates tested agalstulmorum
and turnip rapeBrassica rapasubsp.oleifera DC.) were cultured on PDA plates (diameter 85 mm) for 3—4
were used, because the isolated fungi were intendedweeks at room temperature. The basic water suspen-
to be used for screening against seed and soil-bornesions used in screening tests were prepared similarly
pathogens of various cultivated plants. Plastic pots (50 for all the isolates: the spores and mycelia from the
ml) were filled with soil from a sample, seeds of bait surface of one plate were scraped into 25 ml of dis-
plants were placed on the soil and were covered with tilled water. After homogenization, the suspension or
sand. The pots were watered and incubated in a growthdilutions were used to treat the wheat seeds. One patho-
chamber at 15C with a 14 h daylength. After two  genicF. culmorumisolate, originating from Jokioinen,
weeks the roots of the seedlings were washed underwas used for pathogen inoculations in all the tests.
running tap water and sections of them were plated Inoculum was prepared as for test fungi, but the sus-
on either Littman oxgall agar (LOA, Difco), peptone pensionwas stored at20°C before use. Three rounds
-PCNB -agar (Nash and Snyder, 1962) or potato dex- of the three stage screening program were carried out,
trose agar (PDA, Biokar) supplemented with strepto- one each winter 1991, 1992 and 1993. 1701 isolates
mycin sulf. (Sigma, 30Q:g/ml), and incubated for (1313 Rl and 388 SI) were tested in total.
2—4 days at room temperature. Individual fungi with
different morphologies were then subcultured on PDA Testing in sand
plates.
Direct plating was initiated by thoroughly mixinga In the first screening test pots (50 ml) were used. In
10 g subsample of soil in sterile water thickened with each pot three wheat seeds were placed on 45 ml of
0.5% (w/v) agar. 1.0 and 0.1% (w/v) suspensions of soil non-sterile sand (grain size 0.2—-0.7 mm, moistened to
were prepared and shaken for 30 min in Erlenmeyer saturation). In test treatments, three amounts of each
flasks. 1 ml samples of both suspensions were mixedtest isolate (1 ml of the basic water suspension and
separately with 20 ml of LOA (58C) in a sterile Petri dilutions of this suspension, 16 and 10°%) and two
dish which was then incubated at room temperature in concentrations of. culmorum(10° and 1@ conidia
the dark. Three subsamples were processed from eachi pot) were used. To test one isolate, each of these
soil sample. After 3—7 days the plates were inspected six concentration combinations was drenched on to
and pure cultures of fungi were isolated on PDA. the seeds in each of five pots. 10-20 isolates were
After the cultures on PDA plates were fully devel- tested simultaneously and on each sowing date separate
oped, their purity was checked and most of the fungi control pots were prepared. Ten of these were treated
were identified according to Domsch et al. (1980). with 10° conidia of F. culmorumper pot, ten with
Most Botrytis, Rhizopus, Mucor, Penicilliunfrusar- 10* conidia per pot and ten with water only. After
ium avenaceum, F. culmorum, F. graminearamd inoculations the pots were filled with additional sand
Monographella nivaligsolates (710 isolates altogeth- and putinto plastic containers which were then covered
er) were discarded without any testing because of their with transparent polyethylene sheets.
abundance or their assumed pathogenity/inefficiency = The pots were incubated in a growth chamber
as antagonists. Agar plugs from the remaining cul- (12 + 2 °C, 14 h photoperiod, 2RE s~ m~2) for
16-18 days. If the untreated seeds produced healthy
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sprouts, and irFusarium control pots severely dis-  from Jokioinen. Each autumn prior to running the tests,
eased plants were found, observations were made onsoil was taken from the depth of 0—25 cm and stored
the test treatments. The isolates that did not damageat 15°C for up to six months. Before use, the soil

the wheat, but clearly prevented pathogenesid=by was first air-dried at room temperature, then graded

