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Damping -off of table beets is of widespread occurrence in the 

Willamette Valley of Oregon. Pythium ultimum Trow. , Pythium 

debaryanum Hess. , and Rhizoctonia solani Kuhn. were found to be the 

important pathogenic fungi causing the disease. 

Trichoderma viride, Penicillium spp. Streptomyces spp. and 

certain isolates of bacteria, all saprophytic organisms associated 

with diseased beet seedlings, beet rhizospheres and infested soil, 

were strongly antagonistic toward Pythium ultimum in agar culture 

and were selected for control tests in soil under greenhouse condi- 

tions. 

Infesting beet seeds with spores of Trichoderma or Penicilli- 

um, afforded good protection of seedlings from pre- emergence damp- 

ing-off but did not prevent damping -off of older seedlings in infested 

field soil. Beet seedlings suffered less pre- emergence damping -off 



in soil amended with K21-1PO4 and urea; cornmeal, sucrose and ca- 

sein, on the other hand, increased incidence of the disease. 

Simultaneous infestation of sterilized greenhouse soil with 

Pythium and Trichoderma or Pythium and Penicillium one week be- 

fore seeding resulted in good control of damping -off. The antago- 

nists were less effective when mixed with sterilized soil in which 

Pythium had been pre -established, or when mixed with non - sterilized 

greenhouse soil simultaneously with the pathogen. The best results 

again were obtained in soil amended with KH2PO4 and urea. In ster- 

ilized soil, bacterial antagonists had no effect on damping -off. 

Streptomyces spp. were inconsistent in controlling the disease. 

Treatment of soil with fungicides markedly affected the micro - 

flora in infested soil, and recolonization by certain species varied 

with different chemicals. Following treatment with 50, 100, or 200 

lbs. Lanstan, or with 50 lbs. Ceresan per acre, Pythium initially 

disappeared from the soil but recolonized rapidly. Greater concentra- 

tions of Ceresan either completely suppressed Pythium or resulted in 

very slow recolonization by the pathogen. In soil treated with Di- 

thane, Maneb, or Bayer 47531, both Pythium and Trichoderma de- 

creased progressively during the period of the test. In soils treated 

with Lanstan or Ceresan Trichoderma initially was reduced but sub- 

sequently increased to populations greater than in untreated soil. 
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INTERRELATIONSHIPS BETWEEN FUNGI ASSOCIATED 
WITH THE DAMPING -OFF DISEASE OF TABLE BEETS IN OREGON 

INTRODUCTION 

Table beet, or garden beet, is grown the world over as a com- 

mon garden vegetable. It is grown as a canning crop on large acre- 

ages of the Great Lakes area, especially in Wisconsin, New York, 

and Oregon. Large acreages for fresh -market shipments are grown 

as winter crops in the South and Southwest, especially Texas and Cal- 

ifornia. 

Damping -off is the most widespread and economically signifi- 

cant seedling disease in beets. A number of fungi have been reported 

to be causal agents of the disease, including Pythium species, Rhi- 

zoctonia solani, Phoma betae, Aphanomyces cochlioides, and Fusari- 

um species. The organisms differ in importance in different locali- 

ties. In some areas Pythium debaryanum has been indicated to be the 

primary incitant of damping -off in beet, and in other areas Aphano- 

myes cochlioides is the chief incitant. Pythium ultimum has been 

reported to be the most important pathogenic fungus in Oregon (74, 

p. 1 -91). This fungus has been constantly isolated from diseased 

seedlings, beet rhizosphere, and from infested soils collected from 

various localities in the Willamette Valley of Oregon. The damping - 

off disease, characterized by both pre- and post- emergent death of 
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seedlings, is the cause of poor stands and reduced yield of table beet. 

Although both phases of the disease occur in Oregon, death of seed- 

lings after emergence cause the greatest economic losses. 

Symptoms of damping -off vary slightly according to the fungus 

involved. Pythium attacks any part of germinating and emerging 

seedlings, especially the taproot and hypocotyl, and turns them soft 

and black; seedling leaves wilt and the plants topple over. It usually 

occurs in the very young seedling stage and rarely occurs after the 

first true leaf is formed. Rhizoctonia attacks slightly older seed- 

lings. It darkens the affected area, but the lesions are less extensive 

than those caused by Pythium, brown instead of black, and dry in- 

stead of soft. Aphanomyces attacks seedlings as Pythium does, but 

much later. It seldom causes pre- emergence damping -off (46, p. 

470 -472). 

During recent years, the plant pathologist's viewpoint regard- 

ing the development of soil -borne diseases of plants has changed con- 

siderably. Much attention has been given to the influence of the as- 

sociated microflora on the growth and persistence of pathogens. The 

use of microbial antagonists has given some promise of controlling 

soil -borne diseases. 

The purpose of the present study was to determine 1) the in- 

terrelationships between soil microorganisms associated with damp- 

ing-off disease of table beet, 2) the influence of soil amendments upon 



the antagonistic activity of soil saprophytic microorganisms toward 

Pythium ultimum and other damping -off fungi, 3) the influence of 

certain soil fungicides on the relative population of Pythium species 

and other microorganisms in infested field soil and 4) the possibility 

of employing antagonists for control of damping -off of table beet un- 

der greenhouse conditions. 

3 
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LITERATURE REVIEW 

Much of the literature on beet seedling diseases is devoted to 

sugar beets rather than to table beets. These two agronomic groups 

are not distinguished botanically and records of associated organisms 

often do not discriminate between them. 

Pathogenic organisms 

A number of fungi are reported to cause damping -off in beets. 

According to Reddy (47, p. 73), Pythium debaryanum was the princi- 

pal cause of the disease in sugar beet in Iowa, while Phoma betae 

was of little importance. Buchholtz (10, p. 448) reported that Pythi- 

um debaryanum caused at least 95 percent of sugar beet seedling 

root -rot damage in northern Iowa. He (11, p. 490 -496) found that the 

killing of seedlings by Pythium debaryanum was nearly complete 15 

days after planting. Infection of the remaining plants by Aphanomy- 

ces cochlioides began when the seedlings ceased dying from Pythium 

debaryanum. According to Leach (38, p. 788), the three pathogens 

most frequently responsible for damping -off of sugar beets in Cali- 

fornia are Pythium ultimum, Rhizoctonia solani, and Phoma betae. 

Afanasiev (1, p. 205 -212) inoculated beet seedlings with six 

different fungi isolated from diseased seedlings in Montana, and found 

that Fusarium, Macrosporium and Rhizoctonia were only slightly 
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pathogenic, Phoma and . Pythium were moderately so, and Aphanomy- 

ces cochlioides was most pathogenic. A study of sugar beet seedling 

diseases by Warren (61, p. 885 -891) showed that Aphanomyces coch- 

lioides was the most important causal organism in Ohio, Pythium 

debaryanum and Rhizoctonia solani being less important. Pound (46, 

p. 470), in reviewing the damping -off of table beet, listed four dif- 

ferent fungi which in general are associated with the disease, namely; 

Rhizoctonia solani, Phoma betae, Aphanomyces cochlioides and 

species of Pythium. 

Yale (74, p. 1 -91) reported that Pythium ultimum was a pri- 

marily responsibile for the damping -off disease of table beets in the 

Willamette Valley of Oregon, with Fusarium species being of second- 

ary importance, and Rhizoctonia solani less important. 

The literature on the biological control of soil -borne diseases 

of plants is quite extensive. Many instances of the control of plant dis- 

eases by antagonistic activity of soil microorganisms have been re- 

ported. In some cases the biological antagonism is a direct parasitic 

action of one organism on the other (-7, p. 482; 63, p. 837 -845); in most 

cases biological antagonism is of an indirect type, accomplished by 

1) production of staling products, 2) creation of a nutrient deficiency, 

3) change in pH of the substrate, 4) production of an antibiotic sub- 

stance or 5) an increase in saprophytic population (59). The phenom- 

enon of antagonism may be seen in nature, particularly when the 
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environment has been altered by changing the soil reaction, adding 

soil amendments, or infesting soil with antagonistic microorganisms. 

Experiments in vitro demonstrate that many fungi, bacteria, 

and actinomycetes isolated from soil are antagonistic to pathogenic 

fungi (37, p. 690 -698; 40, p. 286; 14, p. 464; 58, p. 282 -296; 41, 

p. 469). The action of antagonists on plant pathogens in the soil also 

has been investigated. 

Infesting soil with antagonistic microorganisms 

Allen and Haenseler (3, p. 244 -252) reported that seed decay 

and damping -off of cucumbers induced by Rhizoctonia and Pythium 

were appreciably reduced by infesting the soil heavily with a species 

of Trichoderma. The introduction of Penicillium patulum into steri- 

lized soil and its possible influence on the damping -off of tomato 

seedlings caused by Phytophthora parasitica was described by Gross - 

bard (23, p. 41 -45; 24, p. 29 -39). The emergence of tomato seed- 

lings is increased and the incidence of the disease is reduced when 

P. patulum is present. 

In greenhouse experiments, damping -off of lettuce seedlings, 

caused by Rhizoctonia solani Kuhn., was substantially controlled by 

infesting the soil with Streptomyces sp., Penicillium sp., or Tricho- 

derma viride (69, p. 217 -230). Gregory et al. (22, p. 613 -622) were 

able to prevent damping -off of alfalfa by introducing Pythium 
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debaryanum into sterile soil together with Trichoderma lignorum and 

Streptomyces sp. ,A 67. Mass infestation of infested natural soil with 

Streptomyces spp. A 66 and A 67, Bacillus B 6, Penicillium patulum, 

and Trichoderma lignorum produced variable results ranging from 

complete to temporary partial control. 

