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PINK ROOT OF ONION CAUSED BY PYRENOCHAETA TERRESTRIS 

INTRODUCTION 

Onion production is an important industry in Oregon. In 1961 

Oregon ranked sixth among the states, producing over eleven percent 

of the nation's onions. The farm value of the crop in this state 

was approximately five and one -half million dollars. Onion produc- 

tion is concentrated primarily in two major areas. Three thousand 

acres of Sweet Spanish and related types of onions are grown in 

Malheur County in eastern Oregon. A little more than two thousand 

acres of Danvers and related hard storage types of onions are grown 

primarily in Marion and Yamhill counties in western Oregon. 

The western Oregon onion growing areas are peat beds which 

have been used for onion production for several decades. These 

peat beds have become heavily infested with the onion pink root 

organism, Pyrenochaeta terrestris (Hansen) Gorenz, Walker, Larson. 

The pink root disease usually is not as severe in the peat soils 

as it is in mineral soils. In eastern Oregon, where the onions 

are grown on mineral soils, if onions are grown in the same field 

for two or three successive years, yield is reduced sufficiently 

to make onion production unprofitable. The pink root disease 

therefore is a greater threat to the onion growers of eastern 

Oregon than to the growers of western Oregon. Reasons for the 

lack of tolerance to the pink root disease on mineral soils are 

not well understood. 
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Fusarium is commonly isolated from onion roots simultaneously 

with P. terrestris. The association between P. terrestris and 

Fusarium is not well understood and this study was undertaken to 

determine whether pathogenic differences or interactions exist be- 

tween isolates of both P. terrestris and Fusarium, to determine 

whether pathogenicity was altered by mixing cultures of P. terres- 

tris and Fusarium and to learn more about the biology of the pink 

root organism. 

Plant breeders have encountered many difficulties in attempts 

to develop onion varieties resistant to the pink root organism. 

Basic information needed for a successful breeding program would 

include such important factors as a method of inducing the fungus to 

sporulate to facilitate identification of the organism, and methods 

of infesting soil with the pink root organism in the field and in 

the greenhouse. Information concerning physiologic specialization 

and pathogenicity of different strains or isolates of P. terrestris 

also would be of importance to plant breeders. Since infection 

ratings are based on the number of onion roots that are discolored 

and nonfunctional, knowledge pertaining to pink root coloration on 

susceptible and resistant onion varieties grown in infested soil 

would be of value. 



REVIEW OF LITERATURE 

Nomenclature 
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The name "Pink root" appeared in the literature for the first 

time in 1917 when Taubenhaus and Johnson (31, p. 59) published a 

preliminary report on the pink root disease in Texas. Taubenhaus 

published a note in 1919 (30, p. 217) partially describing the 

disease, and in 1921 Taubenhaus and Mally (32) published a full 

account of experiments on etiology and control. In 1921 Edgerton 

(6, p. 9) stated that the Louisiana Experiment Station had records 

of the disease as early as 1909. 

The pink root fungus first appeared in the literature as 

Fusarium malli Taub., in 1921 when Taubenhaus and Mally (32, p. 25) 

thought that a new species of Fusarium was the causal agent. 

Sideris in 1924 (27, p. 215 -216) isolated and named four new 

species and two new varieties of Fusarium which he had found 

associated with the pink root disease. In 1929 Sideris (28, p. 265) 

concluded that the disease was caused by several species of Fusarium 

and not by Fusarium malli alone. 

Hansen stated in 1926 (11, p. 525), "If roots cultured are 

partly decayed and shriveled, they yield a large number of Fusaria 

and several other members of the soil flora; if, on the other hand, 

roots are cultured that, though distinctly pink, are still turgid 

and firm, the number of fungi obtained is greatly reduced, and if 

s 
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roots in the same condition are immersed in mercuric chloride 1:500 

for three minutes and then cultured, only one fungus is obtained 

which belongs to the genus Phoma". With a more reliable isolation 

technique Hansen continued his investigations with isolates of the 

pink root fungus, and in 1926 (12, p. 699) presented evidence to 

indicate that Phoma terrestris n. sp., was the cause of pink root 

on onions. 

In 1933 Du Plessis (5, p. 10) published a Union of South 

Africa Science Bulletin on "Pink root and bulb rot of onions" in 

which he stated that Fusarium cepae was the cause of the pink root 

disease. Further studies on morphology of the pink root organism 

were conducted in 1948 by Gorenz, Larson, and Walker (10, p. 837- 

838). These investigators found that some isolates were fertile in 

culture and the pycnidia of the fertile isolates always bore setae. 

On the basis of the presence of setae the pink root fungus was 

transferred from Phoma terrestris Hansen to Pyrenochaeta terrestris 

(Hansen) Gorenz, Walker, Larson. Tims (34, p. 536) stated that al- 

though Fusarium has been eliminated as a primary cause of pink root, 

species of Fusarium may have a part in the root rotting associated 

with the disease. 

Life Cycle 

The onion pink root fungus is a facultative parasite. The 

life cycle of Pyrenochaeta terrestris is not confined to a single 



5 

host and does not require sporulation for survival. Hansen (12, 

p. 700) observed that hyphal cells on onion roots give rise to 

conglomerate masses of dark thick -walled bodies somewhat resembling 

chlamydospores. These bodies were always found in the cells of 

infected onion roots where mature pycnidia apparently never occur, 

and possibly act as a carry -over or a resting stage of the fungus. 

Gorenz, Larson, and Walker (9, p. 1 and 10, p. 834 -839), 

Kulik and Tims (21, p. 54), and Hansen (12, p. 696) reported 

pycnidium formation on artifical medium. With suitable environment 

and nutrition this fungus does produce pycnidia, but this means of 

reproduction does not appear to be of primary importance in the 

life cycle of the fungus on onion. 

Factors Affecting Pathogenicity 

According to Chupp and Sherf (4, p. 398) "Pyrenochaeta is 

not influenced appreciably by wetness, except as it influences 

infection by other organisms ". The organism begins growth in 

culture at about 55 °F., and infection occurs at 60 °F. Optimum tem- 

perature for growth and infection for some strains is 75 °F. and for 

others, 82 °F., with a maximum slightly above 90 °F. 

Gorenz, Larson, and Walker (9, p. 17) found differences in 

growth rate between isolates of the pink root fungus although all 

isolates grew at all hydrogen -ion levels from pH 4 to pH 8. These 

workers demonstrated that isolates differ widely in pathogenicity. 
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As an early worker on the nature of the pink root organism, 

Hansen (13, p. 424) demonstrated that spore -mass transfers caused 

earlier and more abundant production of pycnidia than mycelial 

transfers. Kulik (20, p. 424) concluded that isolates of P. 

terrestris which produce pycnidia or pycnidia -like bodies were 

more pathogenic than those that did not. 

Hosts 

The pink root disease is generally associated with onion, 

shallot, garlic, leek, and chive. According to Kreutzer (18, 

p..931-932 barley, cane sorghum, cantaloupe, carrot, cauliflower, 

corn, cucumber, eggplant, millet, muskmelon, oats, pea, pepper, 

soybean, spinach, squash, tomato, and wheat are susceptible to 

attack by Pyrenochaeta terrestris. 

Hansen reported (12, p. 703) that he isolated the fungus 

from lesions on the roots of cowpea, lima bean, and from potato 

seed pieces. Thornberry and Anderson (33, p. 383) reported that 

tomatoes in the Chicago area which were badly stunted had pink 

discolored roots, apparently having been attacked by the pink root 

organism. The disease was found only on plants growing in soil 

which recently had been planted to onions. 

In Louisiana Carvajal (2, p. 744) isolated P. terrestris 

from the roots of sugar cane, onion, garlic, sweet clover, and 

corn, and from rice and cotton soils. Tims (35, p. 350) obtained 
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from the roots of corn, soybean, tomato, pig weed (Amaranthus 

retroflexus), crab grass (Digitaria sanqu.inalis), crow foot grass 

(Eleusine indica), and jungle rice (Echinocbloa colona) cultures 

of P. terrestris which were typical of those isolated from onion 

and shallot. Wilhelm (39, p. 295) found P. terrestris pathogenic 

to hairy nightshade (Solanum villosum) and strawberry. 

In 1943, Sprague (29, p. 129 -131) concluded that P. terre- 

stria should be recognized as a widespread but minor parasite and 

saprophyte on the underground parts of cereals, many grasses, and 

certain other hosts in North Dakota and adjoining states. Because 

of the apparent wide host range of P. terrestris, care should be 

used in selecting alterante hosts for crop rotation with onions. 

Symptoms 

The pink root fungus commonly attacks the roots of the 

onion during all stages of growth, but the disease is more pro- 

nounced on the mature crop during hot weather (Figure 1). The 

most striking symptom is a pink coloration of the roots (Figure 2). 

