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ABSTRACT

KOMMEDAHL, T., and C. E. WINDELS. 1978. Evaluation of biological seed treatment for controlling root diseases of pea.
Phytopathology 68:1087-1095.

Of 100 bacteria and fungi isolated from roots and seeds of None of the laboratory or greenhouse screening tests
peas, and tested for antagonism to Fusarium solani and predicted performance in the field, probably because of
Rhizoctonia solani, 37 of 41 fungi and 22 of 59 bacteria variation in weather and in pathogen activity during the 3 yr
proved antagonistic to one or both pathogens in culture. of field testing (1975-1977). Performance of one of the best
These 59 organisms were tested further against nine isolates fungal antagonists (Penicillium spp.) was enhanced by
of four root rot pathogens (Aphanomyces euteiches, selection and by increase of inoculum on Czapek-Dox and
Fusarium oxysporum, F. solani, and Rhizoctonia solani). malt agar media. In the greenhouse, P. oxalicum was as
They also were coated onto seeds and tested again in field soil effective as captan and significantly better than no treatment,
in a rolled paper towel test, and in the greenhouse and field. and in, the field in 1977 it improved stand and pod number
Several organisms improved stand over no seed treatment. over no treatment.

Several reviews treat the application of organisms to applied to pea seeds and evaluated by using laboratory,
seeds (3) or to soil at planting (10, 16). The organisms greenhouse, and field tests, and (ii) to ascertain methods
described are mostly bacteria and fungi. More papers deal for improving performance of the selected species.
with experiments made in the laboratory and greenhouse
than in the field. Application of bacteria to seed MATERIALS AND METHODS
(bacterization) has been done with carrots (15), cereals
(5), corn (4, 11, 13), cotton (18), peas (12), pigeon pea (23), Bacteria and fungi were isolated from pea seeds and pea
soybean (19, 20), and tomato (9, 17). Similarly, fungi have plant rhizospheres. Four methods were used to test for
been applied to seeds of alfalfa (6), corn (4, 11), cotton antagonists: (i) inhibition of pea root pathogens on agar
(18), oats (24), table beet (14), and white mustard (26). media, (ii) seed germination in rolled paper towels, (iii)

Organisms normally are present on or under seed coats seedling stand in the greenhouse, and (iv) plant stand and
and they may persist there and have some influence on yield in the field.
seeds during germination. Although the role of these In the petri dish test, candidate antagonists were tested
organisms is not clear, they can have either a neutral, against each of four pathogens: Aphanomyces euteiches
pathogenic, or beneficial effect on germination and plant Brechs. (two Minnesota isolates), Fusarium oxysporum
growth (7). Surface disinfestation of seeds may render the Schl. emend. Snyd. & Hans. f. sp. pisi race 1 (three
seeds more vulnerable to seedling blight (5, 13). By isolates from Wisconsin) and race 2 (one isolate from
coating seeds with beneficial organisms capable of Minnesota), F. solani (Mart.) App. & Wr. emend. Snyd.
growing on the germinating seed and in the rhizosphere, & Hans. f. sp. pisi (one Minnesota and one Wisconsin
naturally occurring biological control can be enhanced (4, isolate), and Rhizoctonia solani Kuihn (one Minnesota
7). isolate).

Beet seeds coated with Trichoderma viride or An agar disk (5 mm diameter) of the pathogen, grown
Penicillium frequentans resulted in protection from on commercial potato-dextrose agar (PDA), was placed
preemergence, butnot , postemergence, damping-off (14). in the center of a petri dish containing 19 ml PDA. Four
Protection was thought to be effective for 3-4 wk in corn equidistant streaks (3 cm long) of the test antagonist were
(3) and for 2-3 wk in tomato (17). After that the normal made 3 cm from the pathogen. In tests of F. oxysporum
rhizosphere microflora apparently becomes reestablished and F. solani, the pathogen and antagonist were added to
(3). the medium on the same day but for R. solani and A.