Boosalis (7, p. 482) found that a Penicillium sp. parasitized 

25 isolates of Rhizoctonia solani. Relatively little damping -off and 

few necrotic lesions developed on peas planted in sterilized and non - 

sterilized field soil heavily infested with Penicillium- parasitized R. 

solani. Later (8, p. 473 -478) he reported that Rhizoctonia solani 

was also parasitized by Trichoderma sp. and by Penicillium vermi- 

culatum, when these fungi were added to unsterilized field soil. In- 

festation of unsterilized soil with P. vermiculatum, however, did not 

provide a biological control of Rhizoctonia- incited damping -off and 

seedling root -rot of peas. 

After testing fungi and actinomycetes for their antagonistic 

activity toward Pythium arrhenomanes, the organism causing root -rot 

of corn, Johnson (31, p. 468) concluded that isolates which produced 

significant disease control under greenhouse conditions were also 

highly antagonistic to Pythium in agar culture. However, many iso- 

lates which were highly antagonisitic in agar plates did not reduce 

root -rot severity. The fungi which gave significant control of the dis- 

ease were species of Spicaria, Penicillium, and Aspergillus. 
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Tims (55, p. 27) reported an actinomycete which, when applied 

to sterilized soil previously infested with Pythium, reduced the root- 

rot of sugar cane under greenhouse conditions. Cooper and Chilton 

(15, p. 5 -6; 16, p. 544 -552) isolated a number of Actinomyces which 

were antagonistic to Pythium arrhenomanes, one of the importantfungi 

causing root -rot of sugar cane. In greenhouse tests in sterile soil, 

certain strains of Actinomyces increased in the soil and reduced root - 

rot of sugar cane, while other strains failed to increase in the soil. 

Stevenson (53, p. 440 -448) was able to control root -rot of wheat by 

adding Streptomyces spp. to sterile soil supplemented with suitable 

organic sources, such as glucose, sucrose, soybean meal and fresh 

grass. Greenhouse tests conducted by Johnson (33, p. 284; 32, p. 

69 -73) showed that certain antagonistic microorganisms isolated in 

Louisiana soil and placed in sterilized soil which had been previously 

infested, controlled Pythium root -rot of sugar cane. Better control 

was obtained with actinomycetes than with bacteria or fungi. In gen- 

eral, better control was obtained with isolates which produced wide 

zones of inhibition in culture plates and with isolates whose zones of 

inhibition persisted for more than ten days. 

A bacterium identified as a rough strain of Bacillus simplex 

was found to produce a diffusible, heat - stable substance in culture 

medium which inhibited growth or caused death of Rhizoctonia solani. 

Treatment of a Rhizoctonia- infested greenhouse soil with a potato- 
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dextrose- peptone solution used for growth of the bacterium, or with 

the living washed bacterial cells without nutrient medium, gave ap- 

preciable control of seed decay and damping -off in cucumbers and 

peas (18, p. 207 -214). Anwar (4, p. 1010 -1018) reported that Bacil- 

lus subtilis added to steamed soil with Helminthosporium sativum 

protected barley seedlings completely against root -rot. In agar cul- 

ture, an isolate of Bacillus subtilis from soil inhibited lateral growth 

of Rhizoctonia sp., the causal organism of a severe damping -off of 

sugar beet. When this isolate was added to sterilized soil infested 

with Rhizoctonia sp., the incidence of damping -off was less than in 

similar soil that did not contain bacteria (21, p. 252 -257). 

Treatment of seed with cultures or culture filtrates of antagonists 

In some cases, control of soil -borne diseases has been ac- 

complished by treating seeds with cultures or culture filtrates of an- 

tagonistic organisms. Ledingham et al. (39, p. 253 -262) treated 

wheat seed of a susceptible variety with suspensions of bacteria oc- 

curring naturally on seed of resistant varieties. Helminthosporium 

sativum infection was reduced by this method. Gregory et al. (22, 

p. 613 -622) adding cultures of Trichoderma lignorum to pelletized 

seed as part of the pellet protected alfalfa seedlings from infection by 

Pythium debaryanum in sterilized soil. Control of Fusarium blight 

in oat seedlings was obtained when living cultures or culture filtrates 
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of an antagonistic isolate of Chaetomium were added to the surface of 

oat seeds (56, p. 538 -552). Damping -off of white mustard seedlings 

was controlled to some extent by dusting seedlings with spores of 

such common soil saprophytes as Trichoderma viride, Penicillium 

nigricans, Penicillium frequentants and Penicillium goldewskii (73, 

p. 132 -140). 

Production and role of antibiotics in soil 

Antagonism between soil microorganisms and plant pathogens 

has frequently been attributed to production of an antibiotic substance 

by the saprophyte. In the soil, the antibiotics that are produced by 

certain soil microorganisms can inhibit growth of pathogenic micro- 

organisms. Grossbard (25, p. 614 -615; 26, p. 37 -42) showed that, 

in soil enriched with glucose and wheat straw, Penicillium patulum 

produced an antifungal substance which inhibited growth of Phytoph- 

thora parasitica, the cause of damping -off of tomato seedlings. Lat- 

er studies by the same worker (27, p. 295 -310) showed that the patulin 

is produced by other species of Penicillium and by two species of 

Aspergillus as well. Wright (71, p. 673 -674; 72, p. 280 -289) re- 

ported that Trichoderma viride, a common and widely distributed soil 

saprophyte produced gliotoxin in soil. He obtained gliotoxin from 

a strain of T. viride in two types of sterilized soil (podsol at pH 3. 9 

and garden soil at pH 6. 3) which had received an organic amendment. 
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When no organic matter was added, gliotoxin production was found 

only in the podsol. Acidification of garden soil favored antibiotic pro- 

duction. No antibiotic was produced in non - sterile garden soil 

amended with corn flour, but in a podsol enriched with corn flour pro- 

duction was appreciably increased. 

Addition of soil amendments 

Certain soil amendments might directly or indirectly affect 

the virulence and persistance of plant pathogens. According to 

Afanasiev and Carlson (2, p. 407 -411) the amount of phosphorus and 

nitrogen present in the soil, and their proportions to one another, in- 

fluence the amount of seedling diseases of sugar beets. A deficiency 

of available phosphorus or nitrogen, or both, or an unbalanced ratio 

of these nutrients, predisposes beets to seedling diseases. In soils 

receiving treble superphosphate and ammonium sulphate, the amount 

of seedling disease was lowest with P:N ratios of 1:3 and 1:2, and 

highest in soils with a ratio of 3:0 and in untreated soils. Yale and 

Vaughan (75, p. 1285 -1287) found that nitrate nitrogen as Ca(NO3)2 

or NaNO3 and potassium as KC1 reduced damping -off of table beets 

in infested field soil, whereas ammonium sulphate and phosphate 

had no such effect. The beneficial effect of NaNO3 and KC1 together 

were greater than with either chemical alone. Blair (5, p. 123 -127) 

reported that addition of one percent ground wheat straw or dried 
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grass to the soil depressed the growth of Rhizoctonia solani. Sanford 

(48, p. 533 -544) tested the effect of 18 soil supplements on the viru- 

lence and persistence of Rhizoctonia solani, and concluded that vari- 

ous nitrogenous salts and corn meal definitely tended to reduce dis- 

ease, as well as the persistence of the pathogen, whereas sucrose 

usually favored both disease development and the pathogens' persist- 

ence more than any other supplements tested. The effect of dextrose 

was variable. The amount of manure in the soil determined the ex- 

tent to which Bacillus subtilis inhibited Rhizoctonia solani in non - 

sterile soil. The addition of manure and a high nitrogen nutrient so- 

lution improved the control of damping -off of sugar beet seedlings 

(21, p. 252 -258). 

Kaufman et al. (36; p. 134 -138) reported that nitrogen ferti- 

lizer had a greater effect on composition of soil fungus populations 

than any other single element, and increased total numbers of fungi 

in soils. 

Haenseler (28, p. 116) reported that the incidence of pea root - 

rot caused by Aphanomyces euteiches was delayed and injurious effect 

on the host greatly reduced by the proper ,ise of the fertilizers. The 

severity of root -rot was rated zero on plots receiving 2, 000 pounds 

per acre of complete fertilizers, medium on plots receiving 1, 000 

pounds per acre, and very severe on unfertilized plots. Davey and 

Papavizas (20, p. 131 -132) also reported that root -rot of peas caused 
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by Aphanomyces was affected by organic and mineral amendments. 

The addition of dry mature oat plants and NH4NO3 was consistently 

the most effective treatment in reducing disease severity. 

Soil treatment with fungus cell -wall constituents resulted in 

decline in severity of diseases caused by several soil -borne fungus 

pathogens. Control of diseases caused by Fusarium solani f. phase- 

oli. and Fusarium oxysporium f. conglutinans was statistically signi- 

ficant (43, p. 1069- 1071). The damping -off disease of white mustard 

seedling caused by Pythium sp. was less severe in soil treated with 

calcium hydroxide or with acids. Inoculation of seeds with Tricho- 

derma viride gave further control of the disease in soil treated with 

calcium hydroxide, but not in acid treated soil (73, p. 136 -140). 

