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ABSTRACT

Cercospora spot of avocados, caused by Pseudocercospora purpurea, is one of the most important pre-harvest
avocado fruit diseases in South Africa. For the forecasting of spore release and optimum time for the first spray,
a forecasting model developed in the early 1980’s is currently used. Due to climate change it became crucial to
re-evaluate this model. The aim of this study was to determine if the current model is still valid for forecasting
the first spray and, secondly, to refine the current model by considering the effect of humidity and/or leaf wet-
ness as determining factors for spore release. In the 2018/19 season (2™ year of study) spore traps were only
placed in a high disease pressure unsprayed ‘Fuerte’ orchard at the Agricultural Research Council-Tropical and
Subtropical Crops (ARC-TSC) (Nelspruit area). Spore traps consisted of vaseline coated slides held horizontally.
Slides were changed and examined daily and weekly. To determine the critical time for fruit infection, a bagging
trial was also carried out at the ARC-TSC site in the 2018/19 season. Fruit were covered with paper bags at the
beginning of the season before fruit became susceptible. Every fortnight or monthly, some bags were removed
and replaced to allow infection. At harvest, fruit were evaluated for the presence of Cercospora spot. Spore
trapping and disease index data were correlated with weather data to develop forecasting models. Several
new models were developed to forecast timing of first spray. Humidity and leaf wetness were not found to be
significant determining factors for spore release to be included in any model. The current prediction model was
found to still be a useful tool to forecast the timing of the first spray, but should be used in combination with

monitoring of fruit size.

INTRODUCTION

A model to forecast the number of conidia in a given
area (Z value) as well as the optimum timing of the
first spray was developed in the early 1980’s by Dr
JM Darvas (Darvas, 1982). The model is Z (number
of conidia) = -58.99 (constant) + 3.22X (X is mean
weekly temperature in °C) + 0.18Y (Y is weekly rain-
fall in mm). The model is currently locally used for
deciding on when to commence spraying. Due to the
effects of climate change, it became necessary to re-
investigate the existing model to determine whether
this model is still valid.

Over two seasons (2017/18 and 2018/19) exten-
sive spore trapping data were collected from a high
disease pressure unsprayed ‘Fuerte’ orchard at the
ARC-TSC in Mbombela/Nelspruit. Spore trapping data
as well as data from a bagging trial were used to
better understand the epidemiology of the disease.
Weather data were also collected over two seasons
and correlated with spore trapping data as well as
disease index data.

During the first season various new models were de-
veloped using the spore trapping data. The new models

were found to follow a very similar pattern during the
2017/18 season as the Z value model, but with a few
discrepancies. As was found with the Z value model,
rain and temperature are the most important weather
parameters determining when spores will be released
and when infection periods are expected.

The 2018/19 season was a much drier season, in
particular the period September to December. This
report deals with a short summary of the 2018/19
season’s spore trapping and bagging results. Some
data regarding the models developed were omitted
from this report as this data will be published, to-
gether with the data from this report, in a scientific
publication and as part of an MSc thesis. All models
developed over the two seasons as well as the Dar-
vas (Z value) model were used to validate spray tim-
ing for Cercospora spot.

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 Cercospora
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spot. The second objective was to consider including humidity (RH) and/
or leaf wetness (LWet) in the prediction models as a determining factor.

MATERIALS AND METHODS

Spore trapping 2018/19 season

During the 2018/19 season two spore traps were placed in the ‘Fuerte’
orchard at ARC-TSC from September 2018. Slides were changed weekly
on both traps from early October 2018 onwards. In addition, slides were
also changed daily from September 2018 to March 2019. For the daily
spore trapping, four extra pegs were placed onto both traps also used
for weekly spore trapping.

Infection periods
2018/19 Season
During the 2018/19 season, the bagging trial was carried out at the ARC-
TSC site. Fruit were covered with brown paper bags from beginning of
October 2018 when fruit were not yet susceptible. Every fortnight, 30
bags were removed to facilitate infection and then replaced at the end of
the fortnight. Towards the end of the season 20 bags were removed and
replaced, as many bags were lost due to November drop and adverse
weather storms (hail) experienced during the season. In addition to the
two-weekly exposure periods, 30 bags were also opened for a monthly
time exposure period.

Fruit were harvested in April 2019 and evaluated for Cercospora spot
on a scale of 0-5, where

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.

RESULTS

2018/19 Season

Weekly spore trapping

Weekly spores trapped at the ARC-TSC site and rainfall from October
2018 - March 2019 are presented in Figure 1.