Based on a review of literature, it appeared that euteiches the antagonist was streaked on the medium 2
biological seed treatment was feasible and experiments days before the pathogen was added. Antagonist efficacy
were made (i) to select effective antagonists that could be was ascertained by the presence or absence and size of a

00032-949X/78/000191$03.00/0 zone of inhibition or the degree of overgrowth and
Copyright © 1978 The American Phytopathological Society, 3340 sporulation of the antagonist on the pathogen. Rarely
Pilot Knob Road, St. Paul, MN .55121. All rights reserved, was there a zone of inhibition between a fungal antagonist
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and a pathogen. Tests were made at 24 C under compared by using the Student's t-test (P = 0.05) and
fluorescent lamps (5,300 lux for 16 hr/day), occasionally by using Duncan's new multiple range test (P

The rolled paper towel test was essentially the same as = 0.05).
that used by Hoppe (8). In our procedure, a sheet of wax
paper was covered first with a wet paper towel and then a RESULTS
layer of soil about 1 cm thick was added, on which 50
organism-coated seeds were placed. Another wet paper Antagonism to pathogens on agar media.-About 100
towel then was laid over the seeds and the entire unit was microorganisms (58 bacterial and 42 fungal isolates) were
loosely rolled into a cylinder and held together with tested first on PDA for antagonism to an isolate of
rubber bands. These units were stacked vertically in a Fusarium solani f. sp. pisi (Minnesota isolate) and
container and incubated at 24 C. After 7-8 days, the Rhizoctonia solani (Minnesota isolate). Cultures of
rolled-towel units were opened and the germination data bacteria and fungi were saved if they were antagonistic to
were recorded. either or both pathogens. Later, 59 organisms (22

In the greenhouse test, seeds were coated with bacteria, 37 fungi) were tested further against nine isolates

propagules of the antagonist, sown in soil contained in of four pathogens (Aphanomyces euteiches, Fusarium

metal flats, and kept at 21-24 C. Plants were dug after 4 oxysporum, F. solani, and Rhizoctonia solani). Petri

wk and the final stand and root rot were evaluated. In dishes were examined after 1 wk for bacterial antagonists

both the rolled paper towel and greenhouse tests, soil was and after 2 wk for fungal antagonists.

taken from a field "disease nursery" where peas had been Of the 22 bacterial isolates, 21 inhibited growth in

grown each season for several decades and in which culture of a Minnesota isolate of F. solani but none were

pathogens of pea roots were present. inhibitory to a Wisconsin isolate. Although 18 and 19 of
the bacterial isolates, respectively, inhibited growth inIn the field tests, seeds were coated with antagonists culture of two isolates of F. oxysporum f. sp. pisi race 1,

a n d p la n te d in th e p e a " d ise a se n u r se r y ." P e a s w e re so w n c u l tu re eo i n hi b it eda g r o w t h of a t h i rd i s ol at e of ra c e 1 ,

in 1975 in 120-cm-long rows of 50 seeds per row, in 1976 in only three inhibited growth of a third isolate of race 1;

240-cm-long rows of 100 seeds per row, and in 1977 in 240- however, 16 of the bacterial isolates inhibited growth of

cm-long rows of 50 seeds per row. Stand counts were two isolates of A. euteiches. All 22 isolates inhibited

taken at emergence and daily thereafter until they no growth of A. so/ai.

longer increased. Final stand, vine weight (wet and dry), growth of R. solani.

and pod and seed weights were recorded at harvest in 1975 Of the 22 bacterial antagonists tested against the nine

and 1976. However, in 1977, data were recorded on final isolates of four root pathogens, none inhibited all nine

stand and number of pods. isolates, three inhibited eight isolates, 12 inhibited seven

Inoculum applied to seed was prepared by growing isolates, one inhibited four isolates, and one inhibited

fungi on PDA for 1-2 wk at 24 C and bacteria on PDA for only three isolates (the two isolates of A. euteiches and

