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Mango growing 
in Carnarvon 

The industry 
There are approximately 20 commercial 
mango growers in Carnarvon.  There 
are also many small plantings that 
are used for home use or for wind 
breaks.  The total area of mangoes in 
Carnarvon is about 130 hectares.  The 
commercial farms generally range in 
size from 5 to 10 hectares.  

In 2015 approximately 1000 tonnes 
of mangoes worth $3.4 million were 
produced in Carnarvon.  Good growers 
achieve average marketable yields 
of around 14 tonnes per hectare.  

By Neil Lantzke1, Peter Johnson2, Alison Mackie3 and Sonya Broughton3

1 Western Horticultural Consulting
2 Ex Department of Primary Industries and Regional Development, Western Australia
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However, many of the mango orchards 
in Carnarvon receive a low level of 
management resulting in lower yields 
and poorer fruit quality.

The Carnarvon mango harvest occurs 
from late December until February, with 
some late varieties being harvested in 
March.  The average wholesale price of 
a tray of mangoes in the Canning Vale 
market at this time varies from about 
$20 to $30.  Fruit from Carnarvon 
is almost exclusively marketed in 
Perth with no fruit currently being 
sent directly to the eastern states or 
overseas markets.  
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The climate
Carnarvon has a good climate for 
growing mangoes and fruit loads 
on the trees are similar to some of 
the best areas in Australia.  Due 
to the arid climate Carnarvon has 
significantly lower pest and disease 
pressures than other mango growing 
regions in Australia and can produce 
good quality mangoes.  Climatic 
statistics for Carnarvon are shown in 
Table 1.  

Table 1.  Climatic data for Carnarvon Airport

Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Mean maximum 
temperature (°C)

31.3 32.6 31.6 29.2 26.3 23.5 22.4 23.1 24.5 26.1 27.7 29.4 27.3

Mean minimum 
temperature (°C)

22.6 23.4 22.1 19.2 14.8 12.2 10.9 11.6 13.9 16.4 18.7 20.7 17.2

Mean rainfall 
(mm)

11.9 19.9 16.9 13.3 33.5 46.0 43.3 17.5 6.2 5.0 4.0 5.4 224.6

Mean 3pm 
relative 
humidity (%)

59 59 57 56 53 52 52 52 52 53 55 57 55

Mean 3pm wind 
speed (km/h)

29.7 28.0 27.0 23.8 21.2 19.1 20.2 23.1 26.9 29.0 30.0 30.6 25.7

Red numbers depict maximums 
Source: Bureau of Meteorology
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Mean winter temperatures are 
consistently low enough to ensure 
good flower initiation without impeding 
pollination.  Temperatures during 
fruit development are generally mild 
although the occasional heat wave 
during December and January can 
lead to sunburn.  Rainfall is low and 
whilst it is winter dominant the risk of 
heavy rainfall occurring at flowering 
is low. 

Strong winds particularly, in the spring 
and summer months are a significant 
issue that can lead to reduced fruit 
loads on exposed trees and fruit being 
downgraded due to skin blemishes.  
Carnarvon is in a cyclone risk area with 
cyclone damage to trees occurring 
approximately every five to ten years.

Refer to the sections on windbreaks 
and sunburn for management advice.

Harvest timing and varieties 
The approximate harvest times 
for mangoes in different regions in 
Western Australia are shown in Table 2.

Carnarvon produces mangoes from 
late December through to February 
with the crop usually peaking 
around the second week of January.  
Significant opportunity exists to expand 
the production at the shoulder periods 
with early and late varieties.

Kensington Pride is the most common 
variety in Carnarvon although there 
are significant amounts of R2E2, and 
some Honey Gold, Calypso, Heidi and 
Keitt plantings.

There is good market demand for 
Kensington Pride, however it is well 
known for its high vigour, irregular 
bearing habits and susceptibility to 
post-harvest physiological and disease 
issues. Carnarvon is one of those few 
districts in Australia where Kensington 
Pride appears to be more reliable and 
it performs better than in other growing 
districts in the north and south of 
the state.

R2E2, which is becoming Australia’s 
main export variety, is also reported to 
perform reasonably well in Carnarvon.  
Good yields of Honey Gold, Calypso, 
Heidi and Keitt have been reported by 
growers in Carnarvon.  

The National Mango Breeding Program 
(NMBP) has developed a number 
of new hybrids which are currently 
being released.  These varieties have 
demonstrated their ability to perform 
under hot growing conditions and are 
able to achieve consistently high yields.  
One variety ‘1243’ matures one week 
earlier than Kensington Pride.  Variety 
‘4069’ matures after Kensington Pride 
and has potential for the export market 
as it is tolerant of hot water treatment.  
The release of the new varieties is 
being managed by the Australian 
Mango Growers Association.  There 
is royalty of one dollar per tree and 
the fruit will also attract a point of sale 
royalty of 6%. 

Refer to the Department of Primary 
Industries and Regional Development 
(DPIRD) website for more information 
on these varieties:  
www.agric.wa.gov.au/crops/
horticulture/fruit/mangoes

Planting
Mangoes are planted at a range of 
spacings in Carnarvon.  An 8 m row 
spacing with a 5 m tree spacing 
is common.  Some growers have 
planted trees at closer spacings such 
as a 6 m row spacing and 3 m tree 
spacing (Figure 1).  Higher density 
plantings achieve higher yields in the 
formative years but issues resulting 
from dense shaded canopies can 
develop, particularly in more vigorous 
varieties, as the trees mature.  This 
can result in reduced blush on the 
fruit and increased insect pressure.  
Greater attention to pruning and tree 
management are required for denser 
plantings.  The incorporation of growth 
retardants, such as paclobutrazol, is 
very useful in maintaining canopy size 
and yields. 

The ground should be ripped prior to 
planting.  Gypsum and any pre plant 
fertiliser should be cultivated into the 
soil prior to planting.  It is best to plant 
in the May to October period when the 
weather is cooler.

To prevent sunburn the trunks of the 
young planted trees should be painted 
with a white, water based paint diluted 
to one part paint to three parts water.  
Tree guards or rabbit proof fencing 
may be required to prevent rabbits 
from damaging the young trees. 

Young trees require tipping of the 
shoot to stimulate branching in order 
to form a suitable tree shape.  The first 
branches are usually formed at about 
80 cm with subsequent branching at 
50 to 80 cm intervals. 

Table 2.  Mango harvest times for different regions in Western Australia 

Region September October November December January February March April

Kununurra

West Kimberley

Carnarvon

Mid West

Gingin

http://www.agric.wa.gov.au/crops/horticulture/fruit/mangoes
http://www.agric.wa.gov.au/crops/horticulture/fruit/mangoes
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Windbreaks
Carnarvon experiences strong winds 
that effect tree growth, yield and fruit 
quality especially on the southern side 
of trees (Figure 2).  Wind damage is 
worst in young orchards when the 
outside trees are not large enough 
to protect trees in the centre of the 
orchard.  Consider installing artificial 
wind breaks, or bana grass or jumbo 
sorghum as a nursery crop in newly 
planted orchards (Figure 3).  Some 
growers plant fruit or vegetable crops, 
such as tomatoes or papaya in the 
interrow area while the young mango 
trees are establishing to provide wind 
protection and some cash flow.  

Installing netting over the top of a 
mango orchard has been trialled at 
Carnarvon to prevent wind damage 
and sunburn of fruit.  The economics 
of a range of wind break types needs 
investigating as wind has a major 
impact on growth rates of young 
trees, and the yield and fruit quality of 
mature trees.

Irrigation
The amount of water required by 
a mango orchard depends on the 
tree size and tree spacing.  Mature 
mango orchards in Carnarvon require 
about 12000 kilolitres of water per 
hectare per year.  Table 3 contains 
recommendations on how much water 
to apply in each month of the year. 

Applying the correct amount of water 
is important.  Under watering will result 
in smaller fruit and decreased yield.  
Many mango trees in Carnarvon do not 
appear to be watered properly or at 
the correct time of year.  Over watering 
decreases profitability.  Gascoyne 
Water Cooperative water is expensive 
by Australian standards and represents 
about 30% of the total growing costs 
for mangoes. 