Very low numbers of spores were detected in the first period starting
from 10 October 2018. In the second period from 17-23 October, a high
number of spores were trapped. During this period rainfall occurred and
spores were trapped, as was found in the 2017 season in periods where
rain occurred. On 24 October, average fruit size was 29.7 mm in diameter.
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Figure 1: The mean weekly number of spores trapped at the ARC-TSC site and
weekly rainfall in the period October 2018 to March 2019

Recommendations by Subtrop are
that spraying should commence
when the fruit are smaller or equal
to 25 mm in diameter. As disease
was recorded for the period (10-24
October), infection already took
place in this period. In order to
have prevented disease develop-
ment, spraying should have com-
menced in the period 10-24 Octo-
ber as soon as the fruit are 25 mm
in diameter. Spores trapped in the
periods 31 October to 6 November
and the following period also co-
incided with periods when rainfall
was recorded, as well as in the pe-
riods from 28 November to 11 De-
cember. Several spore peaks were
observed throughout the season
following the trend of rainfall, how-
ever, as in the 2017/18 season
this was not observed towards the
end of the season. No spores were
trapped in the periods when no
rainfall was recorded.

Spores were trapped as late as
the last week in March 2019, as
was found in the 2017/18 season
when spores were trapped in the
third week of March. As the fungus
has a 3-month latent period, these
spores are insignificant for fruit
harvested in April. For ‘Fuerte’
fruit in certain production areas
which are only harvested in late
June or July, protection of fruit
during this period then becomes
very important. Producers in
these areas tend to stop spraying
too early, resulting in severe
Cercospora spot on these fruit.
The peak at the end of January is
important for fruit to be harvested
at the end of April, as this falls
within the 3-month latent period.

When the weekly conidia
trapped were compared with rain-
fall alone for the period Septem-
ber to December, a much weaker
correlation was found in compari-
son with the previous season.
For the entire season, the corre-
lation was even lower. Much less
rain was recorded in the 2018/19
season in the period September-
December (Sept-Dec) in compari-
son to the previous season. The
highest correlation (negative) for
the period Sept-Dec was found
with average maximum temper-
ature (Avg MaxT) and average
temperature (AvgT). The negative
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correlation of the air temperature
to the number of conidia can be
explained by the actual cooling ef-
fect of rain, as was found by Dar-
vas (1982).

Daily spore trapping

Daily spores trapped at the ARC-
TSC site for a 7-month period
from September 2018 to March
2019 are presented in Figure 2.
The daily data are presented as
weekly counts. As no spores were
trapped in September, data from
September were omitted from the
graph. The general observation
was as was found in the 2017/18
season, that spores were predom-
inantly trapped in periods when
rainfall occurred.

When daily data presented as
weekly counts for Sept-Dec were
correlated with weekly weather
data, the highest correlation was
found between spores and rainfall.

Infection periods

Fruit from the 2018/19 season at
the ARC-TSC site were harvested
in April 2019 and evaluated for
Cercospora spot. The results were
expressed in terms of a disease in-
dex according to Wheeler (1969),
where infection index = (Sum of
all numerical ratings/total number
of fruit) x (100/Maximum disease
category (5)).

The infection indices for the 10
periods, as well as the index for
fruit, covered the entire period and
fruit exposed the entire period are
presented in Figure 3. The highest
disease index for Cercospora spot
were recorded for fruit opened dur-
ing the entire period. Of the two
weekly exposure periods, highest
disease indices were recorded for
the period 21 November to 5 De-
cember. Weather conditions were,
however, favourable throughout the
season for infection to occur from
the time fruit became susceptible in
October. Spores were also available
throughout the season, creating
high-risk infection periods from the
time fruit became susceptible.

The disease index values for
the 2018/19 season for each two-
week period were correlated with
weather data and a disease index
model was developed. The high-
est correlation, although poor, was

100 100

50 90
80 80
70 70
60 60
A
50 ] ‘\ 5 50
) ! )
40 s\ Xty n 40
N g X
P T i
10 1 v l‘ ,' “ 30
i ! [ | \
20 ] i Vol Nodaa { 20
n ’l ’ " ,',' collected 1 ]
10 (W F \i 190ec8 A\ S i 10
& \‘; |',l Jan = \\‘ . ..—___’ 0

Fe Wt A @“" \}ve“ 5% ot e & 9?2" & ‘p«ﬂ“ o
o g o o e o 07
\00& 1“° AN o LA R L

Spores
Rainfall (mm)

S »!\“Lv

Period

Figure 2: The daily spores trapped at the ARC-TSC site presented as weekly
counts and the weekly rainfall in the period October 2018 to March 2019
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Figure 3: Cercospora disease severity in the unsprayed ‘Fuerte’ orchard at
ARC-TSC (Two-weekly periods)
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Figure 4: Cercospora disease severity and the monthly rainfall in the un-
sprayed ‘Fuerte’ orchard at ARC-TSC (Monthly periods)
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between disease incidence and rain. Darvas (1982)
also found poor correlation between monthly expo-
sure periods and rainfall, but found good correlations
between monthly cumulative exposure periods and
rainfall.

The infection indices for the monthly exposure pe-
riods for the 2018/19 season at the ARC-TSC site are
presented in Figure 4. Exposures on a monthly basis
from October to February showed that more infec-
tion occurred on fruit exposed in October and No-
vember than in January and February. Due to many
bags damaged during the season, data could not be
obtained for February and March.