The roots turn pink or yellow one by one or simultaneously, later 

darkening to red, purple, or brownish black. New roots usually 

will be formed continuously only to be attacked and killed by the 

fungus. Tops of severely infected plants turn white, yellow, or 

brown, and die. Plants that are infected early in the season pro- 

duce very small bulbs or scallions. 



8 

Figure 1. Pink root infected onions in a field in 

eastern Oregon. 
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Figure 2. Pink root symptoms on onions taken from an 
eastern Oregon field. 

9 
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Since root color is the primary criterion in disease detec- 

tion, recognition of the color symptoms that can be caused by the 

pink root fungus is important. According to Kreutzer (17, p. 632) 

hydrogen -ion concentration has a marked influence on the color of 

roots which have been infected by Pyrenocharta terrestris. His 

cultural studies revealed that temperature and nutrient variation 

had little to do with the phenomenon, but there was a color shift 

from the red to red -purple shades at pH 8.5 to a yellow to yellow - 

brown color at pH 4.5. The pigment was extracted from the fungus 

hyphae with 0.1 N HC1 followed by 0.1 N NaOH. Using the pigment 

in solution, a more sensitive test was obtained and the color 

shift was observed to take place within the range of pH 7.0 to 7.86. 

This observation is important because of the possibility that bac- 

teria and other microorganisms in the soil alter pH. 

The ability of this fungus to form pigment has resulted in 

the development by Watson (38, p. 289) of an identification tech- 

nique. Pyrenochaeta terrestris growing on wheat straw produces a 

pigment which is pink to dark red. Certain red pigment- producing 

forms of Fusarium will color onion roots pink, but will not color 

wheat straw. 
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Distribution 

Pyrenochaeta terrestris is found in all onion growing 

sections of the United States. According to Chupp and Sherf 

(4, p. 397), pink root has been found also in Canada, Bermuda, 

Australia, The Netherlands, and South Africa. Recently the 

organism has been reported in onion growing areas of South 

American countries. Klingner and Pontis -Videla (16, p. 235) 

reported that the pink root organism came into prominence in 

several fields in the province of Medoza, Argentina, during 1959, 

1960, and 1961. Chaves and Erickson, in 1960 (3, p. 877), re- 

ported that in Brazil the disease occurs extensively in garlic and 

onion fields. 

Isolate Variation 

Variation among isolates of the pink root organism was 

noted first in 1929 by Hansen (12, p. 701) at the same time that he 

showed that Fusarium was not the cause of this disease. In 1932 

Hansen (14, p. 962 -963) concluded that the nuclei of multinucleate 

spores of Pyrenochaeta terrestrias are not necessarily genetically 

identical. Kulik and Tims (21, p. 58) disclosed that various iso- 

lates of the organism may manifest differences in pathogenicity and 

pycnidial production. 

Variability of the organism was induced by the use of nitro- 

gen mustard by Gasiorkiewicz, et al. (8, p. 192). Some of the 
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mutants originating from weakly parasitic parental types were able 

to produce disease symptoms comparable to those ascribed to some 

of the naturally virulent isolates. Most mutants were less virulent 

than the untreated controls. Sparsely sporulating types could be 

just as virulent as heavily sporulating types. Most of the induced 

mutants fell within the descriptive and cultural range of the 

natural isolates. The variations induced in the natural isolates of 

P. terrestris were considered permanent. The mechanism of variation 

among the natural isolates was not caused by binucleate spores. 

Smear preparations and histological sections of the parental cul- 

tures as well as of the mutants under study demonstrated that the 

spores were uninucleate. The initials of the developing pycnidia 

and cells of vegetative mycelium were also found to be uninucleate. 

Pycnidium Formation 

Hansen (12, p. 699) reported that very few pycnidia formed 

on synthetic media, but some formed on corn meal agar. Kulik and 

Tims (21, p. 57) did not observe pycnidia formation on corn meal 

agar, but they did observe limited pycnidia formation on beanpod 

agar. After fifty -seven days eight out of ninety -one isolates had 

formed pycnidia. Ten other isolates formed pycnidium -like bodies 

characterized by the absence of spores and setae. Leach (23, 

p. 158) reported that isolates of Pyrenochaeta terrestris were 

induced to sporulate under near -ultraviolet radiation after several 
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weeks. Gasiorkiewicz (8) observed pycnidia formation on the roots 

of onions in the field and Gasiorkiewicz (8) and Wilhelm (39) in- 

duced isolates of P. terrestris to produce fruiting bodies on sur- 

face sterilized roots in sand after about one to three months. 

Infection Grades 

Pink root infections usually are graded into five classes 

according to the severity of symptoms. Lorenz, Larson and Walker 

(9, p. 4) gave class weights as follows: no pink root, 0; 1 to 25 

percent infected roots, 25; 26 to 50 percent infected roots, 50; 

51 to 75 percent infected roots, 75; 75 to 100 percent infected 

roots, 100. These ratings were used to compute a disease index for 

each lot of onions tested. The same rating system was used by 

Kulik and Tims (21, p. 55). 

Varietal Susceptibility and Resistance 

Onion varieties were first rated for resistance to pink 

root by Porter and Jones (26, p. 298). Allium fistulosum L. 

(Nebuka type), A. porrum L. (leek), and A. schoenoprasum L. 

(chives) proved to be extremely resistant. Allium sativum L. 

(garlic), A. ascalonicum L. (shallot), and most varieites of 

A. cepa L. (common onion) were extremely susceptible; however, 

the variety Sweet Spanish was classed as only moderately 

susceptible. 



14 

Gorenz, Larson, and Walker (9, p. 17) reported that out 

of twenty -three varieties of commercial onions tested Yellow 

Bermuda and Beltsville Bunching were most resistant. Perry, 

Bruce, and Jones (25, p. 353) reported that the onion varieties 

Excel, L 36, Eclipse, and L365 were highly resistant to pink 

root in South Texas. The variety L281W was somewhat less re- 

sistant but yielded satisfactorily in infested soil. The F1 

hybrids Excel x L281W, Excel x L303, and Excel x L365 were 

highly resistant to pink root. Jones and Perry (13, p. 34) 

reported that when the Bermuda -type onions Excel, Yellow 

Bermuda, Eclipse, and L365, which are highly resistant to pink 

root, were crossed with Texas Early Grano 951 or San Joaquin, 

both of which are very susceptible, the chi - square test showed 

a satisfactory 3:1 ratio of susceptibles to resistants in the 

F2. 

Control 

Attempts have been made to chemically control onion pink 

root. In 1950 Kreutzer and Montagne (19, p. 16) applied chloro- 

bromopropene to the soil at the rate of twenty -five gallons per 

acre and reported an onion yield approximately four times that of 

the check plots. Tims (36, p. 398) reported that Vapam (4070 

sodium N- methyldithiocarbamate dihydrate) and Mylone 85 -W 

3,5- dimethyltetrahydro- 1,3,5- 2Hthiadiazein -2- thione) gave good 
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control of pink root in the greenhouse. 

In 1960 Kulik and Tims (22, p. 382) tested a number of 

fungicides and chemotherapeutants at one thousand parts per 

million in the greenhouse in sand culture. All of the chemi- 

cals had shown activity against Pyrenochaeta terrestris in the 

laboratory studies. None of the twenty -nine chemotherapeu- 

tants significantly reduced the incidence of pink root, but 

thirty -two of the fifty fungicides tested reduced the disease 

index to one percent or less. The most promising fungicides 

from these greenhouse tests were tried in the field, but the 

disease did not develop in sufficient amounts to give con- 

clusive results. 
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A field survey was conducted to determine the extent of 

pink root infestation in Oregon onion fields. During July of 

1959 onion growers were visited and asked to complete a ques- 

tionnaire concerning crop rotation, irrigation, cultivation, 

date of planting, and related practices. After each grower 

completed his questionnaire, his fields were systematically 

sampled for pink root disease by observing pink coloration on 

onion roots. Many fields also were sampled at random without 

attempting to have the grower complete a questionnaire. As a 

general rule, if eastern Oregon fields had been previously 

planted to onions; pink root was present. One eastern Oregon 

grower had planted crops other than onions for eighteen years 

in one of his fields. Onions planted in this field in 1959 

were severely infected with pink root. Due to the presence of 

the pink root organism in eastern Oregon, if onions are planted 

in the same field for more than two years production is usually 

unprofitable. In western Oregon all of the fields have been 

planted to onions for years, and pink root infestation is general 

but not as serious as in eastern Oregon. 
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Questionnaires were mailed to growers in an attempt to 

determine whether there is a correlation between the severity 

of pink root disease and cultural practices. Data obtained 

from the questionnaires led to the conclusion that there is no 

correlation between cultural practices and onion pink root 

disease in either eastern Oregon or western Oregon. 