To accurately schedule irrigation use 
soil moisture sensors.  Soil moisture 
monitoring equipment has become 
much cheaper and more reliable 

Close spaced mango orchard

Wind affected young trees Use of sorghum as a nursery windbreak crop

Casuarinas, eucalyptus species 
and bamboo have been tried as 
windbreaks but have not been widely 
adopted.  Growers cite competition 
from the windbreak trees, lack of 
land, high water use of the windbreak 
species, the high cost of artificial 
windbreaks and cyclone damage 
as reasons why windbreaks are 
not installed.  A windbreak trial at 
Gascoyne Research Station in the 
1980s demonstrated that fruit trees 
grow much better, yield higher and 
the percentage of wind marked fruit 
is greatly reduced when the trees are 
properly protected from the wind. 

Figure

01

Figure

02
Figure

03
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in recent years.  A set of logging 
tensiometers that record the soil 
moisture at 2 or 3 depths every 15 
minutes and which allow the data to 
be viewed on your mobile phone or 
computer can be bought for about 
$2500 (see Figure 4).

Figure 5 shows a soil moisture 
graph from a nest of three logging 
tensiometers that were located at 
15 cm, 30 cm and 50 cm deep in 
an orchard.  Daily irrigations can be 
seen as rises in the graphs.  A ‘refill 
point’ can be set for the soil type and 
growers aim to keep the soil moisture 
in the top 15 cm above this level.  For 
most of the period shown the crop 
is being overwatered as the 15 cm 
tensiometer does not dry out to the 
refill point and spikes of deep drainage 
can be seen in the 50 cm deep 
tensiometer.  On November 14 the 
amount of irrigation was insufficient for 
the hotter and windier conditions and 
the crop experienced moisture stress. 

Boron toxicity
Irrigation water in Carnarvon usually 
contains moderate to high levels of 
boron (0.2 to 1 mg/L).  Water with a 
boron concentration over 0.5 mg/L is 
considered marginal for sensitive crops 
such as avocados, grapes and stone 
fruit, but no information is available for 
mangoes.  The boron concentration 
in some growers bore water may 
be higher than in the scheme water 
and boron concentrations may 
vary throughout the year.  Irrigation 
water high in boron can result in 
accumulation of boron in the trees root 
zone.  A symptoms of boron toxicity 
in mangoes is a wavy burn pattern 
along the margins of older leaves 
starting at the leaf tip (Figure 6).  It is 
not recommended in Carnarvon to use 
fertilisers that contain boron.  Boron is 
mobile in the soil and can be leached 
from the root zone. 

 

Table 3.  Irrigation recommendations for a mature mango orchard in Carnarvon 

Jan Feb Mar April May Jun Jul Aug Sept Oct Nov Dec

Crop factor 0.8 0.6 0.6 0.4 0.2 0 0.4 0.4 0.5 0.6 0.75 0.8

Evaporation (mm) 357 317 307 210 167 117 124 154 171 253 286 300

KL/ha/month 2285 1522 1474 672 267 0 397 493 684 1214 1716 1920

KL/ha/day 74 54 48 22 9 0 13 16 23 39 57 62

To convert KL/ha/day to litres per tree per day divide the figure by the number of trees per hectare and multiply by 1000.  The trees per hectare can be 
calculated by: 10000 ÷ (row spacing in metres x tree spacing in metres).

Source: DPIRD Crop Irrigation Calculator

Soil tension graph showing irrigation events and periods of overwatering and moisture stress
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Salinity 
Mangoes are relatively intolerant of 
salinity.  Irrigation water with a salinity 
(TDS) greater than about 1000 mg/L 
should not be used on mangoes.  
Exposing mangoes to high levels of soil 
salinity may result in long term damage 
to the trees. Figure 7 shows leaves 
with burnt margins which is a typical 
symptom of salt damage in mangoes.  
This can also be caused by excessive 
fertiliser application.

Chloride is mobile in the soil and the 
application of large amounts of water 
can leach chloride from the root 
zone.  Growers who have access to 
river water can leach salt from the 

soil by applying large volumes of 
low salinity water during periods of 
unrestricted pumping.

If there are elevated levels of sodium 
in the soil apply gypsum (calcium 
sulphate) to assist in leaching sodium 
from the soil.  Apply up to 5 tonnes 
per ha over the orchard floor or 2 to 
5 kg/tree over the area beneath the 
tree canopy.  Alternatively apply 
soluble gypsum products via the 
irrigation at label rates.

Soils
The alluvial soils at Carnarvon are 
well suited to mango production and 
have a good natural fertility.  The soil 

at Carnarvon is alkaline with a pH water 
of around 7.5 to 8.0.  This results in 
the trace elements zinc, manganese, 
copper and iron becoming less 
available in the soil to the plant.  Some 
soils, especially those further from 
the river may naturally contain high 
concentrations of salt in their subsoils.  
Some of these soils can be made more 
suitable for horticulture by leaching the 
salts though the use of gypsum and 
the application of large amounts of 
fresh water. 

Mangoes are tolerant of flooding, even 
for periods of many weeks.

Fertiliser 
Fertiliser application rates should be 
based on leaf analysis results.  Mango 
leaves for leaf analysis should be 
collected from the hardened post 
harvest flush in the period prior to 
emergence of the inflorescences (in 
the late April to early June period).  
The nutrient concentrations in the 
leaves vary thought the year and 
the standards for assessing the leaf 
analysis results are for this time of year 
only.  Table 4 lists the optimum leaf 
nutrient concentrations for mangoes.  
Randomly select the youngest fully 
emerged leaves from trees in a block.  
Separate samples are needed for 
different varieties and for blocks that 
have had a different fertiliser history. 

Water analysis

Water analysis results for some 
Gascoyne Water Cooperative bores 
show that the water contains significant 
amounts of some nutrients.  The 
amount of these nutrients in the 
irrigation water should be taken into 
account when developing a fertiliser 
program.  Table 5 shows approximately 
how much nutrient is supplied by 
applying 10000 KL/ha of irrigation water. 
For example, applying 10000 KL/ha 
supplies 150 kg magnesium per hectare 
which is greater than the mangoes 
trees annual requirement.  Basin A 
water should be analyzed for its nutrient 
content as the nutrient concentration of 
different bores varies considerably.  

Boron toxicity symptoms in mango leaves  

Symptoms of salinity damage in mango leaves

Figure

06

Figure

07
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A common complaint from marketers 
is that the skin colour of Carnarvon 
fruit is too green. The generic fertiliser 
program for a mature orchard in 
Table 7 applies about 80 kg of nitrogen 
per hectare per year.  This should be 
adjusted according to leaf analysis 
results, the tree vigour and fruit quality.

Nitrogen should not be applied in the 
period one to two months prior to 
harvest as this can lead to fruit quality 

issues.  It is generally recommended 
that about 60% of the total nitrogen 
requirement is applied after harvest 
and the remainder is applied from 
flowering to early fruit development.

Calcium

Table 5 shows that the irrigation water 
contains significant quantities of 
calcium.  This contribution may supply 
most or all of the trees calcium needs.  
Calcium is taken up by trees only 
when root tip growth is active.  The 
cheapest form of calcium is gypsum 
(23% calcium) though calcium is also 
contained in calcium nitrate (19% 
calcium) and in small amounts in NPK 
type fertilisers.  Gypsum also contains 
sulphur (19%) which is required 
by mangoes.  

Other macro elements

All the horticultural soils in Carnarvon 
naturally contain large amounts of 
potassium.  The irrigation water also 
contains potassium (see Table 5).  
10000 KL/ha of irrigation supplies 150 
kg of potassium per hectare which is 
equivalent to 13 bags of potassium 
sulphate per hectare.  Fertiliser 
recommendations from other regions 
contain large applications of potassium 
fertiliser.  These are not required 
in Carnarvon because of the large 
amounts of potassium found naturally in 
the soil and irrigation water.  In a recent 
soil and leaf analysis study conducted 
by the Carnarvon Growers Association 
(CGA) all of the mango growers 
involved had adequate potassium leaf 
concentrations despite some applying 
low rates of potassium fertiliser. 

