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ABSTRACT
The spray prediction models of Fitzell et ai. (1984), Dodd et ai. (1991) and Oosthuyse and Schutte (1998) for
anthracnose disease control were evaluated for their ability to control both fruit anthracnose and soft-brown rot in
Keitt and Kent. Prochloraz followed by copper-hydroxide
was applied when spraying was advocated by the models.
Certain trees were not sprayed (controls) and certain were sprayed every three weeks with copper-hydroxide
(standard programme).
At harvest, the sampled fruits were washed, waxed and packed in 4 kg cartons. The
commercial packline fungicidal treatments (hydro-heating and prochloraz treatment) were either included or were
excluded. Following packing, the fruits were placed in cool-storage at 9.5C for 28 days and were subsequently allowed
to ripen at 20C.
Best control of anthracnose disease in Keitt and Kent was achieved following spraying in accordance with the model
of Fitzell et af. In Kent, the results concerning anthracnose control when the fruits were fully ripe were not clear.
Best control of soft brown rot in Keitt and Kent was achieved by regular copper spraying. The packline fungicidal
treatments had a pronounced effect in reducing the manifestation of both anthracnose and soft-brown rot shortly
after cool-storage. The effect of these treatments was less clear at the time of full-ripening.
It is concluded that the model of Fitzell et ai. can be used to schedule spraying for the control of anthracnose disease.
A model which can be used to limit fruit infections by Nattrassia mangiferae, specifically, requires developing.

Spray prediction models for the control of anthracnose
disease have been derived by Fitzell et al. (1984), Dodd et
al. (1991) and Oosthuyse and Schutte (1998). The models
of Fitzell et al. (1984) and Dodd et al. (1991) were derived
from temperature/humidity effects on the ability of conidia
to form appressoria (determined in the laboratory). A prediction of 40% or greater was taken to indicate the need to
spray with a curative fungicide (Dodd et al., 1991). The
model of Oosthuyse and Schutte (1998) was derived from
daily ascospore counts [spores trapped by a motorised spore
trap (Quest)], and temperature, relative humidity, duration
of leaf wetness, rainfall, and wind speed measurements
made by an electronic weather station.
Anthracnose
disease,
caused by Colletotrichum
gloeosporioides, is considered world-wide to be the most
destructive disease in mango (Jeffries et al., 1990). Fruit
rejection as a result of symptom manifestation occurs prior
to harvest or after shipment. In general, fruit infections
occurring prior to harvest remain quiescent until ripening is
initiated (Simmonds, 1941).
Field inoculum primarily in the form of conidia arises
from infected leaves, fruits and young twigs (Quebral,
1970). These sources produce conidia during wet or humid
conditions (Fitzell et ai., 1984). The disease is generally
spread within the tree canopy by water borne conidia during
periods of rainfall (Fitzell and Peak, 1984). New shoots,
inflorescences and fruits are subject to infection (Ann et al.,
1994).

Colletotrichum gloeosporioides, besides being spread
by water-borne conidia, is also spread as a result of the
dissemination and aerial movement of ascospores. The sexual stage (Glomerella cingulata) has been detected in
mango orchards in Taiwan (Ann, 1995). Anne (1995) found
that perithecial strains produced both ascospores and 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. The optimum
temperature for ascospore formation was found to be approximately 25C. Light was noted to be essential for sexual
reproduction, and also to enhance conidia formation. In
darkness, it was found that ascospores were either not
produced or were rarely produced.
The possibility of ascospore and conidia formation being positively correlated was stated to exist (Oosthuyse and
Schutte, 1998). Ascospore numbers in the atmosphere may
indicate conditions generally favouring or disfavouring
sporulation
of Colletotrichum
gloeosporioides
and
Glomerella cingulata.
Soft-brown rot in mango, caused by Nattrassia mangiferae, results in major fruit losses in South Africa, particularly in the regions that are relatively wet (annual rainfall
exceeding 500 mm). Environmental conditions especially
favouring sporulation and spore germination of the incitant
of this disease are not known. The occurrence of soft-brown
rot has been found to parallel that of anthracnose (Saaiman,
1996). Hence, a spray prediction model developed for an-

thracnose disease may also be appropriate, to an extent, for
the control of soft-brown rot disease in mango.
In the present study, the existing anthracnose models
were evaluated for their ability to indicate appropriate dates
on which to spray apply fungicides to control anthracnose
and soft-brown rot.