Fungus Isolation and Storage 

Isolations from onion roots were made at intervals during 

the growing season. Both Pyrenochaeta terrestris and Fusarium 

sp. were isolated consistently from onion roots. Apparently 

healthy onion roots which had only a slight pink color were 

placed in twenty percent household bleach for two minutes or 

longer, then plated on potato dextrose agar 
1 

in Petri dishes. 

After six or seven days growth, the isolates of fungi were 

transferred to new plates and allowed to grow for a few days 

to determine whether contaminants were present. 

Potato dextrose agar consists of 200 gm. peeled and sliced po- 

tatoes, 20 gm. agar, 20 gm. dextrose, and 1000 ml. of water 

autoclaved for 20 minutes at 15 pounds pressure per square inch. 

1 
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The isolates were transferred to screw top test tubes of 

sterile soil prepared by adding five milliliters of water and 

fourteen to fifteen grams of soil to each test tube and auto- 

claving for forty -five minutes at fifteen pounds pressure. The 

water was put into the tubes before soil was put into the tubes 

to insure penetration of water into the soil when the tubes were 

autoclaved. 

After transfer to the soil tubes, the fungi were allowed 

to grow at room temperature until they reached the bottom of the 

tubes. The tubes were then placed in cold storage and used as 

stock cultures. This method of preserving stock cultures of 

fungi was used to prevent or discourage mutation (1, 7, and 23). 

McKeen and Wensley (23, p. 1528 -1529) found that representatives 

of three biological forms of Fusarium oxysporum survived un- 

changed morphologically for eleven years or more in soil tube 

cultures. 

Some soil tubes became contaminated with Penicillium. 

In order to recover the isolate free from Penicillium, transfers 

were made to a low nutrient medium, which suppresses growth of 

many fungi (38, p. 289), composed of twenty grams agar, three 

grams sodium nitrate, and one gram magnesium sulfate per liter 

of water. Penicillium does not grow on this medium but P. 

terrestris grows moderately well. After one or two weeks growth 

on this medium, the isolates were transferred to potato dextrose 
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agar to verify cultural purity. Transfers were then made to 

autoclaved tubes of soil. 

Isolates of fungi from western Oregon were designated 

Alpha and L, those from eastern Oregon were designated B, C, D, 

and W. Fungus isolates from eastern Oregon were given two 

numerical designations; the first number designated the grower 

from whose field the isolation was made, the second designated 

the individual isolates from a grower's fields at a given sampl- 

ing time. Fungus isolates from western Oregon were given one 

numerical designation to identify the grower from whose field 

the isolation was made. 

Seventeen isolates of fungi, representing a cross section 

of the eastern and western Oregon onion growing areas, were 

selected for comparative studies. Three isolates of P. terrestris 

and one of Fusarium sp. were selected from western Oregon cultures. 

Eleven isolates of P. terrestris and two of Fusarium sp. were 

selected from eastern Oregon cultures (Table 1). 
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Table 1. Isolates of Pyrenochaeta terrestris and Fusarium sp. 

selected for comparative studies 

Identity 
Time of 
isolation Location Fungus 

Alpha 15 August western Oregon P. terrestris 

Alpha 4 August western Oregon P. terrestris 

L -5 -10 July western Oregon P. terrestris 

Alpha 9 July western Oregon Fusarium sp. 

B -9 -1 June eastern Oregon P. terrestris 

C -44 -1 June eastern Oregon P. terrestris 

C -49 -4 July eastern Oregon P. terrestris 

C -52 -4 July eastern Oregon P. terrestris 

C -53 -3 July eastern Oregon P. terrestris 

C -57 -3 July eastern Oregon P. terrestris 

C -57-10 July eastern Oregon P. terrestris 

D -1 -7 August eastern Oregon P. terrestris 

D -4 -5 August eastern Oregon P. terrestris 

D -5 -1 August eastern Oregon P. terrestris 

W -23 -2 June eastern Oregon P. terrestris 

B -6 June 
C -52 -1 July 

eastern Oregon 
eastern Oregon 

Fusarium sp. 
Fusarium sp. 
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Exposure to Ultraviolet Light 

The fourteen isolates of Pyrenochaeta terrestris (Table 1) 

selected for comparative studies were grown on Warcup's medium' 

(37, p. 117 -118) in pyrex test tubes for four days, then irradia- 

ted at room temperature (approximately 72 °F.) with a maximum con- 

tinuous exposure to near- ultraviolet light (3100 -4000 X) of approxi- 

mately 780 microwatts per square centimeter (1030 foot candles) for 

two months2. 

1 
Warcup's medium consists of 40 gm. glucose, 3 gm. sodium nitrate, 
1 gm. dipotassium phosphate, 0.5 gm. magnesium sulfate, 0.5 gm. 
potassium chloride, 0.1 gm. ferrous sulfate, 5 gm. yeast extract, 
20 gm. agar, and 1000 ml. water; autoclaved for 20 minutes at 
15 pounds pressure. 

2 
Data concerning radiation intensity were furnished by C. M. 
Leach (23). The source of radiation was four 40 -watt Sylvania 
BLB Black Light lamps at a distance of 11.5 cm. The intensity 
of radiation was determined with a compensated Thermopile (Kipp 
and Zonen E 20) and a galvonometer (Kipp and Zonen A 70) with a 
slit width of 2 mm. and axis of the slit parallel to the axis 
of the fluorescent tube, combined with heat absorbing and ultra- 
violet transmitting filters. The total ultraviolet radiation 
from one Sylvania BLB Black Light lamp at 33 cm. distance from 
the center was 75.7 microwatts per cm2. Total intensity of 
four 40 -watt lamps was calculated by the following formula: 

dl \ (di dl d 

x i + x 1 + x i + x 

d2 / d3 d4 d5 

where d1 equals the distance at which intensity was measured 
(33 cm.), i equals intensity measured at 33 cm. (75.7 micro - 
watts per cm2), and d 

2' 
d3, d4, and d5 equal distances of 

irradiated materials from the centers of different tubes 
(14.5 cm., 11.5 cm., 11.5 cm., and 14.5 cm., respectively). 
(Continued on page 22.) 
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At least eight of the fourteen P. terrestris isolates had 

formed pycnidia with setae after two months exposure to ultra- 

violet light. Pycnidia were difficult to locate because the 

agar surface was matted with mycelium. The fourteen isolates of 

P. terrestris were then grown on low- nutrient medium plus wheat 

straw which Watson (38, p. 289) used for the identification of 

the pink root fungus. The sterile low- nutrient medium was poured 

into sterile Petri plates; then before it set, chopped wheat 

straw, sterilized by being slightly moistened and placed in a 

tightly sealed gallon pickle jar for twenty -four hours with 10 

ml. of liquid propylene oxide, was sprinkled on the surface of 

the agar. Watson used this medium to identify the pink root 

fungus on the basis of wheat straw changing to a pink or red 

color in the presence of P. terrestris (Figure 3). 

The cultures were allowed to grow for fourteen days be- 

fore being irradiated with near -ultraviolet light at room tem- 

perature. After continuous exposure for twelve days, all 

These intensity ratings are only approximate because of 

variations due to the age of lamps, voltage fluctuations, 

physical structure of the thermocouple, reflection from the 

back of the lamp, reflection from Petri plate lids, and tem- 

perature fluctuations. 

A fan was placed fifteen feet from the lamps to in- 

crease air circulation and disperse heat under the lamps. No 

attempt was made to control room temperature which was approxi- 

mately 72 °F. The temperature under the lamps (at 11.5 cm.) was 

approximately 10 °F. higher than room temperature. 
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ONION PINK ROOT 

tct 20, 1961 -214 

Figure 3. Pycnidia formation (left) by Pyrenochaeta 

terrestris after ten days continuous exposure to 

near -ultraviolet light. The check is non -inoculated 

wheat straw in a low nutrient medium. Note red 

coloration of the wheat straw caused by P. terrestris. 
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fourteen isolates of P. terrestris formed pycnidia with setae 

(Figures 4 and 5). Two isolates of P. terrestris (D -4 -5 and 

C -52 -4) formed several pycnidium -like bodies but produced only 

two or three pycnidia with setae per plate. 

The number of pycnidia per plate varied widely among 

isolates and in replicated plates of the same isolate. There- 

fore, to induce fruiting for identification as P. terrestris, 

exposure of several plates of the same fungus isolate to near - 

ultraviolet light is advisable. 

