


control efficacy has to be comparable to the level of control provided by conventional
fungicides. Achieving such high levels of control and consistency is difficult with
biological control systems and an integrated approach rather than the use of a single
biocontrol product is more likely to provide the answer (Pusey, 1994). Janisiewicz (1988),
for example, achieved a more effective control of apple rot with a mixture of Acremonium
breve and a Pseudononas sp. compared to either antagonist used on its own. Research into
the use of antagonist mixtures for control of cifrus postharvest pathogens is still limited, and

in most cases, poorly understood.

There are reports of improvements in biocontrol activity of yeast antagonists when
combined with calcium salts (Wisniewski et al., 1995; Droby et al., 1997; El-Ghaouth et al.,
2000; Tian et al., 2002). The inhibitory activity of sodium bicarbonate (SB) on fungal
pathogens (Barger, 1928; Palou, et al., 2001), and the antifungal activity of Bacillus species
(Singh and Deverall, 1984; Huang ez al., 1992; Korsten et al., 2000), amongst others, has
been reported. There is however no reference in the literature on research conducted to
determine the compatibility of Bacillus subtilis isolates with (SB), or possible improvements
in biocontrol activity resulting from such integration, particularly in post-inoculation control
of citrus mold. Hot water dip treatments are commercially used for fungal pathogen control
on both fruits and vegetables (Lurie, 1999). Temperatures that are not injurious to the rind
however, are unlikely to provide complete control of most citrus postharvest pathogens such
as P. digitatum and P. italicum on citrus. Such a temperature could however retard
pathogen development (Huang et al., 1992; Conway et al., 1999), and give a biocontrol
agent a competitive advantage over a pathogen and thereby prevent disease development.
Auret (2000) successfully evaluated the effects of integrated hot water treatments with
Bacillus species on control of Penicillium mold on citrus. Similarly, El-Ghaouth et al.
(2000) effectively controlled citrus postharvest diseases with a postharvest application of

Candida saitoana supplemented with glycolchitosan.

Fruits with citrus black spot (CBS) caused by Guignardia citricarpa Kiely are unacceptable
for export due to the phytosanitary risks for the importing country that is CBS free. Citrus
black spot lesions on fruits can therefore lead to the rejection of entire export consignments
in international trade (Kotzé, 1981). The main objective of this study was to screen three B.
subtilis isolates (F1, L2, and L2-5), that gave promising results in vitro, in the preceding

chapter (Chapter Three) in vivo i.e. on fruit under laboratory conditions. The possibility of
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using these isolates to provide additional control of latent infections of G. citricarpa on
citrus fruit was also investigated. The compatibility of B. subtilis isolates with SB, and its
ability to enhance its biocontrol activity for control of Penicillium rot, was also evaluated.
Finally, additional benefits of applying isolate folloWing hot water treatments, or combining

them with other biocontrol products was evaluated in vivo.
4.3. Materials and Methods
4.3.1. Fruit

Two orange (Citrus sinensis (L.) Osbeck) cultivars, Valencia and Shamouti collected from a
commercial orchard at Letaba Estates in the Limpopo Province were used in this
investigation. No postharvest treatment was applied and fruits were either used immediately

after harvest, or stored at 9° C until used, usually no longer than two weeks.

4.3.2. Pathogen

For the Penicillium isolates used in this investigation and inoculum preparation refer to
Chapter Three (Section 3.3.3.1). In addition, G. citricarpa was included in this study. The
isolate (7HS1-2), which is a pathogenic isolate originally isolated from citrus fruit was
received from Dr. Linda Meyer of the Department of Microbiology and Plant Pathology,
University of Pretoria. The isolate was maintained on potato dextrose agar (PDA) (Biolab),
in MacCartney bottles at 7° C until use. Stock cultures of this isolate were prepared for use

throughout this study.
4.3.3. Preparation of aqueous antagonist suspension

For preparation of aqueous cell suspension of B. subtilis isolates F1, L2, and L2-5, refer to
Chapter Three, (Section 3.3.3.2). Two yeast (Candida saitoana) biocontrol products
commercially produced as Biocoat and Biocure respectively (Anchor Yeast, Cape Town)
were evaluated in combination with the Bacillus isolates. The yeast products were prepared
according to the registered dosage (406g of formulated product dissolved in 15 L of water)

and were applied as a dip treatment.

