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ABSTRACT

Cercospora spot of avocados, caused by Pseudocercospora purpurea, is one of the most severe pre-harvest
fungal diseases in South Africa. A forecasting model, developed in the early 1980s, is currently used in the
South African avocado industry to predict when spore release occurs as well as the optimum time for the first
spray. Due to climate change, it is however crucial to re-evaluate this model. The aim of this study was to
determine if the current prediction model is still valid for forecasting the first spray for effective control. The
second aim was to refine the existing model by considering the effect of humidity and/or leaf wetness as deter-
mining factors for spore release. In the 2017/18 season, spore traps were positioned in an unsprayed ‘Fuerte’
orchard at both Halls and Agricultural Research Council — Tropical and Subtropical Crops (ARC-TSC) (Nelspruit
area) and in the 2018/19 season only in the ARC-TSC orchard. Spore traps consisted of petroleum jelly-coated
slides held both horizontally and vertically. Slides were changed and examined hourly, daily and weekly. To
determine the critical infection periods, a bagging trial was carried out at the Halls site (2017/18 season) and
at the ARC-TSC site (2018/19 season). Fruit were covered with paper bags at the beginning of the season be-
fore fruit became susceptible. Thirty to fifty bags were removed and replaced every fortnight in both seasons
to allow infection. At harvest, fruit were evaluated for the presence of Cercospora spot. Weather data were
correlated with spore trapping and disease index data in order to develop a forecasting model. A very good cor-
relation was found between weekly conidia trapped and weekly rainfall. Disease index values showed highest
correlation with maximum humidity. No significant correlations were found with any other weather parameter.
Several new models were developed. Models need to be used in combination with monitoring of fruit size to
determine correct timing of first sprays. Models will be further refined with the inclusion of the 2018/19 sea-
son’s data. The best model developed will be used to determine high-risk infection periods, enabling accurate
and more cost-effective timing of fungicide sprays.
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INTRODUCTION

From a quality point of view Cercospora spot or
black spot is the most important avocado fruit dis-
ease. Although not particularly affecting the flesh, it
can cause losses of up to 70% on unsprayed trees
(Darvas and Kotze, 1987). According to the SAAGA
Loss Factor Benchmark Report of 2017, the total loss
across the industry for fruit delivered at the pack
house due to Cercospora spot was 3% and for the
‘Fuerte’ cultivar specifically, 9%.

The first spray of the season during a normal rain-
fall year is the most important spray. The accurate
timing of this spray and good coverage of fruit will
determine how successful control will be for that par-
ticular season. Various factors, such as temperature,
rainfall and fruit size, play a role in determining when
the first spray should commence. Control is therefore
most effective when weather conditions which affect
spore release are monitored. A fix spray programme
is not recommended.

In the early 1980s, Dr Darvas developed a pre-
dictive model to forecast the number of conidia in a
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given area (Z value) as well as the optimum timing
of the first spay (Darvas, 1982). The current model is
Z=-58.99 + 3.22x (Mean weekly temp.) + 0.18y (week-
ly rainfall in mm). If Z is >0, spore release occurs and if
Z =20, the potential for infection is high. According to
the Subtrop orchard management schedule for ‘Fuerte’,
first copper sprays should commence when fruit are
<2.5 cm in diameter or Z <15 (Campbell, 2016).

Due to climate change it is necessary to re-inves-
tigate the existing models. New models need to be
developed and possibly include more weather pa-
rameters such as humidity/leaf wetness. Lately, ex-
tremely high temperatures resulted in a Z value =15
without any rain, resulting in incorrect prediction of
spore release and inaccurate timing of sprays.

OBJECTIVE

The objective of the study was to determine if the
equation developed by Darvas (1982) is still a valid
model for forecasting spore release and the timing
of the first spray for effective control of Pseudocer-
cospora purpurea. The second objective was to con-
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sider including humidity and/or leaf wetness in the
formula as a determining factor.

MATERIALS AND METHODS

Spore trapping: 2017/18 season

The trial was carried out in an unsprayed ‘Fuerte’
orchard at both ARC-TSC and Halls in the Nelspruit
area. Four spore traps were placed at each of the
two sites. The ‘Fuerte’ orchard at the ARC-TSC had
a very high disease incidence as it had not received
any copper sprays for several seasons. Two of the
four spore traps had four vaseline-coated slides held
horizontally and two had four slides held vertically
facing the four different wind directions. Slides were
held in position with clothes pegs attached to the end
of two metal strips fixed at right angles to one an-
other, on top of a 1.5 m pole.