1 wk or in potato-dextrose broth (PDB) at 24 C on a one of R. solant).

rotary shaker for 1 wk. To coat seeds with fungi, seeds Thus, it appeared that in culture there was some
were placed on the culture in the petri dish or added to a specificity of bacterial isolates to races or isolates of F.
vessel with harvested spores and shaken 40-100 times to solani and F. oxysporum and less specificity to isolates of
ensure coverage of seeds. The procedure used depended A. euteiches and R. solani.
upon the number of seeds to be coated. To coat seeds with The behavior of 37 candidate fungal antagonists was
bacteria, seeds and sterile water were added to the culture more uniform than that of the bacterial antagonists. Of 37
in the petri dish and shaken 40-100 times, or seeds were fungi, 35 inhibited growth of a Minnesota isolate of F.
added to a flask of PDA; after 1-2 min, broth was poured solani f. sp. pisi and 32 inhibited a Wisconsin isolate, and
from flasks, and the peas were dried on paper towels. The the degree of inhibition was about the same for all
number of spores or cells per seed was not determined antagonists to both isolates. Against F. oxysporum f. sp.,
although we tried to apply approximately the same pisi, 27 of the 39 fungi inhibited growth of one isolate of
quantity of propagules of each antagonist to each seed. race I and 36 inhibited each of two other isolates of race 1

Several controls were used in all tests, including (i) and the one isolate of race 2, indicating a relative
nontreated seed (where seeds were handled similarly to uniformity of antagonism to the four isolates of this
treated seeds but without organisms), (ii) a captan (N-tri- species. All fungal antagonists inhibited the two isolates
chloromethylmercapto-4-cyclohexene-l,2-dicarbox- of A. euteiches and the single isolate of R. solani.
imide) treatment applied by introducing an excess of the Of the 37 fungi tested for antagonism to the nine
fungicide to a container with the seeds, shaking the isolates of the four pathogens, 17 were inhibitory to all
container 40-100 times (depending on how the organisms nine isolates, 11 were inhibitory to eight isolates, four
had been applied) and then screening off the excess, or were inhibitory to seven isolates, two were inhibitory to
(iii) placing seeds in sterile water or in flasks of PDB for 1- six isolates, two were inhibitory to five isolates and one
2 min because bacteria were applied to seeds in sterile was inhibitory to three isolates, and those three were R.
water or in broth. Treated seeds were stored at 5 C until solani and the two isolates of A. euteiches.
planted (1-6 days). Screening antagonists in rolled-paper-towel

In all experiments one cultivar was used: Pisum germination tests.--Seedlings produced in the paper-
sativum L. 'Little Marvel.' This cultivar was selected towel test were rated as strong if the seed germinated
because of its high susceptibility to the common pea root vigorously, and weak if the seed germinated slowly. Two
pathogens. weak seedlings were counted as one strong seedling. Of

Analyses of variance were performed, and means were the 20 bacterial isolates, five increased germination



July 1978] KOMMEDAHL AND WINDELS: PEA ROOT PATHOGENS/BIOCONTROL 1089

percentage over no treatment by 5 to 9%, but this was captan-treated seeds (81%), which significantly increased
below the percentage increase (62%) in germination stand (P = 0.05) over the control.
obtained for captan-treated seed. The PDB control Improvement of antagonist by selection.-Culture 74
resulted in poorer germination (26%) than did the (Penicillium sp.) was selected for further study because it
nontreated control (32%) indicating that the PDB may had performed well in petri dish tests, and it was one of
render the seeds vulnerable to seedling blight or root rot. the best organisms in the paper-towel and greenhouse
The soil moisture content was 16% (v/w) and might have tests. However, this culture, being a mass isolate,
been low for effective control by bacterial antagonists. Of appeared to be a mixture and three isolates, representing
39 fungi, 32 increased germination (23-48%) over three colony types, were tested to find the most effective
nontreated seed (22%), but none was better than captan- antagonist. These isolates (A, B, C) were identified by D.
treated seed (64%).