According to Davey and Papavizas (19, p. 522 -525), dry ma- 

ture plant materials of soy bean, corn and oat were effective in re- 

ducing the Rhizoctonia disease of bean as well as the competitive 

saprophytic activity of the pathogen. Addition of nitrogen increased 

the effectiveness of all amendments. Later they (44, p. 516 -522) 

reported that green manures substantially increased the total num- 

bers of soil and rhizosphere fungi, streptomycetes and bacteria, and 

suppressed Rhizoctonia disease of bean. Effectiveness was greatest 

when beans were planted three to seven weeks after amendments were 

incorporated with the soil. They further reported (45, p. 1430 -1438) 

ground mature oat straw enriched with NH4NO3 incorporated into soil 
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increased numbers of bean rhizosphere microorganisms antagonistic 

to Fusarium solani f. phaseoli, Rhizoctonia solani, Thielaviopsis 

basicola, and Verticillium alboatrum. Weinke (66, p. 757) also re- 

ported that root -rot of bean caused by Fusarium solani f. phaseoli 

was reduced by addition of mature barley straw, various wood saw - 

dusts, and glucose. Nitrogen increased the development and severity 

of root -rot disease of bean. 

Other factors that modify the biological equilibrium and influence 
plant diseases 

Weindling and Fawcett (65, p. 1 -16) controlled damping -off of 

citrus seedlings caused by Rhizoctonia solani by acidifying the non - 

sterile soil layer adjacent to the seed to produce an initial reaction 

of about pH 4. 0. Damping -off was not controlled in sterilized soil of 

the same acidity in the absence of Trichoderma. Evidence was pre- 

sented which indicates that the reduction in disease results from a 

change in the microflora of the soil, favoring organisms such as 

Trichoderma which may be antagonistic or parasitic toward R. solani. 

Such biological control was entirely absent in neutral soil. 

In an investigation of a root -rot of greenhouse tomatoes, 

marked differences in numbers of fungi, bacteria, and actinomycetes 

were noted in both soils and rhizospheres as a result of sterilization 

with steam, chloropicrin, or formaldehyde. Qualitative differences 
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in fungi and bacteria were also noted in both soils and rhizospheres 

(34, p. 249 -255). 

Warren et al. (62, p. 1037) reported the prevalence of an 

actinomycete in the soil after treatment of tomato plants with 2,4- 

The microorganism on agar medium is antagonistic to many fungi, 

including Rhizoctonia solani, Sclerotinia cinerea, Alternaria solani 

and Sclerotium rolfsii. Bliss (6, p. 665 -683) found that fumigation 

with carbon disulfide failed to kill Armillaria mellea in citrus root 

segments placed in previously sterilized soil. Trichoderma, how- 

ever, when grown in sterilized soil, killed the fungus even without 

fumigation. In roots placed in non - sterilized soil that contained Tri- 

choderma, Armillaria remained viable where not fumigated, but was 

killed when fumigated. Supporting evidence that Trichoderma spp. 

are resistant to fumigation was also reported by Wensley (67, p. 277- 

308). 

Johnson (30, p. 12) studied microorganism populations from 

sterilized recontaminated soils in relation to their antagonistic ef- 

fect on Pythium arrhenomanes, and found that there was a definite 

correlation between the increasing numbers of antagonistic actinomy- 

cetes and the decreasing amount of Pythium root --rot of sugar cane. 

According to Warcup (60, p. 248 -262) Pythium ultimum did 

not survive either the initial steam or formalin treatment, and sub- 

sequent recolonization of treated soil was slow. Trichoderma viride, 
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which is more tolerant of formalin than most other soil fungi, was 

often the dominant recolonizer of formalin treated soil. 

Corden and Young (17, p. 64) pointed out that changes in soil 

microflora, and in the sequence of reinfestation following treatment 

with fungicides, can be important factors in re- establishment of plant 

pathogens. 
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MATERIALS AND METHODS 

Isolation of pathogenic fungi 

Isolations of fungi associated with damping -off were made 

from diseased beet seedlings collected from various fields in the Wil- 

lamette Valley of Oregon. After surface sterilization, infected parts 

of seedlings were plated on MRA- E5 -S50, a synthetic agar medium 

containing 30 mg KH2PO4, 30 mg K2HPO4, 20 mg. MgSO4 . 7H20, 

0. 56 mg CaC12, 2. 88 mg MnC12, 1. 67 mg ZnC12, O. 10 mg FeC12, 

11. 60 mg disodium salt of ethylenediaminetetraacetic acid, 0. 41 g 

sucrose, 0. 12 g L- asparagine, 0. 04 mg thiamine,, endomycin 5 mg, 

streptomycin 50 mg, and 20g agar in one liter distilled water (49, p.1133). 

To avoid bacterial contamination, the convex rim of agar at 

the side of the plate was removed, and the entire agar disc inverted, 

so that fungi would grow up to the surface of the agar, free from 

bacteria. 

Isolation of antagonistic microorganisms 

A triple- agar -layer plate technique developed by Herr (29, 

p. 270 -273) was used to isolate soil microorganisms antagonistic to 

Pythium ultimum. The first layer, 10 ml of 1. 5% water agar was 

poured into the plates one daybefore the second layer was added. 

The second layer consisted of 5 ml soil -agar suspension (1% agar), 
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which was prepared from 10 g infested soil or soil collected from 

beet rhizosphere, diluted 1:500, 000. The third layer was added after 

two -day incubation of the second layer. P. ultimum was pre - cultured 

one day in 5 ml half- strength Czapek's solution, and was then trans- 

ferred to a 250 ml Erlenmeyer flask containing 25 ml Czapek's solu- 

tion. After three -day incubation on a shaker, the culture was macer- 

ated for ten seconds in a Waring micro -blender and mixed with an 

equal volume of Czapek's agar (2% agar). Five ml of the Czapek's 

agar- macerated fungus suspension were poured into each plate. Four 

days after the third layer was poured, the organisms which exhibited 

antagonism toward P. ultimum were transferred to PDA slants. 

Antagonism was recognized by the appearance of a clear zone. This 

method is ideal for obtaining antagonistic actinomycetes and bacteria. 

Since a limited number of antagonistic fungi were obtained by 

the triple- agar -layer plate method, unsterilized beet seedlings, beet 

rhizosphere soil, and infested field soil were plated on PDA contain- 

ing 50 mg stretomycin per liter (PDA -S50). Fungal isolates thus 

obtained were transferred to PDA plates and tested for antagonism 

toward P. ultimum. 

Soil infestation 

For artificial infestation of the soil, inocula were prepared 

as follows: 
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(1) Pythium or other test fungi were grown in 250 ml Erlen- 

meyer flasks containing 80 g water- soaked millet seeds and 10 ml 

water. After two weeks incubation, contents of each flask were di- 

vided equally among ten pots of soil. 

(2) Pythium or other test fungi were grown in petri dishes in 

a cornmeal - sand medium, consisting of 50 g soil, 10 g cornmeal 

and 35 ml of water. After two weeks incubation, the contents of each 

culture plate were mixed with four pots of soil. 

(3) Actinomycetes or bacteria were cultured in 300 ml Cza- 

pek's solution in a 500 ml Erlenmeyer flask. After two weeks incu- 

bation, the contents of each flask were mixed with six pots of soil. 

Seed infestation 

Spore suspensions used for seed coating were obtained from 

millet inoculum by washing the millet grains in 1:5000 spreader 

(Colloidal x -77) solution. Forty g of beet seeds were immersed for 

four to six hours in 100 ml of spore suspension which contained 500- 

600 x 108 spores as determined with the aid of a haemacytometer. 

Beet seeds were sown without drying. 

Cultivation of table beet 

Detroit Dark Red table beet seeds were used throughout the 

experiment. Beets were planted in six -inch clay pots in a greenhouse 
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maintained at a day temperature of 70 -750F and a night temperature 

of 65 °F. Twenty -five seed balls were planted per pot containing 

3 lbs.. of soil. For most of the experiments, greenhouse potting soil 

was used; for the seed coating and fungicide treatment tests, soil col- 

lected from the Wayne Endicott farm, Springfield, Oregon was used. 

All soils were screened through 3/8 inch mesh hardware cloth before 

using. 

Application of soil amendments and soil fungicides 

Soil amendments used in this investigation were dextrose, 

sucrose, casein, cornmeal, ground wheat straw, peptone, urea, 

ammonium tartrate, dipotassium phosphate (K2HPO4), mono- potas- 

sium phosphate (KH2PO4), and ammonium sulphate (NH4)2SO4 . 

Five commercial fungicides were employed in this investiga- 

tion: 

Ceresan M, Ethyl mercury p- toluene sulfonanilide, Du Pont. 

Maneb, Manganese ethylene bisdithiocarbamate, Du Pont. 

Bayer 47531, N '- (dichlorofluoromethylthio) -N, N- dimethyl 

N'- phenylsulfamide, Chemagro. 

Dithane, F 90, Rohm and Haas. 

Lanstan, 1- chloro - 2- nitropropane, Niagara. 

The rate of application of fungicides was determined by cal- 

culating the quantities of each chemical that should be added to soil 
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to obtain rates of 50, 100, and 200 lbs. per acre of active ingredient. 

Assuming that the upper six inches of an acre of soil weighs 2, 000, 

000 lbs. , a clay pot with a top diameter of six inches containing 3 

lbs. of soil will be equal to 3/2, 000, 000 acre. The weight of fungi- 

cide was calculated by multiplying this figure by the weight of the 

material desired per acre. 

The rate of application of soil amendments was determined by 

grams per clay pot. 

