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sprays when used on its own. Antagonist on its own or alternated with copper showed
potential for the control of bacterial black spot and soft brown rot. Future studies should
focus on large-scale commercial trials to address inconsistency of biocontrol performance.
Pre-harvest biocontrol treatments should also be evaluated in combination with post-harvest

applications of the antagonist, taking into account possible build up of pathogen resistance.



CHAPTER 1
GENERAL INTRODUCTION

Mango (Mangifera indica L.) is currently rated as the world’s third most important crop in the
tropics preceded by citrus and banana (Nakasone & Paull, 1998). The global growing
demands for the fruit on first world markets have recently increased and now provide greater
export opportunities for countries within tropical and subtropical regions and specifically for
developing countries (Dodd et al., 1991). Annual world mango production is estimated at
over 28 million tons of which India and Mexico are the greatest producers. Currently, the
major mango producing countries include Bangladesh, Brazil, China, Haiti, India, Indonesia,
Madagascar, Mexico, Pakistan, Philippines, South Africa and Thailand. Although India
produces roughly 62 % of the total world production, 1t exports less than one percent of its
crop. Mexico is the biggest mango exporter in the world, followed by Brazil, Madagascar,
Mali, Pakistan, Peru, South Africa and Venezuela. The most important mango importing
countries are Belgium, Denmark, France, Germany, Great Britain, Italy and the Netherlands

(Snyman, 1998).

Although mango was first introduced into South Africa in 1920, the industry only started to
grow rapidly from 1960 (Snyman, 1998). Currently, mango is rated as the fifth most
important subtropical fruit cultivated in South Africa after citrus, banana, avocado and
pineapple. More than 100 commercial mango cultivars are available world wide, with
eighteen being under cultivation in South Africa. However, of these, only a few cultivars are
suitable for export, namely Zill, Tommy Atkins, Kent, Keitt, Haden and Irwin (Sanders,
1993). South African mango production has increased from 32 080 to 87 583 tons between
the 1989/90 to 2001/02 season. Of this, eight percent was exported during 1989/90 and 19.8

% during 2001/02, showing an increase of 12 % over a 12 year period.

Like many other crops, mango is subject to various diseases and other factors that affect fruit,
foliage, roots, branches and trunks of the bearing trees (De Jager, 1999). Pre- and post-harvest
disease, insect infestation, physiological disorders and abiotic factors are major concerns
resulting in significant fruit losses. Pre-harvest diseases, which cause fruit damage and affect
production in South Africa include bacterial black spot, blossom blight and tree dieback

(Ridgway, 1989; Johnson et al., 1991, Jacobs, 2002). Post-harvest diseases, which include






2003). Previously, mango fruits were covered with brown paper bags to protect them against
sunburn, skin blemish and pathogen attack (Parreira, 1990). However, these methods were
shown to be ineffective, since heavy rains caused paper bags to become translucent and cling
to fruit when wet. This promoted pathogen infection and development of diseases on fruits
(Bugante & Lizada, 1997). Currently, in South Africa, plastic caps (made from polyethylene
foam) are commercially used on certain farms to prevent sunburn damage on fruit. A new
innovative approach of using plastic caps with inner wool linings proved to be more effective

in reducing sunburn on mango fruits than commercial caps (Silimela & Korsten, 2001).

The development of alternative techniques to reduce disease and improve quality and shelf
life of fruit is becoming increasingly important as global chemophobia and environmental
social awareness increases (Emmert & Handelsman, 1999; Kondoh et «l., 2001; Janisiewicz
& Korsten, 2002a). It is therefore of importance that new innovative methods are developed
to provide the industry with alternatives to reduce reliance on chemicals, while still ensuring
sound quality fruit. More emphasis should also be placed on reducing the use of pesticides to
ensure workers safety, consumer health and environmental protection (Flora, 1990; Joubert er

al., 1999; Gerhardson, 2002).

