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Abundant dark-brown pigmented, thick-walled, multicellular

microsclerotia of Pyrenochaeta terrestris were observed in nutrient

agar, naturally infected onion roots, and soil from fields with a

history of pink root. Microsclerotia are identical to previously de-

scribed structures which were thought to be pycnidial primordia;

however, microsclerotia are morphologically, developmentally, and

functionally distinct from early stages of pycnidial development. This

study compares the development of microsclerotia and pycnidia and

evaluates a new selective medium for the identification and enumera-

tion of soil-borne inoculum of P. terrestris.

Microsclerotia developing in agar, originated from swelling

and lateral divisions of intercalary hyphal cells. Dark pigmentation

occurred early in development after only a few cell divisions had

occurred, and the accumulation of vacuoles within the cells was



observed. Pycnidia, in contrast, developed symphogenously on a

localized network of hyphae with pigmentation occurring very late in

development, and no vacuoles were observed. Pycnidia, developing

on wheat straw medium in response to near ultraviolet light, never

arose from microsclerotia.

Microsclerotia of three different isolates were produced in sand

saturated with 2% malt extract broth. When separated from the sub-

strate, they failed to germinate on nutrient agar; however, good

germination by multiple germ tubes occurred when microsclerotia

were first dried in a desiccator over CaC1
2

for at least 24 hours.

Abundant microsclerotia were observed in cleared and stained,

naturally-infected onion roots. They averaged 16 ia,rn X 40 p.m in size,

and roots contained from 9 to 690 microsclerotia/cm root. They

appeared as pigmented, thick-walled, multicellular structures which

varied in size and shape.

Microsclerotia, separated from naturally infected onion roots,

germinated by mutliple germ tubes on nutrient agar in the same man-

ner as those produced in culture. These microsclerotia, added to a

soil, infected onion seedlings and caused typical pink root symptoms.

A selective medium for quantative isolation of P. terrestris

from naturally infested field soils was developed. The medium con-

tains 5 g/l Na-polygalacturonate, 100 mg/1 each streptomycin-SO4

and chloramphenicol, 1 ml/1 Tergitol-NPX, and 10 g/l agar in a



Czapek's-Dox mineral solution. Selectivity of the medium is based

on production of distinctive red pigment by P. terrestris colonies

in response to the presence of Na-polygalacturonate. P. terrestris

colonies developed without any apparent interference from other fungi

when a dilution factor of 20 was used, and they could be easily recog-

nized and counted after 7 days incubation at 27 C.

All of the nonsporulating red colonies on soil dilution plates

were positively identified as P. terrestris and were found to originate

from identifiable microsclerotia free in the soil or from microscler-

otia imbedded in small root fragments. The origin of a small per-

centage of colonies (7 to 15%) could not be determined. All of the

isolates tested from soil were virulent on onion seedlings.

Inoculum densities were determined for several different field

soils with various cropping histories. Propagule counts ranged from

zero in native non-cultivated soil to 500 propagules/g in the most

heavily infested cultivated soil. Inoculum densities ranged from 180

to 500 propagules/g in fields which had been under long-term cultiva-

tion and on which onions had been grown. Inoculum densities of 270

and 110 propagules/g were recorded for two fields which had never

been cropped to onions.

The abundance of microsclerotia in naturally infected onion

roots and in field soils with a history of pink root, combined with

their ability to incite infection, indicate that microsclerotia are the

primary source of inoculum for infection of onions by P. terrestris.
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THE IDENTIFICATION AND QUANTIFICATION OF
PYRENOCHAETA TERRESTRIS (HANSEN)

GORENZ, WALKER, AND LARSON,
PROPAGULES IN SOIL

AND ONION ROOTS

CHAPTER I

THE PRODUCTION OF MICROSCLEROTIA
BY PYRENOCHAETA TERRESTRIS IN

INFECTED ONION ROOTS
AND IN CULTURE

The onion pink root pathogen, Pyrenochaeta terrestris (Hansen)

