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Root and Crown Rot of Apple Trees Caused by Phytophthora
Michael Mathetun, Deborah Young and Joe Matejka

Absl7nct

Five species of phytophthora were isolated from declining apple
trees in comrnercial orchards in southeastern Arizona Phytophthora çactontm, P. cambivora. P. tirechsteri, E
parasiticg and an unidentified species of Ph ophthora were recovered from 43, seven, three, one, and two trees,
respectively, from 36 different orchard sites. Also, P calawn and cambivora were recovered from nursery -grown
apple rootstocks and trees. All five specks of Plophthora were pathogenic to apple seedlings grown in artificially
infested potting mix in greenhouse tests. E çactorum and P. cambivora were highly virulent, causing rapid plant
decline and death. . ,rechsler4, f. mad kg and the unidentified species were less virulent, causing root necrosis
and occasional plant death. These results implicate these species of Phytophthora in the decline and death of apple
trees in Arizona The association of f çactorum and E. cambivora with roots of nursery-grown apple plants may
partially explain the occurrence and spread of Phytophthora mot and crown rot in this state.

Introduction

Several species of the plant pathogenic fungus Phytophthora are known to cause root and crown rot of apple
trees in most areas of the world where this crop is grown. This fungus has also been recovered from
nursery-grown apple trees in several parts of the United States.

Dead and declining apple trees have been observed in several newly established orchards in southeastern
Arizona. Symptoms associated with declining trees include the presence of small, pale -green leaves, sparse
foliage, and the absence of vigorous growth of terminal shoots. In early autumn, leaves of declining trees often
become reddish in color, while neighboring healthy trees retain dark -green foliage. Examination of the trunk
area, from 1 to 20 cm below the soil surface, often reveals the presence of a lesion or canker. This necrotic
tissue completely girdled trees showing severe symptoms of decline. Various degrees of root rot also were
observed. Several species of Phytophthora were recovered from the decayed root and crown tissue, as well as
from soil around declining apple trees. Two species of Phytophthora also were recovered from five of 12 tested
nursery-grown apple trees from Maryland.

The present study was conducted to identify the Phytophthora species associated with declining apple trees and
to determine their role in the incidence and severity of root and crown rot of apple trees in southeastern
Arizona

Materials and Methods

Isolation of species of Plygphthora from infected trees and soils. Sampled apple orchards were planted between
1979 and 1985 and included trees on M.7, MM.106, MM.111, and apple seedling rootstocks. Declining trees were
sampled in 36 different orchard sites in southeastern Arizona. Isolations were made from decayed root and
crown tissues, and from soil surrounding diseased apple trees.
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Pathogenicity and relative virulence tests. Pathogenicity and relative virulence of Phytophthora species recovered
from apple trees were determined under greenhouse conditions. Apple seedlings were grown in sterile potting
mix and then the potting mix was infested with the representative species of Phytophthora. The pots containing
seedlings and the pathogenic fungus were placed for 48 hr in water -filled containers to enhance the infection of
the seedlings by the pathogen. The 48 hr flood treatment was repeated every 2 weeks during the experiment
to stimulate disease development. Between flooding treatments, the seedlings were watered as needed and the
potting mix was allowed to drain freely. After 3 months, the experiments were terminated and disease severity
was assessed by recording fresh weight of roots and percent of root system that was decayed. These experiments
were repeated four times.

Results and Discussion

Species of Phytophthora associated with apple orchard trees.
Five species of Phytophthora were isolated from decayed roots and crown cankers of apple trees and from the
surrounding soil (Table 1). Occasionally, more than one Phytophthora species was recovered from the
same tree. Isolates recovered from apple trees were Phytophthora cactorum, P. cambivora, P. drechsleri, P.
Raramitic& and one unidentified species of this fungus.

Phytophthora mama was recovered from 43 of 56 trees from which Phytophthora species were isolated, while
P. cambivora, P. drechsleri, P. parasitica. and the unidentified species were recovered from seven, three, one,
and two trees, respectively. Phytophthora cactorum and P. cambivora were recovered from crown cankers,
decayed roots, and soil; P. drechsleri was recovered from decayed roots and soil; and P. parasitic and the
unidentified species were recovered from soil (Table 1).

