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environmental stress factors are suggested.

Abstract

English boxwood (Buxus sempervirens var. suffruticosa L.) plants were grown in the greenhouse in association with rhizomes
of bromegrass and bindweed. Rhizomes of both species were colonized by Paecilomyces buxi. Boxwood plants showed symp-
toms.similar to decline of field grown plants, and boxwood roots were colonized by P. buxi. Rooted cuttings of boxwood sub-
jected to temperatures gradually reduced to -5C (23F) were uniformly colonized by P. buxi in basal stem lesions where the
fungus sporulated at the surface of the stems. Some implications for root-rot development and spread of P. buxi related to

Index words: English boxwood decline, Bromus inermis, Convolvulus sepium, low temperature stress

Introduction

English boxwood has been grown as an ornamental in
the middle Atlantic states since its introduction during
Colonial times. Prized for its slow and luxuriant growth
in the landscape, English boxwood has relatively few
pests or diseases (6). However, Phytophthora root rot
and English boxwood decline currently threaten box-
wood culture in Virginia.

English boxwood decline was perhaps first described
over 50 years ago and has been attributed to many
causal factors, including fungi, nematodes, and weather
(1, 2, 3, 5). Montgomery et al. (4) described the present
decline problem and consistently associated the fungus
Paecilomyces buxi with decline. The total etiology has
not been described.

The purposes of these studies were to determine some
effects of low temperature stress on colonization of
English boxwood by P. buxi and on root rot develop-
ment. In addition, the possible role of two perennial
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rhizomatous weeds, Bromus inermis Leyess (brome -
grass) and Convolvulus sepium L. (bindweed), in box-c
wood decline was examined. Both weeds were observed“’
growing in close association with declining English box-2
wood. '
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Materials and Methods

Plants used in this research were propagated from:
cuttings collected from established landscape EngllshE’.
boxwood in Colonial Williamsburg, VA, where decline;
has not been observed. Rooted cuttings were trans-=.
planted to a steam pasteurized medium of topsoil and =
composted ground pine bark (1:1 by vol) in 946 ml (0ne<D
quart) plastic containers. Osmocote 14N-6.02P-11. 6K0
(14-14-14), 4N-3.87P-2.5K (4-9-3) fertilizer, and groundg
dolomitic limestone were added to the potting mixture
at 85 g (3 oz) ea per .057m?* (2ft*). Plants were grown in
the greenhouse on wire benches, watered daily, and fer-
tilized monthly with 30 g/1 of Peter’s 20N-8.6P-16.6K
(20-20-20) soluble fertilizer.

Bromegrass or bindweed rhizomes collected from a
field in which English boxwood had died were planted
with the boxwood as one 2-3 cm long slip per pot of ac-
tively growing rhizome in containers. The boxwood
were grown in association with the bromegrass or bind-
weed for 13 mo in the greenhouse. At that point the
boxwood was growing in a mat of bromegrass or bind-
weed. The boxwood plants were then removed from the
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Table 1. Disease ratings and isolation of Paecilomyces buxi from roots and stems of English boxwood, bromegrass, and bindweed grown in close
association.
Test 1 Test 2

Root Top Percent Root Top Percent
Host rating rating isolation rating rating isolation
English boxwood
with bromegrass 2.6a* 3.0a 44 1.2b 2.0a 85
English boxwood
alone 1.0b 1.0b 0 1.0b 1.0c 50
Bromegrass 52 50
English boxwood
with bindweed 2.0a 1.7b 80
Bindweed 100

“Rated visually on a scale of 1 to 5, healthy to dead. Mean separation within columns followed by the same letter are not significantly different at

the 5% level using Duncan’s Multiple Range Test. Means are an average of 10 replicates.

containers, the root system washed free of growing
medium and visually rated for discoloration and
evidence of rot. Tops were also rated for color and size.
Root samples from boxwood, bromegrass and bind-
weed were surface sterilized and plated onto a medium
selective for isolation of Paecilomyces buxi. The
medium consisted of Difco corn meal agar supple-
mented with soluble starch (10 g/l), yeast extract (100
mg/1), chlorotetracycline (100 mg/l), streptomycin
sulfate (100 mg/l) and pimaricin (50 mg/l). This
medium was developed by the first junior author for
this purpose.

Low temperature stress experiments were conducted
with rooted cuttings in 473 ml containers in a medium of
Canadian sphagnum moss, composted ground pine
bark, and Weblite® (1:1:1 by vol). In the first test, 10
plants were placed in a freezer at ambient room tem-
perature and the temperature reduced approximately 5C
(9F) per hour from 25C to -SC (77 to 23F). The plants
were left overnight in the freezer at ambient air tempera-
ture of -5SC (23F) and approximate root temperature of
0C (32F). After equilibration to 20C (68F), plants were
each inoculated with 25 ml of a spore suspension (1.5 x
10° spores/ml) of P. buxi drenched into the container
and placed into metal trays in growth chambers. Non-
inoculated plants were maintained in a separate growth
chamber. In a second experiment, plants were stressed
as described above and inoculated prior to stressing
(treatment one), after stressing (treatment two), stressed
but not inoculated (treatment three), and (treatment
four) inoculated but not stressed.

