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INTRODUCTION
Recently, there has been an increased de-
mand for healthier, safer food without com-
promising quality.  Although current disease
control programs have proven relatively ef-
fective in maintaining lower pathogen infec-
tion levels, the need to reduce chemical ap-
plications due to consumer preferences and
regulatory issues, has led to intensified re-
search efforts to develop alternative control
strategies (Ippolito & Nigro, 2000; Emmert &
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ABSTRACT
Increased economic and environmental pressure has led to the need for more accurate and
safe crop protection measures.  Although existing cercospora spot forecasting models currently
contribute to targeted disease control programs for avocados, integration of such a model with
a biocontrol predictive system may provide growers with a disease control program that ad-
heres to the requirements of organic programmes and EurepGap.  This model will also focus on
eliminating variable parameters that may influence product performance.  These parameters
include climatic variables and agricultural practices.  During this preliminary study, the effect of
certain agricultural practices on the survival of Bacillus subtilis (Avogreen) were evaluated.  It
was found that mist blower and hand gun application methods were equally effective in deliv-
ering the antagonist to the phylloplane, but that spray volumes could affect performance.  Re-
peated pre-harvest applications resulted in a higher build-up of bacterial numbers on the leaves
and increased the success of postharvest disease control.  Results showed that spreading and
sticking agents should be avoided to ensure survival of the bacteria.  The compilation of a
predictive system for B. subtilis will consist of a combination of climatological information (to
be assessed during 2004) and antagonist behaviour as influenced by the above-mentioned agri-
cultural practices.

Handelsman, 1999; Weaver et al., 1990).  Bio-
logical control offers an environmentally
friendly alternative to the use of pesticides for
the control of plant diseases.  The complex-
ity of interactions between microbes, the in-
volvement of different suppression mecha-
nisms and the ability of these organisms to
adapt to the environment, contribute to the
belief that biocontrol may also be more sus-
tainable than chemical disease control
(Emmert & Handelsman, 1999).
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Avocados (Persea americana Mill.) are sus-
ceptible to various fruit diseases, including
cercospora spot, anthracnose, Dothiorella/
Colletotrichum fruit rot complex and stem-
end rot (Korsten et al., 1994).  The integrated
pre-harvest disease control program for these
diseases involves the use of biological and
chemical agents (benomyl and copper-based
fungicides) (Towsen, et al., 1995).  Biocontrol
of avocado fruit diseases has been investi-
gated extensively at the University of Preto-
ria for the past 16 years and led to the devel-
opment and registration of Avogreen (Bacil-
lus subtilis) as South Africa�s first pre-harvest
biological control agent on avocado.  Sporu-
lation, production of antibiotics, glucanalytic
activity and competition are known to con-
tribute to survival on the phylloplane and
control of especially cercospora leaf spot
(Collins & Jacobsen, 2003; Collins et al., 1993;
Korsten & De Jager, 1995).  Avogreen can be
used in organic production systems and is
fully EurepGap compatible.  Yet, few growers
have opted for this approach, mainly due to
uncertainty of product performance under

variable environmental conditions.
Antagonist performance is based on the

ability of the organism to survive in the envi-
ronment.  If parameters affecting survival can
be correlated with disease control, it may be
possible to manipulate or promote these pa-
rameters in order to improve control of the
disease (Collins & Jacobsen, 2003).  Epidemio-
logical parameters such as temperature and
humidity have been known to affect antago-
nist survival and performance.  Agricultural
practices such as timing of application and ap-
plication method may also influence the an-
tagonist (Sutton & Peng, 1993).  Incorporation
of these parameters into an integrated disease
system may provide a more targeted window
of opportunity to establish the antagonist.

Cercospora spot forecasting models have
been developed on a regional basis and focus
on pathogen inoculum levels, spore release
patterns and environmental factors (Darvas,
1982).  Integration of these models with an
antagonist predictive system could provide
growers with disease control programs that
reduce the number of copper sprays which is

Table 1.  Treatment regimes for pre-harvest application of Benlate, Copper Oxychloride and
Avogreen (Bacillus subtilis).

