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I. Occurrence and Pathogenicity of

Pythiaceous Fungi in
Orchard Soils'

INTRODUCTION
of pear decline in California, which began in 1959 (Nichols
et al., 1960), and the concurrent lack of
knowledge of its cause instigated a
broad-scale research program by federal, state, county, and private agencies
for the study of all aspects of the disease. An integral part of this program
"vas an annual survey of certain randomly selected pear orchards (Rackham
et al., 1964). This survey began in 1960
and continued through the 1962 growing season. Approximately 14,000 trees,
representing 126 orchards in 18 counties, were surveyed. The survey was expanded in the spring of 1961 to determine whether certain root pathogensnamely, fungi in the genera Pythium
and Phytophthora and plant-parasitic
nematodes-had a role in pear-decline
development as: (1) a primary causal
agent or agents; (2) contributing secondary or stress factors; or (3) the
cause of one or more independent disease situations readily confused with
the pear-decline syndrome.
Personnel of the California Department of Agriculture, Bureau of Plant
Pathology, were responsible for the collection of soil samples, extraction and
identification of plant-parasitic nema-
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todes, and isolation of fungi into pure
culture. Personnel of the University of
California Nematology, Plant Pathology, and Irrigation Departments and
Agricultural Extension Service were
responsible for additional nematode and
all fungus identifications as well as all
pathogenicity studies.
This paper is primarily concerned
with the distribution and pathogenicity
of certain Pythium and Phytophthora
species in California pear soils. Other
papers (French et al., 1964; Lownsbery
et al., 1964) report the distribution and
effects of plant-parasitic nematodes in
California pear soils.
Several factors led to the selection of
the pythiaceous fungi for study as possible causes or contributors to the peardecline disorder. The lack or death of
feeder roots on pear-decline-affected
trees (Nichols et al., 1960) suggested
that the roots may have been killed by
soil-inhabiting root parasites. Floodirrigation practices in some pear-growing areas in California, and shallow soil
conditions with accompanying waterlogged pockets of soil in other such
areas, often produced conditions very
favorable to the development of the
pythiaceous or "water-mold" fungi.
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Cameron (1960), McIntosh (1960),
Newhook (1957), and Sprague (1957)
had found certain of the pythiaceous
fungi to be pathogenic to pear roots.
Newhook (1957) commented on the
similarity between the symptoms of the
New Zealand Pythium disease of pear
and the moria disease of pear in Italy
(Baldacci et al., 1949),. which is now
considered to be the same as pear decline (Shalla et al., 1961). Sprague
(1957) warned that excess water and
root necrosis caused by Pythium debaryanum Hesse should not be overlooked in the search for the causes of
pear decline. McIntosh (1960) suggested that root damage by Phytophthora cactorum (Leb. and Cohn)
Schroet. might be implicated in the development of pear decline in British
Columbia. After the California investigation began, Cameron (1962) reported
that Phytophthora cinnamomi Rands
and Phytophthora cactorum (Leb. and
Cohn) Schroet. could kill the roots of
pear seedlings but concluded that J>hytophthora spp. are not the primary
cause of pear decline.
Collapse or decline of woody plants
other than pear, induced by pythiaceous

root rots, have been reported on avocado
(Wager, 1942a; Klotz and Sokoloff,
1943; Zentmyer and Richards, 1952),
citrus (Wager, 1942b; Klotz and Sokoloff, 1943; Klotz et al., 1958), and grape
in California (Chiarappa, 1959); on
pine in the southeastern United States
(Campbell, 1948) and in New Zealand
(Newhook, 1959; Sutherland and Newhook, 1959) ; and on Lawson cypress and
other ornamentals in Oregon (Torgeson,
1951; Torgeson, Young, and Milbrath,
1954; Tucker and Milbrath, 1942).
Many Phytophthora spp. have been
reported responsible for stem and crown
rots of pears and other trees throughout
the world (Anon., 1942-1963, 1960;
Tucker, 1933). Many of these diseases
occur in California on young trees and
nursery stock of almond, apple, apricot,
cherry, peach, pear, and plum (Hunt,
1921; E. Smith, 1915; R. Smith and E.
Smith, 1925; R. Smith, 1941); and on
mature plants of avocado (Fawcett,
1916), citrus (Fawcett, 1913, 1915,
1920, 1936), loquat (Miller, 1942),
peach, prune, walnut (C. Smith and
Barrett, 1930), and Washington palm
(Darley and Wilbur, 1953).

MATERIALS AND METHODS
Soil sampling
Soil samples were collected from
April t, 1961, through March 31, 1962,
from 126 randomly selected pear orchards in all the pear-growing districts
of the state (fig. 1), representing all the
major pear-growing soil types. This was
the only period during the California
pear-decline survey of 1960, 1961 and
1962 (Rackham et al., 1964) when a
systematic sampling of pear soil was
made, and all soil samples to which reference is made in this paper are those
collected during this 12-month period.
One composite soil sample was collected each month from selected rows in
each orchard. Usually the rows sampled

were the center row running the length
of the orchard and the center row runing the width of the orchard. Every
tenth tree in smaller orchards and every
twentieth tree in larger orchards was
sampled. The soil was collected from
around the same trees each month and
was taken at a depth of about one foot
in the area directly underneath the drip
line of the trees. The composited soil
samples were placed directly in polyethylene bags and were kept in a 'portable icebox while being transported
from the orchard to the laboratory.
They were held in a refrigerator at
about 2° to 5°C until processed. It was
sometimes necessary to store the samples
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Fig. 1. •

= pear-growing areas in California from which soil

as long as two months; however, the
average storage time was about six
weeks. Most of the orchards from which
a soil sample was taken were rated for
the severity of pear-decline damage during the 1960, 1961, 1962 California peardecline survey (Rackham et al., 1964).
The individual trees in the sampled
rows were evaluated as to severity of

samples were taken.