For the soil fumigant, 10 ml of the chemical solution was in- 

jected into the center of a can containing 6 lbs. of soil, and the can 

was covered with kraft paper for one week. 

Assay of Pvthium and other microorganisms in the soil after 
fungicide treatment 

A soil particle method described by Schmitthenner (49, p. 

1133 -1138) was used. Soil particles passed through a No. 10 U. S. 

standard sieve but retained by a No. 16 sieve, with an approximate 

dry weight of 3. 2 mg per particle, were plated on MRA- E5 -S50. 

For each treatment, 80 particles were plated in each of 20 plates. 

To determine bacteria and actinomycete populations, a soil di- 

lution plate method was employed. The medium used consisted of 

1000 ml of soil extract, 0. 2 g K2HPO4, and 15 g agar in one liter 

distilled water. The medium was adjusted to pH7 prior to 

sterilization. 



22 

RESULTS 

Organisms responsible for damping -off of table beets 

Isolations and inoculations indicated that Pythium spp. are the 

principal causes of pre- emergence and post- emergence damping -off of 

very young seedlings. The post - emergence damping -off occurring in 

older seedlings is caused mainly by Rhizoctonia solani Kuhn. Fusari- 

um spp. isolated regularly from diseased beet seedlings are not im- 

portant pathogenic fungi. 

Among 23 isolates of Pythium spp. obtained from various 

places in the Willamette Valley of Oregon, 20 were identified as Py- 

thium ultimum Trow. and three as Pythium debaryanum Hess (Table 

1). 

Species of Pythium were identified according to the key and 

descriptions presented by Middleton (42, p. 1 -171). The cultures 

were grown on several media so that information on mycelial growth 

and production of reproductive organs might be obtained. The media 

used were MRA- E5 -S50, PDA, CMA (17 g Difico corn meal agar, one 

liter water), and plain water agar (15 g agar, one liter water). In 

some cases when oogonia were not formed in agar cultures, their 

formation was induced by growing on thin slices of sterilized carrot 

in distilled water. 
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TABLE 1. Isolates of Pythium species obtained from four localities 
in Oregon. 

Fungus Isolate Number Place 

P. ult imum 

P. debaryanum 

W1, W2, W3, W4, W5 Wallace Detering 
farm, Coburg 

G1, G2, G3, G4, G5 One mile north of 
Coburg 

L1, L2, L3, L4 Leo Stump farm, 
Waterville 

S2, S3, S4, S5, S6, S7 Wayne Endicott 
farm, Springfield 

W6, W7 Wallace Detering 
farm, Coburg 

Si Wayne Endicott 
farm, Springfield 

Rhizoctonia solani Kuhn. was isolated only once from seed- 

lings grown in the field. The fungus was easily isolated from affected 

older seedlings grown in infested soil in a greenhouse. Rhizoctonia 

solani Kuhn. was identified from the key and description given by 

Stevens (52, p. 290, p. 435 -438). 

The taxonomic system devised by Wollenweber et al. (68, p. 

833 -843) and the species concept proposed by Snyder and Hansen 

(51, p. 738 -742) were employed for classifying species of Fusarium. 

Five isolates of Fusarium solani (Mart.) Snyder and Hansen f. Betae 
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were isolated from seedlings collected near Springfield, Oregon. 

Greenhouse tests showed that Pythium ultimum caused the 

maximum incidence of disease, and Pythium debaryanum was less 

virulent. Rhizoctonia solani caused severe post- emergence damping - 

off. F. solani caused occasional plants to damp -off before emer- 

gence, but did not cause any post- emergence damping -off (Table 2). 

TABLE 2. Pathogenicity of isolates of Pythium spp., Fusarium 
solani, and Rhizoctonia solania 

Fungus 

Seedlings from 100 seed -balls 
No. 

emerged 
Stand after 

20 days 
Stand after 

30 days 
P. ultimum 

Isolate S7 5 0 0 

Isolate L3 7 5 5 

Isolate S3 13 9 6 

P. debaryanum 

Isolate S1 45 28 17 

Isolate W7 30 21 18 

Rhizoctonia 117 107 54 

solani 

Fusarium 114 114 114 
solani 

Check 126 126 126 

aBeets were planted in unsterilized greenhouse soil to which the 
various fungi had been added. 

. 
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Associated organisms in affected root and in beet rhizosphere 

To determine the kind of fungi associated with beet seedlings, 

root sections cut from affected seedlings were washed three times in 

sterile water, and were plated on MRA- E5 -S50, and PDA -S50. In 

addition to the pathogenic fungi which have already been mentioned, 

Trichoderma and Mucor were present with highest frequency in both 

media. Penicillium spp., were not recorded on MRA- E5 -S50, but 

were present in abundance on PDA -S50. Other fungi isolated occa- 

sionally were species of Aspergillus, Cephalosporium, Sclerotium, 

Monilia, Dictyuchus and several unidentified species (Table 3). 

TABLE 3. Frequency of isolation of fungi from affected beet seed- 
lings. 

No. of times isolated ona 
Organism MRA- E5 -S50 PDA-S50 

Trichoderma 26 30 

Mucor 51 58 

Penicillium 0 24 

Aspergillus 0 3 

Cephalosporium 7 2 

Sclerotium 1 2 

Monilia 0 2 

Dictyuchus 4 0 

Unidentified 2 3 

a From 70 root sections 

- 
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For isolating fungi from beet rhizophere, soil particles re- 

moved from the root surface were plated on MRA- E5 -S50 and FDA- 

S50. The results in Table 4 show again that Trichoderma and Mucor 

were the dominant components of the soil microflora in the beet rhi- 

zosphere. Other fungi isolated were species of Spicaria, Cladospor- 

ium, Pullularia, Lacellina and several unidentified species. 

TABLE 4. Frequency of isolation of fungi from the rhizosphere of 
affected beet seedlings. 

No. of times isolated ona 
Organism MRA- E5 -S50 PDA -S50 

Trichoderma 42 46 

Mucor 73 75 

Penicillium 0 43 

Aspergillus 0 5 

Spicaria 2 7 

Lacellina 0 5 

Cladosporium 0 2 

Monilia 0 2 

Pullularia 0 1 

Unidentified 3 5 

aFrom 80 soil particles 

_ 
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Bacteria and actinomyces antagonistic to Pythium ultim 

were isolated from beet rhizosphere by using the triple -agar -layer 

technique. A few isolates of antagonistic fungi also were obtained by 

this method (Table 5). 

TABLE 5. Frequency of isolation of antagonistic organisms from 
beet rhizosphere on triple- agar -layer plates. 

Antagonist No. times isclateda 

Actinomyc ete s 104 

Bacteria 48 

Fungi 8 

a 
Numbers of colonies from 40 plates, at a dilution of 1:500, 000 

Antagonism between Pythium and other microorganisms on culture 
plate 

Antagonistic microorganisms isolated by the triple -agar- 

layer plate method, and fungi isolated from affected beet seedlings 

and from beet rhizospheres, as described in the previous section, 

were tested for their antagonism toward P. ultimum on PDA and 

Czapek's agar plates. 

The inocula used were 0. 5 cm agar discs cut from the periph- 

ery of one -week -old cultures on PDA. For a slowly growing antago- 

nist, P. ultimum was seeded four days after the antagonist. The 

am 
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antagonist was placed on the center of the medium, and three discs of 

P. ultimum inoculum were placed around the periphery of the petri 

dish. For a fast growing antagonist, the antagonist and the test or- 

ganism were seeded the same day. The two organisms were placed 

on a plate of PDA at a distance of 6 cm. Bacterial antagonists were 

streaked on center of the medium, and the test organism was placed 

at each side of the antagonist. The distance between the two organ- 

isms was 4 cm. After inoculation, all plates were incubated at 

25 °C for one week before readings were made. 

The antagonism between Pythium ultimum and saprophytic 

fungi on PDA was characterized by three types of reaction (Table 6). 

Type A: Mutual antagonism at a distance. A distinct my- 

celium-free zone formed between the antagonist and the test organ- 

ism. The zone of inhibition persisted for more than two weeks. This 

type of interaction occurred between Pythium and Penicillium (Figure 

1, plate A, B, C, D), Pythium and Aspergillus (Figure 1, plate E, 

G, H), Pythium and unidentified isolate 3 (Figure 1, plate I). 

Type B: Pythium antagonized at a distance. The zone of in- 

hibition persisted for several days, after which the antagonist re- 

sumed growth. This type of interaction occurred between Pythium 

and unidentified isolate 1 (Figure 1, plate F). 

Type C: After meeting, the hyphae of Pythium died and dis- 

integrated while the antagonist continued to advance and completely 
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TABLE 6. Antagonism between Pythium ultimum and other fungi on 
PDAab 

Type of 
reaction 

Mutual antago- 
nism at a distance 

Pythium antagonized 
at a distance but the 
antagonist continuing 
growth beyond Pythium 

Pythium completely 
overrun by the 
antagonist 

Antagonist 

Width of 
mycelium- 

free zone (mm) 

Final pH 
of the 

medium 

Penicillium spp. 
(Isolate Pl) 19 6. 3 

Penicillium spp. 
(Isolate P5) 18 6, 5 

Penicillium sp. 
(Isolate P2) 15 6, 3 

Penicillium sp. 
(Isolate P8) 13 6, 5 

Aspergillus 
8 6. 5 rugulosus 

Aspergillus 
6 6. 2 lutescens 

Unidentified 
(Isolate 3) 4 6. 7 

Aspergillus sp. 
(Isolate A3) 3 6. 6 

Unidentified 
(Isolate 1) 17 6. 2 

T. viride 
(Isolate 1) 6, 4 

T. viride 
(Isolate 2) 6. 5 

alnitial pH of the medium 6. 0 

bAverage of five plates measured at the end of seven days incubation 
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Figure 1. Antagonism between Pythium ultimum and soil 
saprophytic fungi on PD .. A. B. C. D. Penicillium 
isolates P2, Pl, P8, P5; E. Aspergillus lutescen5; 
F. unidentified isolate 1; G. Aspergillus rugulosus ; 

H. Aspergillus isolate 3; I. Unidentified isolate 3; 
Antagonists were seeded four days before Pythium. 

I6 

a 

0 

o 
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overran the Pythium. This type of interaction occurred between Py- 

thium and Trichoderma (Figure 2, plate A2, B2). 