Evaluation of candidate antagonists in the
greenhouse.--Screening bacteria and fungi.-Seven of
the 22 bacteria improved seedling stands over no
treatment in the greenhouse. At least one bacterium was
as effective as captan (Fig. 1). Twenty-six of the 39 fungi 90
improved stand and resulted in better root development -.z
than did nontreated seed (Fig. 2). Some fungi and 8

bacteria applied to seeds resulted in no emergence or in 70
poorer emergence than no treatment.

Based on results from petri dish, paper-towel, and 60

greenhouse screening tests, five fungal and one bacterial
isolate were selected for the paper-towel (eight replicates 5 - CONTROL
of 50 seeds/ replicate) and greenhouse (eight replicates of .
25 seeds/replicate) tests. The overall development of the 40

roots was also a factor in selection. In the paper-towel
tests, three of the fungi increased percentage of seed 30
germination slightly and one of these increased
germination 7% over that from nontreated seed (40%). - 20
None of the isolates improved germination as much as
that from captan-treated seeds (62%), which significantly M ,0
increased stand (P = 0.05) over the control. 0

By 3 wk after planting in the greenhouse (set at 21 C), 0FUNGAL ANTAGONIST NUMBER
two fungi had increased germination 10% over that of the Fig. 2. The effect of 39 candidate fungal antagonists applied to
control, and two other fungi had increased germination pea seeds on plant stand at 3 wk when sown in pea field soil in the
only slightly more than that in the control (20%). None of greenhouse set at 21 C, based on 15 seeds per treatment. Two
the isolates improved germination equal to that from weakly germinated seedlings were counted as one strong one.

100 100 IOO I I

L • 90 CAPTAN
0 0
,z D 808 B0
Uj80.a

(D CAPTAN "

uJ 601 AB

660 - CONTROL
CD . 50-z°

o 4010 CLNTROL
~40

(230-

LIi zI
20 w20-

z 0

0~ 0567 899101 11 12 1314 1516 17
0 21 48 10 20 42 45 55 23 47 11 22 P 46 49 60 62 S5 53 38 54 39 58 61 DAYS EMERGENCE TO FINAL STAND

BACTERIAL ANTAGON IST NUMBER Fig. 3. The effect of three selected isolates from a Penicillium
Fig. 1. The effect on pea seedling stand at 3 wk of 22 candidate culture (74-A, B, C), singly and as a mixture, as seed coatings, on

bacterial antagonists applied to pea seeds sown in pea field soil in stands of pea plants grown in the greenhouse set at 21 C. Each
the greenhouse set at 21 C, based on 10 seeds per treatment. Two treatment consisted of eight replicates of 50 seeds per replicate.
weakly germinated seedlings were counted as one strong one. (P An asterisk denotes a significant difference (t-test, P= 0.05) from
= potato-dextrose broth control.) the control.
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I. Fennell (Northern Regional Research Center, Peoria, was statistically significant using a Duncan's new multiple
IL) as: A = Penicillium verruculosum Peyronel, B = P. range test (P = 0.05). In later experiments (Windels and
oxalicum Currie & Thom, and C = a mixture of P. livi- Kommedahl, unpublished), inoculum from PDA was as
dum Westling and P. trzebinskii Zaleski. Isolates A, B, effective as that from CDA. However, P. oxalicum
and C were applied to pea seeds individually and as a sporulated more abundantly on CDA than on PDA.
mixture of the three isolates and planted in the Effect of antagonists in the field.-Effect on plant
greenhouse in soil taken from a pea field. stand.-Sixty organisms were tested in the field in 1975