Pycnidia were commonly borne on the pieces of wheat straw, 

but more than half of the isolates of P. terrestris also formed 

dark fruiting bodies in the agar. The fruiting bodies in the 

agar usually were submerged and irregular in shape (Figure 6), 

and only a small percentage bore setae. Fruiting bodies on 

wheat straw and in the agar formed pycnidiospores. 

Identification of isolates of fungi as P. terrestris was 

verified by presence of setae on the pycnidia (Figure 5). 

Mycelial growth was suppressed by the near -ultraviolet light 

allowing the fruiting bodies to be easily seen. With most iso- 

lates of P. terrestris formation of reddish color on wheat straw 

was suppressed by exposure to ultraviolet light. 
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Figure 4. Pycnidia formation by Pyrenochaeta 
terrestris, on wheat straw and in medium, after 
ten days continuous exposure to near- ultra- 
violet light. 
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200x 

40x 

Figure 5. Presence of setae on pycnidia formed by 

Pyrenochaeta terrestris after ten days exposure to 

continuous near -ultraviolet light. 
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Figure 6. Fruiting bodies (40x) formed in agar by 

Pyrenochaeta terrestris after ten days exposure to 
continuous near -ultraviolet light. 
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Pathogenicity of Isolates 

Since Fusarium is commonly isolated from onion roots 

simultaneously with Pyrenochaeta terrestris, the pathogenicity 

and interaction of these fungi were studied. A factorial experi- 

ment was designed to test the pathogenicity of fourteen isolates 

of P. terrestris, three isolates of Fusarium, and three mixtures 

of P. terrestris and Fusarium against four varieties of onions 

grown in non -autoclaved soil and in soil autoclaved at eight 

pounds pressure for four hours. Two cans of autoclaved and two 

cans of non -autoclaved soil were used for each treatment. The 

onion varieties used in this study were Y28 (resistant to pink 

root in Texas) and 951 (susceptible to pink root in Texas), both 

obtained from Dessert Seed Company, El Centro, California; 

Southport White Globe (heterozygous for pink root susceptibility 

in eastern Oregon) obtained from Dessert Seed Company, Nyssa, 

Oregon; and Yellow Sweet Spanish (the principal commercial 

variety grown in eastern Oregon) obtained from an onion grower 

at Ontario, Oregon. 

To prepare inoculum for greenhouse studies, one and three - 

fourths quarts of oats were soaked overnight in water in gallon 

pickle jars. After the excess water was drained, the jars of 

oats were wrapped in three sheets of newspaper to minimize 

breakage and autoclaved for four hours at fifteen pounds pressure. 
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After the jars had cooled, selected isolates of fungi (Table 1), 

which had been grown in Petri dishes on Warcup's medium for nine 

days, were placed into a Waring blendor with 200 ml. of sterile 

water and macerated for thirty seconds. Two plates of each iso- 

late were added to separate jars, after which the jars were 

shaken vigorously to distribute the fungus. 

One plate each of P. terrestris and Fusarium was macerated 

separately for each jar of the mixed cultures, and three different 

combinations were used, C -57 -10 and Alpha 9, D -5 -1 and B -6 -1, and 

Alpha 4 and C -52 -1. Since Fusarium grows faster on oats, a more 

desirable method would be to prepare separate jars of inoculum 

and combine Fusarium and P. terrestris when the inoculum is added 

to the soil. 

After the fungus was allowed to grow at room temperature 

for two days, the jars were shaken again to prevent the oats 

from becoming too compacted. Lids of the pickle jars were left 

loose to insure adequate aeration inside the jars, or holes were 

punched in the jar lids and plugged with cotton. After the fun- 

gus had grown on the oats for two weeks (Figure 7), soil inoculum 

was prepared for a greenhouse test. 

One gram of commercial fertilizer (16 -16 -8) was mixed 

into the upper four inches of soil in a number ten can. One 

hundred fifty ml. of infested oats were mixed with 150 ml. of 



Figure 7.
fungi.

Oat inoculum used to infest soil with

30
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sterile sand and spread evenly on the soil surface. Twenty -five 

onion seeds were placed on the oats -sand mixture in each can and 

200 ml. of sterile sand was spread evenly over the onion seeds. 

The soil was watered and a newspaper, held in place by rubber 

bands, was placed over each can for about a week or until the 

onions started to emerge. No oats were added to the cans used 

for check treatments. Dividers were placed between the cans to 

prevent cross contamination during watering. 

On September 13, 1961, approximately three months after 

seeding, the onion plants surviving in each can were counted 

and a pink root rating was given to each surviving plant (Tables 

2 and 3). Pink root ratings were divided into five classes as 

follows: no infected roots, 1; 1 to 25 percent infected roots, 

2; 26 to 50 percent infected roots, 3; 51 to 75 percent in- 

fected roots, 4; 75 to 100 percent infected roots, 5. The pink 

root ratings for each treatment were averaged so comparisons 

could be made between varieties. The numbers of surviving 

plants were statistically analyzed to compare relative patho- 

genicity of fungus isolates, relative survival of onion varieties 

ana survival of plants in autoclaved and non -autoclaved soil. 

Plant survival was used for analysis rather than disease ratings 

because plant survival in the high inoculum level is a more 

reliable measure of disease resistance. 



Table 2. Susceptibility of four varieties of onion to fourteen isolates of Pyrenochaeta terrestris, 
three isolates of Fusarium, three combinations of P. terrestris and Fusarium and a non -infested 
check in non -autoclaved soila 

Fungus isolates Y28 951 
Southport 

White Globe 
Yellow 

Sweet Spanish 

Alpha 4 (P. terrestris) 0.0(0) 2.6(11) 3.1(1) 1.8(10) 

Alpha 9 (Fusarium sp.) 4.5(11) 2.5(25) 2.4(15) 1.1(30) 

Alpha 15 (P. terrestris) 5.0(2) 3.0(3) 1.6(5) 2.4(5) 

B -6 -1 (Fusarium sp.) 5.0(7) 3.2(13) 2.3(7) 1.0(26) 

B -9 -1 (P. terrestris) 4.9(15) 3.0(13) 3.0(22) 1.8(21) 

C -44 -1 (P. terrestris) 0.0(0) 3.0(2) 0.0(0) 1.0(1) 

C -49 -4 (P. terrestris) 3.0(3) 2.9(12) 1.8(5) 2.0(1) 

C -52 -1 (Fusarium sp.) 3.1(8) 1.5(8) 2.1(9) 1.0(19) 

C -52 -4 (P. terrestris) 4.9(26) 3.1(17) 3.1(18) 2.6(31) 

C -53 -3 (P. terrestris) 0.0(0) 3.0(4) 0.0(0) 1.3(3) 

C -57 -3 (P. terrestris) 4.8(5) 4.0(2) 3.0(1) 1.5(2) 

C -57 -10 (P. terrestris) 5.0(6) 3.1(13) 1.3(3) 1.6(10) 

D -1 -7 (P. terrestris) 0.0(0) 3.5(4) 2.6(7) 1.5(12) 

D -4 -5 (P. terrestris) 5.0(15) 3.5(13) 2.1(10) 1.8(17) 

D -5 -1 (P. terrestris) 4.4(7) 2.2(14) 1.7(11) 1.5(20) 

L -5 -10 (P. terrestris) 4.9(9) 3.4(7) 1.5(2) 1.2(5) 

W -23 -2 (P. terrestris) 4.7(18) 3.4(18) 1.9(21) 1.8(22) 

C -57 -10 and Alpha 9 3.7(3) 2.5(17) 1.8(17) 1.0(7) 

D -5 -1 and B -6 -1 5.0(19) 3.9(21) 2.0(14) 1.5(31) 
Alpha 9 and C -52 -1 3.9(7) 1.9(13) 1.6(18) 1.0(1) 

