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ABSTRACT
An anthracnose fruit-infection-prediction-model was derived from daily ascospore counts and data obtained from
an electronic weather station. Hours of leaf wetness, relative humidity, air temperature, mm of rainfall, and wind
speed were recorded The effectiveness of the derived model is to be tested during the 1998/99 growing season.
Additionally, variation in the extent of fruit infection with time was determined by weekly bagging of individual
Kent and Keitt fruits from the time the fruits were golf-ball size. On ripening after harvest, disease severity of each
fruit was assessed. Anthracnose was the overwhelming disease in Kent, and soft-brown rot was that in Keitt. The
manifestation of both diseases increased markedly after the fIrst major rain event, after which disease manifestation
declined with bagging date. The reductions in disease were probably related to the duration of bag enclosure as
opposed to the number of infections, since wetness (resulting from fruit transpiration) in the bag would be expected
to favour disease manifestation. The conclusion is reached that the spores causing anthracnose and soft-brown rot
are similarly dispersed by water flow, and that infections are dependent on the wetting of fruits by water originating
from infected parts of the canopy.

illTIREKSEL
'n Model om vrug antraknose-infeksie te voorspel is ontwikkel oit die daaglikse tel van asco-spore en inligting wat
van 'n elektroniese weerstasie verkry is. Ure waarin die blare nat was, relatiewe humiditeit, lugtemperatuur,
mm-reenval en windspoed is aangeteken. Die effektiwiteit van die daargestelde model sal gedurende die 1998/99
seisoen getoets word. Die variasie in die voorkoms van infeksie met tyd is ook vasgestel deur individuele Kent- en
Keitt-vrugte weekliks in sakkies toe te bind, van dat die vrugte so groot soos gholfballe was. Die ernstigheid of graad
van siekte-infestasie is in elke vrug na oestyd en rypmaking, bepaaI. Kent is oorweldigend deur antraknose aangeval
en Keitt deur sagte bruinvrot. Die manifestasie van beide siektes het merkbaar na die eerste groot reenval toegeneem.
Die gevolgtrekking is gemaak dat spore wat vrug antraknose en sagte bruinvrot veroorsaak, hoofsaaklik deur water
versprei word, en dat infeksies in die algemeen afhanklik is van die benatting van vrugte deur water wat van besmette
dele van die blaredak op vrugte val.

Anthracnose disease, caused by ColletJtrichum
gloeosporioides, is considered world-wide to be the most
destructive disease in mango (Jeffries et ai., 1990). Fruit
rejection as a result of symptom manifestation occurs prior
to harvest, or during or after shipment, anthracnose being a
pre- and postharvest fruit disease in mango. In general,
infections occurring on fruits remain quiescent until ripen-
ing is initiated (Simmonds, 1941).

Field inoculum in the form of conidia (and possibly
ascospores) arises from infected leaves, fruits and young
twigs (Quebral, 1970). These sources produce conidia dur-
ing wet or humid conditions (pitzell et ai., 1984). The
disease is spread within the canopy by water borne conidia
during periods of rainfall (pitzell and Peak, 1984). New
shoots, inflorescences and fruits are subject to infection
(Ann et ai., 1994).

Spray prediction models for anthracnose have been de-
rived by Fitzell etai. (1984) and Dodd etai. (1991). Estrada
et al. (1996) evaluated the model developed by Dodd et ai.
(1991), and found it to be acceptable. Both models were
derived from temperaturelhumidity/wetness effects (deter-
mined in the laboratory) on the ability of conidia to form
appressoria. A prediction of 40% or greater is taken to

Fig. 1 The electronic weather station.

indicate the need to spray with a curative fungicide (Dodd
et al., 1991).

Colletotrichum gloeosporioides, besides being primar-
ily spread by water-borne conidia, may also spread as a
result of the aerial dissemination of ascospores. In banana,
it was considered that primary inoculum of anthracnose
could reach flower parts by the dispersal of ascospores
(Bellaire et ai., 1997). The sexual stage (Glomerella cingu-
lata) has been detected in mango orchards in Taiwan (Ann,
1995). The perithecial strains produced both ascospores and



Analysis of variance

Sum of
DF

Mean F-Ratio Significance
Source of variation Squares Square level

Model 9.47195 2 4.73598 4.45 0.01 **

Mins. of leaf wetness 4.75079 I 4.75079 4.46 0.04*

Average wind speed 4.72116 I 4.72116 4.44 0.04*

Error 38.3080 36 1.06411

Total 47.7800 38

conidia on potato dextrose agar. Abundant ascospores were
produced and released after incubation. The sexual organs
produced on potato dextrose agar were similar to those
formed on diseased mango leaves in the field. It was noted
that ascospores were hyaline and slightly curved. The opti-
mum temperature for ascospore formation was approxi-
mately 25C. Light was essential for sexual reproduction,
and also enhanced conidia formation. In darkness, asco-
spores were either not produced or were rarely produced.

The possibility of ascospore and conidia formation be-
ing positively correlated exists. Hence, ascospore numbers
in the atmosphere may indicate conditions generally favour-
ing or disfavouring sporulation of Colletotrichum
gloeosporioides.

Soft-brown rot in mango, caused by Nattrassia mangif-
erae, results in major fruit losses in South Africa, particu-
larly in regions which are relatively wet. Environmental
conditions especially favouring sporulation of Nattrassia
mangiferae are not known. The occurrence of soft-brown
rot has been found to parallel that of anthracnose (Saairnan,
1996). Hence, a model developed for anthracnose may also
be appropriate, to an extent, for the control of soft-brown
rot.