pear-decline damage on a 1 to 5 "peardecline rating" scale (similar to that of
Woodbridge et al., 1957) as follows:
1 = no growth reduction, tree apparently normal
2= shoot growth somewhat stunted
3 = shoot growth definitely limited
4 = no shoot growth and some reduction of amount of foliage
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5 = no shoot growth, very sparse
foliage, with some trees appearing nearly dead; or trees with
varying amounts of shoot
growth and foliage that suddenly wilted and appeared
dead.
An index of the severity of peardecline damage (decline index) in each
orchard was obtained by determining
the average pear-decline rating for all
the trees rated in the orchard. The decline index for each county was calculated by the same method but included
all the trees rated in a given county. In
this report only the 1961 decline indexes
are used and orchards or counties with
decline indexes of 1 to 1.4 were considered to have light damage; those in the
range of 1.4 to 1.9 to have moderate
damage; and those above 1.9 to have
severe damage.
Each composite soil sample was divided and processed for the determination of plant-parasitic nematodes and
fungi of the genera Pythium and Phytophthora. Results of the nematode examinations are reported elsewhere
in this issue (French et al., pp 603-10;
Lownsbery et al., 611-14).

Isolation
The pythiaceous fungi were isolated
from the soil samples by using adaptations of "trap" techniques described by
Anderson (1951), Campbell (1949),
Eckert and Tsao (1960), Klotz and
DeWolfe (1958), Newhook (1959),
Tucker (1931), and Zentmyer et ale
(1960). Approximately 100 cc of each
soil sample were placed in each of three
or four 8-ounce wax-coated cartons,
forming a soil layer about 1 1/ 2 inches
deep. Distilled water was added to each
carton to produce a 1-inch layer of free
water on the surface of the soil. The
cartons were then incubated for 24
hours at room temperature. An apple,
avocado, lemon or pear fruit, blemishfree and held in running tap water for

two hours prior to use, was then placed
on the soil in each carton as a trap.
Avocado fruits were not used for the
soil samples collected during the months
of July through October, 1961, because
the only satisfactory variety, Fuerte
(Zentmyer et al., 1960), was not available at that time. Seedlings of Winter
Nelis pears were also used las traps, beginning with the collections made during June, 1961; and apple seedlings of
various commercial varieties were used,
beginning with the collections made
during October, 1961. These seedlings
were obtained from seeds washed in
running tap water for two hours and
removed to moist paper towels to germi.nate. The seedlings, selected to be free
from any stem discolorations, were held
until used as traps, in glass beakers
containing a small amount of distilled
water, on a laboratory window sill,
where they received indirect sunlight.
Seedlings one or two weeks old were
placed in the cartons with their respective fruit traps. Apple, pear, and lemon
fruits were used for all samples. The
surfaces of the apple and lemon fruits
obtained from commercial markets were
lightly scraped to remove the protective
wax which apparently inhibits fungus
penetration.
Soil and traps were incubated at
about 25°C for 96 hours. Isolations were
made from infected areas of fruit or
seedlings to cornmeal agar. Contaminants were eliminated by further transfers to Difco cornmeal or CM3P agars
(Eckert and Tsao, 1962), and pure
cultures were stored on cornmeal agar
slants.

Cu#ureiden#fica#on
A total of 3,586 cultures were obtained in this survey, a fact which made
it necessary to develop relatively rapid
growth-typing procedures for subsequent identification studies. Cultures
with similar growth rates, gross colony
morphology, and reproductive structures were placed in a single group.
Each group was given a growth type
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(GT) code number, pending further
identification. This process is referred
to in this paper as "growth-typing."
Each culture was transferred to four
petri dishes for growth-typing. Two
contained PDA, one contained water
agar, and one contained differential
media ("dif"). A dif agar plate was
made by placing four 8-mm discs, one

but they were formed regularly on infested alfalfa stems or lima bean agar
placed either in tap water or Hoagland's
solution.
The data for each isolate were recorded on a Unisort analysis card for
rapid data processing. The data recorded on the cards included growth
type, sporangia type, oospore type,

o o
o o
PDA

OMA

CMA

LBA

Fig. 2. Differential media (dif) plate containing 8-mm discs
of potato-dextrose, oatmeal, lima bean, and cornmeal agars,
surrounded by water agar.

each of potato-dextrose, oatmeal, lima
bean and cornmeal agars, in a sterile
petri plate (fig. 2). Water agar was
added to the top level of the discs. Cultures were placed on each of the four
discs. Dif agar plates provided substrate gradients and nutritional variety
to encourage the formation of reproductive structures.
The agar media used in these studies
were: (1) PDA containing 2.0 per cent
potato extract, 1.0 per cent dextrose and
1.5 per cent agar; (2) oatmeal agar containing 4.0 per cent oatmeal and 2.0 per
cent agar; (3) Difco lima bean agar;
(4) Difco cornmeal agar; and (5) water
agar containing 1.5 to 2.0 per cent agar.
Sporangia for certain growth types
were rarely observed in agar culture,