Check (no fungus) 1.5(32) 1.0(29) 1.0(38) 1.0(39) 

a 
Numbers not in parentheses represent disease ratings on a scale of 1 to 5 where 1 = no disease and 
5 = no healthy roots. The numbers in parentheses are total plants surviving in two number 10 cans 

of soil. Twenty -five seeds were planted in each can. Ñ 



Table 3. Susceptibility of four varieties of onion 
terrestris, three isolates of Fusarium, three 

to fourteen 
combinations 

soila 

951 

isolates of Pyrenochaeta 

Yellow 
Sweet Spanish 

of P. terrestris and 
Fusarium and a non -infested check in autoclaved 

Y28 
Southport 

White Globe Fungus isolates 

Alpha 4 (P. terrestris) 5.0(2) 2.2(5) 1.0(5) 1.0(3) 
Alpha 9 ( Fusarium sp.) 4.0(4) 4.0(6) 4.0(5) 1.1(8) 
Alpha 15 (P. terrestris) 0.0(0) 2.3(3) 0.0(0) 0.0(0) 
B -6 -1 (Fusarium sp.) 3.8(5) 5.0(1) 2.8(4) 1.1(14) 
B -9 -1 (P. terrestris) 5.0(5) 3.8(6) 1.0(4) 1.5(2) 
C -44 -1 (P. terrestris) 0.0(0) 0.0(0) 0.0(0) 0.0(0) 
C -49 -4 (P. terrestris) 0.0(0) 2.7(6) 0.0(0) 2.0(1) 
C -52 -1 (Fusarium sp.) 0.0(0) 0.0(0) 2.3(3) 1.2(6) 
C -52 -4 (P. terrestris) 3.8(8) 3.3(6) 2.4(8) 1.0(2) 
C -53 -3 (P. terrestris) 0.0(0) 1.0(1) 0.0(0) 0.0(0) 
C -57 -3 (P. terrestris) 0.0(0) 2.0(1) 0.0(0) 1.3(3) 
C -57 -10 (P. terrestris) 0.0(0) 3.5(4) 4.0(2) 0.0(0) 
D -1 -7 (P. terrestris) 0.0(0) 1.5(2) 0.0(0) 0.0(0) 
D -4 -5 (P. terrestris) 5.0(4) 3.0(4) 1.7(3) 2.5(2) 
D -5 -1 (P. terrestris) 3.5(2) 2.3(6) 2.1(7) 1.2(6) 
L -5 -10 (P. terrestris) 0.0(0) 0.0(0) 4.0(2) 2.0(1) 
W -23 -2 (P. terrestris) 4.6(7) 4.1(9) 2.0(4) 1.3(12) 
C -57 -10 and Alpha 9 0.0(0) 1.0(2) 0.0(0) 1.6(5) 
D -5 -1 and B -6 -1 5.0(1) 3.7(6) 4.3(3) 1.2(9) 
Alpha 4 and C -52 -1 2.0(1) 2.7(3) 1.5(4) 1.3(4) 
Check (no fungus) 4.2(16) 1.3(32) 1.1(25) 1.3(30) 

a Numbers not in parentheses represent disease ratings on a scale of 1 to 5 where 1 - no disease and 
5 = no healthy roots. The numbers in parentheses are total plants surviving in two number 10 cans 
of soil. Twenty -five seeds were planted in each can. u.) 

- 
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Many onion plants had good root systems that showed little 

or no evidence of pink root infection. More plants of the variety 

Yellow Sweet Spanish survived and disease ratings were lower than 

with other varieties tested (Tables 2 and 3). Surviving plants of 

the variety Southport White Globe also had low disease ratings. 

The low disease ratings of these varieties indicate that they 

are moderately tolerant to the isolates of P. terrestris, to the 

isolates of Fusarium, and to the combinations of Fusarium and P. 

terrestris used in this study. The Texas variety Y28, resistant 

to the pink root disease in Texas, appeared to be quite sus- 

ceptible to the isolates of P. terrestris and Fusarium used in 

this study as the disease ratings for this variety were fairly 

high and a proportionately lower number of plants of this 

variety survived. The same was true for variety 951. 

In order to compute a plant stand analysis the two repli- 

cations of autoclaved soil were added together as were the two 

replications of non -autoclaved soil. Since no plants survived 

in some of the treatments, transforming plant stand was neces- 

sary in order to attain approximately equal variances for all 

treatments. The formula used for transforming plant stand was 

as follows: 

V x + .25 
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On the basis of surviving plants the analysis of variance 

(Table 4) demonstrated differences, significant at the one 

percent level, in fungus isolates, in onion varieties, and in 

soil treatments. 

With all four onion varieties tested, more plants sur- 

vived in non -autoclaved than in autoclaved soil (Figure 8). 

Toxic substances may have been present in the soil as a re- 

sult of autoclaving, or organisms antagonistic to P. terrestris 

and Fusarium may have been present in the soil which was not 

autoclaved. In general, fewer plants survived in the auto- 

claved check treatments than in the non -autoclaved check 

treatments, but the differences in plant survival in the check 

treatments were not as pronounced. 

When the susceptibility of onion varieties was compared 

in relation to surviving plants, Texas variety Y28 (resistant 

to pink root disease in Texas) and Southport White Globe had a 

low average plant stand and did not differ significantly from 

each other (Table 5). Texas variety 951 (susceptible to the 

pink root disease in Texas) and Yellow Sweet Spanish had a 

higher average plant stand than Y28 and Southport White Globe but 

did not differ significantly from each other. On the basis of 

these findings Texas variety 951, susceptible to the pink root 

disease in Texas, is relatively resistant in Oregon; and Y28, 

resistant in Texas, is relatively susceptible in Oregon. 
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Table 4. Susceptibility of onion varieties to isolates of 

Pyrenochaeta terrestris and Fusarium in autoclaved and 
non -autoclaved soil 

Analysis of Variance 

Variation Sum of Degrees of Mean 
due to Squares freedom square F 

Isolates 380.36 20 19.02 23.19* 
Varieties 23.04 3 7.68 9.36* 
Treatments 153.18 1 153.18 186.80* 

I x V 58.18 60 .97 

I x T 37.57 20 1.88 

V x T 1.19 3 .40 

I x V x T 48.92 60 .82 

* Significant at the one percent level. 
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Figure 8. The onion variety Yellow Sweet Spanish grown in soil 

infested with isolates of P. terrestris (C -44 -1, C -52 -1, and 
Alpha 4), isolates of Fusarium (Alpha 9 and C- 52 -1), a mixture 
of P. terrestris and Fusarium (Alpha 4 and C- 52 -1), and soil not 
infested with fungi (check) in autoclaved soil (designated S on 
the pot labels) and non -autoclaved soil (designated U on the pot 
labels). 
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Table 5. A comparison of pink root susceptibility of onion 

varieties 

Onion varieties 

Transformed 
average plant 

standa 

Average no. 

total plants 

Y28 (Texas resistant variety) 2.95 8.45 

Southport White Globe 3.29 10.57 

951 (Texas susceptible variety) 3.81 14.27 

Yellow Sweet Spanish 3.82 14.34 

L.S.D. 5 percent .39 

a Each figure represents an average of the two replications of 

autoclaved soil together with the two replications of non - 

autoclaved soil for each of the onion varieties. 
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When the relative pathogenicity of isolates of P. 

terrestris, Fusarium, and mixtures of P. terrestris and Fusarium 

were compared on the basis of surviving plants in autoclaved and 

non- autoclaved soil, large differences in pathogenicity were 

found (Table 6). All isolates of Fusarium and P. terrestris 

were found to be capable of significantly reducing plant stand, 

indicating that both organisms cause root disease on onion. With 

some treatments, onion survival approached that of the check, 

while with other treatments very few onions survived (Figure 9). 

The Fusarium isolates C -52 -1 and Alpha 9 differed sig- 

nificantly in pathogenicity; however, Alpha 9 did not differ 

significantly from B -6 -1, and B -6 -1 did not differ significantly 

from C -52 -1 (Table 6). The most pathogenic isolate of Fusarium, 

C -52 -1, was intermediate between the most pathogenic isolate, 

C -44 -1, of P. terrestris and the check treatment. This isolate 

of Fusarium (C -52 -1) was mixed with an isolate of P. terrestris, 

Alpha 4, also intermediate between the most pathogenic isolate 

of P. terrestris and the check. The numbers of surviving plants 

grown in the presence of the mixture of these two fungi did not 

differ significantly from the number of surviving plants grown 

in the presence of either fungus alone (Figure 10). 