Mangoes require only moderate 
amounts of phosphorus.  If the soil 
contains high phosphorus levels 
then phosphorus fertiliser is not 
required.  Otherwise apply a small 
annual application of about 15 to 30 
kg of phosphorus/ha.  This should be 
applied in a narrow band along the 
tree line or as MAP via the irrigation to 
reduce phosphorus fixation by the soil.  
Excessive phosphorus applications 
can exacerbate zinc deficiency.

Table 5.  The approximate amount of nutrients supplied to an orchard when 
applying 10000 KL/ha of irrigation water

Typical 
concentration in the 

water  
(mg/L)

Irrigation applied 
(KL/ha/year)

Supplied to crop 
from irrigation water 

(kg/ha/year)

Potassium 15 10000 150

Magnesium 15 10000 150

Calcium 40 10000 400

Sodium 100 10000 1000

Sulphur 25 10000 250

Table 4.  Optimum leaf nutrient concentrations for mangoes

Nutrient Desired range

Nitrogen Kensington Pride 1.1–1.3% 

R2E2 1.3–1.4% 

Honey Gold 1.3–1.4% 

Calypso 1.0–1.5% 

Keitt 1.0–1.2% 

Phosphorus 0.13–0.18%

Potassium 0.3–1.2%

Calcium 3.0–5.0% (alkaline soil)

Sulphur 0.06–0.22%

Magnesium 0.2–0.4%

Sodium < 0.2%

Chloride > 0.5% is toxic

Copper 10–20 mg/kg

Zinc 20–100 mg/kg

Iron 70–100 mg/kg

Boron 30–100 mg/kg

Source: Reuter and Robinson, 1986

Nitrogen

Nitrogen is the most important nutrient 
for growth, yield and fruit quality.  
Insufficient nitrogen will result in the 
older leaves becoming pale coloured, 
poor tree vigour, small fruit size and 
low crop yield.  Too much or poorly 
timed nitrogen can cause excessive 
vegetative growth, green coloured fruit 
with less blush, soft fruit and increased 
post harvest diseases and disorders.  
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Zinc

Zinc deficiency is common in mango 
trees in Carnarvon as the high soil pH 
makes zinc less available to the plant 
(Figure 8).  Many mango leaf analysis 
results taken by CGA show marginal or 
low zinc levels.  

Recommendations are given in Tables 
6 and 7 for amounts of zinc sulphate 
(heptahydrate form) to apply to the soil.  
Zinc can also be applied in the more 
expensive chelated form which may be 
more available to the plant than zinc 
sulphate in alkaline soils.

If zinc deficiency occurs consider:

• Applying foliar applications of 
a zinc product.  Coppery and 
light green coloured leaves are 
more likely to take up the trace 

Symptoms of the early onset of zinc deficiency in mangoes  
(note smaller, crinkled leaves)

Table 6.  Pre-plant fertiliser recommendations

Fertiliser Rate Comments

Gypsum 0 to 5 t/ha Good structured soils should not require 
gypsum.  Sodic or more clayey soils may 
benefit from higher rates.

Superphosphate 1000 kg/ha Apply in a band along the proposed tree 
line and cultivate into the soil

Zinc sulphate 100 kg/ha Apply in a band along the proposed tree 
line and cultivate into the soil

Manganese sulphate 100 kg/ha Apply in a band along the proposed tree 
line and cultivate into the soil

Iron sulphate 100 kg/ha Apply in a band along the proposed tree 
line and cultivate into the soil

Table 7.  Generic fertiliser program for mature mango trees at Carnarvon 

Month Fertiliser Rate (kg/ha)

July MAP 50

Zinc sulphate 5

Iron sulphate 3

September NPK fertiliser 100

Calcium nitrate 100

January (post harvest) NPK fertiliser 150

Calcium nitrate 150

Apply foliar trace elements if required.  See rates for zinc in the text above.

elements.  Apply zinc sulphate at 
a rate of 0.5 to 1% (5 to 10 g/L) 
plus a wetting agent.  See product 
labels for application rates of other 
products.  Four applications per 
year may be required if leaf levels 
are low.

• Applying 2 to 5 kg of zinc sulphate 
per mature tree and carefully 
cultivate the fertiliser to a shallow 
depth.  The rate of zinc movement 
through most soils is very slow.  
Cultivating the zinc into the soil 
this will result in more immediate 
uptake by the tree.

Other trace elements

Leaf analysis results from mangoes in 
Carnarvon sometimes show marginal 
or deficient manganese and copper 
levels.  Copper sprays for disease 
control should supply most or all of 
the trees copper requirements.  If 
manganese levels are low in the leaf 
analysis apply manganese as a soil or 

foliar application. 

Figure

08
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Fertiliser recommendations
On land that has a long history of 
fertiliser application little or no pre-plant 
fertiliser is probably required.  However, 
it might be advisable to apply the 
rates of fertiliser shown in Table 6 and 
cultivate into the soil prior to planting.  
Gypsum is particularly required in more 
hard setting soils which have a higher 
clay content.  

Table 7 provides a generic fertiliser 
program for mature mango trees 
in Carnarvon.  The rates should be 
adjusted according to the leaf analysis 
results.  Carnarvon soils are naturally 
fertile, and nitrogen is the main 
nutrient required by mangoes grown in 
Carnarvon.  Trial work with mangoes 
at Gascoyne Research Station on land 
that had a long fertiliser history showed 
that nitrogen was the only nutrient that 
was required to obtain high yields.  The 
NKP fertiliser is included in Table 7 
as a precautionary measure as it 
contains a range of nutrients. Some 
additional phosphorus, zinc and iron is 
also included. 

Disease management
Control of disease is best achieved 
by a combination of fungicide 
applications, good orchard hygiene 
to reduce the level of inoculum and 
postharvest fungicide applications. 
Disease issues occur particularly where 
spray programs are not adequate.  
Disease infection occurs in the orchard 
but does not manifest until further 
along the supply chain in the wholesale 
markets, shops or with the consumer.  
Proper handling practices of the fruit 
within the supply chain, particularly 
temperature management, is also very 
important to minimise the impact of 
fruit rots.

The climate in Carnarvon creates 
a lower disease environment than 
most other mango growing areas in 
Australia.  This is particularly true in the 
case of Anthracnose which requires 
wet conditions to spread.  However, 
stem-end rot diseases are present in 

Carnarvon and will build up over time 
as orchards mature.  

In 2007 the Department of Agriculture 
and Food (DAFWA) conducted a study 
of post-harvest diseases in mangoes 
at Carnarvon (Annells et.al., 2008).  
Trays of fruit were collected from ten 
growers and rated for their disease 
incidence immediately after harvest 
and then when stored for two and 
three weeks after harvest.  The most 
common disease found was stem-
end rot.  The three most common 
pathogens identified as causing the 
stem end rot were Lasiodiplodia 
theobromae, Neofusicoccum luteum 
and Phomopsis mangiferae.  Alternaria 
sp. was also identified on some of the 
samples.  These results are typical of 
what is found with mangoes grown in 
other arid regions of the world where 
stem-end rots and Alternaria sp. tend 
to dominate.

Stem-end rots

Stem-end rot is a post harvest disease 
that becomes more prominent as 
orchards become older. Losses can 
increase when fruit are stored for 
prolonged periods at low temperatures 
or when fruit ripen at high temperatures 
(>28°C) (Ploetz et al., 1994). 

Symptoms appear as the fruit ripens 
and can vary according to the causal 
agent. Generally, a brown, soft decay 

starts at the stem end and rapidly rots 
the whole fruit. Infected fruit may split 
open as they collapse. Figure 9 shows 
severe stem end rot on mango fruit. 
The fungus can spread to adjacent 
healthy fruit in physical contact (Coates 
et al., 2009). The fungi live within 
branches without causing symptoms. 
They colonise the inflorescence and 
reach the stem-end of the fruit several 
weeks after flowering (Ploetz et al., 
1994). The fungi do not spread into the 
fruit until after harvest.