identification, trap type, month of collection, property number and county.
The colony diameters were measured
on the PDA and water agar plates after
four days' incubation at 21°C. Determination of the gross colony morphology
on the PDA plate, including the amount
of aerial mycelium, its pattern and the
type of zonation, was also made at four
days. The dif plate was incubated at
21°C for 12 to 21 days and then observed microscopically for reproductive
structures and mycelial characteristics.
Notation was made on the size and general morphology of the sporangia when
present and the method of sporangial
germination, if observed. Oospores present were checked for size, morphology,
and position of antheridial attachment.
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so that gentle bubbling occurred in each
crock. Vigorous bubbling was avoided
to prevent contamination by splashing.
Five seedlings each of Puru« serotina
Rehd. and Pyrus communis L. var.
Winter Nelis were suspended in each
test crock. These seedlings were grown
from seed stratified in a sterilized mixture of moist sand and peat for at least
six weeks at 2°C. Stratified seeds were
planted as needed in 8-inch clay pots
containing a sterile sandy ·soil. After
four weeks the seedlings were removed
from the soil, washed thoroughly, and
dipped in a 1 to 20 dilution of commercial sodium hypochlorite for two minutes. They were then placed in the test
crocks containing clean nutrient solution. After they had established a good
fibrous root system 6 to 10 inches long,
they were inoculated with one isolate
per crock.
Inoculum was grown on alfalfa stems,
using the technique of Klotz and DeWolfe (1960). A bundle of infected
stems was rinsed with sterile water and
suspended in the middle of the crock.
Pathogenicity tests in
Sterile alfalfa stems were suspended in
nutrient solution
control crocks.
All pathogenicity tests were made in
Roots were checked each day for
a greenhouse which was maintained as lesions, and after seven days the plants
far as possible at 21 to 24°C in the were removed from the crocks and rated
winter and at 24 to 27°C in the summer. for root rot on a scale of one to four as
The growth medium was number one follows:
Hoagland's solution in 3-gallon glazed
1 =no rot
crocks (Hoagland and Arnon, 1950).
2
= light rot; a few lesions were
Seedlings were supported by a masonpresent throughout the root
ite template with ten 1 x 5 cm slots cut
system, but most roots appeared
radially around the outside. This temwhite
and healthy.
plate was coated with an inert plastic
3 = moderate rot; all roots were atresin. Seedlings were held in place with
tacked and rotted initially, but
small rolls of sterilized cotton. Aeration
recovery appeared possible bewas provided by a small air stone of the
cause
new rootlets without intype commonly available for aquarium
fection were produced after one
use. This air stone was centered in the
week.
crock to provide uniform aeration. Com4 = severe rot; all roots were
pressed air was washed by bubbling it
attacked, appeared somewhat
through a closed flask of water, after
slimy, were brown to black,
which it was transported through a
plant leaves wilted, and no remanifold system to individual crocks.
growth of roots occurred.
The air supply was regulated by valves,

The size and branching angle of the
mycelium were observed and any hyphal
swellings or vesicles were noted.
After growth-typing, 10 per cent of
the cultures from growth types recovered most frequently and 50 to 80 per
cent of those found infrequently were
transferred to fresh cornmeal agar
slants and saved for taxonomic study
and pathogenicity tests. Representative
samples were selected from the type of
traps and counties represented within
each growth type.
Identification of each growth type
was carried as far as possible by detailed study of representative isolates.
Optimum growth temperatures were
determined in dam tubes. Sporulation
on a variety of media, including hemp
seed agar and alfalfa stems (Klotz and
DeWolfe, 1960), was observed. Keys
and descriptions by Middleton (1943),
Waterhouse (1956), and Waterhouse
and Blackwell (1954) were used for
identification.
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Excised root pieces were surfacesterilized and placed on CM3P agar
(Eckert and Tsao, 1962).

Pathogenicity tests in potted soil
Soil pathogenicity tests were made in
the same greenhouse used for the nutrient solution tests. Inoculum substrate
was prepared by adding 30 ml of water
to a flask containing 4 gm of wheat seed,
4 gm of oat seed, and 2 gm of ground-up
alfalfa stems. The flasks were plugged
with cotton and autoclaved for 30 min.
'I'he substrate was inoculated and incubated at 21°0 for 10 days. The
medium was stirred by shaking the
flask every 3 days.
Five Winter Nelis seeds and 5 Pyrus
serotina seeds were planted in 6-inch
clay pots containing a sandy soil mixture and were subsequently thinned to
four uniform seedlings of each variety
and species. When the seedlings had
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grown 4 to 6 inches in height, one flask
of inoculum was stirred into the top
soil of each pot. Sterile wheat-oatalfalfa medium was added to one set of
control plants and nothing was added
to other controls. All pots were thoroughly irrigated after inoculation, and
adequate moisture for good plant
growth was maintained thereafter.
After five weeks the plants were removed from each pot. The roots were
carefully washed and examined for
lesions. Excised root pieces were surface-sterilized and placed on CM3P
agar to test for recovery of the inoculum
(Eckert and Tsao, 1962).
Duplicate inoculations were made in
some of the tests. One pot received
normal irrigation and one was set in 3
inches of free water for seven days after
inoculation. The soaked pots were then
removed to dry saucers on a bench for
the remaining four weeks of the test.

RESULTS
Growth types
The 1,512 soil samples processed in
this survey yielded 3,586 cultures of
various Pythium and Phytophthora
species. Examination of the initial 500
to 600 cultures revealed that almost all
the cultures could be placed in 10
groups on the basis of similarity of
growth rate (table 1), colony morphology (figs. 3 and 4), morphology of
reproductive structures (figs. 5 and 6),
and hyphal character.

ldentifictttion of growth types
GT-1. Cultures in GT-1 fit closely the
description of Pythium vexans de Bary
given by Middleton (1943) in regard to
oospore morphology, method of antheridium attachment, sporangial size and
shape, gross colony growth habit, and
cardinal growth temperatures. Typing
was based on colony growth pattern and
sporangial morphology (figs. 3 and 5) .
GT··2. The distinct papillate shape of

the sporangia (fig. 5), the sympodial
character of the sporangiophore (Blackwell, 1949), the paragynous nature of
the antheridia, and the ready production of these fruiting bodies on agar
media led to the identification of GT-2
cultures as Phytophthora cactorum
(Leb. and Cohn) Schroet. A limited
smooth colony (fig. 3, table 1) and the
abundant production of characteristic
sporangia and oospores (fig. 5) were the
typing features for GT-2.
GT-B. A slightly zonate, limited
colony lacking aerial mycelium (fig. 3,
table 1), the presence of hyphal swellings, proliferating sporangial development (fig. 5), and lack of oospores distinguished the GT-3 group. This growth
type posed a continual and, to date, unsolved taxonomic problem. Although
easily identified as belonging to the
genus Phytophthora, no species identification could be made. All GT-3 cultures resembled our isolates of P. mega-
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Fig. 3. Growth types 1 through 5B, grown on PDA at 21°C for four days.