The mixture of Fusarium, Alpha 9, and P. terrestris, 

C- 57 -10, did not differ significantly with respect to surviving 

onion plants from the respective isolates not mixed, and the 
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Table 6. A comparison of pathogenicity of fourteen isolates of 

Pyrenochaeta terrestris, three isolates of Fusarium, and 

three combinations of P. terrestris and Fusarium 

Fungus isolates 

Transformed 
average plant 

stand 

Average no. 
total plants 

C-44-1 (P. terrestris) 1.23 

1.44 

1.86 
1.99 

2.09 

2.38 
2.46 

1.26 

1.82 

3.21 

3.71 
4.12 
5.41 
5.80 

C-53-3 (P. terrestris) 

C-57-3 (P. terrestris) 

Alpha 15 (P. terrestris) 

D-1-7 (P. terrestris) 

L-5-10 (P. terrestris) 

C-49-4 (P. terrestris) 

C-57-10 (P. terrestris) 2.75 7.31 

Alpha 4 (P. terrestris) 2.85 7.87 

C-57-10 (P. terrestris) and 

Alpha 9 (Fusarium sp.) 3.16 9.74 

C-52-1 (Fusarium sp.) 3.32 10.77 

Alpha 4 (P. terrestris) and 

C-52-1 (Fusarium sp.) 3.34 10.91 

D-4-5 (P. terrestris) 3.97 15.51 

D-5-1 (P. terrestris) 4.02 15.91 

B-6-1 (Fusarium sp.) 4.17 17.14 

B-9-1 (P. terrestris) 4.40 19.11 

D-5-1 (P. terrestris) and 

B-6-1 (Fusarium sp.) 4.64 21.28 

Alpha 9 (Fusarium sp.) 4.86 23.37 

W-23-2 (P. terrestris) 5.12 25.96 

C-52-4 (P. terrestris) 5.14 26.17 

Check (no fungus) 7.70 59.04 

L.S.D. 1 percent 1.20 

a 
Each figure represents an average of the two replications of 

autoclaved soil together with the two replications of non - 

autoclaved soil for each of the onion varieties. 
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Figure 9. The onion varieties Y28 (labeled A), 951 (labeled B), 

Southport White Globe (labeled C), and Yellow Sweet Spanish 

(labeled D) grown in soil infested with P. terrestris (C -44 -1 and 

C- 52 -4), Fusarium (Alpha 9), and soil with no fungus added (check). 
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Figure 10. The onion varieties Y28 (labeled A), 951 (labeled B), 
Southport White Globe (labeled C), and Yellow Sweet Spanish 
(labeled D) grown in soil infested with P. terrestris (Alpha 4), 

Fusarium (C -52 -1) and a mixture of these two isolates of fungi in 

autoclaved soil (designated S) and non -autoclaved soil (designated 
U). 
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mixture of Fusarium, B -6 -1, and P. terrestris, D -5 -1, did not 

differ significantly from these respective isolates not mixed. 

The presence of these isolates of Fusarium combined with these 

isolates of P. terrestris did not cause more disease than Fusarium 

or P. terrestris tested alone. 

Since inoculum for the teatments with Fusarium and P. 

terrestris combined was prepared by growing mixtures of 

Fusarium and P. terrestris in the same jar of oats, possibly the 

more rapid growth rate of Fusarium suppressed the growth of P. 

terrestris thus resulting in reduced inoculum potential for 

P. terrestris. 

The P. terrestris treatments and the P. terrestris and 

Fusarium treatments caused typical pink root symptoms, but the 

isolates of Fusarium alone did not cause typical symptoms. 

Root Coloration 

Leek (American Flag), a bunching onion (Evergreen), and 

bulbing onions (Empire, B2207 x B12115 -2, B2264 x B12132, B2264 

x 616 -310 -2, and B2267 x 616- 3 -10 -2) were used to determine the 

effects of isolates of fungi on color production in infected 

roots. Leek and bunching onions are resistant to pink root; the 

bulbing onions are susceptible. Roots were removed from field - 

grown plants, washed thoroughly in water, and sterilized with 

propylene oxide. The sterilized roots were then placed in Petri 
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plates containing the low- nutrient medium, while the medium was 

still liquid, and other roots were placed on the surface of the 

medium after the medium solidified. 

The fourteen isolates of Pyrenochaeta terrestris and 

three isolates of Fusarium sp., selected for basic studies 

(Table 1), were transferred to Petri plates containing the leek, 

bunching onion, or bulbing onion roots. The seventeen isolates 

were also transferred to Petri plates containing medium but no 

roots. Check Petri plates, containing only medium and onion 

roots, were used to test the effectiveness of the propylene 

oxide sterilization. All isolates of P. terrestris caused pro- 

duction of a reddish color in leek, bunching onion, and bulbing 

onion roots after two weeks (Figure 11), but the three isolates 

of Fusarium did not cause production of pink or red color in any 

of the roots. A red pigment- forming isolate of Fusarium roseum 

f. cerealis (isolated from wheat by R. L. Powelson) was grown 

on onion roots and was found to cause production of a light 

pinkish red color in the onion roots, but no color was produced 

in the medium. 

After the isolates of P. terrestris had grown on the 

roots in medium for about three weeks or less, reddish coloration 

was evident in the medium. The medium, which did not contain 

roots, on which fungi were growing in Petri plates, showed a 
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Figure 11. Red coloration on onion roots caused by 

Pyrenochaeta terres tris. 
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very light pink color after about two or three weeks. The 

medium and roots in the check plates, - which contained only 

medium and roots, did not change color or appearance. 

Onion Scale Coloration 

White scaled onions grown in pink root infested soil 

commonly develop reddish patches confined to the outer scales 

(Figure 12). Isolations were made from many reddish scales in 

an attempt to determine the cause of the discolored patches. 

Both Pyrenochaeta terrestris and Fusarium sp. were isolated 

from the discolored areas. The identity of P. terrestris was 

verified by inducing sporulation on wheat straw medium when 

exposed to near -ultraviolet light. 

The isolates of P. terrestris and Fusarium which were 

obtained from onion scales were grown on scales which had been 

sterilized with propylene oxide and placed in the low- nutrient 

medium. The sterilized onion scales were placed in the medium 

while it was still liquid. The isolates of P. terrestris caused 

production of a pink or red color in the scales, and in most 

cases also in the medium (Figure 13). Different isolates caused 

production of different shades of pink or red. The isolates of 

Fusarium from onion did not cause the production of color in 

either scales or medium. A red pigment forming isolate of 

Fusarium roseum f. cerealis, isolated from wheat, caused the 
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Figure 12. Onion scales (left) with red patches 
produced by Pyrenochaeta terrestris. 
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Figure 13. Red discoloration of white onion scales 
and agar medium (left) produced by Pyrenochaeta 
terres tris. 
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production of color in the scales but not in the medium. 

The fourteen isolates of P. terrestris and the three 

isolates of Fusarium selected for basic studies (Table 1) were 

grown on white onion scales in medium. All fourteen isolates 

of P. terrestris caused production of color in the scales after 

two weeks, but the isolates of Fusarium did not. 

These fourteen isolates of P. terrestris and three iso- 

lates of Fusarium were also grown on brown onion scales in 

medium. All fungi caused the brown scales to turn darker. 

The isolates of P. terrestris caused production of a reddish 

pigment in the brown scales; but due to the presence of normal 

dark pigments in the scales, the reddish pigment was not as 

prominent as in white scales. Reddish coloration in brown 

scales was commonly seen in the greenhouse tests where P. 

terrestris infested oat inoculum had been added to the soil. 

Host Study 

A greenhouse experiment was conducted in which crop 

plants were seeded in peat soil naturally infested with the 

pink root organism. After three and one -half months, the 

plants were taken from the soil and the roots were removed 

and plated on potato dextrose agar. After one week, two 

selected isolates of fungi from each kind of plant were 

. 
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transferred to Petri plates containing wheat straw for the 

identification of Pyrenochaeta terrestris (38, p. 289). 

Fungi isolated from all of the twenty -two kinds of plants 

caused wheat straw to turn red after two weeks (Table 7). The 

cultures were then irradiated with near -ultraviolet light for 

two weeks. Eighteen of the twenty -two isolates of fungi which 

had turned wheat straw red also formed pycnidia with setae 

(Table 7). Probably isolates of fungi from the remaining four 

crop plants could have been induced to form pycnidia if more 

root platings had been performed or if more cultures had been 

exposed to near -ultraviolet light. 

Field Control Studies 

Effectiveness of Chloropicrin, Vapam, and Mylone for 

control of onion pink root disease was tested in a replicated 

experiment in an eastern Oregon onion field during 1960. 

Chloropicrin was injected into the soil with a blade injector 

at the rate of 17.5 gallons per acre; Vapam at 30 gallons per 

acre. Mylone was applied to the surface of the soil at the 

rate of 480 pounds of 65 percent active granules to the acre 

and worked into the upper six inches of soil with a rotovator. 

Fungicides could not be applied until the weather was suitable 

and the soil temperature was 60 °F. or warmer, and a delay of 



Table 7. Crop plants from which Pyrenochaeta terrestris 
was isolated 

Host plant 
Turned wheat 

straw red 

51 

UV induced 

setae formation 

Sweet Spanish onion yes yes 

Asparagus yes no 

Blue Lake bean yes no 

Tomato yes no 

Alsike clover yes no 

Alfalfa yes yes 

Common rye grass yes yes 

Timothy yes yes 

Seaside bent yes yes 

Alta fescue yes yes 

Oats yes yes 

Cabbage yes yes 

Turnip yes yes 

Radish yes yes 

Cucumber yes yes 

Muskmelon yes yes 

Sunflower yes yes 

Carrot yes yes 

Lettuce yes yes 

Beet yes yes 

Swiss chard yes yes 

Chrysanthemum yes yes 
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two to three weeks was necessary to permit the toxic gases to 

escape from the soil. Onions could not be planted in the plots 

until May 6, 1960, approximately one month later than the usual 

planting time in that area. The replicated field plots were 

twenty -seven by ninety feet in size. Onions were harvested 

during mid -September from a strip nine feet wide by forty feet 

long near the middle of each plot. In 1961 yields were consider- 

ably lower than the average yields for the area because of late 

planting. 