Integrated pest management, which includes the use of biological products, can result in
reduced chemical sprays, considered as an effective alternative to prevent build up of
pathogen resistance and chemical residues in the environment (Baker et al., 1974; Chet, 1987,
Spurrier, 1990; Schumann, 1991; Gunasekaran & Weber, 1996; Ippolito & Nigro, 2000). It
can also improve agroecosystems fo ensure sustainable agriculture and can better maintain the
natural microbial ecological balance (Noiaium & Soytong, 1999; Ippolito & Nigro, 2000;
Shtienberg, 2000; Kondoh et al., 2001; Gerhardson, 2002). Biological control used on its
own 1s however, often less effective than commercial fungicides currently in use (Obagwu &
Korsten, 2003). Biological control of plant diseases has provided a relative recent alternative
strategy for disease control particularly when used pre-harvestly to protect against post-
harvest diseases (Korsten, 1993; Gunasekaran & Weber, 1996; Janisiewicz & Korsten,
2002b). Previously, the use of the biocontrol agent Bacillus licheniformis proved to be
effective for control of anthracnose and SBR on mango (Korsten ef al., 1992; Korsten &
Lonsdale, 1993).  Pre-harvest B. [icheniformis applications also showed promise 1n
controlling BBS and anthracnose (Korsten ef af., 1992; Silimela & Korsten, 2002). The

mode of action for B. /icheniformis has not yet been determined.
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being some of the most important criteria for selection. Amongst others, approximately one
percent of mango is utilised for juice processing, nectars, preserves (including chutney),
frozen pulp, ice cream, yoghurt, fruit salads and fruit cocktails (Mukherjee, 1997; Nakasone
& Paull, 1998). The seeds are used for extraction of starch 'anchur’ and the peels (skin) can be
used for biogas production by anaerobic digestion. Mango wood is used as a low quality
timber and the bark of the tree is an important source of tannins for curing leather (Mukherjee,
1997; Nanjundaswamy, 1997).

2.5  PROBLEMS AFFECTING MANGO PRODUCTION

Like with any other crop, mango producers and marketers around the world are facing
increasing commercial pressure to present quality fruit to consumers. Factors that affect fruit
quality include damage to fruit by nsects, mechanical injuries, sunburn, spray residues,
bruising, cold damage, latex damage and plant diseases. In mangoes, diseases affect all parts

of the tree including roots, stem, leaves, flowers and fruit (Table 2.1).

2.6  SOUTH AFRICAN MANGO PRODUCTION

2.6.1 History

Mango was introduced into South Africa in early 1920 in the Ofcolaco and Malelane areas, in
the Northern Province. Larger scale plantings started in 1962 with the introduction of Florida
fibrous cultivars (Finnemore, 1999). Currently, the most important cultivars that are planted
in South Africa are Tommy Atkins (26 %), Sensation (13 %), Kent (12 %), Heidi (9 %), Keitt
(8 %) and Zill (8 %). A tree census conducted in 1995 showed that & 000 hectares have been
planted in SA, with three million trees giving a total production of 40 000 tons. Currently,
production has increased from 45 757 tons in the production year 1995/1996 to 87 583 tons
for the year 2001/02 (South African Mango Growers’ Association, (SAMGA) report). Today,
mangoes are mainly grown in the northern and eastern provinces of South Africa. The
elevation of the mango growing areas varies from 300 to 950 meters above sea level. Major
regions for mango production are Tzaneen (36 %), Hoedspruit (28 %) and Malelane and

Komatipoort (20 %) (Finnemore, 1999).
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2.6.2 Economic aspects

South African mango production is focused on processing, exports of fresh fruits and to a
lesser extent local marketing. In the year 2000/01, 26.7 % (23 366 tons) of fresh fruits were
sold on the local market, 26.9 % {23 561 tons) were used for making achar, 19.8 % (17 375
tons) were exported, 17.3 % (15 153 tons) were used for sap or juice while 9.3 % (8 128 tons)
were used for dried fruits (SAMGA report).

The South African mango season stretches from January to middle March. During January,
mango volumes on the export markets compete with fruit from South American countries,
while countries from the west coast of Africa such as the Ivory Coast, Gambia, Burkina Faso
and Mali supply fruits from the middle of March (Finnemore, 1999). South Africa has
become a major competitor on the European market and export volumes have more than
doubled over the past five years from 8 603 tons in 1997/98 to 17 375 tons in 2001/02
(SAMGA report).