Application Month of Application
Treatment program Rate / l Method Volume Oct Nov Dec Jan
Mist blower 15 l
Benlate 0.5 g Hand gun 70 l / tree + - - -
Copper Oxychloride 3 g Hand gun 70 l / tree - + + +
Avogreen 2.5 ml Mist blower 15 l / tree - + + -
Mist blower 30 l
Benlate 0.5 g Hand gun 70 l / tree + - - -
Copper Oxychloride 3 g Hand gun 70 l / tree - + + +
Avogreen 2.5 ml Mist blower 13 l / tree - + + -
Hand gun 70 l
Benlate 0.5 g Hand gun 70 l / tree + - - -
Copper Oxychloride 3 g Hand gun 70 l / tree - + + +
Avogreen 2.5 ml Mist blower 70 l / tree - + + -
Copper 70 l
Benlate 0.5 g Hand gun 70 l / tree + - - -
Copper Oxychloride 3 g Hand gun 70 l / tree - + + +
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in line with EurepGap requirements.
The aim of this study was to examine the

effect of agricultural practices normally em-
ployed during commercial spray programs on
the survival of B. subtilis in the field.  This in-
cluded an investigation into the effect of ap-
plication method, spray frequency and
spreading / sticking agents on the survival of
B. subtilis on the phylloplane.  This informa-
tion is necessary to predict the behaviour of
the antagonist for incorporation into a
cercospora spot forecasting model.

MATERIALS AND METHODS
Population fluctuations and the percentage
of disease free fruit was monitored in order
to examine the effect of application method,
application frequency and spreaders / stick-
ers on the survival and efficacy of B. subtilis.
1.  The effect of application method on
the establishment / survival of Bacillus
subtilis on the phylloplane.
Twenty-year-old Fuerte trees on the farm
Amana in the Limpopo Province were used
for this trial.  Ten replicates were selected for
each treatment described in Table 1.

Survival of  Bacillus subtilis on the phylloplane
For the enumeration of B. subtilis from the
phylloplane, ten leaves were collected ran-
domly from each of five trees and pooled to
form a sample.  For each treatment, two sam-
ples were collected and bacterial counts made
based on a modified method (De Jager, 1999).
Three disks were punched from every leaf with
a sterile cork borer and mixed.  One hundred
disks were randomly selected and vortexed for
five minutes in ten ml sterile ¼ strength Ring-
er�s solution (Merck).  The spread plate method
was used to enumerate Bacillus on Standard 1
Nutrient agar (Biolab) at 24oC.

Incidence of pre- and postharvest diseases on
fruit
A minimum of 70 fruit were randomly har-
vested (March 2002) from six trees in each
treatment and transported to Amondel

packhouse (Levubu) where pre- and
postharvest disease assessment took place.
Fruit were rated for cercospora infection on
a 0 � 6 scale, where 0 represented uninfected
fruit and 6 severe cercospora infection.  Fruit
from each treatment were subjected to the
normal packhouse treatment, which employs
a Biocoat (1 l / 29 t fruit) and Avoshine (1 l / 55
lugs fruit) bath.  One half of the fruit from
each treatment were stored at 5oC to simu-
late export conditions.  To induce ripening,
the temperature was increased to 18oC after
three weeks.  Avocados destined for the lo-
cal market were stored at 18oC immediately
after the packhouse treatment.  Ripe fruit
were assessed for anthracnose and stem-end
rot on a 0 � 10 scale (0 = uninfected fruit; 10
= severely infected fruit).

2.  The effect of spray frequency on the
establishment / survival of Bacillus
subtilis on the phylloplane.
Seven-year-old Fuerte trees on the farm
Delaja in the Levubu area were selected for
this investigation.  Treatment one followed an
integrated disease control program (Table 2).
Both copper oxychloride and Avogreen was
applied during November 2001, December
2001 and January 2002.  In treatment two, the
monthly copper sprays were combined with
bi-weekly Avogreen sprays.  Treatment three
served as the chemical control and received
only the three copper oxychloride sprays.
Twenty four replicates were used for each
treatment.  A mist blower calibrated at 15 l /
tree was used during all applications.

Survival of  Bacillus subtilis on the phylloplane
The survival of B. subtilis on the phylloplane
was investigated using the modified method
of De Jager (1999).  Four samples were col-
lected for each treatment as described before.

Incidence of pre- and postharvest diseases on
fruit
Pre- and postharvest disease assessments
were conducted as described previously.  In
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addition to the normal
packhouse treatment that
included Biocoat (1 l / 29 ton
fruit)  and Avoshine (1 l / 55
lugs fruit) , fruit was also sub-
jected to an Avogreen bath
containing 2.5 ml / l
Avogreen.

3.  The effect of spread-
ing and sticking agents
on the establishment /
survival of Bacillus sub-
tilis  on the phylloplane.

Laboratory investigation
Antagonist survival in the presence of spread-
ers and stickers was studied in a liquid me-
dium using a Spectronic 20 spectrophotom-
eter (Milton Ray Company).  A standard curve
was prepared with known concentrations of

the antagonist in 25 ml test tubes containing
18 ml Nutrient broth (Biolab).  Optical den-
sity was measured as percentage transmission
at 520 nm and a standard curve was plotted
to determine cell concentrations.