On Czapek's agar, no antagonism was observed between Py- 

thium and Penicillium spp. although a wide zone of inhibition occurred 

on PDA. The interaction between Pythium and Trichoderma on Cza- 

pek's agar was the same as on PDA. 

Antagonism between Pythium and bacteria was studied on PDA 

as well as on Czapek's agar. The results presented in Table 7 are the 

representative antagonistic reactions of three bacterial isolates. The 

type of antagonistic reaction between Pythium and bacteria varied 

with the medium used. With isolate B12, a wider zone of inhibition 

was formed on Czapek's agar than on PDA (Figure 3, plate Al, A2). 

With isolate 132, a reverse result was observed (Figure 3, plate B1, 

B2). Lateral growth of mycelium was inhibited by isolate B3 on PDA 

but not on Czapek's agar (Figure 3, plate Cl, C2). Most of the bac- 

terial isolates tested gave the same antagonistic reaction as isolate 

B12. 

Mutual antagonism at a distance was observed with all the 

antagonistic Streptomyces isolates and Pythium ultimum when they 

were tested on PDA and Czapek's agar plates. The zone of inhibition 

on PDA varied from 6 to 16 mm, and persisted more than three 

weeks. The antagonistic reaction of four Streptomyces isolates rep- 

resenting four different cultural types is shown in Table 8. The zone 

. 
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Figure 2. Antagonism between Pythium ultimum and 
Trichoderma viride on PDA. A Trichoderma 
isolate 1; B = Trichoderma isolate 2. 1, three 
days after seeding; 2, one week after seeding. 
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Figure 3. Antagonism between Pythium ultimum and three bacterial 
isolates. A. = isolate B12; B = isolate B1; C = isolate B3; 
Top row on PDA; bottom row on Czapek's medium. Bac- 
teria were seeded four days before Pythium. 
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TABLE 7. Antagonism between Pythium ultimum and three bacterial 
isolates on PDA and Czapek's agar mediumab 

Zone of inhibition Final pH of the 
(mm) medium 

Czapek's Czapek's 
Antagonist PDA medium PDA medium 

Bacteria 11 16 6.2 7.0 
(isolate B12) 

Bacteria 18 7 5.9 7.1 
(isolate B1) 
(Bacillius sp. ) 

Bacteria 
(isolate B3) 

7c 0 5. 9 6. 9 

aInitial pH of PDA = 6. 0, of Czapek's agar = 7. 0 

bAverage of five plates measured at the end of seven days incubation 
cLateral mycelial growth inhibited 

TABLE 8. Antagonism between Pythium ultimum and four Strepto- 
myces isolates on PDAab 

Antagonist 
Zone of inhibition Final pH of the 

(mm) medium 

Streptomyces 16 6. 4 

(isolate S1) 

Streptomyces 8 6. 7 

(isolate S2) 

Streptomyces 14 7. 0 

(isolate S3) 

Streptomyces 12 6. 9 

(isolate S4) 

`Initial pH of the medium 6. 0 

bAverage of five plates measured at the end of seven days incubation 
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of inhibition by isolate Si was 16 mm (Figure 4, plate A). Zones of 

inhibition by isolates S2, S3, and S4 were 8 mm, 14 mm and 12 mm 

respectively (Figure 4, plate B, C, D). 

Nature of antibiosis of Trichoderma against Pythium ultimum 

Trichoderma viride was strongly antagonistic to Pythium ulti- 

mum on agar medium, and was isolated commonly from diseased beet 

seedings, beet rhizosphere and infested field soil. Attempts were 

made to investigate the effect of its culture filtrate upon the growth of 

Pythium ultimum in culture medium. 

The fungus was grown in a gliotoxin fermentation medium (9, 

p. 215) composed of 2 g ammonium tartrate, 2 g monopotassium 

phosphate, 1 g magnesium sulphate, O. 01 g ferrous sulphate, and 25 

g dextrose in one liter distilled water, having a pH of 3. 5. After 

shake culture for three days, a mycelium -free culture filtrate was 

obtained by filtering through Whatman No. 2 filter paper. The pH of 

the filtrate was adjusted to 6. 0, and part of the filtrate was sterilized 

by autoclaving and part by Seitz filtering. 

To test the antibiotic effect of Trichoderma culture filtrate, 

P. ultimum was seeded on Czapek's agar containing different concen- 

trations of the culture filtrate. The diameter of the colony was re- 

corded daily (Table 9). Pythium did not grow in the first three days 

in full strength autoclaved filtrate medium, and only a sparse 
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Figure 4. Antagonism between Pythium ultimum and four isolates 
of Streptomyces spp. A. B. C. D. Streptomyces sp. 
isolates 1, 2, 3, 4. Streptomyces was seeded four 
days before Pythium. 

O 
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TABLE 9. Effect of culture filtrate of Trichoderma viride on growth 
of Pythium ultimum on Czapek's agar 

Concentration Method of 
of filtrate sterilization 

Diameters of coloniesa 
after incubation for 

24 hrs. 48 hrs. 72 hrs. 

1 

1/2 

Autoclaving 

Filtering 

b 

Autoclaving 9.5 29.5 45.0 

1/5 Filtering 18.0 42.0 65.0 

Autoclaving 21.5 49.5 65.0 

1 /10 Filtering 30.0 57.0 80.0 

Autoclaving 36.0 71.0 90.0 

None Check 36.0 71.0 90.0 

aAverage of four plates measured 
bSparse mycelial growth was observed after four days incubation 

mycelial growth was found on the fourth day after incubation. The 

growth of Pythium was inhibited completely in the half strength Seitz - 

filtrate medium, but only partially inhibited in the same strength 

autoclaved filtrate medium. In the one -fifth strength filtrate medium, 

either Seitz-sterilized or autoclaved, the rate of growth of Pythium 

was retarded, but the inhibitory effect of the filtrate diminished as 

the period of incubation increased. 

For partial purification of the Trichoderma culture filtrate, 

-- -- 
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two extractions were made with chloroform using amounts equal to 

ten percent of the culture filtrate. When the chloroform and sub- 

stances dissolved in it had formed a separate layer, the water phase 

was decanted off and the chloroform was evaporated from the extract 

over a water bath. After additional washing in hot ethyl alcohol, the 

residue was dried in a desiccatorandweighed; 780 mg of brown gum- 

like substance was obtained from 2, 000 ml of culture filtrate. Pyth- 

ium ultimum was grown in Czapek's medium containing 50 ppm, 150 

ppm, 300 ppm, 600 ppm, or 1200 ppm of the toxic substance. After 

two weeks incubation at 25 °C, the mycelium was filtered on No. 1 

Whatman filter paper, oven dried for 24 hours at 100 °C, and the dry 

weight of the fungus determined. As shown in Table 10, the minimum 

concentration for complete inhibition of Pythium was 300 ppm of the 

toxic substance. No inhibition was observed at 50 ppm. 
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TABLE 10. Effect of partially purified extract of Trichoderma cul- 
ture filtrate on growth of Pythium ultimum on Czapek's 
medium. 

Conc. of filtrate 
p. p. m. 

Dry weight of mycelium 
mg. a 

1200 

600 

300 

150 59 

50 141 

None 140 

Average of four replicates 

Antagonism between Pythium and other microorganisms on the seed 

In a preliminary investigation, beet seeds coated with heavy 

spore suspensions of Trichoderma viride, or Penicillium sp. isolate 

Pl were sown in infested field soil amended with dextrose, dipotassi- 

um phosphate, or ammonium tartrate. The two fungi tested afforded 

a degree of protection of the seedlings from damping -off. The best 

results were obtained with the Penicillium coated seeds sown in di- 

potassium phosphate amended soil. Seedling emergence was in- 

creased greatly, and post- emergence damping -off was at least par- 

tially controlled. No significant difference was observed between 

- 
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coated and non - coated seeds when they were sown in dextrose or am- 

monium tartrate amended soils. These two compounds seemed un- 

favorable for the development of the antagonists, since the numbers 

of seedings that emerged and survived from antagonist coated seeds 

were less in amended than in unamended soil (Table 11). 

TABLE 11. Effect of seed - coating with fungus spores, and of soil 
amendments, upon emergence and survival of table beets. 