On the 17th day after treated seeds were sown, isolate B for effectiveness in improving pea stands over no
and captan resulted in a significantly higher stand than treatment. Nine days after planting seeds, those treated
the nontreated control (Fig. 3). Isolates A and B, and with 10 organisms (eight fungi and two bacteria) gave a
captan resulted in greater pea fresh weight than did the significantly higher emergence than did nontreated seeds
nontreated control, and isolate B and captan resulted in
greater pea oven-dry weight than did the nontreated
control (Table 1). The experiment was repeated and 100 .
similar results were obtained, except when the isolates A,
B, and C were mixed. The mixture proved to be one of the 90
better seed treatments (Table 1). 0

In the second experiment, peas also were rated for root o 80
rot using the system devised by Sherwood and Hagedorn W

(22). Isolates A, B, ABC, and captan gave lower root rot WZ 70 CAPEK*

indices than the nontreated control. However, even the 60 MALT*

lowest root rot index of 80 was very high because an index 6n 0PA
rating of 70-100 means that fields should not be planted to i A
peas (22). Z X/

Similarly, in another test (based on three replicates of 40
10 seeds/ replicate) six of nine fungi gave significantly CONTROL

lower disease indices (range 75-87) than the nontreated W" 30 o O

control ( 97), but none was as good as captan (= 70) (t-
test, P = 0.05). None of the bacterial seed treatments uo
reduced the disease index below that of nontreated seed. w

Improvement of antagonist by choice of a 0

substrate.--Penicillium oxalicum was cultured on 0 ,,
Czapek-Dox agar (CDA), malt agar (MA), and PDA. 0 7 8 9 10 11 12 13 14 15 16 17 18

Spores were harvested from each medium, applied to pea DAYS EMERGENCE TO FINAL STAND

seed, and compared to captan-treated or nontreated seed. Fig. 4. The effect of three substrates on inoculum increase of
Inoculum produced on CDA or MA resulted in a Penicillium oxalicum (isolate 74-B), used as a seed treatment, on
significantly higher stand than did the nontreated control emergence and final stand of pea plants grown in the greenhouse
whereas inoculum produced on PDA gave increased maintained at 21 C. Data are based on five replicates of 50 plants
emergence over the control (Fig. 4). This difference was per replicate. An asterisk denotes a significant difference (t-test,
not statistically significant using the t-test (P = 0.05) but P = 0.05) from the control.

TABLE 1. The effect of three isolates of Penicillium species (74-A, B, and C), singly and in combination, on final stand, fresh and
dry weights, and root rot of peas planted as two experiments (I and II) in the greenhouse set at 21 C compared with the control

Root rot

Seed Final standb Fresh weightc Oven-dry weightd index'

treatmenta Exp. I Exp. II Exp. I Exp. I1 Exp. I Exp. II Exp. II
(%) (%) (g) (g) (g) (g)

Penicillium spp.
Isolate 74-A 64 61* 44.2* 34.2* 4.57 4.15* 87*
Isolate 74-B 76* 67* 47.4* 34.7* 4.95* 4.19* 87*
Isolate 74-C 45 52 27.0 27.4 2.97 3.41 91
Isolates 74-ABC 57 73* 36.7 37.9* 4.16 4.54* 86*

Captan 84* 85* 57.5* 46.8* 5.82* 5.75* 80*

Control 50 40 30.0 20.1 3.34 2.46 94
aEach treatment consisted of eight replicates of 50 seeds per replicate in each experiment.
bFinal stand was the 17th day in experiment I and the 23rd day in experiment I1.
cWeight of plants from 50-plant row in greenhouse flats.
dWet weight basis.
'Root rot index on scale of 0-100, in which higher values indicate more disease (See Sherwood, R. T.. and D. .1. Hagedorn 1958.