For each treatment, a set of three test tubes

Table 2.  Treatments employed for pre-harvest disease control
on Fuerte during 2001/02 season.

Week of Application
Treatment Program Rate / l 1 2 3 4 5 6
Avogreen
Copper Oxychloride 3 g + - + - + -
Avogreen 2.5 ml + - + - + -
Avogreen x 2
Copper Oxychloride 3 g + - + - + -
Avogreen 2.5 ml + + + + + +
Copper
Copper Oxychloride 3 g + - + - + -

Table 3.  Spray program for pre-harvest application of Benlate, Copper oxychloride and
Avogreen (Bacillus subtilis) during the 2001/02 season.
Treatment program Rate/L Application Volume Month of application

method Oct Nov Dec Jan
1) Unsprayed Control
2) Avogreen - - - -
  Knowin 0,5 ml Hand gun 70 l / tree + - - -
  Copper oxychloride 3 g Hand gun 70 l / tree - + + +
  Avogreen 2,5 ml Mistblower 13 l / tree - + + +
3) Avogreen + Superfilm
  Knowin 0,5 ml Hand gun 70 l / tree + - - -
  Copper oxychloride 3 g Hand gun 70 l / tree - + + +
  Avogreen 2,5 ml Mistblower 13 l / tree - + + +
  Biofilm 0,25 ml - + + +
4) Avogreen + Biofilm
  Knowin 0.5 ml Hand gun 70 l / tree + - - -
  Copper oxychloride 3 g Hand gun 70 l / tree - + + +
  Avogreen 2.5 ml Mistblower 13 l / tree - + + +
  Superfilm 0.25 ml - + + +
6) Copper
  Knowin 0.5 ml Hand gun 70 l / tree + - - -
  Copper oxychloride 3 g Hand gun 70 l / tree - + + +



Yearbook �03 87 Jaarboek �03

was prepared contain-
ing 18 ml nutrient broth
and the recommended
concentration test com-
pound.  These included
0.25 ml / l Superfilm
(Plaaskem), 0.25 ml / l
Biofilm (Plaaskem),
0.18 ml / l  Allgral (Hy-
per Agrochem) and 0.26
ml / l Nufilm (Plaas-
kem). To the control
0.5 ml / l Jik was added.
One ml of a 29 x 106 B.
subtilis cell suspension
was inoculated into
each of the tubes.  A
separate control was also prepared that con-
tained no test compound.  All treatments

Table 5.  Effect of spray frequency on the survival of B. subtilis on
the leaf surface.
Treatment Spray date Bacillus count Bacillus count

one day after one week after
spray (cfu/cm2) spray (cfu/cm2)

Control No 0 0
Avogreen x 2 21/11/01 33.98 0
Avogreen 21/11/01 18.71 0

Control No 0 0
Avogreen x 2 3/12/01 36.27 0.64
Avogreen No 0 0

Control No 0 0
Avogreen x 2 14/12/01 311.82 11.45
Avogreen 14/12/01 114.55 0

Control No * 0
Avogreen x 2 10/01/02 * 5.09
Avogreen No * 0

Control No 0 0
Avogreen x 2 23/01/02 2757.54 26.47
Avogreen 23/01/02 21.13 0

* No sampling due to rain

Table 4.  Effect of application method on the survival of B. subtilis
on the leaf surface.
Treatment Spray date Bacillus count Bacillus count

one day after one week after
spray (cfu/cm2) spray (cfu/cm2)

Mist blower 30 L 21/11/01 70.00 0
Mist blower 15 L 30.16 0
Handgun 70 L 61.73 0
Control 0 0

Mist blower 30 L 03/01/02 * 2.55
Mist blower 15 L * 0
Handgun 70 L * 1.91
Control * 0
* No sampling due to rain

were shake incubated (160 rpm) for 24 hours
at room temperature (23/25 o C).  Optical den-

sity was measured as
percentage transmis-
sion and the standard
curve was used to cal-
culate the B. subtilis
concentration.  The ex-
periment was designed
as a completely ran-
domised design.  The
six compounds were
tested for an analysis of
variance (ANOVA, Ta-
ble 6).  Data was accept-
ably normal with ho-
mogeneous least sig-
nificant differences
(LSD) at the 1% test
level of significance
(Snedecor & Cochran,
1980), if the F-probabil-
ity of the ANOVA was
significant at 1%.

