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ABSTRACT

Previous results showed that 200 ppm prochloraz combined with 50 mM HCI was just as effective as the
standard 810 ppm prochloraz in controlling post-harvest anthracnose and stem-end rot on avocado fruit of
different cultivars. To confirm these results, trials were repeated on fruit from cultivars ‘Fuerte’ and ‘Hass’. The
treatments were conducted using prochloraz EC and SC formulations with all treatments applied as a dip or
spray-on application. The efficacy of other acids in combination with prochloraz was also investigated. Results
showed that application technique had no effect on the efficacy of the treatment and no difference could be ob-
served between the prochloraz EC and SC formulations in terms of C. gloeosporioides and Botryosphaeriaceae
control on ‘Fuerte’ and ‘Hass’ when applied at the same concentration, although the EC formulation resulted
in slightly higher residues. No clear distinction was possible between different treatments with variable results
with regards to post-harvest disease control on the different cultivars and further trials are therefore needed

to clarify results.

INTRODUCTION

In South Africa anthracnose and stem-end rot as
post-harvest diseases are major limiting factors in
the production and export of avocados (Le Roux
et al., 1985). The fungi causing these diseases in-
clude Colletotrichum gloeosporioides (anthracnose;
ANT) and various species in the Botryosphaeriaceae
(stem-end rot; SER) (Darvas, 1977; Darvas & Kotze,
1979). They occur as latent infections in the fruit
and are therefore rather difficult to control with fun-
gicides (Le Roux et al., 1985). Currently these dis-
eases are controlled by a combination of pre-harvest
fungicide applications and a post-harvest prochloraz
dip in the pack house (Darvas, 1984). Despite the
use of large amounts of fungicide, quality control re-
sults from the 2008 avocado season indicated that
a substantial percentage of fruit were still lost due
to ANT, SER or other body rots occurring on export
fruit. This could indicate that the post-harvest ap-
plication of prochloraz currently being used is not
optimally effective.

Research has shown that during ripening, the pH
of avocado fruit increases from pH 5.2 to pH 6.0 (Ya-
koby et al., 2000). It was furthermore found that un-
der these pH values pelB, one of the virulence genes
of C. gloeosporioides, was expressed more actively

and that the pathogen enhances this process by ex-
creting ammonia in the infected host tissue (Prusky
et al., 2001; Yakoby et al., 2000; 2001). This change
in the ambient pH of the host tissue at the infection
site is therefore regarded as the cause for the acti-
vation of the latent C. gloeosporioides infections to
cause necrotic lesions in the fruit (Prusky & Yakoby,
2003).

Alternaria alternata, an important post-harvest
pathogen of mango acts in the same manner as C.
gloeosporioides described above (Prusky et al., 2006).
This characteristic of the pathogens was used in Is-
rael to develop a more effective post-harvest treat-
ment of mango fruit. It was found that by adding 50
mM hydrochloric acid (HCI) to the prochloraz solution
in the pack house, post-harvest decay caused by A.
alternata was controlled significantly better (Prusky
et al., 2006). This effect of the acidified prochloraz is
due to the pH (1) directly affecting the germination
of the pathogen conidia (Pelser & Eckert, 1977), (2)
influencing the virulence of the pathogen (Prusky et
al., 2004) and (3) affecting the toxicity of the fun-
gicides used (Smilanick et al., 2005). Prusky et al.
(2006) showed that by adding hydrochloric acid to
the prochloraz solution, the solubility of the prochlo-
raz is increased significantly. This means that in an
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acidified prochloraz solution a significantly lower con-
centration of prochloraz can be used, while the dis-
ease control obtained by this solution is significantly
better.

To develop a protocol for the use of acidified
prochloraz on avocado fruit for the control of post-
harvest diseases, a study was initiated in 2009. Re-
sults from the first season indicated that applying
acidified prochloraz post-harvest treatments as a dip
application, resulted in more fruit free from ANT and
SER compared to spray-on application, while apply-
ing 50 mM HCI combined with 200 ppm prochloraz
was just as effective in controlling post-harvest dis-
eases compared to the commercially used 810 ppm
prochloraz dip (Mavuso & Van Niekerk, 2010). As
follow-on to the trials of 2009, additional objectives
were set in the 2010 season. These were (1) to com-
pare the efficacy of acidified prochloraz EC formula-
tion to acidified prochloraz SC formulation and (2) to
determine if other acids could be used in the acidifi-
cation of prochloraz.