culmorum were retained for further testing in peat. and moistened with water. Only one concentration (the
basic water suspension) of each test isolate was used
Testing in peat for seed treatment. Otherwise thesariumand antag-

onistinoculations were as for the peat tests. There were

Steam sterilizedSphagnunpeat supplemented with  three replications in the experiments and 36 seeds were
dolomite limestone (8 kg/@ and with commercial ~ sown in each pot. 10-15 isolates were tested in one
NPK fertilizer for peat (Kemira Agro Oy, containing experiment. The pots were completely randomized on
130 g N, 130 g P, 240 g K /frand small amounts of  greenhouse tables and the growing conditions were as
micro nutrients) was used as the growing medium. Four for the peat tests. Four weeks after sowing the num-
treatments were used to test each isolate: healthy con-ber of healthy sprouts was recorded. The isolates that
trol, Fusariumcontrol,Fusariumt+ the basic water sus-  gave the best results were considered to be worth more
pension of the testisolate aRdsariumt+ 10-2dilution detailled examination and further testing under field
of the basic water suspension. The wheat seeds wereconditions.
first dipped in a suspensionBfculmorum(10Pcfu/ml)
(orinwater for the healthy control) and dried overnight Field experiment to evaluate the effectiveness of the
on laboratory tables. The two suspensions of the test screening procedure
isolate were then prepared and applied by shaking them
with the seeds in plastic bottles (2 min). The amount To evaluate the three-stage screening system described
used was the maximum that the seed could absorb.above, an experiment was sown in the field in spring
The seeds for the two control treatments were treat- 1993. The isolates that had been tested up to different
ed similarly with water. The seeds were then dried on stages of the screening system during the preceding
laboratory tables for 2—4 h and sown. winter were used for selecting isolates to be tested in

One plastic box (2950x10 cm) filled with peat this experiment (487 isolates in all, 228 Rl and 259 Sl).
was used for testing one isolate. For each four treat- Two restrictions on these isolates were set up before
ments 60 seeds were sown in two 29 cm rows and sampling: 1) Only fungi belonging to genera repre-
one border row with uninoculated seed was sown at sented by at least one isolate in the soil tests performed
each end of the box. The boxes were incubated in a during the three years of screening were included. 2)
greenhouse (1%5C, 12 h of extra light from multimetal  Isolates which had been pathogenic to wheat or had
lamps, 24QuE s ! m~2) and they were hand-watered not had any effect on foot and root rot in the sand tests,
when needed. 18 days after sowing the healthy plantswere excluded (on€oniothyrium threeCylindrocar-
were counted (sprouts without symptoms and unger- pon, 31 Fusarium two Gliocladium 11 Mortierella,
minated seeds that had remained hard). The test of eacHL 7 Penicillium, threeScopulariopsistwo Trichoderma
isolate was considered valid if the number of healthy and twoUlocladiumisolates). The purpose of these
plants did not exceed eight in tHusariumcontrol, restrictions was to increase the possibility of finding
and was not less than 48 in the healthy control. Aniso- effective biocontrol agents among the isolates rejected
late was generally rejected for the field soil test, unless during greenhouse screening and to make the test on
the application of either of the two suspensions pre- the selection procedure more critical. 330 isolates (164
pared from it produced 41 or more healthy seedlings. Rl and 166 Sl) remained for sampling.
In practice, the selection was based almost entirely on  Allthe 58 isolates that had been used in the soil tests
the basic suspension treatment. Only the results from were included in the field experiment. 15 of them had
it are used in comparing screening results with the been selected for further examination according to the

observations from the field experiment. results from this third screening test. Before sampling,
the fungi that had been rejected in the peat tests (174
Testing in soil isolates) were grouped into those isolated from bait