During the 2017/18 season, spore release in the
ARC-TSC orchard was monitored from 6 September
2017. Slides were changed weekly on the four traps
and additionally, daily, on the two horizontal traps
from 27 November to 22 December and from 9 Janu-
ary to end of February. For the daily spore trapping,
4 additional clothes pegs were added onto the hori-
zontal traps to hold these slides. In November 2017,
for a 10-day period (12 November to 21 November),
slides were changed on an hourly basis from 23:00 in
the evening until 03:00 in the morning.

Reading of the slides was carried out using methyl
blue dissolved in water at 0.05% [m/v] as a stain for
P. purpurea spores.

In the 2017/18 season, weather data were ob-
tained from the ARC-TSC weather station for the
ARC-TSC site and Hobo sensors were placed at the
Halls site to record temperature and humidity. Ad-
ditional weather data were obtained from the near-
est weather stations. At the ARC-TSC site an EM50
data logger was placed in the orchard to record leaf
wetness. Weather data were correlated with spore
trapping data.

Spore trapping 2018/19 season

During the 2018/19 season, two spore traps were
placed in the ‘Fuerte’ orchard at ARC-TSC (Fig. 1)
from September 2018. Only spore traps that had four
horizontally-held vaseline-coated slides (Fig. 2) were
used in the 2018/19 season, as results from the pre-
vious season showed that these slides trapped spores
more consistently.

Slides were changed weekly on both traps from 10
October 2018. In addition, slides were also changed
daily from September to December 2018. Reading of
slides was carried out as described for the previous
season. Weather data were obtained from the near-
est weather station and correlated with spore trap-
ping data.

Infection periods

2017/18 Season

In the 2017/18 season, a bagging trial was carried
out at Halls to determine the critical infection periods
of avocado fruit by Cercospora spot. One thousand

SOUTH AFRICAN AVOCADO GROWERS’ ASSOCIATION YEARBOOK 42, 2019

five hundred fruit were covered with brown paper
bags before they reached the susceptible stage of
40 mm in diameter. Every fortnight, fifty bags were
removed to allow infection and then replaced at the
end of the fortnight. In the 2017/18 season, fruit
were covered when they were between 20 and 30
mm in diameter. Opening of fruit for fortnight periods
started from 11 October. Brown paper bags were also
covered with duct tape at the top end to prevent wa-
ter from running onto fruit, in addition to the use of
non-absorbent cotton wool.

Figure 2. A spore trap with horizontally-held vaseline
slides.
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Fruit were harvested on 10 April 2018. Immediately after harvest,
fruit were evaluated for the presence of Cercospora spot on a scale of
0-5 (Table 1).

0 = clean fruit

1 = 1-5 spots with diameter of combined lesion area 1-5 mm
2 = 1-5 spots with diameter of combined lesion area 6-10 mm
3 = 1-5 spots with diameter of combined lesion area >10 mm
4 = 6-10 spots

5 = >11 spots.

For Classes 1-3, all fruit had 1-5 spots but were differentiated on the
basis of combined lesion diameter as most of the fruit that was not clean
fell into these 3 categories and it was necessary to differentiate between
fruit with 1-5 large lesions and fruit with 1-5 very small lesions. Results
are expressed in terms of a disease index according to Wheeler (1969)
where infection index = (Sum of all numerical ratings/total number of
fruit) x (100/Maximum disease category (5)).
Disease index data were correlated with weather data.

Figure 4. The mean weekly number of conidia trapped at the ARC-TSC site and
weekly rainfall in the period September 2017 to March 2018.

2018/19 Season

During the 2018/19 season, the
bagging trial was carried out at
the ARC-TSC site as this site had
a much higher disease incidence
in comparison with the Halls site
used in the 2017/18 season. One
thousand fruit were covered with
brown paper bags from begin-
ning of October when fruit were
between 20 and 25 mm in diam-
eter (Fig. 3). Every fortnight, 30
bags were removed to allow infec-
tion and then replaced at the end
of the fortnight. Towards the end
of the season, only 20 bags were
removed and replaced as many
bags were lost due to November
drop and adverse weather storms
(hail) experienced during the sea-
son. In the 2018/9 season, this
was carried out from 10 October
2018 until end February 2019.

In addition to the two-weekly
exposure periods, 25 fruit were
also opened for a monthly time
exposure period from 10 October
until end February 2019.

Fruit will be harvested in April
2019 and evaluated as described
for the 2017/18 season.