MATERIALS AND METHODS

Objective 1

In order to compare prochloraz EC and SC as acidi-
fied post-harvest treatments, fruit from cultivars
‘Fuerte’ and ‘Hass’ were subjected to different treat-
ments (Table 1). A hundred fruit were used for each
treatment. The treatments were applied as a 30 s dip
treatment to one set of fruit and as a spray-on treat-
ment on another set of fruit. The spray-on treatments
were applied using a custom built mini pack line with
wax applicator at Westfalia Technological Services.

After treatment, fruit samples were taken from treat-
ed fruit for prochloraz residue analysis (Scientific
Analysis Laboratory, Bar Hill, Cambridgeshire, UK),
while the rest of the treated fruit were stored for 28
days at 5.5°C before being ripened and evaluated
for post-harvest disease symptom severity. Based on
the severity of the symptoms, fruit were given a rat-
ing between 0 and 3, with 0 being fruit without any
disease symptoms (clean fruit) and 3 being the most
severe rating. After evaluation the percentage clean
fruit for each treatment was calculated and statisti-
cally analysed using STATISTICA Version 6 (StatSoft,
Inc., Tulsa, USA).

Objective 2

To address this objective the efficacy of other acids
in combination with prochloraz was also investigated.
In this investigation the trials was conducted using
fruit from cultivars ‘Fuerte’ and ‘Hass’. The different
treatments applied are given in Table 2. Similar to
the trial done in objective 1, treatments were applied
as dip and spray-on applications to different sets of
100 fruit with residue analyses and evaluation also
being done as above.

RESULTS

Objective 1

Results indicated that on ‘Fuerte’ and ‘Hass’ there
was no difference in disease control efficacy when
applying treatments as dip or spray-on application.
Only the results from the dip application are there-
fore presented. The disease pressure on the ‘Fuerte’
fruit used were very low as evident from the high

Table 1. Acidified, non-acidified and acid alone treatments applied as dip or spray-on treat-
ment to fruit of cultivars ‘Fuerte’ and ‘Hass’ for the control of the post-harvest diseases

anthracnose and stem-end rot.

Prochloraz (EC/SC) and HCI concentrations

1 Water treated fruit (Control)

2 50 mM HCI only

3 200 ppm prochloraz only

4 200 ppm prochloraz + 50 mM HCI
5 810 ppm prochloraz only

Table 2. Prochloraz, HCI, citric acid and food grade phosphoric acid combinations applied
post-harvest as either a dip or spray-on treatment to fruit of cultivars ‘Fuerte’ and ‘Hass’
for the control of the post-harvest diseases anthracnose and stem-end rot.

Treatment Prochloraz and acids concentrations

1 Untreated fruit
810 ppm prochloraz

50 mM HCI

50 mM citric acid
200 ppm prochloraz

© 0 ~NO b~ WN

200 ppm prochloraz + 50 mM HCI
200 ppm prochloraz + 50 mM food grade phosphoric acid
200 ppm prochloraz + 50 mM citric acid

50 mM food grade phosphoric acid
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percentage clean fruit in the water treated fruit (Fig-
ure 1). No significant difference was observed be-
tween the different prochloraz treatments and the
water treated fruit, although all the prochloraz treat-
ments did result in higher percentages of clean fruit
with regards to post-harvest diseases (Figure 1). The
highest prochloraz residues resulted from the 810
ppm EC and SC treatments followed by the 200 ppm
EC and SC treatments and then lastly the acidified
200 ppm prochloraz solution. However, all prochlo-
raz EC treatments resulted in slightly higher residue
levels, although not significantly higher than the SC
formulation (Figure 1). In all treatments the residue
was also lower than the 2.0 ppm maximum residue
level (MRL) allowed for South Africa.

The disease pressure on the ‘Hass’ fruit used was

much higher as evident from the low percentage
clean fruit in the water treated fruit (Figure 2). Here
the results indicate that the best treatment were the
200 ppm prochloraz EC treatment followed by the
200 ppm prochloraz SC treatment. The percentage
clean fruit from these two treatments were notice-
able higher than the clean fruit obtained with the
other treatments (Figure 2).