If fruit has been injured, lesions may 
also occur away from the stem-
end. Lesions caused by Phomopsis 
mangiferae spread more slowly than 
those caused by other stem-end 
rot fungi and can be distinguished 
from anthracnose at the stem end by 
differences in the fruiting bodies – P. 
mangifereae produces dark, pinhead-
size fruiting bodies; Colletotrichum 
gloeosporioides produces pink spore 
masses (Coates et al., 2009). 

Stem end rot can be controlled by a 
mixture of orchard hygiene to reduce 
inoculum, a strategic spray program 
and post-harvest treatments.  As the 
stem end rot pathogens reside in dead 
wood removal of this from the trees 
is essential for inoculum reduction.  
Azoxystrobin sprays (such as Amistar®) 
at fruit set and then just prior to 
harvest and one application of Areo® 

Severe stem end rot on a mango

Figure

09
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will give good control in the field.  This 
combined with post-harvest treatment 
of Scholar® has proven to give very 
good levels of disease control.

Bacterial black spot

Bacterial black spot, caused by 
Xanthomonas campestris, is found in 
most tropical and subtropical countries 
where mangoes are cultivated. 
Mango leaves, stems and fruit are 
all susceptible to infection with fruit 
lesions being the most importantly 
economically. The Kensington Pride 
cultivar is quite susceptible to the 
disease. Bacterial black spot is 
particularly severe in exposed, windy 
areas where adequate windbreaks are 
not present.

Lesions start on leaves as angular, 
water-soaked spots, delimited by the 

veins. These spots merge, become 
black and slightly raised and can 
exude bacteria-laden sap. Stem 
lesions appear as blackened cankers 
that form longitudinal cracks and also 
exude sap. Lesions on fruit develop as 
water-soaked halos around lenticels or 
wounds which closely resemble fruit fly 
stings. The spots become raised and 
then blacken and crack open (Ploetz et 
al., 1994). See Figure 10.

Bacteria from diseased tissue are 
dispersed by wind-driven rain, water 
splash and insects, and transferred 
from infected planting material (Cooke 
et al., 2009). Bacteria enter through 
the natural openings on leaves and 
fruit or through abrasions. Disease 
incidence will be greater on exposed 
and abraded leaf and fruit surfaces or 
where fruit touch each other. 

Bacterial black spot can be an issue 
on some mango orchards in Carnarvon 
particularly after a cyclone event.  
Apply two copper sprays to protect 
post-harvest flushes.  If the orchard 
has a history of bacterial spot apply 
additional copper in the post flowering 
to fruit set period.

Anthracnose

Anthracnose, caused by the fungus 
Colletotrichum gloeosporioides, is 
found in all mango-production areas 
of the world and is most important 
where high rainfall and humidity occur.  
It causes considerable damage to 
floral panicles, leaves and fruit. Fruit 
of all ages may be affected. On young 
fruit, severe infection can lead to early 
abortion whereas major post-harvest 
losses can occur on ripening fruit.

The initial symptoms on leaves are 
small, black spots that merge to form 
large, dark dry areas. These areas can 
crack and fall out. On inflorescences, 
symptoms begin as small dark spots 
that expand and coalesce, causing 
shedding and death of the flowers. 
Fruit symptoms are initially superficial. 
Once fruit reach approximately 4-5cm 
in diameter, infections grow in the skin 
but usually remain asymptomatic until 
the fruit ripens. Small, black spots 
enlarging to irregular slightly sunken, 
dark brown to black areas appear on 
ripening fruit.

Spores of the fungus are produced 
on dead twigs, branches and leaves 
and are spread by water splash. The 
disease is most serious after periods of 
wet weather.

Anthracnose is unlikely in most years 
to be a problem in Carnarvon as 
weather conditions are generally dry.  
If heavy rainfall occurs at flowering 
and anthracnose has been an issue 
in previous years apply Octave® plus 
mancozeb.  Octave® needs to be 
applied within 24 hours of the rainfall 
event. Azoxystrobin sprays for stem 
end rot will also reduce the impact of 

anthracnose within the orchard.

Bacterial black spot on mangoes

Figure

10
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Key factors in orchard 
management for disease control

1. Tree age 

Older trees more likely to have 
disease issues as inoculum levels 
build up and tree size reduces 
spray efficiency. 

2. Reduction of inoculum level

Dead material can harbour disease 
inoculum. Trees should be pruned 
after harvesting to remove dead 
wood, twigs and leaves, as well as 
fallen debris under the trees.  

3. Use of fungicides

Applying the appropriate fungicide 
at the correct rate and time will 
greatly reduce the risk of disease.  
Table 8 gives a disease spray 
program for mangoes in Carnarvon.  
The disease pressure in that season 
and the level of disease in previous 
years will determine which and how 
many sprays are required.

Aero® is included above as in addition 
to Azoxystrobin as it contains Metiram 
which is from a different fungicide 
group reducing the risk of fungicide 
resistance.  The spray program 
outlined in Table 8 should delay the 
development of disease which is 
important if market agents try to 
hold the fruit longer in periods of 
high supply.

Post harvest disease treatments

A post-harvest fungicide treatment 
in the packing shed is necessary to 
ensure an acceptable shelf life of the 
mangoes.  This is particularly so if the 
fruit is to be transported long distances 
to eastern states or overseas markets. 
There are two main fungicides that 
are used: Prochloraz (Sportac®) and 
Fludioxonil (Scholar®).  Prochloraz will 
give protection against anthracnose 
but is less effective against most of 
the stem-end rot pathogens, however, 
Fludioxonil is effective against both 
anthracnose and stem-end rots.

Prochloraz is usually applied as a 
cold water spray over the brushing 
unit at a rate of 55ml/100L.  The fruit 
must be wet for a minimum of 30 
seconds. It is necessary to spray in a 
non-recirculating system as the active 
ingredient is relatively unstable and 
therefore stripping rates cannot be 
calculated accurately.

Fludioxonil can also be sprayed over 
the brushed mangoes, and under 
lower disease pressure situations it has 
also shown to be reasonably effective 
in cold water.  Stripping rates can be 
calculated with Fludioxonil therefore 
the spray mixture can be reused in a 
recirculating system.  If the disease 
pressure is high it may be necessary 
to incorporate the Fludioxonil with hot 
water (52ºC for 5 minutes). Hot water 
on its own does have an effect in 
reducing disease but not at levels high 
enough for commercial acceptance.

There are several options for putting 
a fungicide treatment into the 
packing line.

• Spray over brushes

Part of the spray system on the 
brush unit is modified to allow the 
incorporation of fungicides in a non-
recirculated system for prochloraz 
or a re-circulating system for 
fludioxonil. This system is ideal for 
cold water application.

• Continuous flow hot water dip

Incorporate a flow through hot 
water tank where fruit is taken by 
conveyor and held under the water 
for 5 minutes in the packing line.  
Fungicide is placed in the water at 
the correct concentration. The tank 
has temperature probes along its 
length to monitor and regulate the 
water temperature.  

• Hot water spray tunnel.

This is a relatively new development 
in post-harvest disease control.  
Water is heated to 52ºC and then 
the fruit is run through a tunnel on 
a rolling conveyor, the hot water 
and fungicide is sprayed onto the 
fruit, which will take five minutes to 
complete the conveyor run. This 
system does have some benefits 
in that it is relatively easy to fit into 
a packing line and there is less risk 
of heat damage to the fruit. It does 
however need to be very precise 
in its calibrations of water and 
heat loss.

Table 8.  Suggested disease control program for mangoes in Carnarvon

Growth stage Chemical Main disease Comments

Autumn flush Copper Bacterial spot

Early winter Copper Bacterial spot

Flowering Octave® + Mancozeb Anthracnose Only required if conditions are wet and/or the disease has been an 
issue in the past

Fruit set Azoxystrobin Stem end rot Also effective on Anthracnose

Fruit development Aero® Stem end rot

Late fruit 
development

Azoxystrobin Stem end rot Also effective on Anthracnose
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• Hot water bath batch system.