plant roots (92 RI) and those isolated directly from
In this screening test, wheat was planted in 1.5 | plas- soil (82 Sl). From both were drawn samples of equal
tic pots containing non-pasteurized silty clay (pH 6.4) size (46 isolates). The same method was applied to the
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Table 1 The 210 fungal isolates included in t‘he field experi- suspension OF. culmorumwas sprayed on the canopy
ment grouped by genera, by stage of screening to which they

proceeded and by the method that was used in their isolation ~ With @ knapsack mist blower. A similar inoculation
from soil (SI = isolates from soil platings, RI = isolates from was repeated two weeks later. The following winter,
bait plant roots) samples of the seed obtained were plated onto PDA.
Hundred per cent of the seeds appeared to be infect-
ed. Dressing the field inoculated seed with Baytan |
insand inpeat insoil in soi improved sprouting from 43 to 63% in greenhouse
tests  tests  tests  tests tests.
genus ST Rl ST R S R SIR The seed for the field experiment was treated with
the 214 isolates two days before sowing. 0.18 ml of

Isolates Isolates Isolates Isolates
rejected rejected rejected approved

Alternaria spp. i1 - == - - the basic water suspension of each was applied per 1 g
Coniothyriumspp. 2. — - - - - of seed using the method described above for the peat
Cylindrocarponspp. - 13— 7 - - - - tests. The seed lots used for untreated and fungicide
2:2::;?;22' ; 1I f 13? 2; Z 1; ; controls were wetted. After drying the seed overnight

Pp- at room temperature, the fungicide was applied. Next
Mortierella spp. 6 4 6 7 2 1 - - day the field at Jokioinen (silty clay, pH 6.0) was fertil-
Penicillium spp. 6 2 1211 1 2 - - ized with a commercial N-P-K (18-5-10) fertilizer (80
Scopulariopsispp. 12 10 1 - 1 - - kg N/ha) and the experiment was sown (Wintersteiger
Trichodermaspp. - 1 -4 4 2 2 - - Seedmatic 6) three weeks later than normal practice.
Ulocladiumspp. - 4 1 - - -

The field plot was irrigated with 20 mm of water two
Total 30 30 46 46 28 15 13 2 days after sowing. One month later the seedlings were
dug out of the soil and the number of healthy ones,
without any foot rot symptoms, was assessed for each
row. The seedlings were washed clean when needed
fungi rejected in sand tests (98 isolates in all, 55 RI for the observation.

and 43 SI) but the sample sizes were smaller (2 x 30  Acubiclattice design (Cochran and Cox, 1957) was
isolates). This was because it was suspected that dur-used. It allowed use of small incomplete blocks and
ing screening most incorrect selection decisions were took into account environmental variation attributable
made on the basis of the results from peat tests. Theto soil factors. One 1.5 m long row sown with 5.4 g of
properties of pasteurizegphagnunpeat as a growing  seed formed an experimental unit. In each block (1.5
medium could be claimed to be so unique that the use x 0.9 m) there were six rows and 36 such incomplete
of it prevented efficient selection of isolates with good blocks were arranged into one complete replicate of
field performance. The genera included in the field the 216 treatments. There were six replicates of all
experiment and the sample sizes are given in Table 1. treatments (1296 plots) in the experiment.

Four fungal isolates were included in the exper- The analysis of the results from the field experiment
iment as controls. The effect of treating cereal seed was performed with a spreadsheet following the meth-
with them had been tested in field experimentsin 1992 ods of Homeyer et al. (1947). The treatment means
(E. Teperi, unpubl.). Two of these J1448Blipcladium were adjusted to remove the influence of differences

catenulatumGilman & Abbott) and J76 Nlyrotheci- among the blocks, and both the efficiency of the cubic
um sp.) controlled different fusaria as effectively as lattice design relative to a randomized complete block
fungicide dressings while two others J@ipcladium design, and the average standard error of differences

roseunBain.) and J810idriella bolleyi (Sprague) von between all adjusted treatment means, were comput-

Arx) induced considerably lower levels of protection. ed. The relationships between the treatment means