Gorenz, Walker, and Larson, produces characteristic, dark, multi-

cellular, thick-walled structures in infected onion roots and in agar

cultures. These structures were first described by Hansen in 1929

and were considered by him to be "the beginning of pycnidium forma-

tion" (1). However, since mature pycnidia were not found on these

roots and rarely in culture; he suggested they serve a resting or

carry-over function for the fungus. Kreutzer (2) found these "pyc-

nidial primordia" invariably present in naturally or artificially infect-

ed onion roots and in old stock cultures; mature pycnidia were not

found on roots and were found in only one instance in culture. Gorenz

et al. (3) reported the presence of numerous "pycnidial primordia"

on roots from a Wisconsin onion field. No mature pycnidia were

found on these roots, although isolates from these roots produced

pycnidia in culture.
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Production of mature pycnidia on onions growing in artificially

infested sand has been reported by several workers (3, 4, 5), and in

one instance mature pycnidia were found on the roots of field grown

onions (4). Sneh et al. (6) in 1974 reported the presence of "resting

bodies" of P. terrestris in field soil and in infected roots.

Preece (7) reported the production of "microsclerotia" by the

corky root fungus (later identified as Pyrenochaeta lycopersici by

Schneider (8)) in the cortical cells of tomato roots and in agar cul-

ture. P. lycopersici and P. terrestris are closely related but bio-

logically (9) and morphologically (8) distinct fungi. Wilhelm (10)

reported the production of "resting structures" of a gray sterile fungus

(P. lycopersici, Wilhelm (11)) and of P. terrestris on symptomless

nightshade roots incubated in moist, sterile sand.

The common occurrence and microscopic appearance of dark,

thick-walled, multicellular structures in onion roots infected with

P. terrestris coupled with the rare occurrence of mature pycnidia in

these same roots, suggest that these structures are not early stages

of pycnidial development.. Indeed, the presence of P. terrestris

"resting bodies" in soil (6) and the production of similar-appearing

"microsclerotia" by P. lycopersici, suggest that these structures are

in fact microsclerotia and not "pycnidial primordia." This study was

initiated to investigate this possibility.



Materials and Methods

Source of Isolates
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All P. terrestris isolates used in this study were obtained in

August 1976 from infected Yellow Sweet Spanish onion roots collected

from a commercial field near Ontario, Oregon. These roots were

air dried and stored in a paper bag at room temperature. Isolates

were obtained from small, surface-sterilized (2-4 min in 0.525%

NaOCI) root segments plated on Difco cornmeal agar plus 100 mg/1

each chloramphenicol and streptomycin-sulfate. Dried roots were

also used as a source of microsclerotia.

Production of Microsclerotia in Agar Culture

Observation of microsclerotial development in culture was

made for 12 isolates growing on Difco cornmeal agar (CMA), Watson's

wheat straw medium (WSM) (12), 2% malt agar (MA), Difco potato

dextrose agar (PDA), and 2% agar containing 1% Na-polygalacturonate

(Sigma) plus 0.2% NaNO
3

and 0. 1% MgS0 4.7H 20 (pectate medium).

Cultures were incubated for a 5 week period in the dark at 27 C, and

microscopic examination, except those on MA and PDA, was made

directly through the inverted petri plate. The dark pigmentation of

MA and PDA cultures made it necessary to examine small pieces of

mycelium smashed between a coverslip and microscope slide.
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To determine mode of development of microsclerotia and

pycnidia, transfers were made from 5-day-old CMA cultures of 15

isolates to WSM. To stimulate pycnidial production, two plates per

isolate were incubated under a near ultraviolet (NUV) lamp by the

method of Hess et al. (13). Controls were placed within light proof

bags and also incubated under the NUV lamp. Cultures were micro-

scopically examined at intervals over a 5 week period and develop-

ment of microsclerotia or pycnidia was noted.

Production of Microsclerotia in Sand Culture

Three isolates were selected for their ability to form micro-

sclerotia relatively abundantly in culture. Isolates were cultured

in sand saturated with 2% malt extract broth. This favored the pro-

duction and facilitated the separation of microsclerotia. This was

an adaption of Hunters method used to produce microsclerotia of

Cylindrocladium spp. (14).

The silica sand (20 mesh) was washed repeatedly with water

before using, then oven dried, and added to 90 X 15 mm glass petri

plates in 45 g portions. Seventeen ml of 2% malt extract broth was

pipetted into each plate. Plates were autoclaved, cooled, and inocu-

lated with three mycelial plugs from 2% malt agar cultures placed

equidistantly on the sand surface.