Field investigation
Thirty trees per treat-
ment were selected
from Orchard 74 (five-
year-old Fuerte trees) on
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the farm Springfield in the Limpopo Province.
Copper oxychloride was applied to treatments
two, three, four and five at 3 g / l with spray
dates corresponding with commercial spray
dates for the area (Table 3).  Avogreen was ap-
plied to treatment two, three and four.
Superfilm was added to the Avogreen spray
tank in treatment four and Biofilm to the
Avogreen spray tank in treatment five.  Treat-
ment one was left unsprayed and served as
the control, with treatment five serving as the
chemical control.  All applications were made
using a high volume applicator fitted with
hand lances at 50 l / tree.

Enumeration of  Bacillus subtilis
Four leaf samples were used to enumerate B.
subtilis on the phylloplane with the modified
method of De Jager (1999).

Incidence of pre- and postharvest diseases on
fruit
Pre- and postharvest disease assessment took
place at Springfield packhouse.  Fruit were
rated for cercospora infection and subjected

to a Gezogerm (25 ml / l) bath.  Export and
local market conditions were simulated af-
ter which fruit was ripened and assessed for
anthracnose and stem-end rot.  Data from all
experiments was analysed using the GenStat
statistical program (2000).

RESULTS AND DISCUSSION
When the observations made on each experi-
mental unit are counts, as in the case of this
study � the number of clean fruit, the Chi-
square test is usually applied.  The Chi-square
test for the R x C table is useful when interest
lies with the number of objects falling into vari-
ous classes and when the differences between
these frequencies must be determined.  This
test has certain limitations (Siegel, 1965), e.g.
no more than 20% of the cells may have an
expected frequency of less than five and no
cell may have an expected frequency of less
than one.  If these limitations are not met,
combination of frequencies is suggested.

1.  The effect of application method on
the establishment / survival of Bacillus
subtilis on the phylloplane.
While a great deal of emphasis is placed on
the development of biocontrol agents, little
effort has been made to evaluate application
methods for these agents that will improve
disease control (Ozkan et al., 2001; Bateman,
1993).  In deciding which application method

Table 6.  Split plot of ANOVA of 6
compounds with 3 replicates.
Source of variation Degrees of freedom
Compound 5
Residual 12
Total 17

Table 7.  Growth curves for B. subtilis in the presence of spreading / sticking agents.
 Time Compound
(hours) Superfilm Biofilm Allgral Nufilm B. subtilis Jik F pro. LSD
0 2.48 a 0.93 b 1.94 a 2.29 a 0.46 b 0.46 b P> 0.001 0.944
1 1.39 ab 0.62 bc 1.85 a 1.72 a 0.54 c 0.46 c P> 0.001 0.783
2 0.82 a 0.66 a 1.51 a 0.91 a 0.46 a 0.46 a P> 0.001 0.882
4 0.46 a 0.46 b 0.15 a 1.20 a 0.46 b 0.46 b P> 0.001 0.286
8 0.46 b 0.87 b 0.74 b 4.98 a 9.80 a 0.46 b P> 0.001 0.690
10 0.46 b 4.57 a 2.15 b 8.27 a 15.51 a 0.46 b P> 0.001 1.837
12 0.46 b 0.66 b 5.01 a 9.81 a 15.35 a 0.46 b P> 0.001 0.856
24 13.1 b 11.8 b 20.4 a 11.1 b 22.50 a 0.46 c P> 0.001 2.148
Values in the same row followed by the same letter do not differ at the 1% level of significance



Yearbook �03 89 Jaarboek �03

to use, a good starting point is to consider the
delivery systems already in place for fungi-
cide application during avocado disease man-
agement (Pusey, 1994).  In order to evaluate
the effect of application methods currently
employed during avocado disease control on
the survival of B. subtilis, population fluctua-
tions were monitored.  Table 4 illustrates re-
sults obtained for B. subtilis enumeration from
the avocado phylloplane following different
application methods.  Samples could not be
collected one day after the second spray due
to rain.

Within one week of the first application,
the antagonist decreased to undetectable lev-
els in all treatments.  This phenomenon con-
tinued throughout the trial in the 15 l / tree
mist blower treatment.  The effect of spray
volumes was reflected when 30.16 cfu / ml
Bacillus subtilis survived after spraying with
a mist blower at 15 l / tree and almost double
this amount (70 cfu/ml) after spraying at 30 l
/ tree.  Spray volumes therefore seemed to
play a considerable role in the number of