There were two more treatments in the experiment: from the screening tests and the field experiment were

non-treated control and fungicide control (Baytan | tested using Pearson product-moment correlation. The

dressing, Bayer, 300 mg of triadimenol and 50 mg of absolute number of healthy seedlings was used as the

imazalil /1 kg of seed). measure for biocontrol activity. The percentages were
The infected seed (spring wheat cv. Luja) used in not used as the target pathogen caused pre-emergence

the field experimentwas produced in the previous sum- death of seedlings.

mer. At the beginning of flowering stage the wheat plot

was irrigated for one day and in the evening a water
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Table 2 The progress of fungal isolates belonging to various genera into the different stages of screening
during the three years of testing (1991-93)

Number of isolates

Rejected Rejected Rejected Approved Tested

in sand in peat in field in field
genus tests tests soil tests soil tests
Acremoniunspp. 7 6 13
Alternaria spp. 12 6 2 20
Aspergillusspp. 1 1 2
Arthrinium spp. 7 5 12
Bipolaris spp. 9 4 13
Botrytissp. 1 1
Chaetomiunspp. 1 2 3
Cladosporiumspp. 24 4 28
Coniothyriumspp. 5 8 2 15
Cylindrocarponspp. 25 16 2 43
Dendryphionsp. 1 1
Doratomycesp. 1 1
Epicoccumspp. 2 5
Fusariumspp. 386 113 13 3 515
Geotrichumspp. - 2 2
Gliocladiumspp. 30 14 43 28 115
Gymnoascuspp. 28 12 40
Humicolasp. 1 1
Idriella bolleyi - 1 - 1 2
Mortierella spp. 174 52 4 1 231
Mucor spp. 12 9 21
Myrotheciumsp. - - 2 1 3
Paecilomycespp. 2 1 3
Penicilliumspp. 95 77 10 182
Phialophoraspp. 1 1 2
Phomaspp. 2 4 6
Preussiasp. - 1 1
Pythiumspp. 5 5
Rhizoctoniasp. - 1 1
Sclerotiumspp. 2 1 3
Scopulariopsispp. 23 21 6 50
Stemphyliunspp. 2 2 4
Thermomycesp. 1 1
Trichocladiumspp. 1 1
Trichodermaspp. 87 52 27 3 169
Trichotheciumsp. 2 2
Ulocladiumspp. 4 4 1 9
Verticillium spp. 21 12 33
Yeasts 2 2
Unidentified 71 43 3 117

Total 1062 487 115 37 1701
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Figure 1L The disease observations made from the field experiment and from the peat test for the 150 isolates that were test@d=n both.
Gliocladium-isolatesO = isolates belonging to other genera.

Results The soil test was the best of the three screening tests
to predict the biocontrol activity under field conditions.
Gliocladiumspp. clearly differed from the rest of the The 15 isolates that had passed this test yielded 49.6
fungi tested during the three years of screening. Less healthy seedlings per row on average in the field exper-
than 7% of all the isolates tested, but 76% of the iso- iment. A worse result would have been obtained if an
lates selected in all three tests belonged to this genusisolate group of this size had been chosen according
(Table 2). The fungi that most efficiently prevented to the peat tests. The corresponding mean would have
disease development in the field experiment belongedbeen 47.5.
also to the genus&liocladium(Figures 1, 2). Of the BecauseGliocladiumspp. were superior to other
most effective isolates only few were rejected accord- fungal isolates, both in the greenhouse tests and in
ing to the two first screening tests (Figure 2). The peat the field experiment, there was clear linear correlation
test was a little better than the sand test in being useful between the results (Table 3). The two first screening
for predicting the performance of the fungi under field tests selecte@liocladiumspp. out of all tested fungi
conditions. The average number of healthy seedlings rather efficiently but inside this genus they did not
per row in the field experiment for the 58 isolates that predict the field performance at all (Figures 1 and 2,
had passed the peat tests was 46.4. For the 58 isolate§able 3). In this regard the soil test, for which mainly
that were best in the sand tests, the average was 43.1Gliocladiumisolates were left, was better (Table 3).
The use of different concentrations of the test fungiin However, the relationship between the results from the
the two first screening tests was not successful (datasoil test and the field experiment was far too weak
not presented). The stronger the inoculation, the closerto justify its use after the two former screening tests
was the relationship to the results from the field exper- (Figure 2).
iment. Likewise, the mor€&. culmorumapplied to the In the field experiment no differences were estab-
seed, the better was the agreement. lished between biocontrol activity of the soil isolates
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Figure 2 Distributions of the adjusted average numbers of healthy plants in the field experiment for isolates that had advanced to the different
stages in the screening procdlls= Gliocladium-isolated] = isolates belonging to other gene@= untreated control = fungicide control;
J76, J98, J810 and J1446 = control isolates.