Soil 

amendment 

Gms 
per 
pot 

Seed coating 
Trichoderma Penicillium None 

No. 
emerged 

Stand 
after 

20 days 
No. 

emerged 

Stand 
after 

20 days 
No. 

emerged 

Stand 
after 

20 days 

None 102aó 76 128 98 56 15 

Dextrose 1 64 40 66 32 64 26 

K2HPO4 0.4 114 97 140 128 112 76 

Ammonium 
tartrate 0.4 88 75 84 62 60 53 

LSD .05 between 
treatments 24.9 22.1 28.8 17.3 19.2 13.4 

LSD . 01 between 
treatments 32.2 28.5 37.2 22.3 24.8 17.4 

a 
Average of two experiments 

bNumbers of seedlings from 125 seed -balls 

In the second test urea, casein, peptone, and ammonium sul- 
phate also were used. Dextrose was applied at 5 g per pot instead of 

1 g per pot as in the previous test. The results are presented in 
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Table 12. The increased amount of dextrose increased the incidence 

of disease. Despite coating the seeds with spores of the antagonist, 

the disease was more severe in dextrose and casein amended soil than 

in unamended soil. The beneficial effect of dipotassium phosphate and 

urea was evident with beet seeds coated with spores of Penicillium. 

Ammonium sulphate and peptone were inferior in this respect. Dipo- 

tassium phosphate had no beneficial effect on seeds coated with Tri- 

choderma. The result with ammonium tartrate was similar to that 

in the previous test. 

TABLE 12. Effect of seed - coating with fungus spores, and of soil 
amendments, on emergence and survival of table beets. 

Soil 
amendment 

Gms 
per 
pot 

Seed coating 
Trichoderma Penicillium None 

Stand 
No. after 

emerged 20 days 

Stand 
No. after 

emerged 20 days 
No. 

emerged 

Stand 
after 

20 days 

None 98a 71 110 75 45 21 

Dextrose 5.0 47 10 41 6 42 8 

K21-1PO4 0.4 96 70 114 106 90 63 

Ammonium 
sulphate 0.4 80 72 104 88 65 52 

Ammonium 
tartrate 0.4 69 60 65 54 50 45 

Urea 0.4 110 68 112 102 98 90 

Casein 0.4 42 13 31 8 24 5 

Peptone 0.4 98 73 121 78 107 60 

LSD . 05 between 
treatments 23.4 18.8 31.4 18.2 21.2 13.1 
LSD .01 between 
treatments 28.3 22.8 38.0 22.1 24.9 15.9 

aNumbers of seedlings from 100 seed -balls 

- -- 
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In the third test, combinations of dipotassium phosphate and 

urea, dipotassium phosphate and ammonium sulphate, monopotassium 

phosphate and urea, were used. Cornmeal and sucrose were added to 

the organic amendments, and dextrose was applied at the rate of 0.3 

g per pot. Stands of seedlings were recorded on the 15th, 25th and 

35th day after planting. The results in Table 13 indicated that coating 

the seed with spores of antagonists did not prevent damping -off in 

older beet seedlings. Plants that appeared to be healthy 15 days after 

planting started to damp -off by the 25th day, and the numbers of unaf- 

fected seedlings 35 days after planting were greatly reduced. 

Certain soil amendments increased the effectiveness of seed - 

coating with spores of the antagonist. The rate of growth was greater 

and the seedlings suffered less pre- emergence damping -off in the soil 

amended with dipotassium phosphate and urea, or monopotassium 

phosphate and urea, the latter being more effective than the former. 

(Figure 5). Sucrose appeared to favor the development of Penicillium 

as well as the virulence of the pathogen, but depressed the develop- 

ment of Trichoderma. When Trichoderma - coated seeds were sown 

in sucrose- amended soil, poor emergence and stunted seedlings re- 

sulted (Figure 5). This phenomenon was not observed with Penicil- 

lium- coated seeds. Dextrose applied at a low rate seemed beneficial 

to the development of the antagonists, increasing emergence and 

stands of beet seedlings. Application of cornmeal increased the 



TABLE 13. Effect of seed -coating with fungus spores and of soil amendments, upon emergence and survival of table beets. 

Soil 
amend- 
ment 

Gms 
per 
pot 

Trichoderma 

None 

Cornmeal 6. 0 

Sucrose 0.3 

Dextrose 0.3 

KH2PO4 
+Urea 

K2HPO4 
+Urea 

0.4 
0.4 

0.4 
0.4 

K2HPO4 0.4 
+ Ammonium 0.4 
sulphate 

LSD .05 between 
treatments 

LSD .01 between 
treatments 

Seed coating 
Penicillium None 

No. 
emerged 

Stand Stand 
after after 

15 days 25 days 

Stand Stand 
after No. after 

35 days emerged 15 days 

Stand 
after 

25 days 

Stand 
after 

3S days 

Stand 
No. after 

emerged 15 days 

Stand 
after 

25 days 

Stand 
after 

35 days 

98a 84 36 23 137 120 46 18 53 35 27 11 

9 6 3 3 7 6 4 4 8 7 4 3 

22 16 13 10 145 130 123 23 30 20 18 5 

93 80 65 35 150 146 122 52 95 90 80 34 

121 115 88 69 129 122 114 65 110 85 70 43 

96 85 79 56 131 112 98 52 120 96 83 36 

91 79 43 30 132 124 87 30 100 93 65 25 

14.5 10.7 13.9 9.5 21.4 16.4 17.0 13.2 16. 9 15. 8 13.9 10. 7 

17.9 13.2 17.2 11.7 26.4 20.3 21.0 16.4 20.3 19.5 17.2 14. 0 

aNumbers of seedlings from 100 seed -balls 

t 
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Figure 5. Effect of seed -coating with antagonists and of soil 
amendments on stands of table beets in infested 
field soil 20 days after planting. P. coated with 
Penicillium; T. coated with Trichoderma; KU. 
KH2PO4 + Urea; K2U. K2HPO4 + Urea; D. Dextrose; 
K2As. K2HPO4 + Ammonium sulphate; S. sucrose; 
CK. no soil amendment. 
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population of Pythium in the soil. Almost all the seeds, either coated 

or non - coated, failed to germinate in cornmeal- amended soil. 

Antagonism between Pythium and other microorganisms in the soil 

When beet seeds were planted in sterilized soil heavily in- 

fested with Pythium ultimum and Trichoderma viride or Pythium ul- 

timum and Penicillium sp. isolate Pl, both pre- and post- emergence 

damping -off were much less severe than in similar soil infested with 

Pythium alone. No significant differences were observed between the 

two antagonists (Table 14, Figure 6). 

TABLE 14. Effect of infesting sterilized soil with Pythium and an- 
tagonistic fungi upon emergence and survival of table 
beets. 

Pathogen 

Antagonist 
Trichoderma Penicillium None 

Stand 
No. after 

emerged 20 days 

Stand 
No. after 

emerged 20 days 
No. 

emerged 

Stand 
after 

20 days 

None 127ab 127 124 124 125 125 

P. Debaryanum 
Isolate S1 106 104 98 97 10 3 

Isolate W7 102 102 104 98 19 9 

P. ultimum 
Isolate S7 97 97 99 91 0 0 

Isolate L3 105 101 95 93 2 0 

LSD .05 between 
isolates of Pythium 33.6 30.2 32.7 26.0 13.4 8.4 

LSD .01 between 
isolates of Pythium 43.2 38.9 42.1 33.5 17.3 10.1 

a 
Average of two experiments 

bNumber of seedlings from 100 seed -balls 
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Figure 6. Effect of infesting sterilized soil with Pythium and 
antagonists on stands of table beets 20 days after 
planting. Pyl. soil infested with Pythium ultimum 
isolate 57; Py2. with isolate L3; Py1P. soil infested 
with Penicillium and Py2; Py 1 T . soil infested with 
Trichoderma and Pyl; Py2T. with Trichoderma and 
Py2; CK. non -infested soil. 
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In another investigation, sterilized soil was infested with Py- 

thium one week before adding Trichoderma. The soils were supple- 

mented with dextrose, dextrose plus ground wheat straw, or monopo- 

tassium phosphate plus urea, one day before application of the antago- 

nist, and the seeds were sown one week after adding Trichoderma. 

Trichoderma was less effective when added to sterilized soil in which 

Pythium had been pre -established. The addition of amendments to 

soil infested with the antagonist resulted in better emergence and 

stands of seedlings. The best result was obtained in monopotassium 

phosphate and urea amended soil (Table 15). 

TABLE 15. Effect of infesting sterilized soil with Pythium ultimum 
and Trichoderma viride, and of soil amendments, on 
on emergence and survival of table beetsa 

Soil 
amend - 
ment 

Gins 
per 
pot 

Pythium 
Pythium and 

None Trichoderma 
Stand 

No. after 
emerged 20 days 

Stand 
No. after 

emerged 20 days 
No. 

emerged 

Stand 
after 

20 days 

None 6b 0 37 27 125 125 

Dextrose 0.3 3 0 30 28 

Dextrose + 0. 3 

Ground wheat 
straw 

5.0 6 1 56 45 120 120 

Ground wheat 
straw 5.0 5 0 48 40 

KH2PO4 + 0.4 
Urea 0.4 4 0 64 58 123 123 

a 
Pythium added to the soil one week before Trichoderma 

bNumber of seedlings from 100 seed -balls 

- -- 
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The antagonism between Trichoderma and Pythium and be- 

tween Penicillium and Pythium also was investigated in non - sterilized 

greenhouse soil amended with monopotassium phosphate and urea. 

both amended and unamended soil, Pythium caused complete loss of 

the seedlings, but Trichoderma and Penicillium afforded good pro- 

tection of the seedlings. Penicillium gave better emergence and stand 

in amended soil. In Trichoderma infested soil no significant differ- 

ence was observed between amended and unamended soil (Table 16, 

Figure 7). 