sperma Drechsl. (GT = 8) in sporangial
formation and morphology on alfalfa
stems (fig. 5), and in the formation of
hyphal swellings. They differed, however, in growth rate, colony morphology
(table 1, figs. 3 and 4) and, most importantly, in their inability to produce

oospores. Limited mating trials have
been unsuccessful. Until definite evidence is available on oospore production
and morphology, it would seem advisable to designate GT-3 cultures only as
a Phytophthora species.
GT-4. The characteristic features for
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Fig. 4. Growth types 6A through 10, grown on PDA at 21 °0 for four days.

most GT --1 cultures were spherical
sporangia and apleurotic oospores in
dif agar media (fig. 5, table 2) and
a rapidly growing, fluffy, nonzonate
colony habit (fig. 3, table 1). Most of
the GT-4 cultures have been classified
as Pythium uliimum. Trow. This de-

termination was based on the presence of spherical sporangia, 20 to 30 Pin diameter (fig. 5, table 2), which
germinated directly both on agar and
in various solution cultures; a rapid
nonzonate growth habit (fig. 3); and
the morphology of the antheridia. It
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TABLE 1
MACROSCOPIC CHARACTERISTICS OF GROWTH TYPES
INCUBATED FOR 4 DAYS AT 21°C

Colony diameter
Growth
type

Identification

PDA

Water agar

Range

Av.

mm

mm

Range

Av.

mm

mm

---- ---1........ Pythium vexans
2........ Phutophthora cactorum

56-90
16-37

82
27

40-90
6-15

55
12

3........ Phutophthora sp.·
4........ Pythium ultimum t

21-60
>90

32
>90

8-50
>90

33
>90

5 ........ Pythiumsp.
6........ P1Ithium sp,

30-90
>90

61
>90

34-85
70-90

53
89

7........ Pythium acanthicum
8........ Phytophthora megasperma

70-90
25-54

85
41

54-90
7-46

74
36

51-75
37-43

64
42

31-55
15-37

49
31

9........ Pythium sp."
10........ Phytophthora cryptogea

Colony growth-type
characteristics

Radially lobed, zonate
Nonzonate; smooth, velvety aerial
mycelium
Irregular, sparse aerial mycelium
Nonzonate; smooth, cottony aerial
mycelium
Broadly lobed, often sectored
Light to distinct concentric zonation; central aerial mycelium
often collapsed
Sparse, frosty growth
Nonzonate; considerable frosty
aerial mycelium
Shell-like sectoring, sharply radia
Nonzonate; moderate aerial my
celium

• It is possible that more than one species is represented by these growth types since oospores were not produced.
t GT-4 also included 8,4 per cent Pythium aphonidermatum and possibly some P. debaryanum. (See text, pp. 585586.)

is possible that some isolates of P.
debaryanum Hesse were recovered and
have been included in this group, since
this species closely resembles P. ultimum in morphological detail. It was
not possible to conduct sporangial
germination tests on all the isolates
typed because of their quantity (table
3). The major criteria for separation
of P. ultimum and P. debaryanumthe typical method of sporangial germination and the number and morphology
of the antheridia-are variable (Middleton, 1943, 1952), and separation of
the two species would have been of
questionable value.
Lobate sporangia occasionally were
noted in some GT-4 cultures throughout the typing process (fig. 5). Subsequent taxonomic studies indicated that
these were of the Pythium aphanidermatum Edson type. These constituted 8.4
per cent of the GT-4 group.
GT-5. Cultures placed in GT-5 were
identified only as a Pythium sp., since
these isolates consistently lacked
oospores. Large spherical sporangia

35 to 40 p. in diameter were produced
on dif media plates (fig. 5, table 2).
Cultures in this group formed a broadly
lobed colony on PDA that sometimes
contained sectors with small shell-like
lobes (fig. 3).
GT-6. 'I'he isolates placed in GT-6
were also identified only as a Pythium
sp. All the isolates produced filamentous
sporangia, which germinated indirectly
by vesicle formation and subsequent
zoospore release when infested alfalfa
stems or bits of lima bean agar were
flooded with Hoagland's solution (fig.
6). The phenomenon was quite distinctive, readily discernible microscopically, and common to all GT'-6 cultures
examined in this manner. No oospore
formation was observed for any isolate
in this group. Typing characters were
a pattern of mild to distinct concentric
zonation, with the frequent collapse of
the central aerial mycelium (fig. 4) and
the lack of observable fruiting structures on dif plates.
GT-7. 'I'he GT-7 isolates were identified microscopically as Pythium acan-
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TABLE

2

MICROSCOPIC CHARACTERISTICS OF GROWTH TYPES
INCUBATED FOR 12 TO 21 DAYS AT 21°C
Sporangia
Mycel.
branch
angle

Size

1....... Pythium vexans

Acute

20-30

2....... Ph ytoph thora
cactorum
3....... Phutophthoro sp.

Right

Growth
type

Identification

Oospores

Germination

Characteristics

Size

Round to ovoid,
terminal, forms
vesicle

20

Paragynoua
antheridia

28 X 41 ±

Direct and by zoospores in closeby connected
vesicle
Zoospores

20

Paragynous
antheridia

Right

33 X 51 ±

Zoospores

4....... Pythium ultimum

Acute

20-30

Pyriform, pap illate, terminal
Ovoid, broadly papillate, proliferating, L/W 1.53
Spherical. terminal
and intercalary

Pythium aphaniderma tum
5....... Pythium sp,
6....... Pythium sp.

Acute

10 X 45

Acute
Acute

35-40

7....... Pythium acanthicum
8....... Phytophthora

Acute

25-35

J.I.

J.I.

Direct

±

.......
Direct
Zoospores

....

.......

Right

38 X 55

±

Zoospores

Acute
Right

32 X 40 ±

Zoospores

meqosperma

9....... Pythium sp.
10....... Phythophthora
cryptogea

Descriptive
characters

....

