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ABSTRACT

Pythium irregulare was isolated most often from
decayed peach rootlets, followed by P. ultimum and
P. vexans. Twelve other Pythium spp. were isolated
occasionally. No relationship between peach tree
decline and occurrence of Pythium spp. in peach
tree roots or orchard soil was evident. Feeder root
necrosis of diseased trees was more than twice that
of symptomless peach trees. The number of decayed
feeder roots was independent of the number of
rootlets invaded by Pythiwm or the number of

Pythium propagules/g soil. Various levels of Pyth-
wm in peach orchard soils had no effect on occur-
rence of peach tree decline during 3 years of obser-
vation. Pythium irregulare, P. vexans, and P. ulti-
mum readily invaded excised dead feeder roots of
peach trees, suggesting that these fungi may be
saprophytic, secondary invaders of peach tree root-
lets. An antibiotic selective medium for measuring
population of Pythium in soil is described. Phyto-
pathology 61:357-360.

Additional key words: Prunus persica, selective medium for measuring Pythium population in soil.

Tree decline or short life of peach (Prunus persica
[L.] Batsch.) trees is a major and often a limiting fac-
tor in several important peach-producing areas. Tree
loss has been attributed to specific causes such as Clito-
cybe root and crown rot (14), cold damage (13), bac-
terial canker (12), plant parasitic nematodes (11), and
feeder root necrosis associated with Pythium spp. (1, 6).

Poor tree growth, lack of functional feeder roots,
and eventual death are common symptoms of peach
tree decline. Disease incidence is usually more exten-
sive on land previously planted to peach trees than on
newly planted sites. Pre- and/or post-plant soil fumi-
gation results in better growth and longer productive
life of trees on sites having a history of peach tree de-
cline or short life of peach trees (5). Thus, soil-borne
pathogens may be implicated in this disease.

Hine (7) attributed the peach replant problem to
Pythium wult:mum, Fusarium, and Rhizoctonia. Occur-
rence of Pythium spp. in feeder roots and soil was
correlated with the peach tree decline problem by Hen-
drix et al. (6). Peach tree decline in Georgia was at-
tributed to feeder root necrosis caused by P. irregulare
and P. wvexans (1, 6); and it was suggested that a
Pythium population above 50 propagules/g soil may
damage peach roots and cause peach decline (5). The
experiments reported herein were conducted to eluci-
date any possible relationship between peach tree de-
cline and occurrence of Pythium in peach feeder roots
or soil.

MATERIALS AND METHODS.—S0il samples containing
roots were collected during April and May under 379
diseased and symptomless peach trees in several mid-
Atlantic and southeastern states. Soil under each tree
was sampled at three different points within the drip-
line. At each sampling point, a volume of soil (about
15 X 15 X 25 cm) with the roots was dug. The roots
were carefully separated from the soil and examined
for discoloration and necrosis, and the percentage of
discolored and necrotic feeder roots was visually esti-
mated. Subsamples from under each tree were com-

bined and thoroughly mixed before isolation of Pyth-
ium was attempted; then the number of propagules per
gram of soil (p/g) was determined. Pythium spp. were
isolated by plating 20 2-cm-long segments of decayed
rootlets from each tree on pimaricin-vancomycin selec-
tive media (16, 17). The rootlets were surface-sterilized
before plating by dipping in 709 ethyl alcohol and
drying on paper towels. Pythium spp. growing from the
rootlets were transferred onto V-8 juice agar contain-
ing (3-sitosterol (9) and identified.

The population of Pythium in peach-orchard soil was
determined by sifting soil samples through 0.84-mm
mesh screens, preparing soil dilutions of 1:50, 1:100,
and 1:200 in 0.3% water agar, and evenly spreading
1 ml onto the solidified selective medium with a slightly
bent sterile glass rod. Each sample consisted of three
soil dilutions and three plates per dilution.

