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ABSTRACT subtilis, singly or integrated with copper
Korsten, L., De Villiers, E. E., Wehner, F. C., and Kotzé, J1887. Field sprays dBacillus oxychloride or benomyl—copper oxychlo-
subtilis and fungicides for control of preharvest fruit diseases of avocado in South Africa. Plaide, was compared with commercial
Dis. 81:455-459. chemical control field spray programs for

. — S ) ) control of BS and SB.
In 3 consecutive years, preharvest applicationBaofllus subtilis field sprays integrated with

copper oxychloride or benomyl consistently reduced severity of avocado black spot (B@ATERIALSAND METHODS
caused byPseudocercospora purpurea at Omega, Republic of South Africa. Control was equal
to that obtained with copper oxychloride or benomyl—copper oxychloride in the first and thi{d
years of spraying at Omega. In the second year, only the integrated treatment controlled ga9vL gl : .
while copper oxychloride proved ineffective. The antagonist was applied on its own or in@ly distinct sites: Omega, situated near
grated with copper oxychloride sprays at two other geographically distinct locations, Westfdgdrgershall - (Mpumalanga) (3 years);
Estate and Waterval. The integrated and biological treatments at these localities were less efi@stfalia Estate (block 34B) (1 year); and
tive than copper oxychloride sprays in coliilng BS disease. Integrated control was more ef-Waterval (block 4) (Northern Province) (4
fective thanB. subtilis sprays at Westfalia. On continuation of the biological spray program atears). At each site, 15- to 20-year-old
Waterval for an additional three seasons, control was as effective as copper oxychloride inRberte cultivar avocado trees of the same
last 2 years of spraying. Sooty blotch (SB), caused tAkaropeltopsis sp., was reduced by the size, canopy density, and fruit set were
integrated treatment at Omega during the second season and at Westfalia during the first segsitted and marked in a randomized block
Although the two fungicide treatments reduced SB at Omega in the first season, copper @gsign. Treatments included commercial
chloride increased it above that of the control in the third season. Only the copper OXyChlo'B%omyl or copper oxychloride sprays,
treatment reduced SB at Waterval in the third season, whilB. thébtilis treatment increased alone or integrated witB. subtilis spray-

Experiments were initiated in the 1990
991 growing season at three geographi-

disease above that of the control in the fourth season.

Additional keywords: biocontrol, Cercospora spot

Black spot (BS) and sooty blotch (SB),
caused by Pseudocercospora purpurea
(Cooke) Deighton (8) and an Akaropeltop-
Sis §p. (36), respectively, are the two most
important preharvest fruit diseases of avo-
cado (Persea americana Mill.) in South
Africa (27). Losses from BS of up to 69%
have been recorded in untreated orchards
on the susceptible cultivar Fuerte (7),
while SB results in lower market value of
fruit due to unsightly discoloration of the
skin (35,36). Traditionally, control of BS
was based on preharvest benomyl, copper
oxychloride, or cupric hydroxide sprays
(6,30,31,41). In South Africa, chlorine is
occasionaly used postharvest to remove
the black epiphytic growth of Akaropeltop-
Sis (2). Severa disadvantages associated
with the repeated use of fungicides on
avocados have been noted. These include
costs of removing copper spray residues on
fruit in the packhouse (10) and buildup of
pathogen resistance to benomyl (8). Possi-
ble adverse effects of agrochemicals on
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human health and the environment neces-
sitate alternative disease control measures
such as biological and integrated control.
Biological control can be effective when
antagonists are applied as preharvest
treatments to control leaf and fruit diseases
such as Cercospora leaf spot on groundnuts
caused by Cercospora arachidicola (19),
powdery mildew and anthracnose of
mango caused by Oidium mangiferae and
Colletotrichum gloeosporioides (25), rust
on beans caused by Uromyces phaseoli (1),
and charcoal rot on potato caused by
Macrophomina phaseolina and Botryo-
diplodia solanituberosi (38). In these
examples, Bacillus spp. were used as bio-
control agents (38). Preharvest antagonist
sprays have also been effective in control-
ling postharvest fruit diseases. Korsten
(20) and Korsten et a. (22) reported effec-
tive control of postharvest decay from
anthracnose, stem-end rot (SE), and Dothi-
orella—Colletotrichum fruit rot complex
(DCC) when using preharve& subtilis
field sprays. Postharvest application Bf
subtilis was similarly effective for control
of these postharvest problems (20,21).
Evaluation ofB. subtilis for control of