Mylone controlled onion pink root more effectively than 

Chloropicrin or Vapam (Table 8). Disease ratings were recorded 

for each plot on the basis of five classes of pink root ratings. 

At four places within each plot five onions were given disease 

ratings, and these ratings were averaged. The plots with the 

lowest yield had the highest disease ratings and the plots with 

the highest yields had the lowest disease ratings (Figure 14). 

Yields in these plots in 1961 were not significantly better than 

in check plots, indicating that second year carry -over effects 

for these chemicals were not significant. 

It was impossible to treat the soil in the spring and 

still plant as early as onions should be planted. For the 1961 

growing season fumigants and fungicides were applied during the 

fall of 1960. In 1961 onions were planted, in the plots treated 
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Table 8. Influence of soil fumigation on yield of onions at 

Ontario, Oregon 1960a 

Treatment 

Yield 
per plotb 

Yield 
per acre 

pounds tons 

Mylone 480 Lbs. (6570 active) 773 6.68 

Chloropicrin 17.5 Gal. /A. 561 4.85 

Vapam 30 Gal. /A. 510 4.41 

Check 382 3.30 

a 
The chemicals were applied April 15, the plots were seeded 
May 6, and yields were recorded September 11. 

b 
The area harvested within a plot was 9 by 40 feet. 
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in the spring of 1960 and in plots treated in October 1960, in 

early March and harvested during Mid -September. 

Chemicals applied in October, 1960, were two rates of 

Mylone, Shell DD, Chloropicrin covered with .004 millimeter 

Visqueen polyethylene film for at least twelve hours after 

treatment, Vorlex (EP -162) covered with polyethylene film, 

Vorlex not covered, and Chloropicrin not covered. The rates at 

which these chemicals were applied is given in Table 9. The 

plots were twenty -seven by sixty feet with yield data for the 

1961 crop taken from an area nine by thirty feet. Chloropicrin 

covered with polyethylene film was the most effective chemical 

treatment (Table 9). Shell DD was included to test the effec- 

tiveness of a nematocide. Yields were not increased significantly 

indicating that nematodes are not of great economic importance in 

that area. 
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Table 9. Effect of soil fumigation on onion yields in 1961 at 

Ontario, Oregon 

Time of Yield 

Treatment application per acre 
1960 tons 

Vapam 30 Gal. /A. spring 23.82 

Mylone 312 Lbs. Active /A. spring 29.30 

Chloropicrin 17.5 Gal. /A. spring 29.69 

Check spring 24.64 

Shell DD 40 Gal. /A. fall 29.12 

Mylone 225 Lbs. active /A. fall 30.78 

Mylone 112 Lbs. active /A. fall 32.02 

Vorlex 40 Gal. active /A. fall 39.60 

Vorlex covered 40 Gal. active /A. fall 37.37 

Chloropicrin 17.5 Gal. /A. fall 39.78 

Chloropicrin covered 17.5 Gal. /A. fall 47.34 

Check fall 28.25 

L.S.D. 1 percent 9.81 

a 
The area harvested within a plot was 9 by 30 feet. 
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DISCUSSION AND CONCLUSIONS 

In Oregon, selection of onion varieties for desirable 

characters has resulted in selection of varieties which are only 

tolerant to the pink root disease. None of the varieties grown 

are immune and resistant varieties should be developed for these 

areas. An onion variety resistant to the pink root disease in 

one onion growing area of the country is not necessarily resistant 

in another area, and desirable characteristics other than pink 

root resistance must be incorporated into these varieties. Basic 

studies of disease causing organisms are necessary before a suit- 

able resistant onion variety can be developed. A successful 

breeding program can be greatly enhanced if interactions of 

causal organisms are understood. Species of Fusarium have com- 

monly been isolated from onion roots simultaneously with 

Pyrenochaeta terrestris. The interaction and pathogenicity of 

these two fungi is not well understood. Therefore, this study 

was undertaken to determine whether differences in pathogenicity 

or interactions exist between isolates of both P. terrestris and 

Fusarium, to determine whether pathogenicity was altered by mix- 

ing cultures of P. terrestris and Fusarium, and to learn more 

about the biology of P. terrestris. 

In the mineral soils of eastern Oregon, onions cannot be 

profitably grown in the same field for more than two successive 
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years. A field survey of the onion producing areas of Oregon, 

conducted at the beginning of this study, revealed that the pink 

root disease is a problem in all onion producing areas of the 

state. Data obtained from field surveys and from questionnaires 

mailed to growers led to the conclusion that there is no corre- 

lation between cultural practices and the severity of onion pink 

root. 

A method of inducing fruiting was needed to facilitate 

identification of isolates of P. terrestris. Positive identifi- 

cation of P. terrestris depends upon the presence of setae around 

ostioles of pycnidia. P. terrestris does not normally sporulate 

in culture, but a high percentage of isolates were induced to 

sporulate abundantly when irradiated at room temperature with 

continuous near -ultraviolet light for two weeks. Many isolates 

sporulated within five days. Most isolates sporulated very 

readily and profusely both in agar and on the wheat straw, but 

some isolates formed only a few fruiting bodies and a few iso- 

lates failed to sporulate. These might be induced to sporulate 

by exposure to different wave lengths of monochromatic light with 

controlled temperature experiments. Since most isolates of P. 

terrestris can be induced to sporulate, studies with single 

spore cultures can now be conducted with isolates of this 

organism. Gasiorkiewicz (8) and Wilhelm (39) observed that 

isolates of P. terrestris produce fruiting bodies on onion roots 
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in sand after about one to three months, and many isolates did 

not produce fruiting bodies. The near -ultraviolet irradiation 

method causes the production of fruiting bodies on wheat straw 

after only about two weeks. 

Isolates of P. terrestris caused the production of reddish 

pigment in wheat straw usually within four or five days after be- 

ing transferred. Reddish pigment formation was suppressed while 

these isolates were exposed to near -ultraviolet light. The 

reddish pigment formation of some isolates was suppressed more 

than with others. 

Fourteen isolates of P. terrestris and three isolates of 

Fusarium sp., representing a cross section of Oregon onion grow- 

ing areas, were selected for comparative studies. Inoculum was 

made by growing these isolates on sterile oats in jars. When the 

relative pathogenicity of isolates of P. terrestris, Fusarium, 

and mixtures of P. terrestris and Fusarium were compared on the 

basis of surviving plants in autoclaved and non -autoclaved soil, 

large differences in pathogenicity were found (Table 6). All 

isolates of Fusarium and P. terrestris were found to be capable 

of significantly reducing plant stand, demonstrating that both 

organisms cause root disease on onion. Two of the isolates of 

Fusarium, C -52 -1 and Alpha 9, differed significantly in patho- 

genicity. The fourteen isolates of P. terrestris differed 
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greatly in pathogenicity. The numbers of plants surviving in 

mixtures of Fusarium and P. terrestris did not differ signifi- 

cantly from the number surviving in the presence of either fun- 

gus alone. 

Disease ratings were given to all surviving plants (Tables 

3 and 4) and in treatments which contained only Fusarium, onion 

roots were not discolored reddish, but were yellowish or light 

brown. The disease ratings from treatments which contained only 

Fusarium averaged approximately as high as the disease ratings 

from treatments which contained P. terrestris or combinations of 

P. terrestris and Fusarium. These findings indicate that species 

of Fusarium commonly isolated from onion roots cause disease, but 

in general isolates of Fusarium are not as pathogenic as some 

isolates of P. terrestris. A laboratory test to permit rapid 

determination of pathogenicity of these fungi should be developed. 

When the susceptibility of onion varieties to Fusarium and 

P. terrestris was compared on the basis of surviving plants 

(Table 5), Texas variety 951, susceptible to pink root disease 

in Texas, was found to be relatively resistant in Oregon; and Y28, 

resistant in Texas, was found to be relatively susceptible in 

Oregon. Probably fungus strain variation can partially account 

for this phenomenon. Detailed studies of the interaction between 

fungi, temperature, soil pH, and organic residues in the soil are 

needed, and the pathogenicity of P. terrestris and Fusarium from 
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different onion producing areas of the country should be tested 

with pink root susceptible and pink root resistant onion varieties. 