In June, 1998, an electronic weather station (Metos Dat,
Austria) was set-up in the vicinity of a Kent and Keitt
orchard at Mahuka Landgoed in the Letsitele Valley. Hours
of leaf wetness, relative humidity, air temperature, mm of
rainfall, and wind speed were recorded and logged every 12
minutes.
Thirty five adjacent trees of each cultivar were used. At
the outset, the Kent trees showed a greater degree of visible
anthracnose infection than the Keitt trees. The trees and
fruits of each cultivar were treated identically unless it is
stated otherwise. The following applies to each ofthe cultivars.
Seven trees were sprayed in accordance with each of the
three models. Spraying, when advocated, was commenced
on the day after the cessation of rain. On occasions rain
occurred over a number of days. Seven of the trees were not
sprayed during the season, serving as controls, and seven
were sprayed with copper every three weeks (standard
programme). There were seven single tree replicates of five
treatments (incl. control). The Randomised Complete
Blocks Design was employed.
Differential spraying commenced on October 27, 1998,
when the fruits were generally "golf' to "tennis ball" size.
Fortnightly Octave (25 g per 100 I) sprays were made from
the time of fruit set (fruit pea size) until that of differential
spraying. From October 27, 1998, the trees sprayed according to the models received Octave (25 g per 100 I water)
followed by Copper-count N (300 ml copper ammonium
acetate per 100 I water) when spraying was advocated. From
December 22, 1998, the dosages were doubled (50 g Octave
per 100 I water; 600 ml Copper count N per 100 I water).
The Kent trees were harvested in mid-March, 1999, and the
Keitt trees in early February, 1999.
The expressions for the models are:
Fitzell16,1 + 1, 1.(aT) - 0,03.(aT)2 + 1,09.1n mLw

=

=

In p/q

% ApF = 100.EXP(ln p/q)/[1 + EXP.(ln p/q)].
Oosthuyse and Schutte % ApF = 0,8 + O,OOl.mLw + 2,8.aWS
where
% ApF = percentage of conidia forming appressoria,
aT = air temperature,
mLw = minutes ofleafwetness,

and

The threshold value (indication to spray) of 40% (%
ApF) was used for the models ofFitzell and Dodd, whereas
that of8% was used for the model ofOosthuyse and Schutte.
On January 4, 1999, all of the frui~s showing visible
sings of anthracnose were removed from the Kent trees, and
20 fruits (selected randomly) were sampled from each of the
Keitt trees. In Kent, the number of fruits removed per tree
was assessed. The fruits obtained from both sets of trees
were placed in an open shed (the order of stacking of the
fruit containers in the shed was the same as that of the trees).
After seven days, the extent of lesion development was
assessed in each of the Kent fruits. This was done after 18
days in Keitt.
Disease colonisation in each fruit was assessed by estimating the percentage of the fruit surface which was visibly
affected. The diseases occurring (anthracnose and/or softbrown rot) were also identified.
At harvest, two cartons (4 kg) offruit were removed per
tree (random selection whilst walking around each tree).
One of the cartons of fruits (chosen randomly) was subjected the commercial packline treatment [wash in water
containing 1% BiProx, rinse in water, hydro-heat at 50C for
5 minutes, dip in prochloraz (180 ml Omega/l 00 I water)
for 20 s, wax with Avocado polyethylene wax]. The other
carton of fruits was subjected to the commercial packline
treatment, but without including the fungicidal treatments
(hydro-heating and dipping in prochloraz). After packline
treatment, the cartons of fruits were placed in cool-storage
(9.5C±0.5C) for 28 days, following which the cartons of
fruits were left to ripen at 20C (±1 C) in a well ventilated
laboratory. The extent of disease manifestation of each fruit
was assessed two or three days after cool-storage (fruits still
firm; densimeter reading> 60) and on full-ripening.
During and after cool-storage, the cartons of fruits were
stacked in the same order as the trees from which the fruits
they contained came. The position occupied by the cartons
of fruits receiving the complete packline treatment was
random (one of two positions).
The carton averages, or tree averages or totals were
subjected to analysis of variance (split plot analysis was
performed on the data obtained from the fruits which were
subjected to cool-storage).