ing, andB. subtilis sprays alone (Table 1).
Five double-tree replicates were used per
treatment throughout the duration of the
experiment. Unsprayed trees were included
as controls in the first year, but the other 2
years at Omega they received one spray of
copper oxychloride at the farmer’s insis-
tence to prevent inoculum buildup. Prior to
initiation of these experiments, trees from
all three sites were commercially sprayed
with copper oxychloride. Commercial
spraying was done during fruit develop-
ment at the onset of the rainy season
(usually the end of October), followed by a
November and a January application. At
Omega and Waterval, a history of heavy
pressure of BS occurreB. subtilis (B246)
isolated from the avocado phylloplane, and
which effectively inhibited in vitro and in
vivo growth of avocado postharvest patho-
gensC. gloeosporioides, Dothiorella aro-
matica, Thyronectria pseudotrichia, Pho-
mopsis perseae, Pestalotiopsis versicolor,
andFusarium solani (21), was selected for
field sprays. This antagonist effectively
controlled anthracnose, SE, and DCC when
sprayed in avocado orchards (20) or when
used in postharvest wax (21) or dip (24)
applications.

B. subtilis (B246) was mass produced
for field application as described in a pre-
vious study (21). The antagonist formula-
tion was mixed into 500 liters of water in a

the preharvest diseases BS and SB on avospray tank to obtain a final concentration
cado was therefore an obvious sequel toof 107 cells mt?. Copper oxychloride 85%
the successful evaluation of the antagonistWP (Demildex, Delta Chem, Meyerton,
as a biocontrol agent of postharvest avo-RSA) and benomyl 50% WP (Benlate,
cado fruit diseases (22,25). This paper Agrihold, Pretoria, RSA) were prepared in
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separate spray tanks at registered rates (2.5
g ai. liter'™t and 0.4 g ai. liter™, respec-
tively). Nu-Film 17 (Hygrotech Seed,
Pretoria, RSA) was added at the registered
rate of 0.02% (vol/vol) to al spray treat-
ments. Each tree was sprayed using high-
volume ground sprayers (100 liter) till
runoff to obtain full coverage of leaves,
fruit, stems, and branches. Application
dates of the various treatment programs are
shown in Table 1. The fungicide spray
dates corresponded with commercia spray
dates for each area. Discrepancies in the
spray schedules between the different lo-
cations were mainly due to differences in
rainfal patterns. The integrated manage-
ment treatment using copper oxychloride
and B. subtilis also was evaluated at West-
falia and Waterval for 1 year. At the latter
two farms, an antagonist-only treatment
was aso included in the first season (1990
to 1991). Due to a severe drought and sub-
sequent poor fruit set, experiments were
discontinued at Westfalia. Thereafter, ex-

periments using the antagonist alone were

continued only a Waterval for 3 more
consecutive years. During this period, the
integrated treatment was discontinued due
to the loss of atree.

During commercia harvest (April), at
least 30 fruit were picked randomly from
each tree and evaluated on a 0 to 3 scale
for BS and a0 to 4 scale for SB (30) (Fig.
1). Data were analyzed using the Statistical
Analysis System (SAS/STAT Mainframe
Version 6 ed. 1987. SAS Ingtitute, Cary,
NC). A Kruskal-Wallis transformation of
data and analysis of variance was per-
formed, and significant differences were
determined using Duncan’s multiple range
test atP < 0.05.

RESULTS
In the first season (1990 to 1991), BS

grated treatment.B. subtilis was less
effective than integrated and fungicide
programs at Westfalia. At WatervaB.
subtilis sprays and the integrated manage-
ment treatments were statistically equiva-
lent, but both were less effective than the
fungicide sprays. No control of SB was
recorded for any of the treatments at Wa-
terval, but both fungicide and integrated
treatments significantly reduced this dis-
ease at Westfalia (Table 2). Only the fungi-
cide sprays significantly reduced SB at
Omega.