After incubation at 27 C for 5 weeks, microsclerotia were



5

separated from the sand medium by cominuting the contents of three

to five petri dishes in sterile water in a Waring blender jar (10 sec

at low speed). A suspension containing microsclerotia was decanted

immediately after the sand had settled. This mixing-decanting proce-

dure was repeated five times and the bulked microsclerotial suspen-

sion was poured through nested 175 p.m and 37 p.m sterile soil sieves.

Microslcerotia, retained on the 37 p.m sieve, were washed with sterile

water and collected on three sterile 9 cm #1 Whatman filters in a

Biichner funnel. To condition microsclerotia for germination, they

were stored on these filter paper discs in a desiccator over CaC1 2

in sterile petri dishes for at least 24 hrs prior to plating.

Microsclerotia were individually transferred from filter papers

with a dissecting needle to PDA for germination tests. A magnifica-

tion of 100X and the moistening of filter paper strips with sterile

water facilitated the detection and transferring of microsclerotia.

Separation of Microsclerotia from Roots

Dry, infected onion roots showing pink coloration were washed

for several hours in running tap water, cut into 1 cm segments, and

then cleared and stained by the method of Phillips and Hayman (15).

Segments were mounted in lactophenol and microsclerotia were

measured and counted.

Microsclerotia were separated from washed, surface sterilized
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(1 to 2 min in 0. 525% NaOCI) roots as follows: about 0.1 g roots

(dry wt.) were thoroughly ground in a sterile mortar and pestle in

a small amount of sterile water, and the macerate was passed through

sterile 175 p.m and 20 [im soil sieves. Material retained by the 175p.m

sieve was returned to the mortar and reground several times until

most of the material had passed through this sieve. The residue on

the 20 p.m sieve was washed with sterile water and then suspended in

100 ml 0. 1% water agar. This suspension was examined micro-

scopically for the presence of microsclerotia, and 1 ml aliquots were

spread over selective NPGA medium (Chapter II) for germination

tests.

Infectivity Study

Three grams dry onion roots were washed, surface sterilized,

macerated, and sieved as described above. The residue on the 20 p.m

sieve was added directly to 190 g of a 2:1 (v/v) mix of air dry soil

and washed silica sand. The soil had been collected from an old

apple orchard in the Ontario, Oregon area and had been passed

through a 2 mm screen. After mixing the inoculum into the soil by

hand, the soil was air dried for 7 days and a dilution plating was

performed on a 5 g sample on NPGA medium (Chapter II) to deter-

mine inoculum density. After an additional 7 days the soil was

moistened to approximately 50% MHC and diluted to 1/2 and 1/4 the
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original inoculum density with the non-infested sand:soil mix. Ten-

day-old White Globe Danver onion seedlings were transplanted from

vermiculite into these sand: soil mixtures contained in 12 cm X 2 cm

plastic tubes. Two seedlings were planted per tube with five tubes

for each of the four inoculum levels. Plants were grown in a green-

house for 3 mo with supplemental lighting to give a 14 hr photoperiod.

The greenhouse temperature ranged from 23 C to 32 C. Plants were

watered when necessary and were fertilized twice with Hoaglund's

solution at 7 and 14 days after transplanting.

Results

Microsclerotial Production in Agar Culture

Microsclerotia-like structures or "pycnidial primordia" as

described by Hansen (1) formed on all media by 10 of 12 isolates

after 2 to 3 weeks incubation. They occurred deeply submerged in

the medium, commonly against the bottom surface of the petri palte.

In all media they appeared as multicellular, thick-walled, heavily

pigmented structures which were irregular in both size and shape.

The cells were vacuoled. On MA and PDA the hyphae as well as

microsclerotia were pigmented, whereas on the other media the inter-

connecting hyphae remained hyaline.

Microsclerotia were formed most abundantly on MA, PDA,
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CMA, and pectate medium, and only sparsely on WSM which is

reported to favor pycnidial production (13). Formation is appar-

ently favored by media high in free sugar as noted by Hansen (1).

Comparative Development of Microsclerotia and Pycnidia

Microsclerotial development in agar in the dark was initiated

from swellings of intercalary hyphal cells which were similar to those

described during initiation of microsclerotial production by the corky

root fungus (Preece (7)). Repeated divisions of cells, followed by

presumed anastomosis of cells, and thickening of cell walls resulted

in a compact multicellular structure (Fig. 1A). Pigmentation oc-

curred very early in development after only a few cell divisions had

occurred.