2.7 MANGO DISEASES

The most important pre-harvest diseases which cause fruit damage and affect production
include bacterial black spot (BBS) caused by Xanthomonas campestris pv. mangiferaeindicae
and anthracnose caused by Colletotrichum gloeosporioides (Penz & Sacc). Important post-
harvest diseases are soft brown rot (SBR), the anamorph of Botryvosphaeria spp. previously
described as Nattrassia mangiferae (Sydow et Butler) and stem-end rot (SER) Dothiorella
dominicana (Pet. et Cif.) (Ridgway, 1989, Johnson et al., 1991; Jacobs, 2002). Additionally,

anthracnose also causes post-harvest disease.

2.7.1 Bacterial black spot

Direct losses on fruit being rejected for export due to BBS on susceptible cultivars such as
Kent and Keitt may be as high as 80 % (Boshoff e al., 1998; Gagnevin & Pruvost, 2001).
Heavy losses have also been reported on cultivars such as Tommy Atkins, Haden, Irwin, and
Smith (Ridgway, 1989; Sanders ef al., 1992; Kotzé & Visser, 1997). Indirect losses such as
premature fruit drop, and induction of severe defoliation, especially when storms or

hurricanes were involved, are associated with BBS infection (Gagnevin & Pruvost, 2001).
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contributed to environmental pollution and destruction of natural microbial ecological
balances and soil microflora, and have been linked to serious health problems in humans
(Gunasekaran er al., 1996). European Union and United States legislation requires all
pesticides to be re-registered, a process that resulted in the dumping of less profitable and

smaller niche industry products.

In order for producers to address food security needs and maintain their competitive edge on
the global market, they have to ensure that food 1s produced in a healthy environment, using
complementary pest control regime strategies and new alternatives. Adequate suppression of
plant pathogens 1s achieved by integration of diverse control measures, which may differ in
efficacy, duration of effectiveness and cost (Shtienberg, 2000). Integrated Pest Management

has proven an effective alternative disease control method.

One promising strategy in controlling diseases of plants is the use of biological methods,
because it can be used both as an alternative to pesticides or in conjunction with pesticides
where necessary (Gunasekaran et /., 1996; Emmert & Handelsman, 1999; Janisiewicz &
Korsten, 2002; Obagwu & Korsten, 2003). The applications of naturally occurring
suppressing organisms or biological control agents also form part of organic farming methods
(Gerhardson, 2002).
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CHAPTER3

EVALUATION OF ATTACHMENT, COLONISATION AND SURVIVAL OF
BACILLUS LICHENIFORMIS

ABSTRACT

Biological control programmes aimed at reducing mango diseases depend on the successful
attachment, colonisation and survival of the biocontrol agent. In this study, different additives
including Biofilm and Superfilm (spreader-sticker), Agral 90 (wetter-spreader), Nufilm-P
(wetter-sticker), biostimulant Bioboost and copper oxychloride were evaluated in vitro and in
vivo for their effect on the attachment, colonisation and growth of the antagonist Bacillus
licheniformis. Additionally, plastic woolly caps impregnated with B. licheniformis were
evaluated for the antagonists' ability to also attach, colonise and survive on the woolly base
prior to and after being used in the field to protect fruit from sunburn damage. Attachment
and colonisation of the antagonists on mango leaves and woolly caps were evaluated using the
scanning electron microscopy and colonisation, growth and survival were determined using a
standard dilution series method. /n vitro studies indicated that copper oxychloride, Superfilm
and Agral 90 inhibited growth of B. licheniformis on agar and copper and Superfilm reduced
growth in liquid medium after eight hours. Additives had no negative effect on the ability of
the antagonist to grow and colonise mango leaves. Irreversible attachment of the antagonists
to mango leaves was observed 5 minutes after application. The antagonist attached

effectively to the woolly base of the caps and survived throughout the season.
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spraying, caps were left to air dry at room temperatare (£ 25 °C) for two days in a closed
room. Ten B. licheniformis sprayed woolly caps were selected for antagonist survival studies.
From each cap, three 10 x 10 mm squares were cut and placed in a sterile test tube containing
9 ml Ringers. A dilution series (as described in 3.2.2.1) was subsequently prepared from each
tube and plated on STD 1 agar (as described in 3.2.1.2). Plates were incubated at 37°C for 24
hours before colony forming units (c.f.u) were counted and data analysed as described in
3.2.2.1. Five woolly caps sprayed with B. licheniformis were selected and five pieces (10 x
10 mm) were cut from each cap to evaluate B. licheniformis attachment to the woolly base
using the SEM. Each piece was prepared as described in 3.2.2.2 and viewed at 5 kV. The
remaining sprayed woolly caps were used in field trials at Bavaria Estate (Hoedspruit) and
Ryfontein (Letsitele Valley) respectively as described in chapter 4 (4.2.1).  Caps were
attached to the stem end of mango fruits (‘Kent”) ensuring that the sides overlap. The caps
were secured into their position by stapling the overlapping sides together, giving an overall
protective hood effect. The woolly caps remained attached to the fruits until harvest (late
January to early February). A similar procedure for evaluation of antagonists' survival on the
woolly caps was followed three months after harvest of fruits as previously described within