In p/q

Dodd -40,8 + 3,9.ln mLw + 2,08.(aT) - 0,4.(aT)2

aWS = average wind speed.

Conditions were exceptionally wet during the fruit
growth and development period. More than 900 mm of
rainfall was received during the period from October 27,
1998 to February 15, 1999. The prediction model ofFitzell
et al. was most sensitive (proneness to indicate spraying),
whereas that of Dodd et al. was least sensitive.
Fig. 1 shows average lesion coverage or number of
diseased Kent fruits on January 9, 1999. Copper spraying,
and spraying according to Fitzell et al. and Oosthuyse and
Schutte, gave rise to reduced averages. Differences here
(specifically between these treatments) with regard to treatment were not apparent. Differences between the un sprayed
trees and the trees sprayed according to Dodd et al. were
also not apparent.
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Fig. 1 Average lesion coverage or number of diseased Kent
fruits on January 9, 1999.
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period. Greatest control of anthracnose was achieved when
spraying was performed according to the model ofFitzell et
al. Shortly after cool-storage, differences in soft-brown rot
incidence were unclear. On full-ripening, regular copper
spraying gave rise to the lowest average percentage offruits
showing signs of this disease.
The packline fungicidal treatments had a pronounced
effect in reducing the incidence of anthracnose and soft
brown rot. The effect on anthracnose disease was most
marked. Soft-brown rot incidence increased substantially
during the ripening period irrespective of whether the packline fungicidal treatments were applied or not. The change
in anthracnose incidence was relatively slight. In general,
the differences in disease incidence were far more pronounced shortly after cool-storage than at the time of fullnpemng.
Figs. 5 and 6 show average percentages of Kent fruits
per carton showing signs of disease, anthracnose or soft
brown rot shortly after or when the fully-ripe stage was
attained. Shortly after cool-storage, and on full-ripening,
anthracnose was the predominant disease, the incidence of
anthracnose being high from the start. Differences in anthracnose incidence relating to spraying were unclear at
both stages. As in Keitt, regular copper spraying gave rise
to the lowest average percentage of fruits showing signs of
soft-brown rot. In the fruits receiving regular sprays of
copper, the reduced incidence of soft-brown rot was coupled
with an increased incidence of anthracnose. This suggests a
degree of interaction between the diseases in question with
respect to their ability to colonise mango fruit tissue.
The packline fungicidal treatments had an effect in
reducing the incidence of anthracnose and soft brown rot in
Kent. The reduction caused was far less marked in Kent than
it was in Keitt. Moreover, the effect on either disease in Kent
was small or unclear at the time of full-ripening.

Fig. 2 Average lesion coverage or percentage of diseased
Keittfruits on January 22, 1999.
Fig. 2 shows average lesion coverage of the diseased
Keitt fruits and the average percentages of diseased Keitt
fruits on January 22, 1999. The differences relating to
treatment were similar to those found in Kent. Copper
spraying and spraying according to Fitzell et al. and Oosthuyse and Schutte gave rise to reduced averages. Here,
(specifically between these treatments) differences relating
to treatment were not apparent. Differences between the
unsprayed trees and the trees sprayed according to Dodd et
al. were also not apparent.
In considering the fruits that were subjected to cool-storage, interaction between the factors ofthe experiment (field
spraying schedule; presence or absence of the packline
fungicidal treatments) was always taken to be non-significant (P < 0.05). The main effect means are presented.
Figs. 3 and 4 show the average percentages of Keitt fruits
per carton showing signs of disease, anthracnose or soft
brown rot shortly after fruit removal from cool-storage, or
once the fully-ripe stage was attained. Shortly after coolstorage, anthracnose was predominant, whereas on full-ripening, soft-brown rot was predominant. This resulted from
relatively little change occurring in the percentage of fruits
showing signs of anthracnose disease during the ripening