Validation of spray timing

From two seasons’ data it is clear that the Z value
model cannot be used in isolation to determine the
timing of the first spray for Cercospora spot control.
Fruit size is as important as the Z value and should
be used in combination with the Z value to deter-
mine commencement of the first spray. Very high
temperatures experienced in the last few seasons in
September resulted in Z values >15 with no spore
release occurring and fruit still very small and not yet
susceptible. All models, including the Z value model,
showed that temperature and rainfall are the most
important weather parameters.

In the 2017/18 season (see 2018 SAAGA Yearbook
article) and Table 1, Z>15 on 12 to 17 September
and again on 5 October, but at this time fruit were
not susceptible, as fruit were still smaller than 25
mm in diameter. The next time the Z value was >15
was in the period 25 October to 1 November, when
the fruit were already greater than 25 mm in diam-
eter and spraying should have already commenced.
Fruit reached approximately 25 mm diameter size
from 10 October and disease was detected on fruit

exposed in the period 10-25 October. In the 2017/18
season, the Z value prediction resulted in an accurate
prediction if 5 October was used and spraying should
have commenced shortly after the 5th of October, as
soon as fruit reach 25 mm in diameter, which was
around 10 October in the orchard monitored.

In the 2018/19 season the Z value was >15 from
18 to 24 September and again from 27 September to
2 October, but fruit were still smaller than 25 mm and
not yet susceptible. No spores were detected in these
periods. Fruit were, as was found in the 2017/18 sea-
son, approximately 25 mm in this orchard only from
10 October. Spraying on 27 September would have
been too early this season in the particular orchard.
If the next Z value >15 was used, it would have been
too late, as this was on 17 October and at this stage a
peak in spore release occurred. Disease was record-
ed for the period 10-24 October, indicating that infec-
tion already took place in that period and protection
of fruit was necessary before 10 October.

Several of the other new models developed over the
two seasons are as valid as the Z value models in fore-
casting the timing of the first spray, when used in com-
bination with fruit size. The 2017/18 Sept-Dec model
forecast spraying from 4-8 Oct for the 2018/19 season
and this corresponds to the Z value model and the fruit
size reaching 25 mm in diameter in this orchard around
10 October. The 2018/19 weekly Sept-Dec model pre-
dicted spraying after 5 October as soon as fruit reached
25 mm in diameter. The 2018/19 two-weekly model
predicted spraying on 14 October. This model also
only has temperature as parameter, but did not pre-
dict spore release already in September. This prediction
was still 4 days before the peak in spore release for the
2018/19 season, which occurred on 17 October. The
weekly or daily Sept-Dec model predicted 4-9 Octo-
ber spraying, which also resulted in protection of fruit

Table 1: Comparison of the Darvas model and prediction models developed in the 2017/18 and 2018/19 seasons

Model Z value Spores Fruit Disease
above 15 size index
2017/18 season data
Z value model 12-17 Sept No spores <25 mm No disease
5 Oct - 1 day First spores 20- 26 September (4) <25 mm No disease
27 Sept - 3 Oct (33)
25 Oct - 1 Nov Spores trapped >25 mm Disease detected
in period 10-24
Oct
2018/19 season data
Z value model 18-24 Sept No spores <25 mm No disease
27 Sept - 2 Oct No spores <25 mm No disease
17 Oct - 1 day Peak in spores (48) - too late to 29.7 Disease detected
spray mm in period 10-24
Oct
2017/18 Weekly Sept - Dec model 4-8 Oct No spores <25 mm No disease
2018/19 Weekly Sept - Dec model 5 Oct No spores <25 mm No disease
2018/19 Weekly Sept - March 5 Oct No spores <25 mm No disease
2018/19 Two-Weekly Sep - Dec 14 Oct 4 spores already from 10 Oct >25 mm Disease detected
4 days before peak in spores of 48 in period 10-24
on 17 Oct Oct
2018/19 Weekly of daily Sept - Dec 4-9 Oct No spores <25 mm No disease
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before infection occurring from 10 October. This model
uses rain as a parameter and not temperature.

CONCLUSION

Several new models were developed over two sea-
sons and the Z value model was validated. The Z
value predicted spore release in September in both
seasons, but no spores were trapped at this stage.
The reason for this was the high temperatures ex-
perienced in September during both seasons and, as
temperature is the major parameter in the Z value
model, this resulted in Z values above 15. If fruit
size are, however, used in combination with the Z
value, the model can still be a useful model to fore-
cast timing of first sprays. New models developed
follow the same trend as the Z value model and some

also predicted spore release in September without
any spore release, as this is also due to very high
temperatures and temperature also being one of the
parameters used in the models. The currently used Z
value model was found to be as accurate as the new
models developed if used in combination with fruit
size and spraying should commence when the model
value are <15 and the fruit size <25 mm.

REFERENCES

DARVAS, ].M. 1982. Etiology and control of some
fruit diseases of avocado (Persea americana) at
Westfalia Estate. D.Sc. (Agric) thesis, University of
Pretoria, South Africa.

WHEELER, B.E.]J. 1969. An introduction to plant
diseases p 301. John Wiley & Sons Ltd, New York.

SOUTH AFRICAN AVOCADO GROWERS’ ASSOCIATION YEARBOOK 43, 2020 69