.......

thicum Drechsl. by the echinulation of
the oogonial wall and the presence of
intercalary, subspherical sporangia,
usually including a contiguous portion
of hyphae (fig. 6). Typing characters
were a sparse, frosty growth pattern
(fig. 4), and the presence of the characteristic oospores.
GT-B. GT-8 had more aerial mycelium
and a slightly larger colony on PDA
than did GT-3 (figs. 3 and 4). These
cultures could be identified as Phytophthora megasperma Drechsl., using the
key and description of Waterhouse and
Blackwell (1954). All isolates produced
typical, smooth-walled oospores, 33 to
40 JL in diameter, on dif plates (fig. 6,
table 2). The antheridia, where a
definite determination could be made,
were invariably observed to be paragyn-

...
20

Lobate, terminal

20

Spherical, terminal
Filamentous,
forms vesicle
Lobate to spherical
Broadly papillate,
proliferating,
L/W 1.48

...
...

.......

Paragynous
antheridia,
apleurotic,
terminal or
intercalary
Same as above

.......
.......

22-26

Spiny surface

33-40

Amphrgynous
and paragynous
antheridia

......

...

Ovoid, proliferating or borne sympodially

30-35

. ......

Amber color;
amphigynous
antheridia

ous. The attachment of the antheridium
at the base of the oogonium adjacent to
the oogonial stalk, as it occurs in this
growth type, can produce a false appearance of amphigyny, and thus it was
often very difficult to make a definite
determination of this character. Proliferating, oval sporangia, which were
morphologically similar to those of
GT-3, averaged 38 x 55 JL (fig. 5).
Hyphal swellings were sometimes observed in agar cultures. Diagnostic
typing characters were colony growth
pattern and the presence of the large,
distinctive oospores in dif plates.
GT-9. The GT-9 cultures had a radially lobed colony pattern (fig. 4) and
could not be induced to sporulate.
These isolates were called a Pythium
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species because of the mycelial diameter,
angle of branching, and cultural growth
rate (table 1).
GT-10. A smooth, nonzonate colony
of limited size (table 1, fig. 4) and the
lack of fruiting on dif plates was characteristic of GT-10 cultures. Ovoid to
pyriform, proliferating sporangia 32 x
40 p. were typically borne within the
empty sporangial walls on alfalfa stems
(fig. 6). The sporangiophores of this
Phytophthora species were sometimes
sympodially branched. These cultures
were keyed to P. cryptogea after amber
oospores 30 to 35 p. in diameter were
produced in mating trials with P. cinnamomi on lima bean agar.
Miscellaneous fungi. One culture of
Pkytophthora cinnamomi and 58 miscellaneous fungi were isolated. These
isolates included phycomycetes with
sterile mycelium or atypical spores and
others which were lost to contamination.
The total number of isolates recovered
of each growth-type is recorded in the
last column on the right in table 3.
Analysis of isolation frequency in relation to pear-decline incidence, growthtype recovery, trap type, and monthly
intervals was made from the punched
card data.

Comparison of amount and types
of isolates from various traps
Phytophthora isolates were recovered
from pear and apple fruit traps more
often than from lemon and avocado

fruit or pear and apple seedlings (fig.
7, table 3).
All the traps yielded a considerable
number of Pythium isolates; however,
pear fruit and seedlings were most
effective in trapping Pytkium isolates
from California pear-orchard soils.
Growth-type 4, largely Pythium ultimum, and GT-6, an unidentified
Pythium species, were trapped most
frequently in pear seedlings. (table 3).
As mentioned earlier, avocado fruit
traps were not used for the soil samples
collected during the months of July
through October, 1961, because the only
satisfactory variety, Fuerte, was not
available at that time. Pear seedlings
were not used for soil samples collected
during the months of April and May,
1961, and apple seedlings were not used
for samples collected during the months
of April through July, 1961. Pear and
apple seedlings and avocado fruit probably would have shown much better
performance compared to the pear,
apple, and lemon fruit had they been
used throughout the entire survey.
A more critical comparison can be
made between the number of times
Pythium and Phytophthora species
were isolated from any given trap.
Pear and apple seedlings and avocado
fruit trapped many more Pythium than
Phytopkthora species isolates. Apple
fruit yielded approximately the same
number of Pythium and Phytophthora
species isolates (fig. 7, table 3).

Fig. 5 (opposite page). Fruiting structures of growth types 1 through 5 :
1. Pythium vexoms : a. Oospore; b. Sporangium; c. Germination of zoospores from vesicle extruded from sporangium.
2. Phytophthora cactorum : a. Oospore and empty antheridium; b. Sympodially branched
sporangia.
3. and 8b. Phytophthora sp. (GT-3) and P. meg asperma : Proliferating sporangia common to
both groups.
4. Pythium ultimum: a. Oospore and empty antheridium ; b. Terminal sporangium; c. Intercalary
sporangium.
4d. PythiJum aphanidermatum: Lobate sporangium.
5. Pythium sp. (GT-5) : Sporangium.
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TABLE 3
COMPARATIVE EFFICIENCY OF SIX FRUIT AND SEEDLING TRAPS FOR
THE ISOLATION OF PYTHIACEOUS FUNGI FROM PEAR-ORCHARD SOIL

Number of isolates from:
Growth
type

Identification

Fruit
Pear
----

Apple

Seedlings

Lemon

Avocado
]3
47
18
2
----90

2........ Pbutophthora cactorum.
Phythophthora sp.
P. meqasperma
P. cryptogea

9
275
124
2

293
113
3

1
148
50
4

1........ Pythium vexans
4 ........ P. ultimum and
P. aphanidermotum.
5 ........ Pythium sp.
6 ........ Pythium sp.
7........ P. acanthicum
9 ........ Pythium sp.

111

155

45

3 ........
8 ........
10 ........

-----

-------------

Miscellaneous fungi"
Total isolates per trap

2

373
208
57
46
44
150
59
20
47
1
6
0
9
17
8
------ ------- - - - - 19
12
11
- - - ---1028
827
567

All
traps
Apple
---- ---27
0

Pear
2
5
4
0

1
2·
0

769
311
11

14

7

422

431
140
1305
10
4
298
84
56
332
0
7
0
0
2
45
- - - - - - - - - - - - - - - - - ----3
10
4
59
----- ---553
395
216
3586
96
44
66
0
9

• These isolates include Phycomycetes with sterile mycelium, those with atypical spores, and those which have
been lost in culture because of contamination.