In the present study, a spore trap placed amongst Kent
mango trees was used to trap airborne ascospores of anthrac-
nose disease. Hours of leaf wetness, relative humidity, air
temperature, rum of rainfall and wind speed were recorded
for the purpose of determining a sporulation prediction
model. Variation in degree of fruit infection over time was
also monitored.

A Quest motorised spore trap (P.O. Box 4338, Brits
0250) and a Metos Dat electronic weather station were
set-up in a Kent orchard at Mahuka Landgoed in the Let-
sitele Valley (Fig. 1). The precision of the spore trap is such
that hourly spore counts can be made from it. The weather
station recorded hours of leaf wetness, relati ve humidity, air
temperature, rum of rainfall and wind speed. Readings were
taken and logged every 12 minutes.

Daily number ascospores trapped was ascertained dur-
ing the periods, 12 Dec. 1997 to 9 Jan. 1998, 16 Feb. to 2
March, 1998, and 10 March to 17 March 1998.

The spore counts were transformed to estimated conidia
percentages forming appressoria. This was done by first
determining the spore count which would be associated with
40% appressoria germination according to the model of
Fitzell et al. Transformations were then made assuming a
direct linear relationship between number of conidia form-
ing appressoria and number of ascospores caught on a
particular day.

The transformed counts (appressoria germination per-
centages) and weather data (daily averages stipulated as
independent variables) were subjected to multiple regres-
sion analysis.

To ascertain variation in extent of fruit infection with
time, individual fruits were bagged at regular intervals.
Polyethylene coated bags were used, which were attached
by binding budding tape over bag and peduncle just above
the stem-end of the fruits. The bags were effective in pre-
venting water movement onto the fruits.

Twenty Kent fruits and 20 Keitt fruits (in a nearby
orchard) were bagged every week for 16 weeks; from 9 Oct.
1997, when the fruits were golf-ball size. Treatments (dates
of bagging) were allocated to pre-selected fruits in accord-
ance with the Randomised Complete Blocks Design, the
fruits having been marked and numbered at the start. The
bagged fruits were harvested on 5 Feb. 1998, after which
they were placed in a well ventilated laboratory to ripen.

Six (Kent) or six and 12 (Keitt) days after harvest,
disease manifestation in each fruit was rated according to
severeness. A rating of 0 was given if a fruit was disease
free, a rating of 1 if symptoms were present but were
localised to a small portion of the fruit's surface, a rating of
2 if approximately 1/3 of the fruit's surface showed symp-
toms, a rating of 3 if 2/3 of the fruit's surface was affected,
or a rating of 4 if the entire fruit's surface was visibly
diseased. The diseases occurring were also identified.

The data were subjected to non-parametric analysis of
variance (K-Wallis).
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Fig.2 Variation in the extent of disease manifestation with
bagging date in Kent. Anthracnose was the overwhelming
disease. Weekly rainfall is shown.
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Fig. 3 Variation in the extent of disease manifestation with
bagging date in Keitt. Soft-brown rot was the overwhelming
disease. Weekly rainfall is shown.

The regression analysis results are shown Table 1. The
linear model which best estimated the transformed counts
is:

where mWs = number of minutes during which the leaves
are wet during a day, and aWS = average wind speed during
a day.

The inclusion of wind speed indicates that air movement
was a factor which significantly influenced the number of
ascospores which were caught on a particular day.

The effectiveness of this model as a determinant of a
spraying schedule for anthracnose and soft-brown rot is to
be determined during the 1998/99 growing season in the
orchard used in the current study.

Figs. 2 and 3 show the variation in disease severity with
bagging date in Kent and Keitt, respectively. Also shown is
weekly rainfall in mm.

In Kent, anthracnose was the overwhelming disease
(symptoms were clearly evident prior to harvest). This
meant that the proper assessment of soft-brown rot severity
was not possible. Disease manifestation increased markedly
after the first major week of rain (6 Nov. to 8 Nov.). Despite
the occurrence of further rain events, anthracnose manifes-
tation did not increase, but tended to decrease with bagging
date.

In Keitt, soft-brown rot was the overwhelming disease.
This meant that the proper assessment of anthracnose sever-
ity was not possible. The average degree of manifestation
increased markedly after the first major week of rain (Nov.
6 to Nov. 8). Despite the occurrence of further rain events,
soft-brown rot manifestation did not increase, but tended to
decrease with bagging date.

These results indicate that the spores causing anthrac-
nose and soft-brown rot are similarly dispersed by rain, and
that infections are dependent on the wetting of fruits by
water originating from infected parts of the canopy. The
apparent reductions in disease manifestation with time prob-
ably relate more to the duration during which disease fruits
were bagged than to the extent of infections. This is stated
in view of water accumulation in the bags as a result of fruit
transpiration. Conditions in the bag were supposedly fa-
vourable for disease manifestation prior to harvest.

It is noteworthy that the stage of fruit growth and devel-
opment or maturation, which may have a bearing on fruit
susceptibility to infection, has been ignored in the anthrac-
nose disease prediction models already proposed. A consci-
entious assessment of environmental condition influence
should also take as many variables into account as is possi-
ble. Light intensity or duration of sunshi.ne hours, which
were not determined in the present study, may have a
profound effect on sporulation. Directly ascertaining the
extent of fruit infections after short periods (5 to 7 days)
during which as many environmental conditions as possible
are monitored will give the most accurate prediction model.

Genetic variation between pathogen strains may lead to
the finding of area specificity for a particular model. It is
still to be determined whether disease prediction models
derived from data obtained in a particular region (or coun-
try) will be generally applicable or not.

The models proposed by Fitzell et al. and Dodd et al.,
and the model derived in the present study, are to be evalu-
ated during the 1998/99 growing season for both anthrac-
nose and soft-brown rot control.
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