In contrast, pycnidia developed on Watson's wheat straw medium

in response to NUV light from nonpigmented structures which were

distinct from the pigmented microsclerotia. A small amorphous

mass of fungal material, forming on a localized network of hyphae,

developed into a spherical structure with numerous fine hyphae radiat-

ing from it (Fig. 1B). These structures later developed into ostiolate,

setose pycnidia which contained conidia. Commonly pycnidia re-

mained nonpigmented until reaching maturity with the pigment re-

stricted to the papillae and setae of the mature pycnidium. The main

pycnidial body became dark only after further NUV exposure.
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Vacuoles as found in microsclerotia were not observed in any pyc-

nidial stage.

A comparison of development of these structures for 15 differ-

ent isolates on Watson's wheat straw medium (with and w/o NUV light

irradiation) is presented in Table 1. Three isolates which produced

pycnidia, did not form microsclerotia in either treatment. Several

others produced pycnidia but no microsclerotia when exposed to NUV

light. NUV light apparently inhibits microsclerotial formation. In

the few cases where microsclerotia formed in NUV irradiated cul-

tures, they formed only sparsely and were never observed to develop

into pycnidia.

Germination of Microsclerotia Produced in Culture

Three week old P. terrestris colonies grown in sand:malt ex-

tract broth cultures were dark brown tat black and microscopic ex-

amination of a portion of the medium revealed numerous microscle-

rotia connected by dark hyphae among the sand grains. Microsclerotia

separated from 37-day-old cultures failed to germinate when individ-

ually transferred to PDA; however, germination by multiple germ

tubes occurred when microsclerotia were dried for 24 hrs or longer

in a desiccator before plating. Microsclerotia of isolates 2, 3, and

15 (Table 1) had germination percentages of 88%, 25%, and 13%

respectively. The percent germination remained approximately
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Table 1. Influence of near UV light irradiation on microsclerotial
and pycnidial development by several isolates on Watson's
wheat straw medium.

Isolate
no.

Structures formed
Dark NUV irradiated

1 ms* sparse ms and pyc*'*

2 ms --***

3 ms pyc

4 ms

5 pyc

6 ms pyc

7 ms sparse ms and pyc

8 ms pyc

9 pyc

10 ms pyc

11 pyc

12 ms

13 ms pyc

14 ms pyc

15 ms sparse ms and pyc

*ms = microsclerotia
pyc = pycnidia

=4 -- = neither structure produced
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the same for microsclerotia stored desiccated for up to 21 days.

Germination of Recovered Microsclerotia
from Infected Onion Roots

Numerous multicellular microsclerotia were observed in the

cortical cells of cleared and stained, naturally-infected onion roots

(Fig. 1C). From 9 to 690 were present per cm of root with an aver-

age of 243 (n=25). They appeared similar to microsclerotia produced

in culture, however, those in roots were more restricted in size.

Microsclerotia in roots ranged in size from 10 p.m to 38p.m wide by

20 p.m to 105 p.m long, and averaged 16 p.m by 40 p.m (n=100). There

was wide variation in shape. Commonly hyphal connections among

microsclerotia were not observed. Rarely mature setose pycnidia

were present on roots, and various developmental stages of pycnidia

were found in the vicinity which were similar to early pycnidial

stages produced on Watson's medium (Fig. 1D).

Microsclerotia obtained from roots germinated by multiple

germ tubes in 24 hrs in the same manner as microsclerotia produced

in culture (Fig. 1E). The origin of germ tubes was not determined.

Infectivity Study

Microscopic examination of P. terrestris colonies on NPGA

medium (Chapter II) onto which macerated, sieved root material had
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Figure 1 (A to E). Microsclerotia (A, C, and E) and pycnidial
primordia (B and D) of Pyrenochaeta terrestris
in culture and in onion roots. A) developmental
stages of microsclerotia in pectate medium;
B) pycnidial primordium on ultraviolet irradi-
ated cultures on Watson's wheat straw medium;
C) microsclerotia in onion root cortex; D) pyc-
nidial primordia (arrows) and microsclerotia
in onion root cortex; E) microsclerotial germina-
tion by multiple germ tubes on NPGA agar med-
ium. (All photos are the same magnification as
indicated in E.)
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Figure 1.
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been plated revealed that 66% and 27% respectively of the colonies

arose from microsclerotia free of adhering root fragments, and from

microsclerotia with adhering root fragments. The origin of the re-

maining 7% could not be determined and possibly arose from hyphal

fragments. Thus, the inoculum used to infest soil consisted pri-

marily of microsclerotia.