detectable bacteria surviving on the leaf sur-
face.  Application of Avogreen at 30 l / tree
with a mist blower and at 70 l / tree with hand
guns proved to be equally favourable for the
establishment and survival of the antagonist
on the phylloplane.  Employment of these
two methods resulted in detection of the an-
tagonist on the leaf surface for up to one week
after the second spray.  A significant Chi-
square test indicated that frequencies for pre-
harvest and postharvest disease rating dif-
fered significantly (P < 0.001) at the 0.01% test
level.  No significant differences between
treatments could be established for
cercospora spot rated fruit or stem-end rot
and anthracnose rated on local market fruit.
Data is therefore not shown.  Although not
significant, the 30 l mist blower treatment (P
= 0.111) and 70 l hand gun treatment (P =
2.452) showed a higher level of stem-end rot
control than the 15 l mist blower treatment
in fruit simulated for export conditions (Fig-
ure 1).  The hand gun application was pro-
bably more effective in reaching stem ends

and resulted
in slightly
higher con-
trol effi-
ciency than
the mist blo-
wer. It could
also be due
to higher
v o l u m e s
used.

The 30 l
mist blower
t r e a t m e n t
differed sig-
n i f i c a n t l y
from the 15 l
mist blower
t r e a t m e n t
and the
c h e m i c a l
control in
export fruit

Table 8.  Effect of spreading and sticking agents on the survival of B. subtilis
on the leaf surface.
Treatment Spray date Bacillus count Bacillus count

one day after one week after
spray (cfu/cm2) spray (cfu/cm2)

Control 01/12/01 0 0
Avogreen 29.27 14.64
Avogreen + Biofilm 30.80 17.18
Avogreen + Superfilm 29.53 0.64

Control 02/01/02 0 0
Avogreen 115.82 23.80
Avogreen + Biofilm 138.73 9.29
Avogreen + Superfilm 83.37 1.27

Control 15/02/02 0* 0
Avogreen 48.75* 26.73
Avogreen + Biofilm 53.46* 7.64
Avogreen + Superfilm 59.31* 2.93
* Sampled four days late due to rain
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rated for anthracnose (Figure 2).  Although
Bacillus subtilis population densities proved
to be slightly higher in the 30 l mist blower
treatment (Table 4), the number of clean fruit
did not differ significantly from the 70 l hand

gun treatment (P = 0.157) (Figure 2).  Results
indicated that the 30 l mist blower applica-
tion and the 70 l hand gun application meth-
ods may be equally sufficient in ensuring an-
tagonist survival on the leaf surface.  Small
droplets produced during mist blower appli-
cation may however lack sufficient energy to
deposit deep into a canopy and may result in
uneven distribution of the antagonist.  These
droplets are also more susceptible to wind
movement (Ozkan et al., 2001, Dent, 1993).
To ensure effective pest control, optimal cov-
erage of the target area must be accom-
plished (Dent, 1993).  Practical considerations
such as cost effectiveness, spray volume, con-
centration of the antagonist and penetration
efficiency would therefore determine the
preferable method of application.

2.  The effect of spray frequency on the
establishment / survival of B. subtilis on
the phylloplane.

Figure 1.  Effect of application method on
biocontrol efficacy on export market
simulated fruit rated for stem-end rot.

Figure 2.  Effect of application method on
biocontrol efficacy on export market
simulated fruit rated for anthracnose.

Figure 3.  Effect of spray frequency on
biocontrol efficacy on export market
simulated fruit rated for stem-end rot.

Figure 4.  Effect of spray frequency on
biocontrol efficacy on local market
simulated fruit rated for anthracnose.

Figure 5.  Effect of spray frequency on
biocontrol efficacy on fruit simulated for
the export market and rated for
anthracnose.
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When Avogreen was sprayed according to the
normal spray program for the area (monthly),
results obtained for Bacillus subtilis survival
on the phylloplane (Table 5) corresponded
with results obtained during the mist blower
and handgun trial (Table 4).  The antagonist
decreased to undetectable levels within one
week after Avogreen was applied at 15 l / tree
with a mist blower.  Increased spray frequency
however had a pronounced effect on estab-
lishment of the antagonist.  The number of
viable cells on the phylloplane increased af-
ter each spray and frequently resulted in a
higher survival level one week later.  Counts
decreased following the unsprayed period in
December (farm was closed).  When spray-
ing commenced again, a large number of
bacterial cells were able to establish on the
phylloplane (2757 cfu/ml).  A significant Chi-
square test indicated that frequencies for pre-
and postharvest disease rating differed signifi-
cantly (P = 0.05) at the 5% test level.  No sig-
nificant differences could be established be-
tween treatments for cercospora spot rated
fruit or local market fruit rated for stem-end
rot and data is therefore not shown.

Van Dyk, et al. (1997) found that Bacillus
subtilis was able to control anthracnose and
stem-end rot as effectively or better than
chemical packhouse treatments.  During this
study, the only significant difference between
the packhouse bath and Avogreen bath was
obtained for the bi-weekly Avogreen treat-
ment in export simulated fruit rated for an-
thracnose (Figure 5).  The tendency was, nev-
ertheless, observed for most of the treatments.
Avogreen may therefore provide a more en-
vironmentally friendly disease control proce-
dure for growers / packers.  Market accept-
ability requirements must however still be
met.