Results and Discussion

In the two experiments where English boxwood were
grown in association with bromegrass and bindweed the
root systems of boxwood were often discolored and
some root rot was observed. In general, these root sys-
tems were smaller and were discolored compared with
boxwood grown alone (Table 1). The tops of boxwood
grown with bromegrass or bindweed were markedly
reduced in size and did not produce new growth.

Paecilomyces buxi was isolated from roots of box-
wood, bromegrass and bindweed (Table 1). Although
boxwood were not artificially inoculated, P. buxi may
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have been introduced with the bromegrass or bindweeds
rhizomes or perhaps by greenhouse contaminationg
Non-inoculated boxwood plants grown without brome-S
grass or bindweed in Test 2 also supported growth of P.=
buxi. 3

Low-temperature-stressed boxwood showed typlcaE
root rot and failure of new root development. Stresseds
plants had sporulating P. buxi colonies at the basal end’
of the stem. Among plants which were inoculated but-
not stressed only 10% showed P. buxi signs (Table 2).§

Decline of English boxwood in the landscape may be®
related to several factors (4). Results of these studieso
suggest that both biotic and abiotic factors are involved .
Stress may influence infection and colonization by P.%‘
buxi. Test 1, Table 1, data show that bromegrass may”
have been naturally colomzed by P. buxi, and that P.c
buxi may have colonized boxwood roots from its base i 1nc
the bromegrass rhizomes. In Test 2, Table 1, the ev1—§
dence suggests a similar relationship with bmdweedO
Disease severity in boxwood in both tests was greater m:
the presence of the rhizomes of both bindweed and3
bromegrass than in their absence. This suggested an-
associative role for these plants in addition to providing%
an inoculum source, because no artificial inoculation or3
infestation with P. buxi occurred in either test. Other?,

Table 2. Basal stem infection of English boxwood by Paecilomyc
buxi following low temperature stress.

€.

Percent basal stems
exhibiting signs of P. buxi

sseode 901 BIA |-/

Treatment

low temperature stress

non-inoculated 80a*
low temperature stress

pre-stress inoculated 100a
low temperature stress

post-stress inoculated 100a
inoculated only 10b
non-inoculated, not stressed 0b

“Mean separation by the same letter are not signficantly different at
the 5% level using Duncan’s Multiple Range Test. There were 10
plants in each treatment.
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tests showed that bromegrass and bindweed can be col-
onized by P. buxi in vitro and we have observed that
naturally occurring bromegrass or bindweed in a north-
ern Virginia nursery were colonized by P. buxi (unpub-
lished data). The role of bromegrass or bindweed in de-
cline of boxwood is not clear but may be as a reservoir
of inoculum. The long test period (13 mos) would have
allowed ample time for natural, and thus uncontrolled,
greenhouse contamination of the tests, perhaps explain-
ing why P. buxi was isolated from boxwood growing
alone in Test 2, even though not from Test 1.

There was an unexpected, but not surprising, result of
the low-temperature-induced stress caused by freezing
rooted cuttings of boxwood. A highly significant corre-
lation was found between low temperature treatment,
either before or after inoculation or even without inocu-
lation, and development of basal stem lesions which
contained sporulating colonies of P. buxi. Predisposi-
tion by this treatment caused proliferation of the patho-
gen at the surface of the stems in inoculum from either
artificial or natural sources. This could occur in normal
winter weather in the field. Development of lesions on
the stem, typical of those observed in this experiment, is
common in the field and could provide the initial steps
in disease development and eventually cause root rot.
Predisposed stems could also be a source of new inocu-
lum for spread of the fungus to new infection sites
among nearby plants. This might provide the mechan-
ism by which winter injury, often suspected but never
proved, might influence both subsequent spread of the
pathogen and development of a root rot disease.

These studies have shown that rhizomatous weeds
may serve as an inoculum reservoir in boxwood when
they are colonized by Paecilomyces buxi. A mechanism
has been postulated by which low temperature induced
stress may pre-dispose English boxwood to stem coloni-
zation by P. buxi followed by proliferation and spread
of the fungus, eventually causing root rot and death of
individual plants.

Significance to the Nursery Industry

The production of English boxwood by nurserymen
in Virginia is currently difficult because little informa-
tion is available to explain the large losses caused by
decline. Some English boxwood nurseries in certain
Northern and Central Virginia counties were lost during
the past 12 years due to decline caused by P. buxi root
and stem rot. Previous research has suggested that envi-
ronmental stress may be an important factor in decline.
This research provides additional information on the
possible role of low winter temperature on the develop-
ment of decline and spread of P. buxi. Although it will
be impossible to manipulate optimum temperature for
boxwood production under field culture, it may be pos-
sible to provide stress-free conditions for successful pro-
duction in container culture. New technology in the area
of cold protection such as microfoam blankets and tem-
porary buildings should relieve stress. 9

Weed control measures to eliminate perennial weedsé
as inoculum reservoirs may improve the survival rate ofo
English boxwood grown under field conditions.
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