TABLE 16. Effect of infesting non - sterile soil with Pythium ulti- 
mum and antagonistic fungi, and of soil amendments, 
on emergence and survival of table beets. 

Inocula 

Soil amendment 
KH2PO4 

Urea 

0. 4 g /pot 

0. 4 g /pot None 

No. 
emerged 

Stand 
after 

20 days 
No. 

emerged 

Stand 
after 

20 days 

None 126a 126 - 

Pythium 12 0 11 0 

Pythium + 

Trichoderma 92 64 87 66 

Pythium + 

Penicillium 103 88 89 59 

aNumber of seedlings from 100 seed -balls 

In 
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CK 
T 
K T 

Figure 7. Effect of infesting non -sterilized soil with Pythium 
ultimum and antagonists on stands of table beets 20 
days after planting. T. soil infested with Trichoderma 
and Pythium; P. soil infested with Penicillium and 
Pythium; TKU. KH2PO4 + Urea Amended soil infested 
with Trichoderma and Pythium; PKU. KH2PO4 + Urea 
amended soil infested with Penicillium and Pythium; 
Py. soil infested with Pythium alone; CK. non -infested 
soil. 
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In sterilized soil, the bacterial antagonist had no effect on damp- 

ing-off. Inconsistent results were obtained with Streptomyces sp. In- 

festing sterilized soil with Pythium and Streptomyces increased 

emergence and stands of beet seedlings in the first but not in the sec- 

ond trial (Table 17). 

TABLE 17. Effect of infesting sterilized soil with Pythium ultimum 
and antagonistic bacteria or Streptomyces on emer- 
gence and survival of table beets. 

Inoculaa 

Seedlings from 100 seed -balls 
Number emerged Stand after 20 days 

Trial 1 Trial 2 Trial I Trial 2 

Noneb 125 128 125 128 

Pythiumb 18 13 16 9 

Pythium + 

Streptomyces 
52 28 44 20 Isolate S3 

Pythium + 

Bacterial 
Isolate B12 22 20 18 15 

aPythium was obtained from millet medium, bacteria and 
Streptomyces from Czapek's medium 

b50 cc of Czapek's solution were added to each pot 
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Influence of soil fungicides on the relative population of Pythium 
and other microorganisms in infested field soil 

To investigate the change of soil microflora following fungicide 

treatment, soil samples were collected from one to three inches deep in 

quadruplicate pots for each treatment. Assays for fungi were made 

with the soil particle plate technique, and for bacteria and actinomy- 

cetes the dilution plate method was used. 

Treatment of soil with fungicides markedly affected the fungal 

flora in infested field soil (Table 18, Figure 8). Pythium decreased 

following all treatments. There was a rather uniform tendency for 

Pythium, Trichoderma, and Fusarium to recolonize rapidly in Cere- 

san- and Lanstan- treated soils, and to be further suppressed in Di- 

thane, Maneb, and Bayer 47531 -treated soils at the second and third 

samplings. 

In soil treated at the rate of 50 lbs. Ceresan per acre, Py- 

thium initially disappeared but increased sharply in the second and 

third samplings. The recolonization of Pythium in soil treated at the 

rate of 100 lbs. Ceresan per acre was very slow and very few colo- 

nies had appeared 30 days after treatment. There was no recoloniza- 

tion of Pythium in the soil treated at the rate of 200 lbs. Ceresan per 

acre. In Lanstan- treated soil, Pythium was depressed at the first 

sampling and recolonized in great numbers in the second and third 

samplings. 



TABLE 18. Influence of fungicide treatment on populations of Pythium and other fungi in the soil, 

Pythium Trichoderma Mucor Fusarium 
Sampling period, days after treatment 

Fungicide 7 15 30 7 15 30 7 15 30 7 15 30 

None 312a 320 316 148 196 188 292 276 284 220 168 176 

Ceresan 50b 0 108 144 168 168 212 32 236 288 120 124 220 

100 0 16 16 60 68 264 8 76 76 36 32 124 

200 0 0 0 20 80 292 0 64 140 36 64 152 

Dithane 50 224 224 96 252 188 60 216 252 316 236 172 112 

100 148 64 20 236 52 36 232 260 316 272 108 92 

200 112 44 16 224 44 44 64 188 264 272 108 42 

M aneb SO 272 216 248 168 172 72 220 284 236 232 316 184 

100 180 128 32 172 144 72 168 204 236 268 276 172 

200 56 32 12 84 32 36 108 120 204 156 120 128 

Bayer 50 276 184 152 240 176 144 208 180 236 276 232 108 

47531 100 124 236 104 300 292 172 232 232 272 204 176 84 

200 196 184 76 264 236 196 184 216 252 192 128 76 

Lanstan SO 0 92 120 72 100 220 272 300 304 216 108 268 

100 0 176 192 140 320 320 108 220 276 244 244 252 

200 0 120 200 112 316 320 76 156 172 112 148 244 

LSD .05 
between 
treatments 29.6 38.5 40.0 44.9 43.8 34.0 41.4 44.9 41.4 47.4 50.3 53.3 

LSD . 01 

between 
treatments 33.6 43.7 45.4 48.7 47.4 38.6 47.0 48.7 47.0 53.8 57. 1 60. S 

&Fungus colonies /g dry soil 
bibs. per acre 
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In all treatments, Mucors were found to decrease in the first 

sampling, but the numbers of isolates increased in the second and 

third samplings. 

The influence of soil treatment on the populations of Pythium 

and Trichoderma in soil and in the rhizosphere of beets was also 

studied (Table 19). In all treatments, greater numbers of fungi were 

isolated from the rhizosphere than from soil apart from the roots. In 

Dithane - treated soil, the numbers of Trichoderma and Pythium in the 

rhizosphere were four times as great as in non - rhizosphere soil. 

TABLE 19. Influence of fungicide treatment on populations of Py- 
thium and Trichoderma in soil and in beet seedling 
rhizosphereab 

Fungicidesc 
Pythium Trichoderma 

S R S R 

None 316 324 188 220 

Ceresan 16 48 264 320 

Dithane 20 80 36 160 

Maneb 32 48 72 90 

Bayer 47531 104 128 172 240 

b g Soil / sampling at 30ty h day after treatment 
cRate of application, 100 lbs. /acre 
S = Soil apart from root 
R = Soil collected from beet rhizosphere 
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Treatment with fungicides also affected the bacterial flora in 

infested soil. The numbers of bacteria decreased for a time, then 

increased sharply in Ceresan- treated soil. The numbers of bacteria 

varied in the other treatments, but the differences were not great. 

Treatment with fungicides did not markedly change the actinomycete 

flora in general (Table 20). 
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TABLE 20. Influence of fungicide treatment on populations of bac- 
teria and actinomycetes in the soila 

Bacteria Actinomycetes 
Sampling period, days after treatment 

Fungicide 7 15 30 7 15 30 

None 856 816 938 156 186 210 

Ceresan 50b 216 180 1206 160 146 132 

100 148 164 1108 98 124 104 

200 140 116 936 42 94 108 

Dithane 50 458 248 310 324 128 120 

100 412 132 168 264 98 114 

200 406 118 239 98 100 106 

Maneb 50 428 232 390 350 232 134 

100 234 272 230 206 114 190 

200 150 94 166 158 36 82 

Bayer 50 276 144 210 200 118 102 

47531 100 234 150 272 202 64 134 

200 274 74 244 154 52 134 

Lanstan 50 224 326 504 158 138 184 

100 66 378 364 42 164 222 

200 72 364 410 46 250 244 

LSD . 05 
between 
treatments 139.2 99.6 162.2 97.2 66.6 90.6 

LSD . 01 
between 
treatments 162. 4 116. 2 189. 7 113. 4 77. 7 105. 7 

a Thousands of colonies /g dry soil 
b lbs. per acre 
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DISCUSSION 

A number of saprophytic soil organisms associated with dis- 

eased beet seedlings, beet rhizospheres and infested soil were antag- 

onistic to Pythium ultimum in agar culture. Species of fungi isolated 

varied with different media and it is probable that some antagonistic 

organisms present in soil were not detected by the isolation methods 

used in these studies. 

Antagonistic activity in many cases was affected by the nature 

of the medium in which the organism was grown (50, p. 281 -292; 57, 

p. 169 -178; 64). Penicillium spp. produced a wide zone of inhibition 

on PDA but not on Czapek's medium. An organism showing antago- 

nistic activity against a pathogen in pure culture does not necessarily 

behave similarly in the soil (56; 31, p. 468). Certain bacterial iso- 

lates antagonistic toward Pythium in culture did not prevent damping - 

off of beet in greenhouse soils. 

Trichoderma viride and Penicillium spp. , both strongly an- 

tagonistic toward Pythium ultimum in culture, were selected for fur- 

ther tests under greenhouse conditions. These two fungi were iso- 

lated most frequently from diseased beet seedlings and from soils in 

which damping -off of beet occurred. 

Infesting beet seeds with spores of Trichoderma and Penicil- 

lium afforded good protection of seedlings from pre- emergence 
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damping -off, but did not prevent damping -off of older seedlings in in- 

fested field soil. Seedlings that appeared to be healthy 15 days after 

seeding started to damp off by the 25th day, and the numbers of unaf- 

fected seedlings 35 days after seeding were reduced greatly. Isola- 

tions indicated that damping -off of older seedlings was caused mainly 

by Rhizoctonia solani. 