RESULTS

2017/18 Season

Weekly spore trapping

In the 2017/18 season, more than
1000 slides were placed in the or-
chards at the two trial sites from
September 2017. At the Halls trial
site, only weekly spore trapping
data were collected, while at the
ARC-TSC site both weekly, daily
and hourly data were collected.
Due to the low disease incidence
at the Halls site, no spores were
trapped in the 2017/18 season.
Weekly conidia trapped at the
ARC-TSC site from September
2017 - March 2018 are presented
in Figure 4.

Conidia were first detected in
the period 20 to 27 September. Co-
nidia were also detected in the fol-
lowing two periods with the com-
mencement of the rain season.
The Z value for the first period in
the season was =15 from 12 to 17
September, predicting spore re-
lease, but no spores were trapped
in this period. The reason for the
Z value being =15 at this stage
is that very high temperatures
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were recorded in September. The
next period that the Z value was
=15 was on 5 October for a one
day period only. Average fruit
size at this stage was still below
25 mm in diameter and spraying
using the Z value model not yet
recommended. By using the Z
value model, the recommendation
will be to spray soon after this pe-
riod i.e. as soon as fruit reached
25 mm in diameter. Conidia were
also detected in the period 25 Oc-
tober to 1 November, as some rain
was recorded in this period. In this
period a Z value of 215 was calcu-
lated using Darvas’ equation and
fruit size was above 25 mm, indi-
cating that spraying should have
commenced before this date. Co-
nidia numbers also started to in-
crease rapidly after this period, so
spraying before this period is im-
portant. Conidia numbers reached
a peak in the period 15 to 22 No-
vember when more than 68 mm
rain was recorded. Several other
peaks were observed throughout
the season following the trend
of rainfall, however, this was not
observed towards the end of the
season. Spores were trapped as
late as the third week in March as
rain still occurred.

When the weekly conidia
trapped was compared with week-
ly rainfall, a very good correlation
(r = 0.898) was found between
conidia numbers and rainfall for
the period September to Decem-
ber 2017. For the entire season
(September to March) the corre-
lation was r = 0.609, somewhat
lower due to lower numbers of
spores trapped despite high rain-
fall in mid-February. No significant
correlations were found with any
other weather parameters (tem-
perature, humidity or leaf wet-
ness).

Daily and hourly spore trapping
Daily conidia trapped at the ARC-
TSC site for a 26-day period in
November/December 2017 and
51-day period in January/Febru-
ary 2018, are presented in Figure
5. The daily data is presented as
weekly counts.

The general observation is that
spores were trapped predominate-
ly in periods when rainfall occurred,
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as was found with the weekly spore trapping. When the daily spore trap-
ping data was correlated with all the weather parameters, a poor cor-
relation was found between the number of conidia trapped and all of
the weather parameters analysed. The best correlation was obtained for
rain with a correlation coefficient of r = 0.224. When daily data are how-
ever presented as weekly counts and correlated with weekly weather
data, weather parameters influencing spore release are smoothed out
and good correlations were found between weekly conidia counts and
rainfall, as was found with weekly spore trapping data.

Hourly spore trapping
On the slides that were changed hourly between 23:00 at night and
03:00 in the morning for the 10-day period 12-21 November 2017, no
spores were trapped.

Infection periods
The infection indices for each of the 12 periods as well as the index for
fruit covered for the entire period and fruit exposed the entire period of
the 2017/18 season’s trial at the Halls site, are presented in Figure 6.
The highest disease indices for Cercospora spot were recorded for
fruit exposed during the entire period. Of the two weekly exposure peri-
ods, highest disease indices were recorded for the period 8-22 Novem-
ber. This two-weekly period coincided with the two weekly periods when
27 and 218 spores were trapped, respectively. The 218 spores trapped
in the period 15-22 November also represents the period when spores
trapped reached a peak during the season.

Mo dats colleted
23 Do 12 @ len

Figure 5. The daily number of conidia trapped at the ARC-TSC site and rainfall
in the period November 2017 to February 2018. Daily data are presented as
weekly counts.

Figure 6. Cercospora disease severity during 2017/18 season in the unsprayed
‘Fuerte’ orchard at Halls.
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2018/19 Season

Weekly spore trapping

Weekly conidia trapped at the
ARC-TSC site from September
2018 - December 2018 are pre-
sented in Figure 7.