Dilution platings indicated that 125 microsclerotia/g and less

than eight propagules/g respectively were present in the artificially

infested soil and in the control soil to which no microsclerotia had

been added.

About 50% of the root system of plants grown in soil at all three

inoculum levels (nondiluted, diluted 1/2, and 1/4) displayed pink root

symptoms. Plants grown in the noninfested control soil had 1%

infection as a result of the very low background level of naturally

occurring inoculum. The differences between added inoculum levels

were not great enough to produce obvious differences in root infection.

Discussion

I have concluded that the structures originally described by

Hansen (1) and by later workers (2, 3) as "pycnidial primordia" are

actually microsclerotia. This conclusion is based on their: 1) Pig-

mented and cellular structure, which is similar to microsclerotia

of other fungi; 2) Different ontogeny from that observed for pycnidia;
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3) Failure to form pycnidia.

Early stages of P. terrestris microsclerotia do appear similar

to prepycnidia of some other Sphaeropsidaceous fungi that exhibit

simple meristogenous development as described by Kempten (16).

This similarity could have led to the initial error of calling these

structures pycnidial primordia. Hansen (1) states that "pycnidium

formation apparently begins by swelling and lateral division of hyphal

cells, giving rise to conglomerate masses of dark thick-walled bodies

somewhat resembling chlamydospores." This description fits pre-

cisely the first stages we observed in the development of micro-

sclerotia. However, microsclerotia were distinct from and did not

give rise to pycnidia. Gasiorowizc (4) has described meristogenous

pycnidial development of P. terrestris ; however, his brief descrip-

tion of the process included no illustrations or indications of the con-

ditions under which they developed. Our observations of early stages

of pycnidial development of P. terrestris indicate that their develop-

ment is actually more like the symphogenous sequence described by

Kempton (16). Struckmeyer's (5) observation of pycnidial develop-

ment from a hyphal knot which formed as a result of fusion of hyphae

within a root cell is also suggestive of symphogenous development.

The original use of and the persistence in the literature of the

term "pycnidial primordia" to describe microsclerotia is unfortunate

since it has led to a misunderstanding of the role and significance of
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these structures in the life cycle of P. terrestris. The relative

abundance of microsclerotia in infected onion roots, the presence

of microsclerotia in soil (Chapter II, 6), and the ability of micro-

sclerotia to infect onion roots strongly suggest that they are an impor-

tant propagule of P. terrestris. The thick-walled multicellular struc-

ture, melanin pigments, and food storage vacuoles of P. terrestris

microsclerotia are properties common to microsclerotia of other

fungi such as P. lycopersici (7, 17), Verticillium dahliae (18), and

Cylindrocladium spp. (14, 19). The similarity of P. terrestris to

P. lycopersici in cultural characteristics combined with the apparent

ability of microsclerotia of the latter fungus to survive for extended

periods (20), suggest the possible role of survival in soil for P. ter-

restris microsclerotia. Survival of microsclerotia in soil could

explain the ineffectiveness of short term rotations for control of pink

root (21).

Microsclerotia produced in culture required drying to obtain

good germination on agar. A similar drying requirement for germi-

nation was exhibited by culturally produced sclerotia of several fungi

(22). White (17) reported high germination percentages on agar for

desiccated microsclerotia of P. lycopersici obtained from old malt

agar cultures.

The techniques described for the separation of microsclerotia

from roots and for their production in culture, combined with the
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development of a selective medium (Chapter 11) should be valuable

tools for further studies of the ecology and epidemiology of P. terres-

tris. Recognition of the existence and significance of microsclerotia

in the life cycle of P. terrestris is an important step in a better

understanding of the pink root disease of onions.
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CHAPTER II

A SELECTIVE MEDIUM FOR QUANTIFICATION OF
SOIL-BORNE INOCULUM OF PYRENOCHAETA

TERRESTRIS (HANSEN) GORENZ,
WALKER, AND LARSON

Pink root, caused by Pyrenochaeta terrestris (Hansen) Gorenz,

Walker, and Larson, is a major disease of onions in eastern Oregon,

Idaho, and in most other onion growing areas of the U. S. With suc-

cessive onion croppings, P. terrestris builds up in soil to levels that

can limit profitable onion production (1). Four year rotations to non-

Allium spp. combined with soil fumigation are commonly practiced in

eastern Oregon and Idaho to control the disease.