This is where fruit is placed into 
a tank containing hot water with 
fungicide.  The tank has a small 
recirculating pump to circulate the 
water and thermostats maintain a 
constant temperature. Without the 
circulation, there will be temperature 
fluctuations within the tank. Fruit is 
then placed into the tank in crates 
with a cover to keep the fruit under 
the water. This system is relatively 
cheap to build and is suitable where 
the packing line is not continuous. 
Calibration of this type of system is 
sometimes difficult. If the water is 
too hot it will cause skin damage if it 
is too cool the treatment will not be 
as effective.

Heating of the water for any of 
the treatments can be costly if 
using electricity or gas.  Hot water 
can be generated using the solar 
thermal technique such as running 
small polythene pipe over the 
packing house roof where water 
is pumped through, the water is 
heated then returned to a holding 
tank which can be maintained at 
the set temperature with the use of 
tempering valves.

Pest management
Carnarvon has few insect pests of 
mangoes as compared to other 
growing areas within Australia.  The 
two most significant pests are 
Mediterranean fruit fly and white 
mango scale.

Mediterranean fruit fly (Ceratitis 
capitata)

Mediterranean fruit fly (see Figure 11)
will attack ripening and ripe mango 
fruits, but fruits are more likely to be 
attacked when they start to ripen. Fruit 
picked green will not be attacked. 
External damage is caused by females 
stinging the fruit to lay eggs, and sting 
marks or skin bruising may be seen. 
On hatching from eggs, larvae tunnel 
through the fruit causing the flesh 
to decay.

Prevention of fruit fly is the best 
option through both orchard hygiene 
and application of bait sprays. This 
includes removing and destroying 
fruits after harvest and ensuring trees 
are a manageable size so sprays 
are effective. It is recommended that 
discarded fruit be spread thinly to allow 
for solarisation rather than placed 
in larger piles. If piling fruit a spray 
of dimethoate is recommended to 
control the fruit fly. Bait sprays which 
consist of an insecticide and protein 
can be applied to mango trees but are 
likely to cause phytotoxicity to fruit. 
Applying bait to the trunk prevents 
phytotoxicity but it is not as effective 
as foliage application. Trunk spraying 
can result in staining however; this 
can be avoided by applying the bait 
spray to carpet or hessian bags tied 
to the trunks or on pickets. Registered 
insecticides include GF-120 which is 
IPM compatible and comes pre-mixed.  
Malathion as either Maldison 500 
(500g/L) or the more concentrated Hy-
mal® (1150g/L maldison) may also be 
used in foliar baits diluted with protein 
(e.g. Pinnacle, Flavex®, Cerabait) and 
water. While these baits are not IPM 
compatible they would be a preferred 
option to cover sprays. Cover sprays 
of dimethoate can be used but will 
impact biological control of other pests 
by killing beneficial insects.  Options 
to control Mediterranean fruit fly for 

organic growers include bagging fruit, 
netting trees and using baits such 
as Naturalure (0.24g/L spinosad), 
MagMED or homemade baits of 
which there are a number of recipes 
available online.

An eradication program for Medfly is 
underway in Carnarvon. This program 
relies on the application of foliar baits 
to reduce the fruit fly population, 
followed by the release of sterile male 
Medfly. The sterile males mate with 
‘wild’ females, and no offspring are 
produced. This program is funded by 
growers with matching funds from 
the state government. If successful, 
Carnarvon growers including mango 
growers will be able to export their fruit 
interstate and internationally without 
having to apply pre or post-harvest 
treatments for fruit fly. 

White mango scale (Aulacapsis 
tubercularis)

White mango scale can be found on 
the leaves causing them to turn pale-
green or yellow, and heavy infestations 
can kill leaves and branches. On the 
fruit, the scale causes pink blemishes 
to form around the feeding site which 
reduces marketability.  There are three 
forms: the adult female which is round 
and covered with an opaque scale, 
males which are long and white, and 
crawlers which are bright red in colour. 
Up to 80% of crawlers are males. 

Mediterranean fruit fly

Figure

11
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Mango scale

Mango scale is particularly bad in 
dense, dark canopies, so pruning 
to open up the canopy will reduce 
numbers and allow better access for 
spraying.  If mango scale is an issue, 
chemical options include Movento® 
and the insect growth regulator 
pyriproxyfen which are considered 
to be compatible with integrated 
pest management (IPM) programs. 
Control in the lead up to harvest 
is critical to prevent scale build-up 
during harvest. The crawler stage is 
the most susceptible to insecticides, 
so it is recommended that you apply 
insecticides when the majority of 
crawlers have hatched. Crawlers are 
normally present in spring when the 
fruit is forming (1.5-2 cm diameter), 
and there may be multiple hatchings. 

Mango seed weevil 
(Sternochetus mangiferae)

Is NOT present in Western Australia, 
but is found in the Northern Territory, 
New South Wales and Queensland. 
This species breeds only in mango 
seeds and cannot survive in other 
fruit. The adult is oval-shaped and 
dark-brown, 9-10 mm long with a long 
snout. The larvae tunnel within the 
seed and are white in colour, whilst 
pupae are creamy coloured. If you 
suspect that you have found mango 
seed weevil, please report it to DPIRD.

Other pests

Thrips and mites can attack mangoes 
and application of chemicals for their 
control may also be required. Table 
9 lists insecticides registered for the 
control of insect pests in mango.

Tree size and pruning
Many growers in Carnarvon do not 
pay enough attention to pruning.  The 
result is large, dense trees that are low 
yielding, the fruit has low levels of blush 
and infestations of mango scale are 
more common.

The fruit on mango trees forms on ends 
of shoots and usually on the outside of 
the tree.  Interior leaves are net takers 
of energy from the tree.  Shaded shoots 
generally flower poorly and produce 
little fruit.  Hence orchards with large, 
thick canopies are not efficient and will 
produce lower yields per hectare.  

It is better to moderately prune trees 
each year rather than wait many years 
and do a big prune as this will result 
in a low yield in the year following a 
severe prune and the trees limbs will 
be exposed to sunburn.  The generally 
recommended practice is to prune the 
trees after harvest.

Some growers mechanically hedge 
their trees immediately after harvest to 
stimulate the production of new shoots.  
These shoots harden off before winter 

and have a good potential for flowering 
in late winter/spring.  Interior pruning 
to remove limbs that cross each other 
and to open up the canopy can be 
delayed until late autumn when the risk 
of sunburn on branches is low.

Pruning is required to:

• Keep trees to a manageable height.  
Keep tree height to below 3 to 
5 metres to make picking easier 
and to allow uniform application of 
pesticides and fungicides.  The fruit 
at the top of tall trees is often more 
wind marked.  

• To take dead wood out of the 
trees at the end of the season.  If 
this is not done, in the following 
season the strong winds will cause 
the fruit to rub against dead wood 
causing marking and the fruit will 
be down-graded to Grade 2.

• Allow light into the canopy to 
increase the percentage of 
flowering.  Some growers prefer 
to keep a gap between trees 
within a row rather than allow the 
trees to form a hedge row as the 
light on the shoots in this area 
allows fruit to develop here.  

• Pruning of trees not only allows 
better spray penetration but 
reduces the disease inoculum 
level and makes a less favourable 
habitat for mango scale.  

• Open canopies increase the 
percentage of blush on the fruit 
which is important for some 
varieties and markets.  However, 
care must be taken to ensure that 
pruning does not increase the 
amount of sunburn on the fruit.

• Paclobutrazol is commonly used 
by mango growers in Australia 
to control vegetative growth 
of mango trees.  It is more 
commonly used on varieties 
which have more vigour such as 
Kensington Pride and R2E2 than 
on less vigorous varieties such 
as Calypso. Paclobutrazol will 
promote flowering and reduce 
excessive vigour that occurs with 
heavy pruning.