Very low numbers of conidia (3)
were detected in the first period
starting from 10 October 2018.
In the second period from 17-23
October, a high number of conidia
was trapped. During this period
rainfall also occurred and spores
were trapped, as was found in
the 2017 season in periods where
rain occurred. On 24 October, av-
erage fruit size was 29.7 mm in
diameter and fruit not regarded
as susceptible, although recom-
mendations by Subtrop suggest
that spraying should commence
when the fruit is smaller or equal
to 25 mm in diameter. Whether
infection has already occurred in
this period can only be confirmed
when fruit has been harvested
and disease index calculated for
this period. Spores trapped in
the periods 31 October to 6 No-
vember and the following period
also coincided with periods when
rainfall was recorded as well as
in the periods from 28 November
to 11 December. No spores were
trapped in the periods where no
rainfall was recorded.

Wodel valoe

L LTI

Infection periods

Fruit from the 2018/19 season will be harvested in April/May 2019 and
evaluated for Cercospora spot and the results expressed in terms of an
index as described for the 2017/18 season. The disease index data and
spore trapping data will be correlated with weather data.

New models developed

Using the spore trapping data of the 2017/18 season, various new mod-
els were developed. A preliminary model for the period September to
December was developed using multiple stepwise linear regression anal-
ysis of the weekly number of conidia trapped and weekly weather pa-
rameters. The equation for the best fitted regression line is y = -234.60
+ 2.82 * Rain + 7.44 * MaxT with R? = 0.92 and Adjusted R2 = 0.91. The
model obtained for the entire period (Sept-March), isy = 8.4166 + 1.1
* Rain with R? = 0.371 and Adjusted R? = 0.348. With the multiple step-
wise linear regression analysis of two-weekly number of conidia trapped
and two-weekly weather parameters for September to March, the model
developed is represented by the equation y = 9.80233 + 2.24767 * Rain
with R2 = 0.8532 and Adjusted R? = 0.816.

1]

Figure 7. The mean weekly number of conidia trapped at the ARC-TSC site and
weekly rainfall in the period October 2018 to December 2018.
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Figure 8. A comparison of the Z value model with the new models (Sept-Dec and Sept-March).
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The disease index values for the 2017/18 season
for each period were also correlated with weather
data and a disease index model was developed. The
highest correlation was between disease index and
max Humidity. The multiple linear regression model
isy =-110.149-4.92 * MinT + 2.08 * MaxH with R?
= 0.816 and Adjusted R? = 0.693.

A comparison of the Z value model and the new
models for the period September to December 2018
showed that the new model follows a very similar pat-
tern compared with the Z value model in the 2017/18
season, but with a few discrepancies (Fig. 8).

The first time in the season that the Z value was
=15 was in the period 12 to 17 September. Both the
Z value model and Sept-Dec model use temperature
as a criterion in the equation and due to the high
temperatures observed in September, these models
predicted spore release in mid-September. No co-
nidia were however trapped in this period. The Sept-
March model which only uses rainfall as criterion, did
not predict any spore release in this period. The next
prediction of spore release using the Z value was on
5 October for a one-day period only. The Sept-Dec
and Sept-March models also predicted spore release
during this period, but for a longer period starting
earlier and continuing for a longer period (1-13 Octo-
ber and 26 September to 15 October, respectively).
The next period the Z value was above 15, was 24 to

18

28 October and fruit size was >25 mm. The Sept-
Dec model and the Sept-March model also predict
spore release in this period but starting and ending
a few days later.

CONCLUSION

Models will need to be further refined with the inclu-
sion of the 2018/19 spore trapping data. Although
the models followed the same trend, some differ-
ences were found as outlined under results. The best
model developed will be used to determine high risk
infection periods enabling accurate and more effec-
tive timing of fungicide sprays.
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Ensure You Invest Wisely,
Make the Right Nutritional Choice!

THE WORLDWIDE
BUsSINESS FORMUILA

Litchi

Spray KNO, when fruit development
commences (ca. 2 g stage)
to'increase fruit size.

Avocado

Spray with triazol growth retardant
during flowering to increase number
of fruit retained and fruit size.

Mango

Spray during flowering
to increase fruit retention.

Foliar fertilization is an important tool
for the sustainable and productive management of crops:

v/ When soil conditions limit availability of soil applied nutrients;

v/ In conditions when high loss rates of soil applied nutrients may occur;

When the stage of plant growth, the internal demand and the environment conditions interact to limit
delivery of nutrients to critical plant organs;

When certain foliar applications are tested and proved to result in measurable and positive plant
parameter responses.
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