Wisc. Agric. Exp. Stn. Bull. 531).
'The asterisks (*) indicate means significantly different from the control (t-test, P = 0.05).
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(t-test, P = 0.05). However, one of the two bacteria was emergence. Low moisture probably accounted for
significantly better than the PDB control. Captan-treated reduced emergence or could have predisposed
seeds did not give a significantly greater emergence than germinating seeds to pathogens.
nontreated seeds. In 1977, severe disease occurred early in the season as

Twelve days after planting, about 70% of the peas had evidenced by low emergence (Table 2). Of nine organism
emerged. At this time seeds treated with 18 organisms (14 seed treatments, P. oxalicum (74-B) gave the highest
fungi and four bacteria), captan and the PDB control emergence which was significantly better than the
gave significantly greater emergence than the nontreated nontreated control using the Duncan's new multiple
seeds (t-test, P = 0.05). All but one organism that had range test (P = 0.05), but was not nearly as good as
increased emergence at 9 days also increased emergence at captan-treated seeds. Captan was the only treatment
12 days. significantly better than the nontreated control when the

At harvest, total plant stands varied from 74 to 96% data were analyzed by a t-test (P = 0.05).
and averaged 91%forthe 60 organisms. The average of 37 Effect on vine weight.-In both 1975 and 1976,
fungi produced a slightly higher average stand than the organism- and captan-coated seeds did not yield a
average of 23 bacteria. However, only one bacterial seed significantly greater vine weight than the nontreated
treatment gave a significantly higher stand than the control (t-test, P = 0.05). The average vine weight (fresh)
nontreated control, but not over the PDB control (t-test, for 1975 was 244 g (range: 116-308 g) for 60 organisms,
P = 0.05). This isolate had given a high emergence at 12, 303 g for captan treatment, 263 g for PDB treatment, and
but not at 9 days after planting. 273 g for the nontreated seed. The average vine weight for

By harvest, nearly every plant sustained severe root rot 1976 was 615 g (range: 555-662 g) for 10 organisms, 596 g
due to warm, moist conditions and nearly half of the for captan treatment, 607 g for PDB treatment, and 651 g
plants died. Aphanomyces euteiches was the main for nontreated seed.
pathogen. The stand of live plants at harvest varied from Effect on yield.-In 1975, one fungus and one
24 to 60% and averaged 47% for the organism-treated bacterium significantly (t-test, P = 0.05) increased pod
seeds. Organism-treated seeds were not better than weight when compared to the nontreated control but not
nontreated or captan-treated seed (57 and 59% stand, for the bacterium over the PDB control (Fig. 6). These
respectively). two organisms had also accounted for a greater number

In 1976 disease incidence was low and treatment effects of plants 12 days after planting but did not result in a
could not be discerned. Of the 10 organisms tested in significantly greater number of plants than the control at
1976, the average final stand was 61% (range: 55-66%) vs. harvest. Captan was not a significantly better treatment
63% for captan and 64% for the nontreated control, than the control.

Pea seeds were sown about 2 wk earlier in 1976 than in In 1976, seed treatments did not improve pea pod
1975 because of the early spring, yet it took 3 days longer yields. Pea pod yields were more variable in 1975 than in
for seedlings to appear in 1976 than in 1975 (Fig. 5). 1976 with treatment (Fig. 7), probably because disease
Moreover, total emergence in 1976 never reached that of situations were different in the succeeding year. Fewer
1975 and it took about 3 wk longer to attain the greatest plants emerged in 1976 which allowed plants to branch

100 /A TABLE 2. The effect of organism-treated seed on the average
1975 final stand and the average number of pods per treatment in the

90" field in 1977
aO " 0 Seed

t treatmenta Standb Podsb
Z70 ....... (%) (no.)