4

TABLE

MONTHLY RECOVERY OF PYTHIACEOUS FUNGI FROM PEAR SOIL
Growth
type
---I ........
2 ........
3 ........
4 ........
5 ........
6 ........
7 ........
8 ........
9 ........
10........

Number of isolates during month
Identification
Pythium »exans
Phytophthora caetorum
Phytophthora sp.
Pythium ultimum and
P. aphanidermatum
Pythium sp.
Pythium sp.
Pythium acanthicum
Phytophthora megasperma
Pythium sp.
Phytophthora cryptogea

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
- - - - - - - - --- - - - - - - - - - - - - --50*
39
55*
25
24
36
35
22
31
48*
33
25
2
8*
7*
2
4*
1
1
1
0
1
0
0
94*
108*
83*
0
17
85*
62
38
65
78
74
65
129
39*
47*
0
28
5*
3

191*
40*
27
0
13
4
2

168*
27
41
5*
22
2
6*

19
3
7
1
2
0
0

35
23
6
0
32
1
0

73
14
24
0
39*
1
0

60
17
12
0
32
1
0

96
16
11
1
22
3
0

97
18
52*
0
29
1
0

168* . 120
26
37
48*
25
0
0
33*
23
9*
5*
0
0

150
38*
34
0
36*
13*
0

I

* Collected during months of greatest water-mold recovery.

Fig. 6 (opposite page) . Fruiting structures of growth types 6 through 10 :
6. Pythium sp. (GT-6): a. Filamentous sporangium; b. Vesicle; c. Cleaved 'zoospores wi thin
vesicle.
7. Pythium acanthicum : a. Echinulate oospore and empty antheridium; b. Sporangium resting
on short stalk; c. Sporangium resting on contiguous portion of hypha.
8. Phytophthora meqaspcrma : a. Oospore and empty antheridium.
9. Pythilum sp. (GT-9): No fruiting bodies depicted, since none were observed in these studies.
10. Phytophthora cryptogca: a. Proliferating sporangia; b. Sympodially branched sporangia.
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F'ig, 7. Recovery of PythiJum and Phytophthora species isolates from six different trap types.

Seasonal variation of isolation
frequency

Growth types in relation to
orchard decline indexes

Great care was necessary in making
an analysis of seasonal recovery frequency, since certain extraneous factors, such as the condition and age of
the trap fruit, may exert a considerable
effect. Data for the month of April,
1961, must also be considered as reflecting certain inadequacies in sampling and isolation techniques during
the first month that soil samples were
taken.
Early spring and winter were the
most favorable periods for recovery of
the water molds listed in this survey
(table 4); however, a substantial recovery of all the major types was made
throughout the year.

1961 decline indexes were available
for orchards in which two-thirds of the
isolates were gathered. As mentioned
earlier, these orchards were divided
into three groups based on the severity
of pear-decline damage as indicated by
the decline indexes. The first group,
designated as having light damage, included those orchards with decline
indexes of 1 to 1.4; the second group,
designated as having moderate damage,
included those orchards with decline
indexes of 1.4 to 1.9; and the third
group, designated as having severe
damage, included all orchards with
decline indexes greater than 1.9. There
were 689 isolates recovered from
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orchards in the first group, 902 from
the second, and 398 from the third.
Phytophthora species (GT-2, GT-3,
GT-8, and GT-10) were recovered less
frequently in orchards where decline
was most severe (fig. 8). However, recovery of Pythium species was directly
correlated with the severity of decline
damage. The recovery rate of P. vexans
(GT-1) was nearly doubled (10.3 per
cent to 19.0 per cent) and that of P.
ultimum (GT-4) was increased by
about two-thirds (20.6 per cent to 33.8
per cent) in those orchards in the
group with severe damage as compared
with those in the group with light
damage (table 5).
100

~

;,

0
u

~

~

60

.."

='
e
='
~

~

E

40

~

U

a...

~

~

20

o

Light

Moderate

Severe

Severity of Decline Damage
•

are listed in table 6. Also indicated in
this table are the 1961 decline indexes
derived for each county by Rackham
et ale (1964). Although the relationships between the county decline indexes and the frequencies with which
the different growth-types were isolated
in the counties is not as striking as
when the orchard decline indexes are
compared with the frequencies with
which the growth-types were isolated
from the orchards (figure 8 and table
5), there is a tendency for them to be
the same. The recovery of Pythium
species tended to increase (and of
Phytophthora species to decrease) as
the county decline indexes increased.

P athogenicity tests in nutrient
solutions

80

;,.
a...
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Pythium Species

~il~Phytophthora Species

Fig. 8. Relative per cent recovery of Pythium
and Phytophthora isolates in relation to severity of pear-decline damage in California pear
orchards.

Growth-type isolation frequencies
in California counties and their
relation to county decline indexes
The California counties from which
soil samples were taken and the percentage of the soil samples from each
county that yielded each growth-type

All 27 Phytophthora cactorum (GT2) isolates produced root rot (fig. 9).
One-fourth of these produced severe
root rot, one-fourth produced moderate
symptoms, and one-half produced light
root rot.
All11 Phytophthora cryptogea (GT10) isolates produced root rot which
was identical to but generally more
severe than symptoms produced by P.
cactorum isolates. Five of these isolates
produced severe root rot, five produced
moderate root rot, and one produced
light root rot. In two days, rot from
the most virulent of these isolates
spread 1 to 4 em upward from the point
of infection at the root tip (fig. 10) .
All Phytophthora cactorum and P.
cryptogea cultures were reisolated from
pear roots with relative ease.
Growth type-l (Pythium vexans) ,
GT-3 (Phytophthora sp.), GT:-4 (Pythium ultimum and P. aphanidermatum) , G'T-5 (Pythium sp.), and
GT'-6 (pythiunt sp.) were reisolated
occasionally from surface-sterilized
roots on selective antibiotic agar; however, these cultures produced only slight
evidence of root rot.
GT-7 (Pythium acanthicum) , GT-8