Phytophthora species associated with nursery-grown stock.
Phytophthora cadorum and P. cambivora were recovered from decayed roots and adhering soil of apple trees
purchased from a nursery in Maryland as replants for an existing orchard. Phytophthora cactorum was recovered
from five of 12 trees sampled. Phytophthora cambivora also was recovered from one of the five plants from
which P. migaim was isolated. Trees from which Phytophthora was recovered were propagated on M.7 and
apple seedling rootstocks.

Clonal rootstock liners (MM.106) were obtained from another nursery in Oregon and planted in sterile potting
mix. Within a month, 20 of 100 leafed out, then suddenly collapsed. Rapidly developing crown cankers were
evident on the declining apple plants. Phytophthora cactorum and P. cambivora were readily recovered from
decayed root and crown tissue.

Pathogenicity and relative virulence tests. In these experiments, we examined the pathogenicity and relative
virulence of the Phytophthora species isolated from declining apple orchard trees. The results of one of these
tests are summarized in Table 2. All five fungi were pathogenic to 3- week -old apple seedlings, but
significant differences in virulence were evident among the Phytophthora species. Phytophthora cactorum and
P. cambivora were highly virulent and caused severe destruction of roots and crown after 3 months, resulting in
tree death in 75 and 100% of test apple seedlings, respectively. Phytophthora drechsleri, P. parasitica, and the
unidentified species were significantly less virulent than P. ado= and f. cambjy02, causing moderate levels
of root decay and plant death in 9, 6, and 0% of test seedlings, respectively.

Results of these investigations show that P. cadmill and P. cambivora are associated with declining apple trees
affected with root and crown rot, whereas P. drechsleri, P. paralitica, and the unidentified species of
Phytophthora are associated with apple trees affected with root rot. Pathogenicity studies reveal that all tested
isolates can cause root decay on apple seedlings, while P. cactorum and P. cambivora can cause crown rot as
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well.

Phytophthora cactorum and E. cambivora were highly virulent and caused rapid decline and death of apple
seedlings. These pathogens also are the most frequently isolated Phytophthora species in commercial apple
orchards in the state. The presence of these highly virulent pathogens within orchards suggests that E. cactorum
and E. gagg2bm are potentially the most devastating Phytophthora species that can attack apple trees in
Arizona.

The recovery of Phytophthora species from nursery -grown apple trees shipped to Arizona emphasizes the
importance of obtaining nursery stock free of these pathogens. Before apple orchards were established in
southeastern Arizona, the land was either native grassland or planted to crops not known to be hosts to E.
cactorum or f. SAS. The association of these two plant pathogenic fungi with nursery -grown apple plants
may partially explain the establishment of Phytophthora root and crown rot in
Arizona
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TABLE 1. Isolation of Phytophthora species from diseased apple
trees in Arizona

Phytophthora species

Frequency of isolationz

Crown Decayed
cankers roots Soil

P. cactorum 14 6 36
P. cambivora 1 2 6
P. drechsleXi 0 2 3

P. parasitica 0 0 1

Phytophthora species 0 0 2

z Samples of crown, roots, and soil (72, 53, and 149),
respectively) from 153 declining orchard trees were tested for
the presence of Phytophthora species.
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Table 2. Growth and disease development in apple seedlings
grown in potting mix infested with five
Phytophthora species and flood- irrigated biweekly
for 48 hr

Plant growth and disease severityY

Potting mix
infestation

Fresh wt
of roots

(g)

Root rotz
( %)

Control (uninfested) 1.04 a 15 a

P. cactorum 0.11 e 95 b
P. cambivora 0.12 e 87 b
P. drechsleri 0.50 d 34 a

P. parasitica 0.77 b 33 a

Phvtophthora species 0.61 c 24 a

y Average of 14 replicate plants per treatment. Numbers in
each column with the same letter do not differ according
to Duncan's Multiple range test (P= 0.01).

z Percent of root system rotted as estimated by visual
observation 3 mo after inoculation. Phytophthora species
were reisolated from decayed roots of all plants in
infested potting mix, but not from those grown in
uninfested potting mix.
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