78



4.3.4. Effect of sodium bicarbonate on growth of Bacillus subtilis isolates

Two hundred and fifty microliter of 1, 3, and 5% (w/v) SB was dispensed separately in
microtiter (Nunc; AEC-Amersham (Pty) Ltd) plate wells and inoculated with an antagonist
cell suspension (10° cell ml") prepared as described in Chapter Three (3.3.3.2). The
microtiter plate was incubated at 25° C for 1, 12, and 24 hours. The choice of this
antagonist concentration was based on results obtained in Chapter Three (3.3.3). At each
time interval, 50ul of antagonist-salt suspension was pipetted onto fresh standard 1 nutrient
agar (STD 1) (Biolab), plates containing 25ml aliquots of medium. Plates were incubated at
25° C for 24 hours and colony diameter measured as described earlier in Chapter Three
(3.3.3.3). Plates inoculated with cells suspended in sterile distilled water were used as
positive control. A serial dilution was prepared at the end of each time interval and the
number of viable cells (colony forming units) in each salt concentration determined using
the spread plate technique. Each treatment was replicated five times and the experiment

repeated once.
4.3.5. Effect of sodium bicarbonate on citrus peel

This trial was conducted to determine if SB had any detrimental effect on Valencia and
Shamouti orange fruit. Fruits were immersed in 1, 3, and 5% (w/v) SB for two minutes, and
air-dried. Treated fruits were stored at 9° C and 90 to 95% relative humidity (RH) for four
weeks, and observed thereafter for any sign of scorching or external damage. Fruits treated
with distilled water acted as control. Ten fruits were used per replicate, and each treatment

replicated three times. The experiment was repeated once.

4.3.6. Effect of combining antagonists and sodium bicarbonate treatments on irn vivo

control of Penicillium digitatum and Penicillium italicum

Fresh, visually healthy fruits were surface sterilized in 70% ethanol and wound inoculated
with either P. digitatum or P. italicum (10° spore mI™) by pricking using sterile dissecting
needles. Four wounds each approximately 1 mm wide and 5 mm deep were made per fruit.
Inoculation points were marked with a waterproof pen. Six hours after inoculation fruits

were immersed for two minutes in antagonist-SB (1% w/v) suspension prepared as
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described previously (Chapter Three, section 3.3.3.2). The choice of this SB concentration
was based on results obtained in 4.3.5. Fruits immersed in 1% SB solution, distilled water
or a mixture of fungicides that included decotine (guazatine 1 000 ppm) (Aventis), and
Fungazil (imazalil 1000 ppm) (Janssen), were included as controls. Fruits were stored at 9°
C and 90 to 95% RH for four weeks and assessed thereafter for decay symptoms. Disease
assessment was based on a scale of 0 and 1; where 0 = healthy fruits and 1 = diseased fruits.
A fruit was considered diseased as long as there was a visible sign of decay at the
inoculation point irrespective of the diameter of the symptom. This is because the entire fruit
is usually damaged within a few days following infection, especially if fruits are kept at
temperatures around 25° C. Thirty fruits were used per replicate each treatment replicated

three times. The experiment was repeated twice.

4.3.7. Effect of combining hot water treatment with antagonist on in vivo control of

Penicillium digitatum and Penicillium italicum

Fruits were inoculated as described earlier (4.3.6). Six hours after inoculation, fruits were
immersed in hot (45° C) distilled water in a water bath for two minutes and air-dried. They
were further immersed for one to two minutes in the antagonist suspension (10° cell ml™).
Fruits immersed in hot water alone, distilled water, or fungicides (see 4.3.6) acted as
controls. Thirty fruits were used per treatment replicated three times. Fruits were stored and

assessed as described before (4.3.6). The experiment was repeated twice.

4.3.8. Effect of Bacillus subtilis on its own or in combination with Candida saitoana on

in vivo control of Penicillium digitatum and Penicillium italicum

Fruits inoculated as described above (4.3.6) were immersed six hours after inoculation, for
two minutes in aqueous suspension of antagonists comprising Bacillus isolates on their own
(10° cell mI™), or the yeasts on their own (see 4.3.3), or a combination of Bacillus and yeast.
Treated fruits were stored in cardboard boxes at 9° C and 90 to 95 % RH for four weeks.
Treatments were assessed thereafter for decay symptom development as described
previously (4.3.6). Thirty fruits were used per replicate, and each treatment was replicated
three times. Fruits immersed in distilled water or treated with fungicides (see 4.3.6) were

used as controls. The experiment was repeated twice.
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4.3.9. Effect of antagonists on in vivo development of new black spot lesions