Certain soil amendments increased the effectiveness of coat- 

ing beet seeds with spores of antagonists. Beet seedlings suffered 

less pre- emergence damping -off in soils amended with dipotassium 

phosphate and urea, or monopotassium phosphate andurea, the latter 

being more effective than the former. This may be due to the acid re- 

action of monopotassium phosphate since earlier studies by Wright 

(72, p. 280 -289) had indicated that acidification of garden soil by ad- 

dition of sulphuric acid favored production of gliotoxin by Trichoder- 

ma. Monopotassium phosphate and urea favored the development of 

both Trichoderma and Penicillium. The beneficial effect of dipotas- 

sium phosphate and urea was more evident when seeds were coated 

with spores of Penicillium than when they were coated with Tricho- 

derma. The influence of these treatments on the growth rate and 

vigor of the plants themselves may also be an important factor con- 

tributing to their resistance to the disease. The addition of cornmeal 

or casein to the soil increased the population of Pythium. Despite coat- 

ing seeds with spores of fungi antagonistic to Pythium almost all the 

- 
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seeds failed to germinate. In sucrose amended soil, seeds coated 

with Trichoderma suffered severe pre- emergence damping -off and 

the seedlings that emerged were stunted. Good emergence was ob- 

tained with Penicillium- coated seeds but the seedlings also were 

stunted and suffered from post- emergence damping -off. These dif- 

ferences indicated that the two organisms differ in their ability to 

utilize sucrose. Stunting of the seedlings may have been caused by 

unfavorable conditions produced by decomposition of sucrose. Dex- 

trose applied at low rates seemed beneficial to the development of 

Penicillium. Both emergence and stands were increased in dextrose - 

amended soil sown with Penicillium- coated seeds. Dextrose did not 

increase the effectiveness of Trichoderma. 

Simultaneous infestation of sterilized greenhouse soil with 

Pythium and Trichoderma or Pythium and Penicillium one week be- 

fore seeding resulted in good control of damping -off. The antagonist 

was less effective when mixed with sterilized soil in which Pythium 

had been pre -established or with non - sterilized greenhouse soil si- 

multaneously with the pathogen. No difference was observed between 

the two antagonists tested. Addition of some soil amendments en- 

hanced control of damping -off by the antagonists. The best result 

again was obtained in soil amended with monopotassium phosphate and 

urea. Addition of dextrose did not increase the control of damping -off 

by Trichoderma. The limited control of damping -off achieved in 
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non - sterilized soil, although expected, indicated that the antagonist 

was less effective in the presence of other saprophytic microorgan- 

isms competing for the available nutrients in the soil. 

The behavior of the antagonists in the soil was not clear. Wood 

(70, p. 468) indicated that Penicillium spp. may not occur as actively 

growing mycelium in soil as frequently as has been supposed, and 

their importance as antagonists in soil may well have been over-em- 

phasized. Caldwell (12, p. 1144 -1145) reported that spores of Tri- 

choderma viride survive for considerable periods in the soil and 

there is a low rate of germination of these spores. The number of 

spores germinating was estimated to be always less than one percent 

of those dormant. In the present studies, beet seeds were immersed 

in spore suspensions of antagonists for four to six hours and sown 

without drying. This may allow some germination of the spores on 

the surface of the seeds before they are placed in the soil. No harm- 

ful effect was observed even when the seeds had been immersed in 

the spore suspension for 24 hours. 

For successful establishment of the introduced antagonists, 

environmental conditions favoring the growth and activity of the an- 

tagonist must be provided. A favorable condition is especially im- 

portant for antibiotic production (26, 27, 72). 

That the soil microflora associated with the pathogen includes 

a number of highly antagonistic organisms has long been recognized. 
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Fluctuations in disease severity occurring in nature are often caused 

by environmental variations affecting the pathogen indirectly by 

changing the activity of soil microflora. According to Vasudeva (57, 

p. 169- 178), the high incidence of pigeon pea wilt caused by Fusarium 

udum from November to February corresponds to the reduction of 

Aspergillus terreus, Aspergillus niger and Bacillus subtilis during 

these months. Isolations in the present studies indicated that the soil 

in the vicinity of the roots (the rhizosphere) of growing plants usually 

supports higher numbers of microorganisms than soil more distant 

from the plants. Because of the denser micropopulations in the rhizo- 

sphere than in non - rhizosphere soil, antagonistic interaction between 

the pathogen and other microorganisms must be intensified in soil at 

or near the root. It appeared to be possible to alter the antagonistic 

microflora in the plant rhizosphere by adding appropriate soil amend- 

ments (35, p. 293 -308; 45, p. 1430- 1439). Clark (13, p. 94 -100) and 

Timonin (54, p. 444 -455), however, indicated that although soil 

amendments produced striking changes in the micropopulations of the 

soil, comparatively stable microorganism populations are associated 

with crop roots themselves. The stability of the root surface micro - 

flora makes questionable the possibility of protecting root surfaces 

from parasitic invaders by the infestation of seed or soil with sapro- 

phytic microorganisms or by adding soil amendments to increase the 

antagonistic microflora in the rhizosphere. More studies must be 
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made on the behavior of antagonists in the soil in relation to the in- 

oculum potential of the pathogen. 

Certain treatments leading to a reduction in the incidence of 

the disease have been shown to produce changes in the composition of 

the soil microflora (65; 30; 60, p. 248 -262). Treatment of soil with 

fungicides markedly affected the fungal flora in infested soil, and re- 

colonization by certain species varied with different chemicals. Fol- 

lowing treatment at the rate of 50, 100, or 200 lbs. Lanstan per acre 

or 50 lbs. Ceresan per acre, Pythium initially disappeared from the 

soil but recolonized rapidly. Greater concentrations of Ceresan ei- 

ther completely suppressed Pythium or resulted in very slow recolo- 

nization by the pathogen. In soils treated with Dithane, Maneb or 

Bayer 47531, both Pythium and Trichoderma decreased progressively 

during the period of the tests. In soils treated with Lanstan or Cere- 

san, Trichoderma initially was reduced but subsequently increased 

to populations greater than in untreated soils. 

In the present studies it was demonstrated that biological con- 

trol of plant diseases might be obtained under controlled conditions. 

Under natural conditions, however, biological control would not be 

as effective as fungicide treatment. The difficulties of establishing 

antagonists in natural soil may be at least partially overcome by cer- 

tain soil treatments. To make biological control practical it may be 

necessary to first treat the soil with a fungicide or fumigant, 
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drastically reducing populations of the pathogenic fungi as well as 

their antagonists, then infest the treated soil with antagonistic micro- 

organisms that may prevent or delay recolonization by the pathogen. 
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SUMMARY 

1. Isolations and inoculations indicated that Pythium ultimum 

and Pythium debaryanum are the principle causes of pre- emergence 

damping -off of very young seedlings in the Willamette Valley of Ore- 

gon. Post- emergence damping -off occurring in the older seedlings 

is caused mainly by Rhizoctonia solani Kuhn. 

2. In addition to pathogenic fungi, 20 genera of fungi were 

isolated from affected beet roots and from beet rhizospheres, of 

which five genera were antagonistic to Pythium ultimum on PDA. 

Trichoderma viride and Penicillium spp. were the most frequently 

isolated antagonistic fungi. A number of antagonistic bacteria and 

actinomycetes were also isolated. 

3. The antagonism between Pythium ultimum and saprophytic 

fungi on PDA was characterized by three types of reactions: Type A, 

a distinct mycelium -free zone formed between the antagonist and 

Pythium; Type B, Pythium antagonized at a distance, the zone of in- 

hibition persisted for several days, after which the antagonist re- 

sumed growth; Type C, Pythium was completely overrun by the an- 

tagonist. The antagonism between Pythium ultimum and bacteria or 

Streptomyces spp. in agar cultures was also studied. 

4. The growth of Pythium ultimum was inhibited completely 

in 1/2 strength Trichoderma filtrate medium sterilized by Seitz 
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filtration, but only partially inhibited in the same strength autoclaved 

filtrate medium. The minimum concentration for complete inhibition 

_ of Pythium by partially purified culture filtrate of Trichoderma was 

300 ppm. 

5. Coating seed with spores of Trichoderma or Penicillium 

increased emergence and stand of beet seedlings, but did not prevent 

damping -off of older beet seedlings in infested soil. Soil amendments 

such as monopotassium phosphate and urea or dipotassium phosphate 

and urea increased the effectiveness of the antagonists; cornmeal, 

sucrose and casein, on the other hand, favored the virulence of the 

pathogen and increased the disease severity. 

6. When beet seeds were planted in sterilized soil heavily 

infested with Pythium and Trichoderma or Pythium and Penicillium, 

both pre- and post- emergence damping -off were much less severe 

than in the same soil infested with Pythium alone. The antagonist 

was less effective when added to sterilized soil in which Pythium had 

been pre -established, or to non - sterilized soil simultaneously with 

the pathogen. Addition of monopotassium phosphate and urea afforded 

further protection of the seedlings from damping -off in antagonist in- 

fested soils. In sterilized soil, bacterial antagonist had no effect on 

damping -off. Streptomyces isolates were inconsistent in controlling 

the disease. 
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7. Treatment of infested soil with fungicides markedly af- 

fected the soil microflora. Pythium decreased following all treat- 

ments. There was a rather uniform tendency for Pythium, Tricho- 

derma and Fusarium to recolonize rapidly in Ceresan and Lanstan 

treated soils, and to be further suppressed in Dithane, Maneb, and 

Bayer 47531 treated soils at the second and third samplings. 
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