Field application of biocontrol agents ena-
bles early colonisation of the antagonist, re-
sulting in early protection of the fruit surface.
This may prove to be an appropriate strategy
for fruits subjected to damage or spoilage
during postharvest handling (Jiang et al.,

2001; Ippolito & Nigro, 2000).  Pre-harvest
application of Avogreen, although not signifi-
cant for all treatments, appeared to reduce
the incidence of stem-end rot and anthrac-
nose on postharvest fruit (Figures 3�5).  Ob-
servations made after the packhouse bath,
proved that pre-harvest application of B.
Subtillus significantly reduced the incidence
of stem-end rot in export fruit (Figure 3) and
anthracnose (Figure 4) in local market fruit,
when compared to the chemical control.
Fruit subjected to an increased pre-harvest
application rate resulted in an even higher per-
centage of disease free fruit.  Following the
Avogreen bath, fruit from the bi-weekly
Avogreen application were significantly
cleaner than the control in export fruit rated
for stem-end rot (Figure 3) and local market
fruit rated for anthracnose (Figure 4).

Increased pre-harvest application in all
instances resulted in a higher percentage dis-
ease free fruit, but no significance could be
established between treatments.  This implied
that repeated pre-harvest application of the
antagonist might contribute to a faster build-
up of numbers on the phylloplane (Table 5)
and therefore improved disease control.  If
establishment occurred and survival is high,
B. subtilis may be able to protect the fruit
against disease, from field treatment, through
to storage and during the entire shelf life when
integrated with a pre-harvest disease control
program.

3. The effect of spreading and sticking
agents on the establishment / survival
of B. subtilis on the phylloplane.
Spreading and sticking agents are frequently
used to enhance the effectiveness of
agrochemicals during chemical disease con-
trol (Kucharek, 1997).  This is a simple and
effective method that is also often used to in-
crease the efficacy of biocontrol agents
(Ippolito & Nigro, 2001).  Spreaders and stick-
ers generally prevent wash off after rain
(Kucharek, 1997) and can therefore reduce
fruit losses (Mathews, 1979).  The desired re-
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sult is increased survival rate and
larger population sizes of the an-
tagonist.

The standard curve obtained
for B. subtilis proved to be linear
(r = 0.9956) between bacterial con-
centrations of 0.6 x 10-6 and 26 x 10-

6  cfu / ml.  Growth curves com-
piled for B. subtilis in a liquid me-
dium containing different spread-
ing and sticking agents are illus-
trated in Figure 6 and Table 7.  Af-
ter inoculation of a bacterial cul-
ture into fresh medium, growth
only begins after an initial lag
phase.  During this time period bacteria
usually synthesise new enzymes and re-
pair damaged cells (Brock et al., 1994).
When inoculated into fresh medium
without any spreaders / stickers, the lag
phase for B. subtilis lasted approximately
four hours (Table 7, Fig. 6).  During the
lag phase of B. subtilis, cultures contain-
ing Superfilm, Allgral and Nufilm
showed significantly higher bacterial
counts than the control.  This lasted for
two hours, after which a negative growth
rate was followed for the following two
hours.  The B. subtilis culture then en-
tered an exponential (growth) phase.
The phase was characterised by two dis-
tinct stages: a stage of rapid growth
(growth rate of 2.3 cfu/ml/h) and a sec-
ond slower stage with a growth rate of
0.8 cfu/ml/h.  The exponential phase
generally results from repeated cell di-
vision within the culture and is a func-
tion of environmental influences and
the availability of nutrients (Brock et al.,
1994).  The only other culture that en-
tered the exponential phase at this time
period, and didn�t differ significantly
from the B. subtilis culture, was the
Nufilm culture with a growth rate of 0.9 cfu/
ml/h.  After 12 hours the Nufilm culture
reached the stationary phase (no net increase
or decrease in cell numbers) that proceeded

for the remaining of the experiment and dis-
played a bacterial count significantly lower
than in the B. subtilis culture.  Growth in the
Allgral culture commenced into an exponen-

Figure 6.  Growth curves plotted for B. subtilis in the
presence of spreading / sticking agents.

Figure 7.  Effect of spreading and sticking
agents on biocontrol efficacy on fruit
simulated for the local market and rated
for stem-end rot.