10

Phytophthora: growth-types
Total

Pythium: growth-types
Total

Average
number
isolations
I per orchard

per cent
2.2
1.0
0.6

per cent
2J.8
19.5
14.9
per cent
15.6
6.8
6.5

per cent
0.4
0.7
0.0

per cent
48.0
28.0
22.0

per cent
20.6
32.9
33.8

N umber of isolates

per cent
10.3
13.8
19.0

per cent
8.1
11.4
10.6

per cent
11.3
11. 7
12.6

per cent
0.0
0.3
0.5

per cent
1.7
1.9
1.5

1320 -

per cent
52.0
72.0
78.0

--~---~:-1--~---~--T--6~1--2~-~--I~~-~2~--r_~-T~~-1-

1

19

16

20

• 1961 decline indexes derived for sampled orchards in California pear-decline survey (Rackham et al., 1964). 1 to 1.4 = light damage; 1.4 to 1.9 = moderate damage; above
1.9 = severe damage.

~\~~.1..~....:::::::::::::::::::::::::::: :

1001.4· ..·......·......·.. ·..........

-------------------1-----1---- -1----1-----1-----1----1----1-----1----1-----1----1----1------

Orchard decline indexes"

l'ABLE 5
RECOVERY OF PHYTOPHTHORA AND PYTHIUM SPECIES FROM ORCHARDS WITH VARYING AMOUNTS OF DECLINE

TABLE

6

1.0
1.1
1.1
1.1
1.2
1.2
1.3
1.5
1.5
1.5
1.5
1.6
1.9
2.2
2.3
2.5
3.0
much

Kern .........................
Los Angeles ..................
Mendocino ...................
San Joaquin ..................
Santa Clara ..................
Sonoma ......................
San Diego ....................
Glenn ........................
Lake .........................
Sacramento ..................
Solano .......................
Contra Costa .................
Placer ........................
Napa .........................
San Benito ...................
El Dorado ...................
Tuolumne ....................
yuba ........................

No.
samples
taken
4

per cent
25.0
50.0
64.7
33.3
40.8
50.0
50.0
50.0
59.5
59.7
47.0
51.8
64.7
50.0
41.7
55.8
33.3
66.7

1

per cent
0
8.3
4.2
50.0
38.6
1.2
0
8.3
5.2
29.6
1.0
1.7
41. 7
5.6
66.7
14.2
25.0
0

5

16.7

49.7

16.4

per cent
16.7
0
30.2
0
10.5
21.5
8.3
25.0
17.8
28.6
24.0
3.3
11.7
33.3
0
9.6
20.8
33.3

20.1

per cent
8.3
33.3
24.0
16.7
11.8
26.2
8.3
25.0
26.6
12.5
26.0
33.3
25.0
39.0
16.7
20.5
8.3
0

0.7

per cent
0
0
1.0
0
0
0
0
8.3
1.0
0.9
1.0
0
0
0
0
0
0
0

7

4.4

per cent
0
0
1.0
8.3
3.1
4.8
0
0
2.1
3.2
4.2
0
1.7
28.0
0
,5.8
8.3
8.3

9

1.3

per cent
8.3
0
0
0
3.1
2.4
0
0
0
5.1
0
0
0.8
0
0
1.3
4.0
0

2

25.4

per cent
0
8.3
49.0
8.3
35.0
43.0
8.3
25.0
40.0
48.3
61.5
28.4
12.5
25.0
8.3
18.0
20.8
16.7

3

10.3

per cent
0
0
11.5
16.7
46.5
14.3
0
16.7
11.5
11.1
8.3
8.3
9.2
11.1
0
7.1
12.5
0

8

per cent
0
0
0
0
0.9
0
0
0
0
0.5
0
0
2.1
0
0
0.6
0
8.3

10

0.7

----

Phytophthora growth-types

• The figures in the growth-type columns represent the percentage of samples collected in a county that yielded that growth-type. One sample frequently yielded more than one
growth-type and some samples yielded none.
t From Rackham et al, (1964). 1.0 to 1.4 = light damage; 1.4 to 1.9 = moderate damage; above 1.9 = severe damage.

Mean recovery ...................................

12
12
96
12
228
84
12
12
192
216
96
60
240
36
12
156
24
12

6

Pythium growth-types

- - - - - - - - - - ----- - - - - - - - - - - - - - - - - - - -

1961
county
decline
index]

County
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Fig. 9. Winter N elis pear roots seven days after inoculation
with Phytophthora cactorum in Hoagland's solution (control:
left j inoculated: right). Note fewer and shorter roots with
necrotic lesions (between arrows) in inoculated as compared
with the control.

(Pkytophthora megasperma) , GT-9
(Pythium sp.) and the one isolate of
Phytophthora cinnamomi could not be
reisolated from inoculated pear seedling roots and produced no lesions or
root damage.

Pear susceptibility
The Winter Nelis pear root system
grew more vigorously than the Pyrus
serotina; however, the hypercotyls of
the P. serotina had grown larger than
those of the Winter Nelis at the time
of inoculation. The more vigorously
growing Winter Nelis roots were con-

sistently more susceptible to Phytophthora root rot than were the Purus
serotina roots at this stage of growth
(fig. 10) .
Pathogen~city