6o 1976' 74-B 19.2 b 34.1 b
0 105 18.4 bc 33.1 bc

50 82 18.1 bc 34.9 b
40 30 15.1 bcd 29.8 bcd

101 14.9 bcd 26.7 bcde
30 65 14.7 bcd 25.5 bcde

72 12.0 cde 22.8 bcde20 2 B-10 8.7 de 19.1 cde
10 B-39 6.5 e 13.8 e

A 26 Captan 48.0 a 66.3 a
C PDB 10.3 de 17.6 de0 8 12 16 20 24 28 32 36 40 44 48 52 56 60 Control 10.8 de 18.8 cde

DAYS EMERGENCE AFTER PLANTING

Fig. 5. The stand of pea plants in the field in 1975 and 1976 aEach treatment consisted of 15 replicates of 50 seeds per
from the dates of emergence to harvest for two different planting replicate. B (prefix) = bacteria; others are fungi. No. 30 and 65
dates: 12 May 1975 and 26 April 1976. The dashed line for 1975 are Trichoderma spp., 74-B is Penicillium oxalicum, and the
designates plants that died late in the season and it is not other fungi are Aspergillus and Penicillium spp. PDB = potato-
connected because the exact dates when plants died are not dextrose broth.
known. The values given are averages of all 63 treatments in 1975 bMeans in columns followed by the same letter(s) are not
and all 13 treatments in 1976. The curve for any single treatment significantly different at P = 0.05 according to Duncan's new
closely approximates values given for the average, multiple range test.
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early and thereby compensate in yield for the stand losses antagonists in the field (Fig. 8). The paper-towel and
whereas more plants emerged in 1975 only to succumb greenhouse tests each predicted five but failed to predict
late in the season. the other five of the 10 best bacterial antagonists in the

In 1977, plants from seeds treated with P. oxalicum and field; four of these five that were predicted were the same
another fungus gave a higher number of pods than the bacteria. Six bacteria were among the 10 best antagonists
nontreated control according to Duncan's new multiple in three of four tests.
range test, P = 0.05, but none of the seed treatments was The 10 fungus cultures that were most antagonistic to
as good as captan (Table 2). Captan was the only seed pea root pathogens in petri dish tests, or which performed
treatment significantly better than the nontreated control best in improving emergence of plants in the paper-towel,
when data were analyzed by a t-test, P = 0.05. Although greenhouse, and field tests are shown in Fig. 9. The test in
P. oxalicum had always been a reliable antagonist in petri dishes predicted four fungi among the 10 best
greenhouse tests, this was the first field test in which it was antagonists in the field. The paper-towel test predicted
one of the best antagonists. The two organisms that only one and the greenhouse test predicted three of the 10
resulted in a significantly higher pea yield in 1975 (the best antagonists in the field (Fig. 9). No single method
fungus is No. 72, and the bacterium B-10), were not better seemed effective in predicting performance in the field.
than the nontreated control in 1977. Four fungi were on the list of the 10 best antagonists in

Evaluation of methods for selecting three of the four tests.
antagonists.-Twenty-two bacteria and 40 fungi were In the paper-towel, greenhouse, and field tests there

selected originally from 100 cultures isolated from pea were usually more than 10 organisms that performed

roots and seeds. Only three of the 10 best bacterial better than the nontreated control but they were not the

antagonists in petri dishes were among the 10 best same 10 organisms in each test. Although some organisms
were not among the 10 best organisms, they performed
better than no treatment. For instance, in the paper-towel
test, 32 of the 39 fungi increased germination over

PEA POD WEIGHT (G) nontreated seed. Twenty-six of the 32 fungi that increased
0 20 40 60 80 100 120 140 160 percentage germination in the paper-towel test also

a*2 increased percentage germination over nontreated seed in'010 :.: . . . . . . ..

-348 "'the greenhouse.
CAPTAN

I01

68 ... .DISCUSSION
82

PD7 " . .'.'"".::"Ideally, an antagonist should be effective against a
651
104 number of pathogens under a wide variety of conditions.2O424 The differences found in the field from 1975 to 1977
9'
67
85
57
51
103
308.45 ... :.'.°.:.
902 0 1975

B-61 .
70 1497 1163 140
73 1976 0M

CONTROL- 0
49 0
7781A 120
89

e-. 0
71 .I . 100

75.
259-23 I 80

8-42

B-54

:I 40a-208.80 •

*49* .I .
74 08-a 21 .. .''20

B-46 20.
B-22
8-39 I i

ac.. ......... ..
Fig. 6. The effect on pea pod weight of coating pea seeds with 72 B-IO 105 82 101 CAPTAN 65 30 74 B-39