Little information is presently available on the epidemiology of

P. terrestris. This is due, in part, to a lack of techniques for direct

measurement of soil-borne inoculum densities. An onion seedling

bioassay has been described by Seimer et al. (2) and improved in 1971

by Pfleger et al. (3) which is useful for estimation of relative infectiv-

ity of a soil. In 1974 Sheh et al. (4) described a medium for the isola-

tion and identification of P. terrestris on soil dilution plates. How-

ever, in our tests this medium proved unsuitable due to low propagule

counts and to variability in pigment formation by individual colonies.

Horton and Keen (5) reported that appearance of pink pigmenta-

tion in infected onion roots was preceded by the induction of cellulytic

and pectolytic enzyme systems. The presence of free sugars



21

repressed the system. These facts suggested that stimulation of pink

pigment production by P. terrrestris might be achieved on a medium

containing pectin or cellulose as the sole carbon-source. This paper

describes the development and use of such a medium.

Materials and Methods

Collection, Storage, and Preparation of Soil Samples

Soil samples were collected from commercial onion fields in the

spring just after planting. Samples were taken at random to a depth

of 10 cm. Soil samples from each field were bulked, air dried, and

stored at room temperature in paper bags. One-hundred-gram lots

of air-dry soil were ground gently in a mortar and pestle to break up

soil aggregates, and a 10 g subsample was taken for dilution and

plating.

Preparation of Test Media

Three carbon sources, Na-polygalacturonate (Sigma or Sunkist),

pectin, and powdered cellulose, were tested at 5 g/l and 10 g/l in a

basal salts medium composed of 2 g NaNO3, 1 g K2HPO43H20,

0.5 g KCl, 0.5 g MgSO4' 7H2O, and 0.01 g FeSO4 per liter of dis-

tilled water. Na-polygalacturonate was later tested over a range of

concentrations between 2.5 el and 10 g/l. One m1/1 Tergitol-NPX
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was added to restrict colony spread (6). Chloramphenicol and

streptomycin-SO4 were added at 100 mg/1 each to the cooled, molten

medium (47 C) after autoclaving.

To prepare the medium, the carbon source and 10 g/1 agar were

slowly added to hot basal salts medium (70-90 C) with vigorous stir-

ring. After bringing the medium to a full boil, the Tergitol-NPX was

added. The medium was then autoclaved at 121 psi for 15 min and

held at 47 C in a water bath prior to pouring plates. Antibiotics were

added in 1 ml sterile water immediately before pouring plates.

Plating Procedures

In initial tests for the identification of P. terrestris on the

media containing various carbon-sources, one percent water agar

suspensions of microsclerotia sieved from macerated, infected onion

roots or suspensions of desiccated microsclerotia from sand:malt

broth cultures were used (Chapter I). One-ml aliquots of a micro-

sclerotial suspension, adjusted to about 50 microsclerotia/ml, were

pipetted into 90 X 15 mm petri dishes. Fifteen-ml of cooled (47 C),

molten test media was added per plate and plates were rotated to

evenly distribute the microsclerotia. Plates were incubated at 27 C

for 7 to 10 days.

To determine P. terrestris inoculum densities in soil, the

following procedure was used. Ten-grams of air-dry soil was
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shaken for 5 min in 100 ml sterile 0. 1% water agar in a stoppered

500 ml erlenmeyer flask. A 10 nil aliquot was transferred with a

large bore pipette to each of four-250 ml erlenmeyer flasks contain-

ing 90 ml sterile 0. 1% water agar. One 5-ml aliquot from each flask

was then added to a 125 ml medicine bottle containing 70-m1 cooled,

molten selective medium to give a dilution factor of 20. The contents

were swirled and distributed equally among five 90 X 15 mm glass

petri plates. Plates were incubated at 27 C for 7 days, and the total

number of P. terrestris colonies arising from the five plates were

counted.

Pathogenicity Tests

Twenty-five individual P. terrestris colonies from soil dilution

plates of four soils were grown on moist, autoclaved oat kernels in

test tubes for 4 weeks. The oat inoculum was air dried and added to

pasteurized soil at a rate of one part inoculum to 100 parts soil (v/v).