Figure

12
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Table 9. Insecticides registered for the control of pests in mango

Pest Insecticide IPM compatible Application rate Notes
Withholding 
period

Common 
mango scale

Chlorpyrifos (500 g/L) No 100 mL/100 L 
water

Apply to coincide with 
crawler activity. Ensure 
thorough coverage of all 
branches, foliage and fruit

21 days

Mango scale 440 g/L buprofezin 
(e.g. Applaud, 
Strident, Farmalink 
Scale & Bug 
Insecticide)

Yes 60 mL/100 L water Apply when majority of 
crawlers have emerged. 
This usually coincides 
with tree flushing after 
harvest and when fruits 
are 1.5-2 cm across. A 
repeat application may 
be required within 14-28 
days. Do not combine 
with oils

4 weeks

White mango 
scale, citrus 
mealybug

240 g/L spirotetramat 
(Movento 240 SC 
Insecticide)

Yes 30–40 mL/100 L; 
use with Hasten 
spray adjuvant 
at 50 mL/100L of 
spray mixture

Apply after flowering to 
coincide with crawler 
emergence. Second 
application 21-35 days, 
maximum 2 sprays 
between fruit set and 
harvest. See label to 
details of adjuvant.  Do 
not apply a fruit set spray 
on the variety Honey Gold 
as burning on the fruit can 
occur

14 days for 
domestic 
market

Mango scale, 
pink wax scale

100 g/L pyriproxyfen 
(Applaud®, Admiral® 
Advance Insect 
Growth Regulator, 
Lascar Insect Growth 
Regulator)

Yes 50 mL/100 L water Apply to coincide with 
crawler activity. Ensure 
thorough coverage of all 
branches, foliage and 
fruit. No more than two 
applications per season

4 weeks

Flower eating 
caterpillars, 
mango tip 
borer

120 g/L spinetoram 
(Success™ NEO)

Yes 5–20 mL/100 L + 
wetting agent

Refer to label for further 
details on which rate to 
use

Not required 
when used as 
directed

Mango scale, 
pin wax scale, 
mango tip 
borer

400 g/L methidathion 
(e.g. Suprathion 400)

No 125 mL/100 L + 
wetting agent

Spray thoroughly in 
late November/early 
December

21 days

Scale insects 815 g/L paraffinic 
oil (SACOA BioPest 
Paraffinic Oil)

Yes 1–2 L/100 L water Apply after picking when 
heavy scale populations 
appear on stem and 
foliage

1 day

Mango scale, 
pink wax scale, 
mango tip 
borer

776 g/L petroleum oil 
(D-C Tron)

No 1 L + 125 mL 
methidathion

Apply in accordance with 
methidation label

21 days

Mediterranean 
fruit fly

MagMED 0.48g/kg 
Deltamethrin

Yes Minimum 50 traps/
ha. Use higher 
number of traps in 
high risk situations 
up to 200 traps/ha

Apply early in the season 
before fruit become 
susceptible to attack

Nil
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The Department of Primary Industries 
and Regional Development established 
a mango hedge row trial at Gascoyne 
Research Station in the 1980s.  They 
achieved very high yields (over 30 
tonnes per hectare for Kensington 
Pride) but did have some issues with 
managing the vigour and size of the 
trees.  For more information on this trial 
contact DPIRD, Carnarvon.

The following link shows mechanical 
pruning of trees: www.youtube.com/
watch?v=z4vwc20ISNQ

Post harvest flush
In order to achieve consistently 
high yields it is necessary to get a 
post harvest flush.  Trees should be 
maintained at a good level of nutrition 
and given adequate water.  Young 
leaves up to an age of 18 months are 
the most photosynthetically active.   
Old leaves do not contribute as much 
to the trees ability to produce and ripen 
fruit.  Post harvest pruning stimulates 
a new flush and potassium nitrate 
sprays applied post harvest can also 
stimulate flushing.

Sunburn
High temperatures can burn the fruit 
(see Figure 13).  Anecdotal evidence 
suggests that sunburn is worse on 
windless days.  It is recommended to 
maintain a canopy which protects the 
fruit as excessive pruning may make 
the fruit too exposed. 

On days with very high temperatures 
and low humidity mangoes trees close 
the stomata in their leaves to ensure 
survival.  When the stomata are closed 
water loss, which cools the leaves 
is greatly reduced.  This combined 
with the direct heat of the sun cause 
sunburn on the fruit.

There are a range of products that are 
being marketed to reduce sunburn.  
Some are kaolin based products that 
are sprayed on the fruit and leaves 
to reflect the heat.  Others are anti 
stress products such as dicarboxilic 
acid.  These products may assist 
in reducing sunburn damage on 

fruit but in extreme events grower 
experience has been that they do not 
prevent sunburn.

Overhead irrigation is used in other 
crops such as apples to reduce 
sunburn.  This approach needs 
trialling on mangoes but should 
provide good protection.  The 
application rates used in apples are 
low (3 to 4 mm/hour) and it was found 
that the irrigation could be pulsed on 
and off to achieve good protection.  
There are only a handful of extreme 
weather events that burn the fruit 
each year.  At a rate of 4 mm/hour 
this equates to 40 KL/ha/hour.  If the 
system was run for 5 hours this would 
amount to 200 KL/ha for each day of 
extreme weather.  Economic analysis 
of the cost of installing the irrigation 
system verses the increased amount 
of marketable fruit needs to be 
conducted.  Water with high salinity 
cannot be sprayed on mango trees as 
it will result in salt burn on the leaves.

Netting with shade cloth has also been 
used to reduce sunburn in other crops.  
A trial with netting over mangoes at 
Gingin prevented sunburn but resulted 
in reduced yields, probably due to the 
lower light intensity affecting flowering.  
The benefits and economics of 
netting mangoes at Carnarvon needs 
further investigation.  

Harvest
Fruit quality can be greatly impacted 
on by the picking process. Often the 
damage caused by sap burn and 
physical injury takes 1 to 2 days to 
appear and is not seen until the fruit 
has left the property.  

The following link shows an excellent 
video that explains how to pick fruit 
correctly.  It demonstrates which 
fruit to pick and how poor picking 
practices can damage the fruit.  Show 
this video to your pickers before 
they pick: www.youtube.com/
watch?v=BgSZPvj6KA4

Do not strip pick fruit, except at the 
end of the picking season.  Do not 
send immature fruit, windfalls, dropped 
fruit, deformed or sunburnt fruit to the 
fresh fruit market.  Monitor the fruit 
from each picker to ensure standards 
are maintained.

Maturity testing

Some growers in Carnarvon pick the 
fruit too early to achieve high market 
prices at the beginning of the season.  
This immature fruit does not develop 
full flavour, damages the reputation of 
Carnarvon mango industry and can 
affect repeat sales.  

Sunburn damage on fruit

Figure

13
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Determining the mature green stage for 
harvesting mangoes is a difficult task.  
Several maturity indices are currently 
used by industry however none are 
completely accurate.

1. Flesh colour.  Internal flesh colour 
is compared to a colour chart and 
when the flesh colour becomes 
light yellow it is ready to pick.  
This is the most commonly used 
in-field method.  It is, however, 
destructive and is not useful at 
the market as immature fruit will 
still colour internally after harvest.  
Pickers also look at appearance 
of the fruit when judging ripeness 
and fruit with a broader width 
across the shoulders and less of a 
beak is more mature.

2. Dry matter. Dry matter at harvest 
is a commonly used maturity 
index in Queensland and the 
Northern Territory.  It has been 
found that there is a correlation 
between dry matter and Brix 
(sugar levels).  Dry matter is 
calculated by weighing a fresh 
sample of fruit then oven drying it 
and calculating the dry matter as 
a percentage of the total weight.  
The minimum dry matter content 
at which Kensington Pride should 
be picked is 15% and for R2E2 
it is 13%.  This method can be 
used on the market floor, however, 
there is some concern over the 
accuracy of this method as dry 
matter can be manipulated by 
irrigation management.