Objective 2

Again no difference was found between the different
application techniques and the results from the dip
application are therefore discussed. The results on
‘Fuerte’ indicated that the best treatment was the
commercial standard treatment of dipping in an 810
ppm prochloraz solution (Figure 3). The best acidi-

Figure 1. Average percentage fruit free from anthracnose and stem-end rot and prochloraz
residues resulting from applying different post-harvest treatments as a dip to fruit of cultivar

‘Fuerte’.

Figure 2. Average percentage fruit free from anthracnose and stem-end rot resulting from ap-
plying different post-harvest treatments as a dip to fruit of cultivar ‘Hass’.
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fied treatment was the 50 mM HCI combined with 200
ppm prochloraz, followed by the 200 ppm prochloraz
acidified with citric acid. Both of the latter treatments
compared very favourably with the commercial stan-
dard treatment with regards to clean fruit and were
also better than the acid alone treatments or the
non-acidified 200 ppm prochloraz treatment (Figure
3). In the case of ‘Hass’ the best treatment was the
non-acidified 200 ppm prochloraz treatment, fol-
lowed by the 50 mM citric acid treatment. Both these
treatments were significantly better than the rest of
the treatments, including the commercial standard
treatment (Figure 4).

CONCLUSION
It was seen from the results that applying post-har-
vest treatments as a dip or spray-on made no differ-

ence to the levels of disease control achieved. Simi-
larly, no difference in efficacy was observed between
the prochloraz EC and SC formulations, although
using the EC formulation in post-harvest treatments
did result in slightly higher prochloraz residues on
treated ‘Fuerte’ fruit. It must, however, be remem-
bered that the SC formulation is the only one regis-
tered under Act 36 for use as a dip treatment on avo-
cado fruit. With regards to acidification, the acidified
treatments in some cases did give better control at
lower prochloraz concentrations than the commercial
treatment. Unfortunately, no single treatment stood
out as being the best in controlling SER and ANT on
both cultivars. Additional trials are therefore needed
to confirm the results obtained in the previous sea-
sons and arrive at a final recommendation to the in-
dustry.

Figure 3. Average percentage fruit free from anthracnose and stem-end rot resulting from ap-
plying different post-harvest treatments as a dip to fruit of cultivar ‘Fuerte’.

Figure 4. Average percentage fruit free from anthracnose and stem-end rot symptoms result-
ing from applying different post-harvest treatments as a dip to fruit of cultivar ‘Hass’.
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The END of Avocado Root Rot...!
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- the crop protection
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optimal harvest,
for maximum profits
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FIGHTER 500 SL
Reg. No. L8677 * Act No. 36 of 1947

FIGHTER 500 SL is the latest phosphorous acid product on the market. This product
provides excellent control of Phytophthora root rot in avocado. FIGHTER 500 SL is
highly systemic and moves via the vascular transport system throughout the entire tree
as well as to the roots where it controls the disease.

How does FIGHTER 500 SL work?

FIGHTER 500 SL has a double mode of action
against Phytophthora root rot. Firstly, it is effec-
tive against especially Phytophthora spp. and
Pythium spp. Secondly, and very importantly, it
increases the trees’ resistance against diseases
such as Phytophthora root rot. After FIGHTER
500 SL has been injected into the trunk of the
tree, it is immediately absorbed and translocated

both upwards in the xylem and downwards
in the phloem, where it effectively controls
P. cinnamomi. Potassium phosphite in FIGHTER
500 SL inhibits the phosphate metabolism of
the pathogen because polyphosphate and
pyrophosphate levels are raised in the cells of
P. cinnamomi. This slows the growth and deve-
lopment of the fungus. Furthermore, FIGHTER
500 SL activates the resistance mechanism in
trees by the production of phytoalexins, which
increase the trees’ resistance against further
infection. As FIGHTER 500 SL moves through the
entire tree, it undergoes oxidation over time,
which then constantly supplies phosphorus
and potassium as nutrition to the tree.

Some benefits of FIGHTER 500 SL:

e Aunique liquid potassium phosphite formulation.

e Highly systemic and is translocated both upwards
and downwards in the tree.

e The double mode of action makes FIGHTER 500 SL

ideal for preventive and curative treatment.

Neutral pH between 6 —7.

Low environmental impact and easy to use.

Lowveld Agrochem distributes FIGHTER 500 SL. Find your nearest agent at www.laeveld.co.za