this paragraph using the dilution series and SEM methods.

3.3  RESULTS

3.3.1 Effect of additives on Bacillus licheniformis

3.3.1.1 Disk diffusion test

Bioboost, Biofilm and Nufilm-P had no significant inhibitory effect on the growth of B.
licheniformis as compared to Superfilm, Agral-90 and Copper (Table 3.1). Superfilm and
Agral-90 showed a significant inhibitory effect towards the growth of B. licheniformis.
Copper oxychloride was the most inhibitory towards B. licheniformis when evaluated using
this method (Table 3.1).

3.3.1.2 Dilution plate counts

Of the test products, Bioboost, Biofilm, Nufilm-P and Agral 90 enhanced B. licheniformis
viability and growth for even up to 24 hours (Fig. 3.1). Nufilm-P reduced B. licheniformis
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4.1  INTRODUCTION

The mango (Mangifera indica. L) is a highly prized tropical fruit on the European markets.
Worldwide, it is rapidly becoming one of the leading trade crops from the ftropical and
subtropical regions (Nakasone & Paull, 1998). South Africa exports the bulk of its annual
mango crop to mainly Europe (Finnemore, 1999), competing with Mexico, Brazil, Peru,
Venezuela, Jamaica, Ivory Coast, and Mali (Nakasone & Paull, 1998). In order to remain
competitive, the South African mango industry has to ensure that export consignments adhere
to consistent high levels of quality fruit that are free from diseases, insect damage, sunburn

damage and chemical residues.

Sunburn damage can result in significant losses particularly on fruit produced in the southern
hemisphere and when trees are stressed having reduced foliage to properly cover developing
fruit. More recently, growers have evaluated the use of paper bags to protect fruit from
sunburn and diseases. Individual fruit were covered with paper bags during fruit development
(Bugante et al., 1997). This method proved ineffective, since heavy rains damaged bags and
caused an increase in disease infection. Currently, commercial practices of covering
individual fruits with plastic caps have proved effective in reducing sunburn (Lonsdale,

personal communication, November, 2001).

One of the most important pre-harvest diseases of mango is bacterial black spot (BBS),
caused by Xanthomonas campestris. pv mangiferaeindicae. Yield losses of more than 80 %
on mango fruits can occur on chemically untreated voung orchards especially with susceptible
cultivars (Boshoff et al, 1998). Post-harvest diseases of subtropical crops, particularly
mango, cause major economic losses in South Africa and worldwide. Anthracnose caused by
Colletotrichum gloeosporioides Penz & Sacc. 1s one of the most important post-harvest
diseases. Additionally, infection by this pathogen may result in pre-harvest symptoms
rendering fruit unmarketable. Soft brown rot (SBR) and stem-end rot (SER) caused by an
anamorph of Botryosphaeria are similarly important and have also been responsible for

significant losses in the post-harvest arena (Johnson ef al., 1991; Bugante ef al., 1997).
Current control measures for both pre- and post-harvest diseases include extensive pre-harvest
spraying with copper fungicides. However, extensive copper sprays are providing only limited

control (Korsten er al., 1995). Build up of copper levels in soils have reached alarming
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copper. Treated plastic caps were left to air dry at room temperature for two days. Seven-
vear-old mango trees cv. Kent was randomly selected at block AR4 at Bavaria Estate
(Hoedspruit) and five-year-old ‘Kent’ trees were selected at Ryfontein farm (Letsitele valley).
A complete randomised design was used and three mango trees were selected per treatment,
replicated four times. Treatments for the two farms are set out in Appendix 1, 2 and 3, and
treated caps were attached to the stem end of the fruit ensuring that the sides overlap. The cap
was secured into its position by stapling the overlapping sides together, giving an overall
effect of a protective hood. The caps were placed on fruit early November after initial fruit

drop on both Bavaria Estate and Ryfontein for the 2000/01 and 2001/02 season.