tests in soil

None of the isolates produced extensive root rot in greenhouse soil tests.
However, GT-4 (Pythium ultimum
and P. aphanidermatum) and GT-6
(Pythium sp.), when compared to control plants, produced a slight amount
of root rot after the pots were placed
in three inches of free water for seven
days after inoculation.
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Fig. 10. Phytophthora cryptogea root rot two days after inoculation of Pyrus serotima Rehd.
(left) and of Pyru8 communis L., variety Winter Nelis (right). Plants were grown in Hoagland's
solution. Note root rot between arrows.
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DISCUSSION
At the onset of pear-decline investigations in 1959, collapsed trees which
were uprooted consistently showed
rotted rootlets. It was decided by University of California and State Department of Agriculture officials that much
information could be gained by conducting a one-year soil fungus survey
in the pear orchards which were being
rated for decline. Initially, fungi were
included as possible causes of the disease. Pythiaceous fungi were selected
as the most probable agents in the
decay of pear roots.
The identity of the various growth
types recognized in this study was investigated throughout the typing process. Routine observations during the
typing' process provided much evidence; however, detailed investigations
were sometimes necessary to provide
information on important taxonomic
criteria. In some cases we were not
successful in establishing the information necessary for positive species
identification. It was recognized that
identification of Pythiurn and Phytophthora species is a difficult task and
that the taxonomy of the whole group
is a matter of some dispute. Identification of these species was made by the
authors using criteria available in the
literature.
The generally low nutrient level of
the dif plates, while favorable for
fruiting, retarded vegetative growth
and facilitated direct examination of
the cultures with a compound microscope. Fruiting bodies were most frequently observed on the translucent
water agar in the vicinity of the lima
bean agar disc. Occasionally the oatmeal or cornmeal agars produced sporulation not otherwise observable. The
sporangia of GT-3, 8, and 10 were
rarely observed in agar culture, but
were formed regularly on infested
alfalfa stems placed in tap water or

Hoagland's solution. This technique
greatly facilitated the identification of
the growth types.
The data presented in this paper indicate that pythiaceous fungi are not the
primary agents in the cause of pear
decline and are in accord with the conclusion of Cameron (1962) in this regard. However, root damage caused by
these fungi is, very likely, one of many
stress factors contributing to the
rapidity of pear-decline symptom development. Any agent that weakens or
destroys the water-absorbing root system of a tree places that tree in jeopardy
when a sudden demand is made on the
root system for a large supply of water.
The aerial portions of the tree that need
and do not receive the additional water
are damaged and the final demise of the
tree is hastened.
Pythium species were isolated most
often from: (1) seedling traps (table
3) ; and (2) orchards with the greatest
amount of decline damage (table 5).
The first situation correlates with the
reputation of various Pythium species
as seedling pathogens. The seedlings
were young; therefore these results may
well be evidence of a damping-off phenomenon. The second situation might
suggest that Pythium species are the
primary cause of pear decline; however,
pathogenicity studies on pear seedlings
indicated only mild pathogenicity by
any of the Pythium species collected in
the survey. There is strong evidence
that true pear decline is the result of
necrosis of phloem tissue, primarily at
the graft union, caused by either a toxin
injected into the trees by the pear psylla
(Lindner et al., 1962), a graft-transmissible factor, presumably a virus
(Shalla et al., 1963), or a combination
of both. 'I'he high occurrence of Pythium
species in orchards with high decline
indexes probably reflects the important
role of these fungi in the decay of pear
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roots already weakened or killed as a
result of phloem necrosis induced by
insect toxin and Zor virus.
Severe root rot was caused by isolates
of Phytophthora cactorum (Leb. and
Cohn) Schroet. and P. cryptogea in
Hoagland's solution tests; however, the
same isolates produced only slight root
rot in potted soil experiments. This
might indicate the importance of good
irrigation practices, particularly with
young trees, to eliminate the prolonged
presence of free water, which enhances
the infection by Phytophthora spp.
The frequency of Phytophthora spp.
isolation decreased as orchard and
county pear-decline indexes increased
(tables 5 and 6). One might conclude

that the Phytophthora species required
healthier roots to support their population, resulting possibly in more frequent
isolation from newly infected roots than
from those which were more thoroughly
rotted. Also, the presence of rapidly
growing saprophytic fungi in the dead
root tissue very likely reduced the
frequency of Phytophthora spp, isolation.
The high numbers of Phytophthora
species recovered from the various fruit
traps (table 3) are not surprising in
view of the successful use of fruit by
other workers (Campbell, 1949; McIntosh, 1960; Newhook, 1959; Tucker,
1931; Zentmyer et al., 1960) for the
trapping of water molds.

SUMMARY
A cooperative statewide survey to
determine the occurrence of certain
plant pathogens in California pear soils
and their relation to pear decline was
conducted for a 12-month period beg'inning April, 1961. The most extensive survey of its kind, it necessitated
the cooperation of growers and of research, extension, and regulatory personnel. This paper reports on the occurrence of Phytophthora and Pythium
species in California pear orchards with
various degrees of the malady.
A total of 3,586 isolates were obtained, including 1,195 of Pythium
uliimum. Trow, 110 of P. aphanidermaium. Edson, 422 of P. vexans de Bary,
7 of P. acanihicum. Drechsl., and 675 of
three unidentified Pythium species.
Phytophthora species included 311 of
P. megasperma Drechsl., 769 of an unidentified Phytophthora sp. which had
certain characteristics resembling P.
rnegasperma, 27 of P. cactorum (Leb.
and Cohn) Schroet., 11 of P. cryptogea
Pethybr. and Laff. and 1 of P. cinnamonii R,ands. In addition, 58 miscel-

laneous fungus cultures were recovered.
The frequency of Pythium spp. isolation increased as the severity of peardecline damage increased, while the
total number of Phytophthora spp. isolates per orchard decreased as peardecline damage severity increased.
Pear and apple seedlings trapped a
high number of Pythium spp. isolates,
while very few Phytophthora spp. were
trapped in seedlings. Phytophthora spp.
isolates were trapped most often in pear
and apple fruit. Lemon and avocado
fruit yielded a fair number of both
genera.
In the greenhouse pathogenicity tests,
isolates of P. cactorum and P. cryptogea
were found to be pathogenic on Pyrus
communis L. hort. var. Winter Nelis,
and Pyrus serotina Rehd. seedlings.
These pathogens were found infrequently in the survey and it was concluded that Pythiaceous fungi are not
the primary cause of pear decline.
Representative isolates of all other
growth types in this study were not
pathogenic to pear roots.
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