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Rind distortion of lemon caused by Botrytis cinerea Pers.
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Abstract The infection process by Botrytis cinerea
Pers. on lemon fruits {Citrus Union (L.) Burm.), and
development of rind distortion are described. Infec-
tions occur on juvenile fruitlets soon after petal fall
from hyphae growing over the surface of the fruit
from adjacent colonised flower debris. The hyphae
form compact infection cushions at their tips. There
is a collapse of epidermal cells and several layers of
underlying cells in the vicinity of the infection cush-
ion, leading to the formation of small necrotic pits
on the surface of the fruit. As the fruitlets grow, there
is generalised hyperplasia in a zone up to 20 cell
layers deep in the region of the necrotic pits, lead-
ing to conspicuous outgrowths on the fruit surface.
The initial wound becomes stretched, flattened, and
corky as the fruit enlarges. A cambial layer is located
below the area of damaged tissue, fluorescence in
the vicinity of the cork cambium indicates the pres-
ence of suberin in the cambium. There was no evi-
dence of suberin or lignin deposition in the region
of the original necrotic pit. The necrotic pits are
characteristic of a non-pathogenic reaction between
the fungus and the host, with fungal hyphae failing
to become established in the necrotic tissues of the
pit. The hyperplasia leading to the rind distortions
is considered to be a generalised reaction to the ini-
tial wound and is commonly observed in lemon fol-
lowing other types of injury to the rind. The principal
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sources of inoculum in orchards are Botrytis-colo-
nised floral debris caught up in flower clusters or
adhering directly to the fruit surface. The etiology
of the disorder helps explain why control by conven-
tional fungicides is seldom successful. Not only are
there physical limitations to providing a protective
cover on very small fruit, but also the extended pe-
riod over which flowering occurs in lemon imposes
limits on the number of applications able to be eco-
nomically applied. In the absence of effective con-
trol systems, growers are advised to modify
husbandry practices such as lowering the density of
shelter belts, opening lemon canopies to assist dry-
ing out of the flowers, and use of air blast orchard
sprayers to physically remove floral debris from the
vicinity of young fruit.
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INTRODUCTION

Botrytis cinerea Pers. has long been associated with
flower and premature flower fall of lemon (Citrus
limon (L.) Burm.) as well as a destructive pre- and
postharvest fruit rot (Klotz et al. 1946). Rind
distortions in lemon associated with B. cinerea were
first illustrated by Calavan et al. (1952) in Florida
where it was described as a symptom following
scarring of young fruit by B. cinerea. Although the
symptom has subsequently been referred to in a
number of texts and manuals (Klotz 1973, 1978;
Menge 1988; Fullerton et al. 1997), no detailed
studies of the disorder have been reported.

In New Zealand, rind distortion is a common
problem in lemon orchards, particularly in the
cultivars 'Genoa' and 'Villa Franca' (Fullerton et al.
1997). The proportion of fruit affected varies be-
tween season, crops, and districts but can be as high
as 30^0% (Fullerton et al. 1995). Symptoms typi-
cally consist of a series of conical or ridge-like
outgrowths on the rind, extending up to 4 mm from
the fruit surface, usually associated with irregularly
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Fig. 1 Typical symptoms of botrytis fruit distortion on a young lemon {Citrus limon) fruit. Fig. 2 Early stages of
infection of a young lemon fruitlet. Wefts of hyphae of Botrytis cinerea extend from floral debris onto the fruit sur-
face.

shaped, often stellate, corky scars at the tips (Fig. 1).
The distortions tend to be most conspicuous on
young fruit, and on partially ripe fruit when there is
a delayed colour change on the tissues of the
outgrowths. The disorder is primarily cosmetic, lead-
ing to downgrading of market quality of the fruit.

Fruit distortions have been noted on various other
types of citrus. Jeppson (1951) described malfor-
mation on lime similar to those caused by B. cinerea
on lemon. However, observations during fruit devel-
opment showed that they were associated with ab-
normal flower development involving fusions
between stamens and ovaries during flower differen-
tiation, a condition known as carpelloidy. In New
Zealand, rind distortions on immature 'Satsuma'
mandarin (C. unshiu Marc), 'Encore' mandarin (C.
reticulata Blanco), and 'Seminole' tangelo (C.
reticulata xparadisi) closely resemble those caused
by Botrytis on lemon. In almost all instances the
overgrowths of the rind disappear as the fruit ma-
tures. However the associated corky scars remain as
blemishes on the fruit surface and lead to downgrad-
ing of fruit quality. The direct association of B. cin-
erea and fruit distortions on these other citrus types
has not been established.

Early attempts to control the disorder with
fungicides met with variable success although Cop-
per sprays and Ferric Dithane (ferric ethylene
bisdithiocarbamate, produced by mixing ferric sul-
phate and disodium ethylene bisdithiocarbamate
(Dithane D-14)) were able to provide some reduction

in damage (Calavan 1952). In two field trials in
North Auckland in 1995 and 1996, a range of
fungicides was used in an attempt to control the dis-
order. Of the products tested only the fungicide
dichlofluanid (Euparen®) and a potassium soap for-
mulation achieved a reduction in damaged fruit
(Fullerton et al. 1995; Fullerton & Harris 1997).

To develop more effective control strategies a
better understanding of the etiology of the disorder
is required. This paper reports a study of infection
and symptom development on 'Genoa' lemon.

METHODS

Observations on the infection process were made
both in vitro and in vivo, the latter utilising both
potted plants in the glasshouse and observations in
a commercial lemon orchard. Details of the infection
process were observed using stereo microscopy,
scanning electron microscopy, and thin section light
microscopy.

Inoculations in vitro

Cultures of B. cinerea were grown on Oxoid Malt
Extract Agar (MEA) under a 12 h light/dark regime
(lx Osram near UV fluorescent "Black Light" and
2x warm white fluorescent tubes, suspended
350 mm above cultures). Glass Petri dishes
containing filter paper were autoclaved and the filter
paper moistened with sterile water. A strip of MEA