Several selective media (2, 4, 15, 16, 17) were com-
pared for their efficacy in direct isolation of Pythium
spp. from peach orchard soil. Since these selective
media gave inconsistent results, an improved selective
medium was developed that contained pimaricin (My-
prozine, potency 92.29,, American Cyanamid Co.),
5mg; vancomycin hydrochloride (Vancocin, Eli Lilly
& Co.) 300mg; pentachloronitrobenzene (PCNB)
technical grade, 100 mg; rose bengal, 10 mg; sucrose,
20g; Zn (ZnCly), 1mg; Cu (CuSO,-5H,0), Mo
(MoOjy), Mn (MnCly), and Fe (FeSO,-7H,0), 0.02
mg each; Mg SO, - 7H,0, 10 mg; CaCl,, 10 mg; thia-
mine hydrochloride, 100 pg; cornmeal agar (Difco),
17 g; agar, 23 g; and demineralized water, 1 liter. Pi-
maricin, vancomycin, PCNB, and rose bengal were
prepared as stock solutions or suspensions in sterile
water immediately before adding to the medium. Pi-
maricin, vancomycin, and CaCl, (sterilized) were
added to the autoclaved (30min at 15psi) medium
after it cooled to approx 50 C. Fifteen to 20 ml of the
medium were poured into each petri dish (100 X 15
mm) and, as soon as the medium solidified, the dishes
were stored in the dark. The medium was prepared and
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used the same day. Immediately after soil dilutions
were spread onto the medium, the plates were incu-
bated for 48 hr at 20 C in the dark. Then the soil was
washed from the plates under a slow stream of tap
water, and Pythium colonies were counted. The plates
were incubated for an additional 24 hr to permit slow-
growing Pythiwm spp. to become visible. No precaution
was required to prevent contamination of the plates
by air-borne microorganisms, as the medium does not
permit development of these organisms.

REsuLTs AND DiscussioN—Qualitative and quanti-
tative determination of Pythium in decayed feeder
roots and soil—The percentage of decayed and dis-
colored feeder roots of diseased peach trees in the field
was 2 to 3.5 times that observed on the symptomless
peach trees (Table 1). Pythium irregulare Buis. was
isolated most frequently from decayed peach rootlets
followed by P. wltimum Trow and P. vexans d By.,
respectively; in addition, 12 other Pythium spp. were
occasionally isolated from peach rootlets (Table 1).
The average number of rootlets from which Pythium
was recovered was the same for diseased and symptom-
less peach trees in Maryland, but it was somewhat
greater for symptomless than for diseased trees in
Pennsylvania, South Carolina, and Georgia. Only the
samples from West Virginia had a higher incidence of
Pythinm associated with rootlets of diseased peach
trees than with those of symptomless peach trees.
There were no apparent differences in Pythium popula-
tions in soils collected from symptomless and diseased
trees, except in Maryland where the Pythium popula-
tion associated with the diseased trees exceeded that of
the symptomless trees. Furthermore, there was no cor-
relation between Pythiwm population in soil and the
number of peach rootlets invaded; nor was there any
correlation between incidence of Pythium in the root-
lets and the severity of feeder root necrosis of peach
trees. Hendrix et al. (6) reported an average of 69
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propagules/g soil in peach orchards with 259, trees
affected by peach tree decline, and only 10 propa-
gules/g soil in orchards free of disease in Georgia. Fur-
thermore, they reported that feeder roots of diseased
peach trees were almost 3 times more often invaded by
Pythium than the roots of symptomless trees. The pres-
ent study showed universal association of Pythium spp.
with peach trees, and failed to confirm any correlation
between Pythium population in soil and incidence of
the fungus in peach roots or of peach tree decline.
Influence of Pythium population in peach orchard
soil on development of peach tree decline.—Attempts
were made to evaluate the ability of various levels of
Pythinm population in soil to induce peach tree decline
in orchards. An orchard free of peach tree decline in
its third growing season at Byron, Ga., was selected for
this study. Twelve trees in soil with low (less than 40
p/g soil) and 12 trees in soil with high (over 200p/g
soil) initial Pythium-population were observed for oc-
currence of peach tree decline during a 3-year period.
Pythium population in soil and the number of feeder
roots invaded by Pythium were determined for every
peach tree each spring and fall. The number p/g soil
under trees with the low initial Pythium population
increased steadily from less than 40 p/g in the spring
of 1967 to 339 p/g in the fall of 1969, while the per-
centage of rootlets from which Pythium was recovered
declined from 26 to 119 in the same period. Pythium
population of peach trees with high (over 200 p/g)
initial population remained at the original level (200
to 223 p/g) until the fall of 1968; then decreased to
136 p/g in the spring of 1969; and then increased
sharply, reaching 701 p/g in the fall of 1969. The num-
ber of rootlets from which the fungus was recovered
declined steadily from 429, in the spring of 1967 to
29% in the fall of 1969. None of the peach trees in
either group developed symptoms associated with peach
tree decline, nor was there any observable difference

Taste 1. Incidence of Pythium spp. in rootlets of peach trees and peach orchard soils

3 % Rootlets from which No.