Valencia oranges used in this study were collected from a block with a known history of
CBS at Letaba Estates. As with the Penicillium experiments, the fruits also received no
postharvest fungicide treatment. Fruits with some characteristic black spot lesions (hard
spots) were selected, and marked with a waterproof pen. Marked fruits were first immersed
in hot (45° C) distilled water for two minutes, air-dried, and further immersed for another
two minutes in the test antagonist suspension prepared as described previously (3.3.3.2).
Treated fruits were stored at 9° C and 90 to 95 % RH for three weeks and then 25° C for
seven days. Fruits were assessed thereafter for development of new black spot lesions (red
spots). Fruits immersed in distilled water acted as control. Thirty fruits were used per

replicate and each treatment replicated three times. The experiment was repeated once.
4.3.10. Statistical analysis

All data obtained were statistically analysed using the SAS statistical program. One-way
analysis of variance (ANOVA), was used to test for differences in average means between
treatments. Treatment means were separated using Duncan's multiple range test (DMRT) at

5% level of significance.
4.4. Results
4.4.1. Effect of sodium bicarbonate on growth of Bacillus subtilis isolates

All Bacillus subtilis isolates evaluated did grow when suspended in 1, 3 or 5% SB solution.
The rate of growth was however influenced by both concentration and period of cell
suspension in salt solution (Fig. 4.1). All isolates grew normally after suspension in 1%
concentration for 24 hours. Normal or retarded growth was observed and refers to the radial
growth of the isolate on STD 1 following suspension in salt solution relative to cells
suspended in sterile distilled water (control). Isolates L2 and L2-5 grew normally only up to
12 hours of suspension in 3% solution, while isolate F1 on the other hand maintained a
normal growth even after 24 hours of suspension in that concentration. None of the isolates -
grew normally following suspension in 5% solution after 24 hours. Viable cell counts, as

determined by the number of colony forming units at each time interval, showed a marked
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decrease in the number of viable cells in treatments, where retarded growth was observed

(Fig.4.1)

lEFI mL20O L2-5J

12

10 = = 'rII = i

Growth (Log 10! CFU ml)

1h 12h 24h

Concentration of sodium carbonate (%)/Duration of bacteria cell suspension in solution (hour)

Treatments having same error bars are not significantly different at 3% level

Fig. 4.1 Growth of Bacillus subtilis isolates as affected by different concentrations of
sodium bicarbonate and duration of cell suspension exposure in salt solutions

before plating on nutrient agar and incubation at 25° C for 1, 12 and 24 hours. .

4.4.2. Effect of sodium bicarbonate on citrus peel

After two weeks of storage, no visible/external symptoms of damage were observed on
fruits treated with 1, 3, or 5% (w/v) SB solution. By four weeks however, blotching type
symptoms were visible on both Valencia and Shamouti fruits immersed in 5% SB.
Symptoms were more severe on Shamouti than Valencia. Fruits immersed in 1 and 3%

solution showed no visible signs of damage.

4.4.3. Effect of combining antagonists and sodium bicarbonate treatments on in vivo

control of Penicillium digitatum and Penicillium italicum

The influence of B. subtilis isolates on their own, or in combination with SB on control of

citrus green - and blue mold are presented in Fig. 4.2, There were variations in percentage
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disease incidence between experiments and between cultivars. The performance of isolates
did not however vary much between repetitions and results presented are the average values.
All isolates evaluated on their own were effective when compared to the water control in
checking the incidence of both green - and blue mold. They were however, not as effective
as the fungicide treatment which gave total control of both diseases (Fig. 4.2). The
incidence of both green - and blue mold on F1treated fruits was lower than 21%. This level
of control was significantly better than that achieved with isolates L2 and L2-5, which was
around 30%. The latter isolates did not differ significantly. Treatment FI on its own was not

better than SB as evaluated under the conditions used during the assay.

Addition of SB to isolate suspenSiOns resulted in a remarkable improvement in the
biocontrol activity of all isolates. The addition of SB to isolate FI suspension for example
resulted in complete control of both green - and blue mold similar to that achieved with the
fungicide treatment (Fig. 4.2). The addition of SB to isolates L2 and L2-5 did not result in
the same level of control. The percentage control achieved was however significantly
higher than either treatment on its own. No damage to the citrus peel was observed after
treatment. Isolations made from the fruit surface at the end of the storage period (data not

presented) indicated that all tests antagonist could be successfully re-isolated.
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