Sun-protector in powder formulation (200g/200/%) (Stimuplant, CC) prepared with B.
licheniformis as carrier was sprayed (200g/200/2) at three weekly intervals until harvesting
started at the day when caps were placed on fruits, using high volume sprayers with hand
lances. Evaluation for sunburn and BBS was done prior to harvesting. For sunburn and BBS,
evaluations were done by separately rating fruit from zero to three. Evaluation criteria used
were zero for healthy, one for slightly, two for moderately and three for severely infected.
After harvesting, fruits were stored at 10°C for three weeks and evaluation of post-harvest
diseases were done at a ready to eat ripeness level. For anthracnose, SBR and SER,
evaluations were done by rating fruit from zero to five. Criteria used were zero for healthy,
one for slightly, two for moderately, three for quarter of the fruit infected, four for half of the
fruit infected and five for three quarters to the whole fruit infected. After statistical analysis,
data were determined as percentage of healthy fruits for each treatment. Data were
statistically analysed using the statistical program GenStat (2000). One-way analysis of
variance {ANOVA) was used to test for differences in percentage healthy fruit between the
treatments. Treatment means were separated using Fisher’s protected t-test least significant

difference (LSD) at a 5 % and 10 % level of significance.

4.2.2 Effect of pre-harvest Bacillus licheniformis and copper oxychloride sprays to

control mango fruit diseases

Mango trees were sprayed with different biological integrated treatments compared to
commercial copper sprays to determine the efficacy of these alternative approaches. For the
2000/2001 season, a trial was done only at Bavaria Estate using seven-year-old mango trees

cv. Tommy Atkins (block AR4) and Kent (block AR4). For the 2001/2002 season, a trial was
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done at Bavaria Estate on the same cv. Kent trees & Ryfontein farm on six-year-old Kent
trees. A complete randomised design was used as described in 4.2.1. Treatments for the two
farms are set out in Appendix 4 and 5. Field applications using B. licheniformis in liquid or
powder formulations, and copper oxychloride on its own or alternated with antagonists,
commenced from flowering (early September) until harvesting (January or February)
depending on the production regions. Applications were done using high volume sprayers
with hand lances at two-weekly intervals for the first four sprays and then at three-weekly
intervals until harvesting. Evaluation of fruit and statistical analysis was done for post-

harvest diseases as described in4.2.1,

4.3 RESULTS

4.3.1 Effect of plastic woolly caps impregnated with Bacillus licheniformis or copper
oxychloride and the application of sun-protector to control mange fruit diseases

and prevent sunburn

All treatments using plastic caps significantly reduced sunburn damage for both seasons at
Bavaria Estate and Ryfontein farms when compared to the control (Figs 4.2, 4.3, 4.4). Of the
various treatments, the woolly caps were consistently the most effective to prevent sunbum
except for the 2001/02 seasons at Bavaria Estate where there was no significant difference
between commercial caps and woolly caps (Fig. 4.4). [n the case of sun-protector, it
significantly reduced sunburn damage to fruit as effectively as commercial caps except for the
2001/02 season at Bavaria Estate where 1t actually resulted in an increased sunburn incidence

(Figs 4.3, 4.4).

Furthermore, there were no significant differences between treatments for control of BBS at
Bavaria Estate and Ryfontein for both the 2000/2001 (Pr = 0.443 (Bavaria); Pr = 0.578
(Ryfontein) and 2001/2002 seasons (Pr = 0.066 (Bavaria). There was also no effective

control of the post-harvest diseases, anthracnose and SER, for both seasons at both farms.

Although the disease incidence was low on both farms for both seasons, woolly caps,
commercial caps and sun-protector significantly controlled SBR at Bavaria Estate for the
2000/01 season on ‘Kent’ (Fig. 4.5). At Ryfontein, there was no significant difference
between treatments for the 2000/01 season for control of SBR (Pr-value was 0,781). There
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was also no difference between treatments for the 2001/02 season on both farms for SBR

control (Pr-value for Bavaria = 0.739; Ryfontein = 0.457).