Fourteen-day-old White Globe Danver onion seedlings were trans-

planted from vermiculite into this infested soil and grown for 2 mo

in the greenhouse with supplemental lighting to give a 14-hr photo-

period. Greenhouse temperatures ranged from 23 to 30 C. Plants

were watered when necessary and were fertilized twice with

Hoagland's solution at 7 and 14 days after transplanting.
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Appearance of P. terrestris Colonies on Test Media

On the three carbon-sources tested, P. terrestris colonies

originating from microsclerotia were distinctly pigmented pink to

bright red; however, those on media containing Na-polygalacturonate

were more heavily pigmented and developed faster. Colony counts

were approximately the same and colonies appeared equally distinc-

tive at Na-polygalacturonate concentrations of 5 g/1 to 10 g/1. At

2.5 g/1 colony pigmentation was less pronounced. Medium containing

5 g/1 Na-polygalacturonate was used in all subsequent studies. Col-

onies on this medium (NPGA medium) were nonsporulating, bright

rose red in color (7), and apprqximately 5 mm in diameter after 7

days incubation at 27 C. The production of red pigment by P. terres-

tris was delayed when 10 g/1 glucose was added to NPGA medium.

Identical, nonsporulating, red colonies developed on soil dilu-

tion plates of naturally infested onion field soils using NPGA medium

(Fig. 1). Like colonies arising from culturally produced micro-

sclerotia, red pigmented colonies on soil dilution plates first began

to appear after 4 days incubation, with maximum differentiation after

7 days. These colonies could be easily distinguished from other

fungal colonies which were predominantly nonpigmented and/or

spo rulating.
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Figure 1. A dilution plate of onion field soil on selective
NPGA medium showing bright rose red
Pyrenochaeta terrestris colonies.
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Fusarium roseum, Gliocladium roseum, and a Penicillium sp.,

that were present in some soils, produced various shades of pink to

orange pigment but could be readily distinguished from P. terrestris

on the basis of macroscopic colony characteristics. F. roseum

colonies were larger and more spreading with orange-red pigment

localized in a halo around the periphery of white, sporulating colonies.

Smaller G. roseum colonies were dull violet red with entire edges and

fluffy white sporulation on the surface. Penicillium sp. appeared as

small faint pink colonies with powdery white sporulation on the sur-

face.

To verify the capability of the selective medium to differentiate

P. terrestris colonies, isolates of 25 individual colonies from soil

dilution plates were transferred onto Watson's wheat straw medium

(8). All isolates were positively identified as P. terrestris by the

production of pink pigment and/or pycnidia. All of the isolates pro-

duced pink pigment on the straw but ten of the isolates did not produce

setose pycnidia after irradiation with near ultraviolet light (9).

Na-polygalacturonate is apparently no longer available from

the original sources (Sigma or Sunkist). Polygalacturonic acid from

Sigma appears to be a suitable substitute when the medium is adjusted

to pH 7.2 with 1N NaOH and 15 g/1 agar is used. The red pigmenta-

tion, however, is somewhat less concentrated and 8 days incubation

is required for maximum P. terrestris colony differentiation.
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Comparison of NPGA and Sorbose Media

The NPGA medium and Sneh's et al. sorbose medium (4) were

compared by preparing dilution plates of each medium using the same

soil sample. The propagule count on the sorbose medium was 40%

lower (significant at the 5% probability level) than on the NPGA

medium.

When culturally produced microsclerotia were plated on these

media, the colony counts on the sorbose medium were also lower (50

to 75%) than on the NPGA selective medium.

Pathogenicity Tests

When 100 isolates obtained from four different soils using the

NPGA medium were added to pasteurized soil in which onions were

grown, only eight of the isolates failed to produce pink root symp-

toms. However, P. terrestris could be isolated on NPGA medium

from surface sterilized roots of the plants which displayed no obvious

pink root symptoms. None of the control plants, grown in soil with

autoclaved oat inoculurn, were infected.

Determination of Optimum Dilution for Soil Assay

To determine whether colony formation by some P. terrestris

propagules was being prevented, a range of dilutions were prepared
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from the same soil suspension with four replications per dilution

level (Fig. 2). A 1:20 dilution appears to give the best resolution of

propagule populations for most naturally infested soils.