The following year (1991 to 1992),
significant reductions of BS and SB
were found only for the integrated
treatment at Omega (Table 2). In the
1992 to 1993 season at the same loca-
tion, the fungicide and integrated treat-

was significantly reduced at all three sites ments were effective against BS. How-

by all spray treatments (Table 2). At

Omega, the spray regimes were equallywere
effective; whereas at Westfalia and Water-

val, the fungicide treatment was signifi-
cantly better than th®. subtilis or inte-

Table 1. Treatment programs and preharvest spray dates of fungicides, Bacillus subtilis (B246) alone
and B. subtilis integrated with fungicide sprays for control of preharvest avocado fruit diseases

L ocation Month of application
Treatment Concentration Oct. Nov. Dec. Jan. March
Omega 1990 to 1991
Control Unsprayed - - - - -
Copper oxychloride 2.5 g a.i. litér + + - + -
Benomyl + 0.4 g a.i. litet + - - - -
Copper oxychloride 2.5 g a.i. litér - - + + -
Benomyl + 0.4 g a.i. litet + - - - -
B. subtilis 107 cells mtt - - + + +
Omega 1991 to 1992
ControF 2.5ga.i. litert + - - -
Copper oxychloride 2.5ga.. litér + + - + -
Copper oxychloride + 2.5 g a.i. litér + - - - -
B. subtilis 107 cells mr* - + + + +
Omega 1992 to 1993
ControF 2.5ga.i. litert + - - - -
Copper oxychloride 2.5 g a.i. litér + + - + -
Copper oxychloride + 2.5 g a.i. litér + - - - -
B. subtilis 107 cells mtt - + + + +
Westfalia 1990 to 1991
Control Unsprayed - - - - -
Copper oxychloride 2.5 ga.i. litér - + - + -
Copper oxychloride + 2.5 g a.i. litér - + - - -
B. subtilis 107 cells mtt - - + + +
B. subtilis 107 cells mtt - - + + +
Waterval 1990 to 1991
Control Unsprayed - - - - -
Copper oxychloride 2.5 ga.i. litér + + - + -
Copper oxychloride + 2.5 g a.i. litér + - - - -
B. subtilis 107 cells mtt - - + + -
B. subtilis 107 cells mtt - + + + -
Waterval 1992 to 1993
Control Unsprayed - - - - -
Copper oxychloride 2.5 ga.i. litér + + + + -
B. subtilis 107 cells mtt + + + + -
Waterval 1993 to 1994
Control Unsprayed - - - - -
Copper oxychloride 2.5 g a.i. litér + + + + -
B. subtilis 107 cells mtt + + + + -
Waterval 1994 to 1995
Control Unsprayed - - - - -
Copper oxychloride 2.5 ga.i. litér + + - + -
B. subtilis 107 cells mtt + + - + -

z One spray of copper oxychloride.

456 Plant Disease/Vol. 81 No. 5

significantly higher levels of SB
observed where fungicides alone
were used (Table 2). Fungicides alone
were effective at Waterval in 1992 to
1993 (Table 2). During the following 2
years (1993 to 1994 and 1994 to 1995),
the efficacy ofB. subtilis was equal to
that obtained with the fungicide treat-
ment (Table 2), but only the fungicide
sprays controlled SB during 1993 to
1994. In the 1994 to 1995 experiment,
SB levels were higher in thB. subtilis
treatment than in the control. Fungicides
again were ineffective for SB control.

ever,

DISCUSSION

For biocontrol agents to be accepted
commercially, it is essential to show con-
sistent control over several years at more
than one location (4). In our study, the
most consistently effective treatment for
BS of avocado was achieved with an inte-
grated program of fungicide aml subtilis
sprays. A reduced number of chemical
sprays coupled with promising levels of
control makes an integrated approach to
managing BS disease attractive to the avo-
cado industry in South Africa. The single
chemical application in the integrated pro-
gram may act as a safeguard in years when
the weather conditions do not favor an-
tagonist activity (9). Similarly, the biologi-
cal treatment proved effective at the two
locations where it was tested in 1990 to
1991 (Waterval and Westfalia) and also
during the last 2 of the 3 years where it
was sprayed consecutively at Waterval.
During the last 2 years of spraying wih
subtilis, control was equal to that achieved
with fungicides. Tronsmo and Dennis (39)
reported on biocontrol withTrichoderma
spp. equivalent to commercial fungicides.
Integrated control was more effective than
B. subtilis spraying in one of the two ex-
periments where it was evaluated. Simi-
larly, Trichoderma harzianum sprayed
alone or in combination with dichlofluanid
was reported to control natural infections
of Botrytis cinerea on apple (40) and
grapevine (11).