4.3.2 Effect of pre-harvest Bacillus licheniformis and copper oxvchloride sprays to

control mango fruit diseases

Antagonist liquid and powder formulations and integration of commercial copper with liquid
antagonist formulations were the only treatments that effectively controlled BBS at Bavaria
Estate for the 2000/01 season when compared to the control (Fig. 4.6). However, these
treatments were not significantly better than the commercial copper or integrated biocontrol
powder formulation (Fig. 4.6). For the 2001/02 season there were no significant differences
between the treatments on both farms to control BBS (Pr-value: Bavaria = 0.833, Ryfontein =

0.451).

For the 2000/2001 season at Bavaria Estate, commercial copper sprays, powder and liquid
antagonist formulations significantly reduced anthracnose infection on ‘Tommy Atkins’ (Fig.
4.7). Although not as effective as the commercial copper and the biocontrol treatments, the
integrated treatments with either liquid or powder formulations also significantly controlled
anthracnose. Reduced copper concentration sprays were the least effective (Fig. 4.7). For
the 2001/2002 season, commercial copper sprays and the integrated copper with liquid
antagonist sprays were the best treatments for effectively reduced anthracnose infection on
‘Kent’ at Ryfontein and Bavaria Estate (Fig. 4.8). At Bavaria Estate, the best two treatments
were not significantly better than the reduced copper or antagonist on its own treatments. At
Ryfontein, these two best treatments were also not significantly better than the integrated

treatment with the antagonist and reduced copper concentration treatment (Fig. 4.8).

For the control of SBR, the commercial copper, liquid antagonist formulation and both
integrated treatments were the most effective on cv. Kent at Bavaria Estate for the 2000/01
season (Fig. 4.9). Although not as effective, the reduced copper concentration treatments
could also significantly control SBR on cv. Kent. However, on the cv. Tommy Atkins trial,
only the two integrated and the powder antagonist treatment could control SBR. However,
the level of control achieved was not significantly better than the liquid antagonist treatment
(Fig. 4.9). For the 2001/02 season, commercial copper sprays significantly reduced SBR

incidence at Ryfontein (Fig. 4.10). Antagonist on its own, and integration with commercial
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copper or reduced copper also significantly reduced SBR infection but not as effectively as
commercial copper. There were no significant differences for the control of SER on both

farms for both seasons.

44  DISCUSSION

The main aim of this study was to evaluate alternative methods to reduce sunburn damage and
control pre-and post-harvest diseases on mango fruits. Plastic caps with inner wool linings
significantly reduced sunburn damage at both Bavaria Estate and Ryfontein for both seasons.
The addition of a woolly base to caps significantly enhanced their efficacy to reduce sunburn
when compared to currently used commercial plastic caps without inner wool linings. During
heavy winds or windy rains, commercial caps curled and moved out of position exposing
fruits to sunburn, whereas woolly plastic caps remained stable during these conditions

(Silimela & Korsten, 2001).

The plastic cap approach in general gave better results compared to previously used brown
paper bags. Bugante et al. (1997) showed that covering fruits with brown paper bags were
ineffective since paper bags became transhucent and clung to the fruit when wet. By adding a
woolly base to the plastic caps, an improved level of sun protection could be obtained. This

was also found to be the most effective treatment in this study.

However, from a cost effective point of view, woolly caps are more expensive. Currently
woolly caps cost 12 cents per cap compared to four cent for the currently used commercial
caps. Woolly caps will therefore cost roughly R 1 920/ha while commercial caps will cost R
670/ha (Appendix 6). Labour cost incurred when placing caps on fruits is currently calculated
at R 352/ha and picking them up during and at the end of the season at R 160/ha. Keeping in
mind that woolly caps can be re-used; it can reduce the initial input cost over time. When
woolly caps were used there was an average of 30 % increase in marketable fruit compared to
22 % with the use of current commercial caps. From a cost benefit point of view, commercial
plastic caps are almost a third of the price of woolly caps but are less effective in providing
protection (Appendix 6). In contrast, sun-protector sprays cost R 90/ha for a single
application and can provide on average 10 % more healthy fruit when three applications are
applied per season. It might be even more cost effective to get a 10 % improvement on

quality per hectare when compared to the currently used commercial caps. Although this is
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