3. Near infra red (NIR).  This is 
a non destructive method of 
assessing mango maturity using 
infrared light to determine the 
dry matter contend of the fruit.  
The Australian Mango Industry 
Association (AMIA) has NIR 
machines that are available for 
growers to use in the field.  It 
has been used by growers in the 
Gingin area for the last two years 
and growers have found it very 
useful.  NIR is used in conjunction 
with skin colour, internal flesh 
colour and the appearance of 
the fruit.  

4. Heat sums.  This method is 
an accurate non-destructive 
method for determining maturity 
and is a calculation of the daily 
accumulated heat taken from the 
time of floral emergence.

Heat sum = (max °C + min °C/2) 
– 12°C. For Kensington Pride an 
accumulation heat sum of 1600 
hours has been found to indicate 
optimum maturity. 

For chutney production, harvest 
immature green fruit when it is still 
possible to cut through the seed with 
a knife.

Preventing sap burn

Sap burn is the largest single 
quality problem with mango 
(Figure 14).  Poor harvesting and 
handling techniques will result in a 
high incidence of sap burn which 

will severely downgrade the fruit 
quality.  The sap in Kensington Pride 
consists of two components, an 
oil and a protein component.  The 
oil component of the sap is mostly 
responsible for the burning of the 
skin.  The oil component is at its 
highest concentration in the spurt sap 
which is exuded immediately when 
the stem is snapped.  All harvesting 
and handling techniques used should 
be aimed at eliminating the potential 
for the sap to come into contact 
with the skin of the fruit.  Correct 
harvesting systems in the field and 
in the packing shed can dramatically 
reduce sap burn to very low levels.  
Mango Wash™ or a similar product 
will neutralize the pH of the sap thus 
preventing it from burning the skin of 
the fruit.

Skin browning

Harvest aids which incorporate the 
use of Mango Wash™ have greatly 
reduced the incidence of sap burn on 
mangoes however skin browning has 
become increasingly more noticeable 
(Figure 15).  Several forms of skin 
browning have been identified as 
well as their causal agents.  Hygiene 
is the single greatest method of 
minimising skin browning.  Care 
needs to be taken that equipment 
used in the harvesting and handling 
procedure is maintained clean at all 
times.  Fruit should never be packed 
when wet as this is a primary cause of 
skin browning.

Sap burn on mangoes Skin browning on mangoes

Figure

14
Figure

15
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Total Defect Area
(to scale)

Blemish Lenticel Pink Spot Russet Sapburn

Yellow bleaching on no more 
than 25% of the surface; 
no browning or dark or 

sunken blotches.

Dense pronounced spots on no 
more than 25% of the surface, or 
scattered pronounced spots on 

no more than 50% of the surface; 
not star-shaped or cracked.

Less than 6 spots or an 
area no more than 1cm2 

(caused by Scale).

Dense thick lines on no more 
than 10% of the surface.

Less than 4cm2 in total or 
10% (cumulative).

Less than 4cm2 in total or 10% 
(cumulative). Blemish includes 
healed scarring, cleavage scar 

and browning skin marks.

1cm2 4cm2

Poster designed and developed by the Queensland Department of 
Agriculture and Fisheries and the Australian Mango Industry Association 
with funding from Horticulture Innovation Australia Ltd. 
Current as at June 2017.

MANGO 
GRADING

1ST CLASS

Harvest aids

Picking costs are high so it is important 
to consider semi-mechanised picking 
rather than picking with a stem and 
desapping in the shed.  Harvest aids 
work on the principle where fruit is 
picked and destemmed in the same 
process.  This is done by incorporating 
Mango Wash™ into the system 
to neutralise the sap.  Fruit from a 
harvest aid can then be handled in 
large 350 kg bulk bins.  Harvest aids 
build substantial efficiencies into 
the harvesting of mango as well as 
improving the quality outturn of the 
fruit.  Converting existing cherry pickers 
into harvest aids is quite a simple 
process, tanks and recirculating water 
systems are added to the machine for 
a cost of about $2500 (see Figure 16).  

An example of a mango harvest aid 
that is used on larger orchards is 
shown in Figure 17.

Mango grading guide produced by the Australian Mango Industry Association
Source: www.industry.mangoes.net.au/resource-collection/2016/9/29/2016-mango-industry-quality-standards.  

Table 10.  Timing of the mango harvest in Carnarvon relative to other mango  
growing areas in Australia

Location September October November December January February March April

Darwin

Kununurra

Katherine

West Kimberley

Burdekin/Bowen

Mareeba/Dimbulah

Carnarvon

Bundaberg

Mid West

Northern NSW

Gingin

Grading and packing
Fruit are graded into lines according to 
their blemish level.  Charts are available 
to assist in determining the level of 
blemish (Figure 18). 

Domestic and export 
market opportunities
Table 10 shows the timing of the 
Carnarvon harvest relative to other 
mango producing areas in Australia.  
Carnarvon production coincides with 
the Mareeba/Dimbulah and Bundaberg 
regions in Queensland.  

Cherry picker adapted to supply 
mango wash to a picking bag 

Harvest aid used for picking 
mangoes

Figure

16

Figure

17

Most of the fruit produced in Carnarvon 
is currently marketed in Perth.  The 
Australian domestic market has 
experienced strong growth over the 
past few years.  However, Perth is a 
limited market and this is reflected in 
falling prices during periods of high 
supply from Carnarvon.  Large retailers 
have indicated that if a quality product 
can be supplied then greater volumes 
can be sold in the Perth.  Supermarkets 
will reduce mango shelf space or not 
stock mangoes if the quality does not 
reach minimum standards.  

Figure

18

http://www.industry.mangoes.net.au/resource-collection/2016/9/29/2016-mango-industry-quality-standards


M
A

N
G

O
 G

R
A

D
IN

G
1S

T
 C

L
A

S
S Sunburn

Total Defect Area
(to scale)

Blemish Lenticel Pink Spot Russet Sapburn

Yellow bleaching on no more 
than 25% of the surface; 
no browning or dark or 

sunken blotches.

Dense pronounced spots on no 
more than 25% of the surface, or 
scattered pronounced spots on 

no more than 50% of the surface; 
not star-shaped or cracked.

Less than 6 spots or an 
area no more than 1cm2 

(caused by Scale).

Dense thick lines on no more 
than 10% of the surface.

Less than 4cm2 in total or 
10% (cumulative).

Less than 4cm2 in total or 10% 
(cumulative). Blemish includes 
healed scarring, cleavage scar 

and browning skin marks.

1cm2 4cm2

Poster designed and developed by the Queensland Department of 
Agriculture and Fisheries and the Australian Mango Industry Association 
with funding from Horticulture Innovation Australia Ltd. 
Current as at June 2017.
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Table 10.  Timing of the mango harvest in Carnarvon relative to other mango  
growing areas in Australia

Location September October November December January February March April

Darwin

Kununurra

Katherine

West Kimberley

Burdekin/Bowen

Mareeba/Dimbulah

Carnarvon

Bundaberg

Mid West

Northern NSW

Gingin



Number

05Farmnote
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The small size of mango farms 
and limited scale of production 
in Carnarvon has hampered the 
development of new domestic and 
export markets.  

Significant opportunities for Carnarvon 
mangoes exist beyond the Perth 
market due to freight advantages over 
our competition.  The Chinese New 
Year which results in high demand for 
products such as mangoes occurs 
within the Carnarvon harvest period.  
However, to take advantage of these 
markets the fruit must be of high 
quality and have a good shelf life.  

Often costs of production for 
Carnarvon mangoes are high due to 
lack of economies of scale and lack of 
capital infrastructure.  However, with 
adoption of harvest aid technology 
substantial cost efficiencies can be 
gained that will enable the Carnarvon 
growers to be able to effectively 
compete with their eastern states 
counterparts.  This needs to be 
combined with a coordinated supply 
from a number of producers.  This was 
attempted when growers formed an 
export group called Carnarvon Mango 
Exporters in the mid 1990s.  This 

Sea freight of Carnarvon mangoes 
would suit a larger producer or 
necessitate the establishment of a 
marketing group of smaller producers.