Although field applications of biocontrol
agents to reduce preharvest diseases have
not often met with much success (18,34),
we showed that B. subtilis, alone or inte-
grated with fungicides, effectively reduced
natural infections of P. purpurea, and to a
limited extent, Akaropeltopsis sp.
(integrated program only). The control
obtained here is also unique in the sense
that no in vitro evaluations were carried
out prior to field evaluations since both
pathogens are difficult to isolate, and they
grow extremely slowly on agar media. The
B. subtilis isolate used here (previously
shown to be effective against avocado
postharvest pathogens [20]) was therefore
used directly in field sprays and found to
be effective.

According to Swinburne (37), commer-
cia acceptance of biocontrol agents de-
pends on their ability to perform as well as
or better than commercial fungicides.
During the first season of spraying at West-
falia and Waterval, less effective control of
BS was found with the biological and inte-
grated treatments than with the fungicide
treatment. Thisis in agreement with Knud-
sen and Spurr (19), Cullen et al. (5), and
Korsten et al. (25). Acceptable control of
plant diseases through biologica or inte-
grated treatments is not always evident the
first season and therefore requires patience
on the part of the grower. In follow-up
experiments, the integrated (Omega) and
biological (Waterval) treatments proved as
effective as the fungicide program. It was
also shown that the integrated treatment is
consistently more effective over time and
location compared with commercial fungi-
cides and therefore has the greatest poten-
tial for acceptance by growers. Compara-
tive cost of future commercial B. subtilis
spray applications will be similar to that of
benomyl but higher than that of copper
fungicides (L. Korsten, unpublished). The
financial aspect would further support an
integrated approach.

Fungicide sprays most effectively con-
trolled BS during the first year of evalua-
tion at each of the locations. It is note-
worthy to mention that during the second
season at Omega, a very high incidence
of BS was recorded on leaves of both
control and fungicide-treated trees but not
on trees receiving the integrated treat-
ment (L. Korsten, unpublished). During
the second season, BS symptoms were
also abundant on young green leaves,
contrary to the usual association of the
disease with older, yellowing leaves (6).
Variability in the degree of chemica
control has been reported (12,28,37).
Factors that may be related to less-than-
desirable chemical control include de-
clining levels of fungicide at the targeted
site, rendering it ineffective (12), varying
conditions under which tests were run
(16), and high disease pressure (31,40).
An unusualy high incidence of BS on
leaves at Omega during the second season

may account for the relatively poor per-
formance of copper sprays.

Timing of application is of crucia im-
portance in biological control programs
(3). In preliminary experiments at Omega
in 1989 to 1990 (data not shown), applica
tion dates were based on epidemiological
data for P. purpurea obtained from West-
falia (6). Both fungicide and integrated
treatments were initiated in November, and
fruit harvested early in the season (March)
showed that neither treatment was effective
in controlling BS. However, when fruit
were harvested late in the season (May),
only the fungicide treatment provided sig-
nificant control. Subsequently, Lonsdale
and Scott (32) showed that spore release by
the pathogen at Omega occurs earlier than
a Westfalia. Applications of B. subtilis
aimed at establishing the antagonistic bac-
teria prior to arrival of P. purpurea
inoculum resulted in sustained control
thereafter.

Effective control of SB using a biocon-
trol agent has not previously been reported.
Control of SB of avocado is difficult to
achieve (2); and in practice, farmers de-
pend on copper oxychloride sprays or
postharvest treatments in the packhouse
(2). However, effective control of SB is
essential for commercia production (17)
since the epiphytic growth of the fungus
leaves unacceptabl e black blotches on fruit.
SB was effectively controlled with fungi-
cide sprays at Omega and Westfalia during
the first year and at Waterval during the
1993 to 1994 season. In the third season at
Omega, fungicide sprays were associated
with an increase in disease above that of
the control, while a similar tendency was
observed at Waterval in the final year of
spraying the biological treatment. Such

observations are most often ascribed to the
changed balance of naturally occurring
microorganisms (13-15). In contrast with
its effect on BSB. subtilis sprayed alone
appears to be ineffective against SB. Some
control of SB was obtained with the inte-
grated treatment. The inability &. sub-
tilis to reduce SB corresponds with the
report by Leben (29), who effectively con-
trolled anthracnose but not powdery mil-
dew when unidentified bacteria were
sprayed onto cucumber seedlings in the
greenhouse.