- T Pythium spp. were recovered? Pythium

Condition Feeder propagules/g

0 roots - P, J P, Pythium air-dried
State treet discolored irregulare  wultimum  vexans spp.¢ Total soil
Maryland S 35 11 3 1 6 21 231
D 77 14 1 0 6 21 359
Pennsylvania S 30 12 11 2 19 44 386
D 82 15 6 2 14 37 341
West Virginia S 17 6 13 1 10 30 274
D 60 17 10 0 25 52 240
South Carolina S 30 22 5 0 7 34 104
D 84 22 0 2 7 31 136
Georgia 5 42 36 1 4 5 46 91
D 82 23 0 | 8 32 81
Avgd for all states S 31 17 7 2 9 35 217
D 73 15 3 1 12 34 231

4 Twenty 2-cm rootlet segments from each tree were plated.

b S = Symptomless; D = diseased.

¢ Pythium splendens Brown, P. intermedium d By., P. paroecandrum Drechs., P. oligandrum Drechs., P. monospermum
Pringsheim, P. rostratum Butler, P. mamillatum Meurs, P. dissotocum Drechs., P. helicoides Drechs., P. debaryanum Hesse,

P, spinosum Sawada, and Pythium spp.

4 Based on 379 samples: 279 from diseased trees and 100 from symptomless peach trees.
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between trees in soil with high and low initial Pythium
populations. Although it has been suggested that Pyth-
ium population above 50p/g soil could cause peach
tree decline (5), these investigations failed to confirm
this contention. Since peach trees remained symptom-
less during the 3-year period, even though Pythium
population exceeded the suggested harmful level of 50
p/g (5) several times, apparently the population of
this fungus in soil alone is not reliable in predicting
eventual occurrence of peach tree decline in orchards.

Active saprophytic colonization of dead peach root-
lets by Pythium.—Several Pythium spp. failed to in-
duce feeder root necrosis of 3-month-old peach seed-
lings in infested, aerated, complete nutrient solution
(10) or in artificially infested soil (8). These fungi,
however, are readily isolated from dead rootlets of
peach trees in the field. Pythium spp. may be secondary
invaders, and their association with the peach rootlets
may be of a saprophytic nature. Several experiments
were conducted to determine competitive saprophytic
ability of P. irregulare, P. vexans, and P. ultimum and
their ability to invade dead peach rootlets in the pres-
ence of soil microflora. Small, excised dead rootlets of
peach were mixed with air-dried sandy loam soil free
of Pythium. The root-soil (1.5:98.5, w/w) mixture was
artificially infested separately with each Pythium sp.
(9) and placed in 8-dr glass vials, and water was added
to bring the soil moisture level to 30, 60, and 90%
moisture-holding capacity (MHC). The soil water level
was maintained throughout the experimental period by
placing the vials in a moist chamber. Invasion of dead
peach rootlets by Pythium spp. was determined after
20 days of incubation at 20 C by plating 20 surface-
sterilized rootlets from each vial on pimaricin-vanco-
mycin-PCNB medium (17). The dead rootlets were
readily invaded by Pythium at all three levels of soil
moisture (Table 2). Pythium wvexans appeared to have
the highest competitive saprophytic ability, followed by
P. irregulare and P. ultimum, respectively. High soil
moisture favored saprophytic activity of these fungi;
thus the number of invaded dead rootlets and the num-

Tapre 2. Relative ability of Pythium spp. to invade
excised dead rootlets of peach trees in artificially infested
natural soil at three soil moisture levels

%
Rootlets
% from
Soil which No.
mois-  Pythium  Pythium
ture was propagules/g
Tnoculum (MHC) recovered® air-dried soil
Pythium irregulare 30 5 500
60 20 600
90 45 1,600
Pythium vexans 30 55 5,200
60 55 7,600
90 72 11,333
Pythium ultimum 30 8 400
60 7 400
90 12 667

a2 Based on two experiments; three replicates/treatment
and plating of 20 rootlets/replicate.
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ber of p/g were directly proportional to the level of
soil moisture. Pythinm vexans, in particular, showed a
high saprophytic activity at low soil moisture (30%
MHC), suggesting that predominant recovery of this
species from peach rootlets during the summer months
(6) is related to its ability to successfully compete,
saprophytically, in invading dead peach roots better
than do P. irregulare and P. ultimum at low soil mois-
ture. Apparently P. irregulare, P. vexans, and P. ulti-
mum behave as soil-inhabiting fungi sensu Garrett (3);
they readily invade dead peach rootlets under varied
levels of moisture in the soil. Therefore, the association
of these Pythium spp. with the dead peach rootlets in
the field may be of saprophytic nature.

These investigations indicate high incidence of Pytk-
ium spp. in peach orchards, but do not show any direct
relationship between peach tree decline and the occur-
rence of these fungi in roots or peach orchard soil. This
suggests that Pythium spp. alone are not the primary
cause of peach tree decline; however, the role of
Pythium spp., in deteriorating feeder roots of peach
trees already weakened by other factors, should be
further investigated.
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