and the root isolates belonging to any single genus ious plant pathogens and produce antifungal metabo-
(data not presented). The fungicide control gave high- lites (Papavizas, 1985). Antagonism through antibiosis
er number of healthy sprouts than any of the biocontrol is thought to be a particularly promising strategy for
treatments (Figure 2). biological protection of seeds (Baker, 199GJiocla-

The incomplete block design increased the preci- dium roseunBain. can effectively control root rots and
sion of the field experiment. The relative efficiency seedling diseases causedysariumspp. (Castéjn-
overthe randomized complete block design was 141%. Mufioz and Oyarzun, 1995; Knudsen et al., 1995).

This means that by using randomized blocks and 8 In addition toGliocladiumspp., effective fungal
replications per treatment somewhat less precise com-antagonists of fusaria causing root diseases have been
parisons between treatments would have been possiblgound from the generdrichoderma(Harman et al.,
than was the case with 6 replications. The average stan-1989; Kommedahl and Brock, 1954; Lynch et al.,
dard error of differences between treatment means was1987; Sivan and Chet, 1986ldriella (Knudsen et
4.56 healthy sprouts per plot. al., 1995, Spiegel and Sehbeck, 1991)Fusarium
(Oyarzun et al., 1994 Aspergillus Nigrospora, Peni-
cillium (Kommedahl and Brock, 1954) athaetomi-
Discussion um(Chang and Kommedahl, 1968). In our field exper-
iment 94 isolates represented these genera but none
Itwas not unexpected th@liocladiumspp.were effec-  compared with the begliocladiumisolates for bio-
tive in controlling seed-born&. culmorumas they control activity. The methods used may in part explain
are known to be potential biocontrol agents of var- the one-sidedness of the group of fungi identified as
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Table 3 The relationships between biocontrol efficacy of fungal isolates in the field experimentandin
two of the screening tests done under controlled conditions, expressed as linear correlation between
number of healthy plants in them. Values of coefficient of correlation are presented separately for
all the fungi, forGliocladiumisolates alone, and for all isolates exc€tocladium spp. For the

sand test, the correlation could not be calculated because the least effective isolates were excluded
from the field experiment

The relationship between the field experiment and

Peat test Soil test

coefficient of &) coefficient of n

correlation correlation
all the fungi 0.58 150 0.53 58
Gliocladiumspp. —0.016 47 0.32 43
all the fungi except 0.20 103 0.006 15

Gliocladiumspp.