Figure 8.  Effect of spreading and sticking
on biocontrol efficiency on fruit simulated
for the local market and rated for
anthracnose.
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tial fashion after 10 h, with a growth rate of
0.7 cfu/ml/h.  The Biofilm culture initially fluc-
tuated at low levels and entered the expo-
nential phase after 10 h, displaying a growth
rate of 0.8 cfu/ml/h.  The exponential phase
for Superfilm also started after 10 h, with the
same growth rate as the Biofilm culture.  If
incubation continued for these cultures, the
death phase would follow on the stationary
phase.  This is the phase during which toxic
products build up, nutrients becomes depleted
and growth ceases (Brock et al., 1994).  It was
therefore concluded that the use of spread-
ing and sticking agents didn�t promote the
growth of the antagonist, especially during the
first four hours.  This is the critical time pe-
riod during which field spray would occur.

Table 8 shows the survival of B. subtilis
during in the phylloplane during the field
spray.  Higher numbers of bacteria were ob-
served after each succeeding application of
Avogreen.  The addition of Superfilm to the
spray tank resulted in a clear decrease in
numbers of the antagonist over time.  The
same tendency was shown by the treatment
that contained Biofilm, but to a lesser extent.

A significant Chi-square test indicated that
frequencies for pre- and postharvest disease
rating differed significantly (P < 0.001) at the
0.01% test level.  No significant differences
between treatments could be established for
cercospora spot rated fruit or fruit simulated
for export conditions and rated for stem-end
rot and anthracnose.  Data is therefore not
shown.

Although not significant, local fruit rated
for stem-end rot exhibited a lower percent-
age of clean fruit when Superfilm was used
in the spray program (Figure 7) than when it
was used without spreading / sticking agents.
This observation was more significant in lo-
cal market fruit rated for anthracnose (Fig-
ure 8).  The behaviour of the antagonist on
the leaf surface in the presence of Superfilm
therefore correlated with the growth curve
obtained for B. subtilis in liquid cultures con-
taining Superfilm (Figure 6).  Addition of

Biofilm to the spray tank did not seem to have
a pronounced effect on the antagonist.  Simi-
lar results were obtained in a separate field
trial on guava�s, where the use of Superfilm
and Nufilm inhibited antagonist survival on
the phylloplane (unpublished data).  It is there-
fore strongly recommended to exclude the
use of spreading and sticking agents during
the application of B. subtilis as biological con-
trol agent on avocado.  The mechanism of
this phenomenon is unknown.  According to
Matthews (1979), the use of spreaders and
stickers may lead to the protection of the
deposit to such an extent that the availability
of it to a pest is reduced.  There is therefore a
possibility that B. subtilis is isolated to such
an extent from its immediate environment,
nutrients and even the pathogen by the sticker
/ spreader, that it is difficult for the organism
to survive or act as biocontrol agent.

CONCLUSION
The phyllosphere is a very harsh environment
with limited nutrients and enormous fluctua-
tions in environmental conditions (Collins &
Jacobsen, 2003).  A trait of a good biological
control agent is the ability to colonise and
survive in this environment.  Poor commer-
cial success is mostly due to insufficient colo-
nisation, but can be enhanced through man-
agement of the agricultural practices em-
ployed (Ippolito & Nigro, 2000).  This study
proved that agricultural practices (param-
eters) having an effect on the ability of B.
subtilis to colonise the phyllosphere include
application method, spray frequency and the
use of additives.  Manipulating the behaviour
of a B. subtilis to enhance its disease control-
ling ability in the agro-ecosystem should in-
clude increased spray frequency and the ex-
clusion of spreading and sticking agents dur-
ing the spray program.  The preferable appli-
cation method should be optimised regard-
ing application volume.

During this study the leaves supported bac-
terial counts lower than 100 cfu / cm2 after
the first week.  Collins et al., (2003) made the
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same observation for B. subtilis on sugar beet.
They postulated that disease control might be
the result of a resistance mechanism that is
not necessarily dependent on complete leaf
coverage.  They also found that high popula-
tion numbers were more likely to occur in
the presence of a nutrient source.

Future research will focus on the relation-
ship between leaf coverage and biocontrol.
Application volumes, recommended concen-
tration, the effect of high-pressure application
on the bacterial cell, the ability of mist blower
spray to reach the inside canopy of a tree and
the effect of weather conditions on antago-
nist behaviour will also receive attention.

REFERENCES
BATEMAN, R.P. 1993.  Simple, standardised

methods for recording droplet measure-
ments and estimation of deposits from
controlled droplet applications. Crop Pro-
tection 12: 201-206.

BROCK, T.D., MADIGAN, M.T. & PARKER, J.
1994.  Biology of Micro-organisms. 7th Ed.
Prentice Hall: New Jersey.