Table 11 shows that there are a 
large number of possible export 
opportunities for fruit in the Carnarvon 
production window.  However, 
some of these markets are difficult 
to access due to phytosanitary 
restrictions (Phytosanitary Markets), 
largely due to the presence of 
Mediterranean Fruit Fly.  For export, 
most of the protocols to Phytosanitary 
Markets use either vapour heat 
treatment (VHT) or irradiation.  Neither 
of these facilities are available in 
Western Australia and growers must 
ship fruit to Queensland to be treated 
prior to export.  This adds significant 
cost and potential quality loss and is 
not a viable option.  

Domestic market opportunities in 
the eastern states

The domestic opportunities for 
Carnarvon mangoes in Sydney and 
Brisbane are limited due to the high 
volumes of fruit coming out of Mareeba 
and then Bundaberg.  However, for 
Adelaide there is a freight advantage 
from Carnarvon due to backloading 
rates on freight heading from West to 
East.  The freight rates to Adelaide can 
be up to 25% less from Carnarvon as 
compared to Northern Queensland.  
This has not been capitalized on 
by Carnarvon mango growers and 
will require industry coordination 
in freight logistics and proactive 
market development but could prove 
to be a significant market.  Some 
opportunities may also exist in the 
Melbourne markets.

Mediterranean fruit fly does pose an 
impediment to sending mangoes to the 
east coast. Currently the only option 
is methyl bromide fumigation which 
currently costs around $0.50-$0.60 per 
tray.  This is quite an efficient process 
and has minimal impact on the fruit 
quality.  There is currently no fumigation 
facility in Carnarvon so this would have 
to be done in Perth. 

group was successful for a number 
of years but eventually faulted for 
several reasons including inability to 
compete with eastern states fruit and 
a struggle to access larger lines of 
supply necessary for expansion of the 
export market. 

Export market opportunities

Perth has some of the most 
competitive air freight and container 
prices within Australia.  

The cost of air freight from Perth to 
Singapore is often 30 to 40% lower 
than from the east coast due to the 
relatively short flying distance and 
number of carriers.  For smaller 
growers the export of mangoes from 
Carnarvon will be most likely be via 
air freight as they do not have the 
quantities required for sea freight.  

Sea freight from Fremantle to 
Singapore and the Middle East is 
typically 4 to 7 days quicker than 
what can be achieved from the east 
coast.  Though shipping costs to these 
markets are not much cheaper than 
from the east coast the shorter travel 
time from Fremantle makes sea freight 
a viable option.  If travel time is greater 
than about 12 days then controlled 
atmosphere storage is required.   
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Table 11.  Export opportunities for Carnarvon 

Country Comment
Phytosanitary 
requirements

Growth 
potential

China Australia’s largest export market indirectly; direct access available 
via VHT treatment.  Chinese New Year is the peak of demand 
which usually coincides with the Carnarvon season.

VHT Very high

Hong Kong Currently used as gateway to China. Growth in this market 
depends on China.

No phytosanitary treatment 
required

Moderate

UAE Very important market often used as a staging hub for re-export 
to other gulf states.  Significant freight advantages from the west 
of Australia.

Mango seed weevil protocol Very high

Malaysia Currently a small market with significant opportunities to expand. Now imposing 
phytosanitary restrictions 
on mangoes

High

Saudi Arabia Significant mango importing country and has expressed strong 
interest in expanding supply from Australia. 

Mango seed weevil protocol High

Other Gulf 
States

Qatar, Kuwait, Bahrain and Oman all historically have imported 
either directly or via UAE.

Mango seed weevil protocol High

United Kingdom Very good growth prospects in the premium category. No live insects High

European Union Very good growth prospects in the premium category. No live insects High

Russia Currently a small but growing market, high interest in Australian 
fruit has been shown by importers. 

High

Singapore Small but important market, historically been an opportunistic 
trading market.  However significant room for expansion into the 
supermarket trade.

No phytosanitary treatment 
required

Moderate

Canada Historically has been a small market for Australia, Good growth 
potential at the high end.

No phytosanitary treatment 
required

Moderate

Eastern Europe Significant niche opportunities exist in these markets.   Moderate

For more details including criteria  
and application forms, contact 
the Quality Assurance Officer at 
Quarantine WA on (08) 9334 1800, 
email qa@agric.wa.gov.au or visit 
www.agric.wa.gov.au/quarantine.

In the future a systems approach for 
fruit fly management including area 
wide management could provide a 
viable alternative to methyl bromide. 

These websites have more information:

• http://preventfruitfly.com.au/
moving-plant-goods-within-
australia/

• www.interstatequarantine.org.
au/ica-results/?produce=mango
es&state=WA

Biosecurity
Biosecurity is about the protection 
of livelihoods, lifestyles and the 
natural environment, which could be 
harmed by the introduction of new 
pests.  Biosecurity is a national priority 
and is essential for your business.  
Carnarvon’s geographic isolation and 
arid climate has meant that we have 
relatively few of the pests that affect 
mango growers overseas, interstate 
and intrastate.  Freedom from these 
pests is a vital part of the future 
profitability and sustainability of the 
local mango industry. 

A number of pests of mango are 
present in Eastern Australia but not 
Western Australia.  These include 
mango seed weevil Sternochetus 
mangiferae, mango hopper Idioscopus 
nitidulus, red banded mango caterpillar 

Deanolis sublimbalis, mango fruit borer, 
Citripestis eutraphera and mango 
stem miner Spulerina isonoma.  There 
are existing import conditions on 
mango fruit for Queensland fruit fly, 
lesser Queensland fruit fly, Bactrocera 
frauenfeldi, B. papayae and B. 
philippinensis although the latter two 
aren’t present in Australia anymore; 
and on mango plants for Spiraling 
whitefly and melon thrips.

DPIRD has recently reviewed import 
conditions relating to mango seed 
weevil to ensure the conditions provide 
appropriate safeguards against mango 
seed weevil, are scientifically justified 
and comply with interstate trading 
requirements.  This has allowed 
a greater access for fruit from the 
Northern Territory and eastern states 
to the Western Australian market.   

mailto:qa%40agric.wa.gov.au?subject=
http://www.agric.wa.gov.au/quarantine
http://preventfruitfly.com.au/moving-plant-goods-within-australia/
http://preventfruitfly.com.au/moving-plant-goods-within-australia/
http://preventfruitfly.com.au/moving-plant-goods-within-australia/
http://www.interstatequarantine.org.au/ica-results/?produce=mangoes&state=WA
http://www.interstatequarantine.org.au/ica-results/?produce=mangoes&state=WA
http://www.interstatequarantine.org.au/ica-results/?produce=mangoes&state=WA


For more information on this 
and other projects in the 
Carnarvon region:
Contact
Carnarvon Growers Association
1069 North West Coastal Highway
Carnarvon WA 6701

T: (08) 9941 8384
E: admin@cga.org.au
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The introduction of mango seed 
weevil would pose a serious threat to 
the industries access to the lucrative 
Middle East markets.

Mediterranean fruit fly remains the 
greatest impediment in sending Western 
Australian fruit to the eastern states and 
some for international export markets.  
Currently Kununurra is the only town in 
Western Australia that has recognised 
area freedom by the other Australian 
states. Developments with a systems 
approach to manage fruit fly may offer 
opportunities in the future for Carnarvon 
to move fruit interstate without post-
harvest treatments.  For export, most of 
the protocols to phytosanitary markets 
require either vapour heat treatment 
or irradiation.  These facilities are not 
available in Western Australia.  Hot 
water treatment (HWT) for export offers 
the best option for Western Australia 
in the future.  Most counties in Latin 
America use this system for export.  
The HWT plants are relatively cheap to 
set up and manage.  Precedence has 
already been set in markets such as 
China, and the USA for HWT, however 
it will require renegotiation of current 
access protocols.

The discovery of Mango Malformation 
Disease caused by specific species 
of Fusarium (including Fusarium 
mangiferae) and Mango Scab (Elsinoë 
mangiferae) in the Northern Territory 
has resulted in increased restrictions in 
the movement of propagating material 
around the country.  Currently, the fungi 
causing Mango Malformation Disease 
and Mango Scab have not been 
detected in Western Australia.
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