1) sample size, number of isolates tested both in the field experiment and in the screening tests.

promising biocontrol agents. Both the procedures used fact, the seedlings were more diseased than ever in
for isolating the test organisms from soil yielded fungi practice. In several field experiments run in 1991-95,
which grew fast at relatively low temperatures. Also, where the use of seed naturally infected by different
preparation of the inocula of the test fungiintentionally fusaria led to clear seedling blight, the best biocontrol
favoured the fungi which sporulated strongly on agar fungi controlled the disease at least as effectively as
cultures. It is obvious however, that the gerifo- triadimenol + imazalil (E. Teperi, unpubl). Because of
cladium in particular, contains disproportionate num- the heavy pathogen inoculation, clear symptoms could
bers of species/isolates capable of growing actively and be detected on young seedlings in all the tests. Also,
competing with other micro-organisms on germinating the possible prevention of the disease development by
seeds different seed treatments had to occur in an very early

There are few reports on the applicability and effi- stage to be observed. Consequently, satisfactory agree-
ciency ofin vivoscreening under controlled conditions ment between the results from controlled and uncon-
to select biocontrol agents for use outdoors. Duczek trolled conditions was achieved. Likewise, the rapid-
(1994) studied screening of microbes against soil- ness of the biocontrol activity required explains why
borneCochliobolus sativuglto & Kurib.) Drechsler the ability of the tested isolates to colonise root sur-
ex Dastur causing common root rot on cereals. He faces turned out not to be a significant property. As the
used wheat and barley as test plants and observed theroportion ofGliocladiumspp. was clearly larger for
disease symptoms at the seedling stage in the greenthe soil isolates than for the root isolates, the additional
house assays and after flowering in the field tests. He effort to obtain root isolates appeared to be wasted.
found no statistically significant relationship between The concept behind the screening procedure was
the disease ratings and opted to do all screening in theto ensure the reliability of observations by moving
field from thereon. Kommedahl and Windels (1978) towards a more natural environment at each consec-
tested bacteria and fungi for use as biocontrol agents utive testing stage. To some extent this was achieved
against soil-borne pathogens of pd&isum sativum  as the peat test was better than the sand test to predict
L.). In field tests they confirmed the results obtained the field performance of the candidate fungi and the soll
under controlled conditions only for a year when the test was the best one for ti@&iocladiumspp. How-
disease occurred early in the season. ever, the two first screening tests were quite effective

In the present study the target pathogen was seed-in separatingsliocladiumisolates from the rest. When
borne and the wheat seed used was also heavily inoc-running the screening routine, considerable work was
ulated with it both for the greenhouse tests and the saved by relying on results from these two first tests
field experiment. The superiority of the fungicide con- and not evaluating all the isolates in field soil. As the
trol treatment in the field experiment demonstrates the soil test can’t be used for further selection, screen-
severity of the pathogen inoculation. As a matter of



ing should be continued by testing all tBdiocladium
isolates in the field.

The test conditions clearly had an impact on the
ability of Gliocladium isolates to demonstrate their

potential biocontrol activity. Each of the screening tests

reported in this paper rejected so@éocladiumiso-
lates that performed well in the field experiment. On

the other hand, some of them effectively prevented the
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Harman GE, Taylor AG and Stasz TE (1989) Combining effective
strains ofTrichoderma harzianunand solid matrix priming to
improve biological seed treatments. Plant Disease 73: 631-637

Homeyer PG, Clem MA and Federer WT (1947) Punched card and
calculating machine methods for analyzing lattice experiments
including lattice squares and the cubic lattice. lowa State College
of Agriculture and Mechanic Arts; Research Bulletin 347

Kempf H-J and Wolf G (1989Erwinia herbicolaas a biocontrol
agent ofFusarium culmorunandPuccinia reconditd.sp. tritici
on wheat. Phytopathology 79: 990-994

development of foot and root rot in the greenhouse, but Knudsen IMB, Hockenhull J and Jensen DF (1995) Biocontrol of

did not do so under natural conditions. It is therefore

quite possible that if the field experiment presented in
this paper had been done in another field or in another

year, differeniGliocladiumisolates would have given

the best results. Thus, the future field screenings will

have to be extensive enough to identify th@mcla-

diumisolates which most consistently reduce seedling
blightin various environments and at diverse locations.

The incomplete block designs will be helpful in this
work.
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