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Abstract The effect of high levels of CO2 at 20
or 40°C for 10 or 16 h on botrytis storage rot in
beans (Phaseolus vulgaris L.) was assessed. Beans
were inoculated with Botrytis cinerea spores,
exposed to the treatments, and stored in air for 5
days after the treatments to allow for disease
expression and to assess quality. Air at 40°C for
16 h gave complete control of botrytis storage rot.
High levels of CO2 (60%) were not effective and
adversely affected respiration rate, firmness, and
colour of the beans.
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INTRODUCTION

Controlled atmosphere (CA) storage with high CO2
and low O2 concentration relative to air is becoming
an accepted technology for extending the shelf-life
of fruit and vegetables (King et al. 1986; Jameson
1993). As a result of recently imposed restrictions
and bans on the use of disinfestation treatments such
as ethylene dibromide (Anon. 1984), further
development of CA technology to meet quarantine
safety requirements and public demand for
pesticide-free produce would be highly desirable.

H96057
Received 10 September 1996; accepted 5 November 1996

A research programme is underway at the Levin
Research Centre, New Zealand, investigating the
use of high CO2 and temperature for control of pests
and diseases in harvested crops. High CO2 and low
O2, separately or in combination, can give effective
control of botrytis rot on cherries (Prunus avium,
Brash et al. 1992, 1993) and insects on sweetcorn
(Zea mays, Carpenter 1993). In addition, air at 40°C
reduced the incidence of botrytis storage rot on
kiwifruit (Actinidia deliciosa) from 85% (air at
20°C) to c. 50% (Cheah et al. 1994).

Storage rot, caused by Botrytis cinerea, is the
most common disease of beans {Phaseolus vulgaris)
after harvest, and losses can be serious, particularly
in wet and humid growing seasons (Martin 1994).
Infected pods develop water-soaked lesions that
may spread by mycelial "nesting" from diseased
to neighbouring pods. Field control is not always
effective, and at present, there is no postharvest
treatment that can be applied to control the disease.
To date there are no reports of postharvest
treatments using controlled atmospheres and high
temperature on beans. This paper reports the results
of tests using high CO2 (60%) and temperature (up
to 40°C) to control botrytis storage rot in beans.
Our aim was to determine whether treatments that
kill insects will also provide disease control without
being detrimental to fruit quality.

METHODS

A Botrytis cinerea culture was established on malt
extract agar (MEA) from a single spore isolated
from a diseased pod. Spore suspensions, made by
washing spores from 10- to 14-day-old cultures with
water, were used to inoculate beans in the disease
studies.

French beans {Phaseolus vulgaris L.) used in
the experiments were picked from a commercial
garden at Levin. They were washed with water and
then 70% (v/v) ethanol and dried. Three wounds (2
mm diam. x 2 mm deep) were made on each pod
and each wound was inoculated with 20 jul of B.



86 New Zealand Journal of Crop and Horticultural Science, 1997, Vol. 25

cinerea spore suspension (1 x 105 spores/ml). After
the spore droplets had dried, 20 beans/treatment
were placed in two plastic trays (10 beans/tray) and
the trays were placed in a 100-litre metal container.
One container was used for each treatment. The lids
were sealed, and humidified gas (60% CO2, 20%
O2 balance N2) was then fed into each container
which was first flushed with the gas mixture to
establish the correct atmosphere. The flow rate was
then maintained at 200 ml/min. The containers were
located in 20°C (control for temperature) or 40°C
rooms (Table 1). Air was used as the control for
atmosphere treatment. Two atmosphere treatment
times (10 and 16 h) were tested. After treatment,
the trays were covered with clear plastic film with
moist paper towels placed at the bottom of the beans
to maintain high humidity, and stored at 20°C for 5
days before disease assessments were made. The
procedures were repeated to provide five replicates
of each treatment.

Disease assessment
Individual pods were examined for botrytis rot
(brown water-soaked lesions) at the wound sites.
The number of lesions was recorded and percentage
data were calculated.

Firmness
Firmness (N) of the pod was measured by a hand-
held penetrometer (Effegi, Italy) with a 3 mm
diameter plunger. Measurements were taken 4 cm
from each end of each pod and 10 pods were used
per treatment.

Colour
Colour change of the pods (hue angle, 180 + Tan"1

(b/a)) after treatment, and after 5 days of incubation,
was monitored with a Minolta CR 200 chromameter

(hue angle values of 180° = green, and 90° =
yellow). Four readings were taken along each pod
and 10 pods were measured per treatment.

Respiration
Treated beans were placed in cuvettes which
received a flow of humidified (98% relative
humidity) air. The out-flowing air was analysed for
CO2 concentration using an ADC model LCA2
infrared gas analyser.

Statistical analyses
Data were analysed by analysis of variance using
GLM procedures of the Genstat package.

RESULTS

Disease assessment
All inoculated control beans (Treatment 5) were
completely rotted by 5. cinerea (Table 1). Botrytis
storage rot was nearly completely inhibited when
inoculated beans were held in air at 40°C for 16 h.
All treatments significantly reduced disease
incidence. Although analysis of variance showed
that there was no significant differences between
Treatments 1 and 2 (Table 1), there were significant
differences among all other treatments. All the
high temperature (40°C) treatments (Treatments 1,
2, and 3) reduced disease incidence more than the
low temperature (20°C) treatments (Treatments 4
and 5).

Firmness
Beans treated with high CO2 at 40°C for 10 h or
air-treated at 40°C for 16 h were the most firm
(Table 2). Beans held in high CO2 at 40°C for 16 h
were soft compared with those in the other
treatments.

Table 1 Botrytis rot (caused by Botrytis cinerea) in wounded inoculated
French beans (Phaseolus vulgaris) after high CO2 and temperature treatments,
and storage in air for 5 days at 20°C. (Means are presented with the confidence
intervals in parentheses. Confidence intervals (95%) are calculated for the per-
centages on the transformed (logit) scale, and then back-transformed.)

Gas Temperature Botrytis
Treatment (CO2/O2, %) (°C) Time (h) rot (%)

1
2
3
4
5

Air
60/20
60/20
60/20
Air

40
40
40
20
20

16
10
16
16
16

0.0 (0, 0)
0.4 (0.0, 3.2)
12.6(1.7,54.6)
88.9 (49.2, 98.5)
100.0 (100, 100)