In greenhouse tests, more plants survived in non -autoclaved 

than in autoclaved soil. Toxic substances may have been present 

in the soil as a result of autoclaving but it is more probable 

that organisms antagonistic to P. terrestris and Fusarium were 

present in the soil which was not autoclaved, because large num- 

bers of plants survived in non -infested autoclaved soil. These 

findings indicate that a more severe pathogenic reaction will 

result when autoclaved soil is used to test pathogenicity of fun- 

gus isolates on onions. It would be more desirable to use auto- 

claved soil than non -autoclaved soil to test onion varieties for 

their resistance to isolates of P. terrestris and Fusarium. 

Onion roots from all greenhouse soils which contained P. 

terrestris turned reddish, but roots from soil which contained 

only Fusarium did not turn reddish indicating that discoloring 

of onion roots is caused exclusively by P. terrestris. There- 

fore, the fourteen isolates of P. terrestris selected for compara- 

tive studies were grown on onion roots in a low- nutrient medium. 

All isolates caused the roots to become red, and in most in- 

stances also caused color production in the medium in which the 

roots were placed. Some isolates caused the production of in- 

tense color in the medium while others caused production of little 
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color in the medium. None of the isolates of Fusarium from onion 

roots caused production of a red coloration in roots or medium. 

Other isolates of Fusarium were grown on onion roots in medium, 

and Fusarium roseum f. cerealis, isolated from wheat, caused 

onion roots to turn a light red color. F. roseum did not cause 

the discoloration of the medium in which the roots were placed. 

Reddish areas are often seen on the outer scales of white 

onions grown in pink root infested soil. Fusarium and P. 

terrestris were both commonly isolated from the discolored scales, 

but when grown in culture on white scales only the isolates of P. 

terrestris caused the reddish coloration. The fourteen isolates 

of P. terrestris and three isolates of Fusarium were also grown 

on white scales in low- nutrient medium, and only the isolates of 

P. terrestris resulted in red color in the scales. These results 

indicate that the red colored areas frequently seen in scales of 

white onions in Oregon are a good indication of the presence of 

P. terrestris in the field. An isolate of Fusarium roseum f. 

cerealis caused scales in culture to turn a light red color but 

did not cause color production in the medium. Since at least 

one isolate of Fusarium will cause the production of a reddish 

color in onion scales and roots in culture, it is assumed that 

at least some isolates of Fusarium will also result in lightly 

colored roots and scales in the field. 
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Reddish coloration is not commonly seen in brown scales 

in the field, but all fungi tested caused the brown scales to 

turn darker. The isolates of P. terrestris caused the formation 

of reddish pigment in the brown scales, but due to the presence 

of normal dark pigments in the scales the reddish pigment was not 

as conspicuous as in white scales. Reddish coloration was com- 

monly seen in brown scales of onions grown in the greenhouse 

where P. terrestris inoculum had been added to the soil. 

Since reddish coloration was associated exclusively with 

isolates of P. terrestris rather than isolates of Fusarium from 

onion roots, the fourteen isolates of P. terrestris selected for 

comparative studies were grown on pink root resistant and sus- 

ceptible roots to determine whether P. terrestris could cause 

production of reddish color in resistant roots. All fourteen 

isolates of P. terrestris selected for comparative studies caused 

production of a reddish color in excised roots of pink root re- 

sistant leek and bunching onions and pink root susceptible bulb - 

ing onions, but the three isolates of Fusarium selected for com- 

parative studies did not cause production of pink or red color 

in any of the roots. Since excised roots of pink root resistant 

as well as pink root susceptible leek and onion plants will turn 

pink when attacked by P. terrestris in culture, possibly dead or 

dying roots on resistant plants in the field also may turn pink 

if attacked by this fungus. If onion roots of pink root 
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resistant plants are attacked by organisms other than P. 

terrestris and are weakened or killed, then the question may 

arise whether P. terrestris can then grow on the weakened or 

killed roots and cause production of a reddish color. Fusarium 

and P. terrestris both are pathogenic to onion roots and pos- 

sibly inheritance of resistance to these two fungi is determined 

by different genes. If the inheritance of resistance to these 

two fungi is determined independently, and if some of the onion 

varieties resistant to P. terrestris are susceptible to Fusarium, 

it would be possible for Fusarium to attack the roots as a para- 

site, allowing P. terrestris to enter later as a saprophyte result- 

ing in reddish coloration of the roots of pink root resistant 

onions. If roots on pink root resistant onion varieties are 

initially attacked by organisms other than P. terrestris, then 

if P. terrestris survives on these roots as a saprophyte causing 

production of a reddish color in the roots some confusion in 

readings for resistance to pink root in the field may result. 

In an attempt to find crop plants which will not support 

the growth of P. terrestris, twenty -two crop plants were grown 

in naturally infested peat soil. Fungi from all of the twenty - 

two kinds of plants caused wheat straw to turn red, indicating 

that these isolates were P. terrestris (38, p. 289). When ir- 

radiated with near -ultraviolet light for two weeks, eighteen of 

the twenty -two isolates of fungi formed pycnidia with setae. 
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Probably isolates of fungi from the remaining four crop plants 

could have been induced to form pycnidía if more root plantings 

had been made or if more cultures had been exposed to near-ultra- 

violet light. The roots of some crop plants were severely attack- 

ed by organisms in the soil and others were attacked only moderate- 

ly. The roots from some plants had discolored reddish areas, 

others were discolored brown or black, and some were not appreci- 

ably discolored. No attempt was made to identify organisms other 

than P. terrestris. Possibly P. terrestris is not pathogenic or 

is only weakly pathogenic on the roots of some hosts and grows as 

a saprophyte as other soil organisms cause roots to die. The 

apparent wide host range of P. terrestris prevents crop rotation 

from being an effective control measure and further studies should 

be conducted to determine the relative pathogenicity of P. terres- 

tris on different hosts. 

At present the pink root disease can be controlled only by 

use of resistant varieties or chemicals. Resistant varieties have 

not been developed for many onion growing areas and to develop a 

suitable resistant variety for any given area takes several years. 

Therefore, fungicides and fumigants were tested for effectiveness 

against pink root. To date chemical control has not been practi- 

cal because of the high costs of chemicals, but several fungici- 

des and fumigants have been effective in reducing the incidence 
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of pink root and in increasing onion yield. In 1960 Chloro- 

picrin, Vapam, and Mylone applied in April reduced the inci- 

dence of onion pink root in replicated plots at Ontario, Oregon. 

In 1961 these treated plots did not yield significantly better 

than the check plots. If these chemicals had significantly in- 

creased yield for more than one season, it would possibly be 

practical to use them for commercial disease control. 

It was not possible to treat the soil in the spring and 

still plant as early as onions should be planted. Therefore, 

for the 1961 growing season, fumigants and fungicides were 

applied during the fall of 1960. Chloropicrin, Chloropicrin 

covered with polyethylene film, Vorlex, and Vorlex covered with 

polyethylene film were significantly effective chemical treat- 

ments. Chloropicrin covered with polyethylene film resulted 

in yield increases of more than fifty percent. Mylone and Shell 

DD were ineffective. The nematocide Shell DD did not increase 

yields significantly indicating that nematodes were not an im- 

portant factor limiting yield in that area. 
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SUMMARY 

1. A field survey and questionnaires revealed that pink root 

disease is a problem in all onion growing areas of Oregon 

and that there is no correlation between cultural practices 

and severity of the disease. 

2. Exposure to near -ultraviolet light induced fruiting with a 

high percentage of isolates of Pyrenochaeta terrestris when 

irradiated at room temperature for two weeks. 

3. Isolates of P. terrestris differed greatly in pathogenicity 

on onion varieties. Isolates of Fusarium sp. differed in 

pathogenicity but were not as pathogenic as most isolates of 

P. terrestris. 

4. Onion varieties resistant to pink root in other areas of the 

country were not consistently resistant in Oregon. 

5. Isolates of P. terrestris and Fusarium sp. caused a greater 

yield reduction in autoclaved soil than in non -autoclaved 

soil. 

6. All isolates of P. terrestris from onions caused onion roots 

to turn reddish when grown in medium but none of the isolates 

of Fusarium sp. from onions caused root discoloration. 

7. Both Fusarium sp. and P. terrestris were isolated from reddish 

discolored areas on white onion scales, but only isolates of 

P. terrestris resulted in discolored scales in culture. 
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8. Excised roots of pink root resistant and pink root suscep- 

tible leek and onion plants turn pink or red when attacked 

by P. terrestris in culture. 

9. P. terrestris was isolated from twenty -two crop plants grown 

in naturally infested peat soil. Isolates of P. terrestris 

from eighteen of the twenty -two hosts formed pycnidía with 

setae when irradiated with near -ultraviolet light. 

10. Fumigants and fungicides significantly reduced the incidence 

of pink root disease and increased onion yield. Chloropicrin 

covered with polyethylene film increased onion yield more 

than fifty percent. 
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