60 different fungi or bacteria and planting them in the field in ANTAGONIST APPLIED TO PEA SEED
1975, based on four replicates per treatment and 50 seeds sown
per replicate. Crosshatching designates organisms better than Fig. 7. Comparison of pea pod yields in the field for 1975 and
captan as seed treatments and solid black designates organisms 1976 and expressed as percentage of the control (no treatment).
better than the nontreated control. Two organisms (72 and B-10) Results are based on four replicates of 50 seeds sown per replicate
were significantly better as seed treatments than the nontreated in 1975 and on 15 replicates of 100 seeds sown per replicate in
control using the t-test (P = 0.05). 1976.
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probably were due to differences in weather which nullified the slight benefits conferred by resident
favored different pathogens. Aphanomyces euteiches was organisms. Similarly, Giha (5) reported that resident
destructive late in 1975 and early in 1977; however, bacteria on wheat grains kept Helminthosporium
Fusarium solani, F. oxysporum, and Rhizoctonia solani rostratum in check, and that a strong bactericide applied
were the predominant pathogens in 1976, based on to grains left them vulnerable to subsequent infection.
symptoms and isolations from roots. The antagonists we Bacillus subtilis also was antagonistic to Phoma betae but
used: were not equally effective against all these the influence of this antagonist was cancelled by the
pathogens. presence of other soil bacteria (21). Thus bacteria, even

Variability in results also can be attributed to different though antagonistic to pathogens can be either beneficial
isolates or races of a given pathogen. In petri dish tests or detrimental ecologically, depending on the
more bacterial and fungal isolates inhibited A. euteiches combinations of antagonist, pathogen, and seed
and R. solani than inhibited either F. oxysporum or F. microflora.
solani. Some of these antagonists inhibited some races or Only a few of about 40 fungi seemed promising as
isolates of Fusarium spp. but not others. Thus, specificity candidates for further testing. Fungal antagonists were
appears to be a greater consideration in the more
specialized fungi such as Fusarium 'spp. and this may
explain some of the inconsistent behavior in the field, if
the isolates or races tested in petri dishes can be assumed CULTURE PETRI PAPER GREEN-
as representative of isolates present or active in soil.

Only a few of the 100 bacteria and fungi isolated from NO. DISH TOWEL HOUSE FIELD
seeds and rhizospheres of peas proved to have potential as 1 -""
antagonists. Bacteria coated onto seeds appeared to have 2
less potential as antagonists than fungi; in fact some 3
bacteria appeared to be pathogenic and caused stand 4
reductions in the field. If not pathogenic, bacteria may 5
have inhibited the normal microflora resident on seeds 6 X
that may have been antagonistic to soil-borne pathogens. 7

... .. ....Lang and Kommedahl (13) suggested that resident 9 "-'-'----a-no 09 ,. .m~onsoon
microflora on corn kernels protected them from seedling 1O on Ma __
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Fig. 8. Comparison of the 10 best bacterial antagonists based Fig. 9. Comparison of the 10 best fungal antagonists based on
on tests made in petri dishes, in rolled paper towels, and in tests made in petri dishes, in rolled paper towels, and in
greenhouse and field plantings. Criteria for choosing the 10 best greenhouse and field plantings. Criteria for choosing the 10 best
isolates were inhibition in culture (petri dish), germination in soil isolates were inhibition in culture (petri dish), germination in soil
(paper towel), and plant stand (21 days in the greenhouse and 9 (paper towel), and plant stand (21 days in the greenhouse and 9
days in the field). The spotted bars designate the cultures that days in the field). The spotted bars designate the cultures that
were the 10 best performers in each test. were the 10 most effective antagonists in each kind of test.
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