Apart from preliminary progress reports
for the South African avocado industry
(22,26), this is the first report of biological
control of avocado preharvest fruit diseases
over an extended period of time. To our
knowledge, this is also the first study in
which control of the black epiphytic
growth of Akaropeltopsis sp. using natural
antagonists has been investigated. The
consistent control of BS shown in this
investigation together with its potential for
control of SB (20,23,26) makes integrated
and, to a lesser extent, biological control a
feasible alternative to chemical control in
the field. In additionB. subtilis provided
effective control of postharvest diseases of
avocado (20,21,23,24), and the merits of
combining a pre- and postharvest biocon-
trol program should be investigated.

The use ofB. subtilis in a postharvest
environment has been controversial,
mainly because of its known ability to
produce antibiotics under laboratory con-
ditions. However, B. subtilis has been
commercialized as a biocontrol agent for
field applications, i.e., Bactophyte (33) for
use on several vegetables, Epic and Kodak
(Gustafson, Inc., Dallas, TX) to control
root diseases on cotton and legumes, Sys-

Disease rating for black spot

Q¢

Rating 0 Rating 1

Disease rating for scoty bloich

Rating 0 Rating 1

Rating 2

SIUIOL

Rating 2

Rating 3

Rating 3 Rating 4

Fig. 1. Avocado fruit disease ratings for black spot, where 0 represents clean fruit, 1 = 1 to 5 spots, 2
=6 to 10 spots, and 3 = >10 spots; and for sooty blotch, where O represents clean fruit, 1 = 1 to 10%
of fruit surface area covered, 2 = 11 to 25%, 3 = 26 to 50%, and 4 = >50% of fruit covered.
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tem 3 (Helena Chemical Co., Memphis,
TN) for control of various seedling patho-
gens, and Biostart (Advanced Microbial
Systems Inc., Shakopee, MN) for control
of various fungal pathogens. The potential
commercia use of B. subtilis in preharvest
field applications for control of avocado
fruit diseases is therefore a viable option,
and future studies should concentrate on
elucidating the mode of action of this
common natural avocado phylloplane in-
habitant (21).
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Table 2. Effect of preharvest field sprays with fungicides, Bacillus subtilis (B246) aone, and B.
subtilisintegrated with fungicides on severity of avocado black spot and sooty blotch

L ocation Disease severity
Treatment Black spot Sooty blotch
Omega 1990 to 1991
Control 1.89 & 127a
Copper oxychloride 0.36 b 042b
Benomyl + Copper oxychloride 0.44b 0.58 b
Benomyl + B. subtilis 0.72b 185a
F value 104.56 63.31
PR>F 0.0001 0.0001
Omega 1991 to 1992
Control 134a 125a
Copper oxychloride 115a 1.18a
Copper oxychloride + B. subtilis 0.77b 0.80b
F value 23.78 17.48
PR>F 0.0001 0.0001
Omega 1992 to 1993
Control 173a 0.70b
Copper oxychloride 112b 155a
Copper oxychloride + B. subtilis 0.74b 0.89b
F value 6.26 4.34
PR>F 0.0092 0.0299
Westfalia 1990 to 1991
Control 125a 0.69 a
Copper oxychloride 0.18d 0.44b
Copper oxychloride + B. subtilis 0.64c 051b
B. subtilis 0.93b 0.67a
F value 36.39 5.03
PR>F 0.0001 0.0019
Waterval 1990 to 1991
Control 177a 10la
Copper oxychloride 042c 101a
Copper oxychloride + B. subtilis 1.10b 117a
B. subtilis 1.08b 121a
F value 38.70 251
PR>F 0.0001 0.0578
Waterval 1992 to 1993
Control 167a 22
Copper oxychloride 0.82b
B. subtilis 1.88a
F value 6.51
PR >F 0.0044
Waterval 1993 to 1994
Control 20la 1.03a
Copper oxychloride 1.17b 0.28b
B. subtilis 1.48b 145a
F value 9.11 16.29
PR >F 0.0009 0.0001
Waterval 1994 to 1995
Control 0.61a 1.17b
Copper oxychloride 0.27 b 1.02b
B. subtilis 0.15b 1.76 a
F value 9.59 4.74
PR >F 0.0007 0.0173
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