A difference between the Kent and Keitt trees at the
outset was the extent of visible anthracnose manifestation.
The Kent trees showed symptoms of anthracnose on their
leaves, whereas such symptoms were absent in Keitt. It is
also noteworthy that Keitt is less prone to anthracnose
disease than is Kent (pers. obs.). The extent of disease
control brought about by spraying or packline fungicidal
treatment may be considered to have been reliant on the
extent of disease infection at the outset, as well as the degree
of inherent anthracnose tolerance. This will serve as a reason
for effective anthracnose control in Keitt, whereas poor
anthracnose control in Kent. The results further indicate
that spraying according to the model of Fitzell et al. is the
preferable option for the control of anthracnose disease in
the field.
Spraying in accordance with any of the anthracnose
models was not effective for the control of soft-brown rot.
This would suggest that a model specifically indicating
conditions favouring spore germination of Nattrassia
mangiferae is additionally required if both anthracnose and
soft-brown rot are to be adequately controlled by the method
of spore germination prediction.
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Fig. 3 Average percentages of Keitt fruits per carton showing signs of disease, anthracnose or soft brown rot shortly after
removal of the fruits from cool-storage (factor means and 95 % LSD intervals).
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Fig. 4 Average percentages of Keittfruits per carton showing signs of disease, anthracnose or soft brown rot when the
fully-ripe stage was attained (factor means and 95 % LSD intervals).

Fig. 5 Average percentages of Kent fruits per carton showing signs of disease, anthracnose or soft brown rot shortly ajier
removal of the fruits from cool-storage (factor means and 95 % LSD intervals).
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Fig. 6 Average percentages of Kent fruits per carton showing signs of disease, anthracnose or soft brown rot when the
fully-ripe stage was attained (factor means and 95 % LSD intervals).

Soft-brown rot developed more quickly after cool-storage than did anthracnose in both Keitt and Kent. In Kent,
anthracnose remained the predominant disease, whereas in
Keitt, soft-brown rot become predominant. The pattern of
soft-brown rot developing later after cool-storage than anthracnose and becoming extensive after cool-storage has
been noted in a previous study where Kent fruits were used
(Oosthuyse, 1998). It would seem that in the situation where
anthracnose is not overwhelming at the outset, soft-brown
rot will colonise the fruits at a later stage of ripening than
anthracnose, and can become the predominant disease.
The packline fungicidal treatments were effective in
reducing the manifestation of both anthracnose and softbrown rot. It is noteworthy, however, that the effect was not
particularly marked when the fully ripe stage was attained.
This occurrence may have had a strong bearing on the
exceptionally wet conditions experienced during the fruit
growth and development period.
The following conclusions
results of the current study:

might be drawn from the

I. The model of Fitzell et af. can be used to schedule
spraying for the control of anthracnose disease.
2. A model that can be used to limit fruit infections by
Nattrassia mangiferae, specifically, requires developing.
3. The effective of spray programmes and of the packline
fungicidal treatments depends to a large extent on the initial
degree of tree infection.
4. Anthracnose colonises fruit tissues at a lesser stage of
ripening than does soft-brown rot.
A greater comprehension of the reproductive, over wintering, colonisation and transfer mechanisms of Nattrassia
mangiferae is required for effective control strategies to be
devised for soft-brown rot. Factors specifically favouring
sporulation and spore germination require elucidation.
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