Origin of P. terrestris Colonies

The origin of P. terrestris colonies on soil dilution plates was

determined by direct microscopic examination of colonies from each

of three different onion field soils. Sixty-five, 86, and 79% of the

colonies arose from microsclerotia free of adhering root fragments;

20, 10, and 11% originated from root fragments containing micro-

sclerotia; and 15, 4, and 7% respectively were of undetermined origin

(Fig. 3).

Single conidia or hyphal fragments plated onto NPGA medium

gave rise to typical red colonies. Thus, any of these propagules

present in soil would also be counted on dilution plates. Conidia or

hyphal fragments may have given rise to some of the colonies of un-

determined origin; however, the majority arose from microsclerotia.

Inoculum Densities in Field Soils

Dilution platings of several field soils with various cropping

histories were carried out to further evaluate the performance of the

medium and to determine the range of inoculum densities in com-

mercial onion fields (Table 1). These data represent the first
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Figure 3. Germinated Pyrenochaeta terrestris
microsclerotium with adhering root
fragment from naturally infested soil
on NPGA medium (X400).
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Table 1. Pyrenochaeta terrestris inoculum densities in several field soils with various cropping
histories.

Field Cropping history Inoculum density
(propagulesig
air dry soil)

1 Cultivated to annual crops for over 20 years including
onions; previous 5 crops: 0, SB, C, P, 0 ( 1976). *

2 Cultivated to annual crops for over 20 years including
onions; previous 4 crops: 0, SB, W (1976).

3 Cultivated to annual crops for over 20 years including
onions; previous 4 crops: 0, SB, C, P (1976).

4 Cultivated to annual crops for over 20 years including
onions; previous 3 crops: SB, W, 0 (1976, fumigated).

5 Cultivated to annual crops for over 20 years including
onions; previous 3 crops: 0 (fumigated), SB, W (1976).

6 Cultivated to annual crops for 4 years; never in onions;
previous 4 crops: C, W, P, P (1976).

500

450

250

250

180

270

7 Cultivated to annual crops for 3 years; never in onions;
previously in pasture for 20 years, C, C, SB (1976). 110

8 Old apple orchard near Malheur Experiment Station. 8

9 Native soil in cheat grass near Malheur Experiment Station. 0

10 Native soil between Harper and Vale, Oregon. 0

11 Native soil at Drinkwater Pass, Oregon. 0

*0 = onions

P = potatoes

C = sweet corn

SB= sugar beets

W = wheat

LSD
05

= 80 prop agules/g
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quantitative estimates for P. terrestris inoculum levels in naturally

infested field soils.

Propagule counts ranged from zero in native soil to 500 propa-

gules/g in the most heavily infested cultivated soil. A range of 180 to

500 propagules/g was recorded for soils which had been cultivated

for over 20 years and had been in onions. Two soils which had never

been in onions had 110 and 270 propagules/g. Inoculum densities in

these dry soil samples did not change appreciably over a 6 month

period.

Discussion

Although many cultural and microbiological factors influence

the amount of inoculum in soils, some relationships between cropping

histories and inoculum levels were determined. P. terrestris popu-

lations can apparently increase in cultivated soils on non-onion crops;

since inoculum densities in two soils, which had never been in onions,

approached inoculum densities found in some fields which had been

cropped to onions. This increase is not surprising since P. terres-

tris can parasitize a broad range of non-Allium spp. without causing

obvious root rot symptoms (10, 11, 12, 13). Although no P. terres-

tris propagules were detected in the native soils, Pfleger and Vaughan

(14) showed that P. terrestris is a natural component of the soil in

Oregon.



34

The NPGA medium was also very useful for determining the

extent of infection of onion roots by P. terrestris. Infected, surface-

sterilized, onion root segments give rise to bright rose red colonies

(7) which are easily identified as P. terrestris. Since fungal colony

expansion is restricted by the Tergitol-NPX in the medium, NPGA

medium could be used to estimate the number of infection points and

area of root infected.

The ease of recognization of P. terrestris colonies on the

selective NPGA medium, developed in this study, facilitated rapid

identification of the fungus. The higher colony counts obtained on the

NPGA medium make it superior to the sorbose medium (4) for quanti-

fication of soil-borne P. terrestris inoculum. The clarification of

the existence of microsclerotia in soil as the predominant propagule

of P. terrestris and the development of this medium should provide

useful impetus for further epidemiological and ecological studies of

P. terrestris in soil.
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