COLLINS, P.D. & JACOBSEN, B.J. 2003.
Optimising a Bacillus subtilis isolate for bio-
logical control of sugar beet cercospora
leaf spot.  Biological Control 26: 153-161.

COLLINS, D.P., JACOBSEN, B.J. & MAXWELL,
B. 1993.  Spatial and temporal population
dynamics of a phyllosphere colonizing Ba-
cillus subtilis biological control agent of
sugar beet cercospora leaf spot.  Biologi-
cal Control 26: 224-232.

DARVAS, J.M. 1982.  Etiology and control of
some fruit diseases of avocado (Persea
americana Mill.) at Westfalia. PhD Thesis,
University of Pretoria: Pretoria.

DENT, D. 1993.  Insect Pest Management. CAB
International: Wallingford.

DE JAGER, E.S. 1999.  Microbial ecology of the
mango flower, fruit and leaf surfaces. MSc
Thesis, University of Pretoria: Pretoria.

EMMERT, A.B. & HANDELSMAN, J. 1999.
Biocontrol of plant disease: a (Gram-) posi-
tive perspective. FEMS Microbiology Let-

ters 171: 1-9.
GenStat for Windows.  Release 4.2. 5th Edi-

tion. VSN International Ltd., Oxford.
IPPOLITO, A. & NIGRO, F. 2000.  Impact of

pre-harvest application of biological con-
trol agents on postharvest diseases of fresh
fruits and vegetables.  Crop Protection 19:
715-723.

JIANG, Y.M., ZHU, X.R. & LI, Y.B. 2001.
Postharvest control of litchi fruit rot by Ba-
cillus subtilis. Lebensm.-Will. u.-Technology
34: 430-436.

KORSTEN, L. & DE JAGER. E.S. 1995.  Mode
of action of Bacillus subtilis for control of
avocado post-harvest pathogens. South
African Avocado Growers� Association
Yearbook 18: 124-127.

KORSTEN, L., DE VILLIERS, E.E., DUVEN-
HAGE, J.A. & KOTZE, J.M., 1994.  Control
of Avocado pre-harvest diseases with Ba-
cillus subtilis and fungicide sprays.  South
African Avocado Growers� Association
Yearbook 17: 32-34.

KUCHAREK, T. 1997.  Plant Protection Pointer
37: The Use and Purpose of Spray Adju-
vants for Foliar Fungicides. Florida Plant
disease Management Guide, Vol. 1. Univer-
sity of Florida: Florida.  [http.//ham-
mock.ifas.ufl.edu.].

MATTHEWS, G.A. 1979.  Pesticide application
methods. Longman:New York.

OZKAN, H., DERKSEN, R., MILLER, S. & FOX,
R. 2001.  Spray deposition characteristics
on tomatoes and disease management as
influenced by droplet size, spray volume
and air-assistance.  Asae Annual Interna-
tional Meeting.  Handout, Ohio IPM Office.

PUSEY, P.L. 1994.  Enhancement of biocontrol
agents for postharvest diseases and their
integration with other control strategies.
p 77-88. In Wilson, C.L. & Wisniewski, M.E.
Biological Control of Postharvest Diseases.
CRC Press.

SIEGEL, S. 1965.  Non-parametric statistics for
the behavioural sciences.  McGraw-Hill
Book Co. Inc., New York.

SNEDECOR, G.W. & COCHRAN, W.G. 1980.



Yearbook �03 95 Jaarboek �03

Statistical Methods (7th Ed.) Iowa State Uni-
versity Press.

SUTTON, J.C. & PENG, G. 1993.  Manipula-
tion and vectoring of biocontrol organisms
to manage foliage fruit diseases in crop-
ping systems. Annual Reviews of Phytopa-
thology 31: 473-493.

WEAVER, J.E., HOGMIRE, H.W., BROOKS, J.L.
& SENCINDIVER, J.C. 1990. Assessment of
pesticide residues in surface and soil wa-
ter from a commercial apple orchard.
Applied Agricultural Research 5: 37-43.

TOWSEN, E.,
VAN WYN-
GAARDT, S.,
V E R S -
C H O O R ,
J.A. & KOR-
STEN, L.
1995.  The
importance
of monitor-
ing antago-
nist survival
for efficient
biocontrol.
South Afri-
can Avo-
cado Grow-
ers� Associa-
tion Year-
book 18:
121-130.

VAN DYK, K.,
DE VIL-
LIERS, E.E.
& KOR-
STEN, L.
1997.  Alter-
native con-
trol of avo-
cado post-
harvest dis-
eases. South
African Avo-
cado Grow-
ers� Associa-
tion Year-
book 20:
109-112.


