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Appropriate harvest maturity for mango (Mangifera
indica L.) fruit using age control and fruit growth and

development attributes

Abstract

Haden, Kent, Palmer, and Keitt mango varieties were studied to determine the time and
harvest maturity indices appropriate for the export and local markets. Randomized complete
block design was used with four replications. Five trees each of the four varieties were
sampled at random in each of the four replications. Date of fruit-set was noted and sampled
trees tagged accordingly.Haden, Kent, Palmer, and Keitt mango varieties were harvested
at 112, 126, 133, and 140 days and at 126, 140, 147, and 154 days after fruit-set, for sea
and air freights respectively; at 126, 140, 147, and 154 days and at 119, 133, 140, and 147
days after fruit-set, for local markets closer and farther away respectively. Fruit pulp colour,
fruit indentation, pedicel colour, fruit peel, grooves at the stylar scar end of fruit, and starch
concentration were determined in conjunction with fruit age at physiological maturity.
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Introduction

Exports of fruits and vegetables are one of the most vibrant sectors
of the Ghanaian economy. Over the years the sector has grown by
leaps and bounds with successes not for the presence of the few large
foreign-owned corporations, but because the export industry also
relied on the existing few larger/big-time producers and an enormous
number of small-holder mango out-growers. Despite these successes
the country has embarked on a policy of crop diversification, making
mango Ghana’s next big entry to the EU and other markets."> Mango
is cultivated in many tropical and subtropical regions and distributed
widely in the world. It is one of the most extensively exploited fruits
for food, juice, flavour, fragrance, and colour. In several cultures, its
fruit and leaves are ritually used as floral decorations at weddings,
public celebrations, and religious ceremonies.?

According to Abu et al and Okorley et al.* most mango farmers
in Ghana have difficulty in determining the appropriate stage of
mango fruit harvest maturity that would be suitable for the export
and local markets. But Litz.’ reiterated that the key issues or attributes
of preharvest management that affect or influence postharvest
development of mangoes include fruit maturity, colour (internal and
external), shape, size, sweetness, position—on—tree, vitality, incidence
of pests and diseases or biotic/abiotic damage, weather conditions
before or at harvest, frequency of irrigation, and nutrient content. In
any given tree/orchard/district/season, such attributes vary.’

Okorley et al.* reported that Haden, Kent, Palmer, and Keittmango
varieties are the main export varieties, the most preferred in both export
and local markets, and are also those that are highly cultivated among
the exotic varieties known in Ghana. Although the mango industry in
Ghana has been almost entirely dominated by a comparatively large
number of the local cultivars, Haden, Kent, Palmer, and Keittvarieties

have reportedly been cropped on a comparatively higher acreage
with high productivity.* According to the authors, mango farmers in
Ghana consist of both commercial and small-scale producers but with
a preponderance of the latter. The small-scale producers, the majority
of whom are illiterate, depend on visual attributes for determining
harvest maturity most probably because they are often unable to
set definite standards.®” Mixed re-actions on the criteria to adopt to
determine appropriate mango fruit harvest maturity suitable for the
export and local markets remain among growers/producers. Some
growers have been successful whereas others have always ponded on
what criteria to adopt to meet the export as well as the local market
harvest maturity requirements.

According to Kitinoja and Kader,® the basic requirement for
prediction of maturity is to have a measurement that can be made prior
to, but which is highly correlated with the date of maturation. The
authors added that the simplest prediction system uses measurements
which relate to development of the fruit in a regular way through
to the latter part; and that appropriate maturity indicators provide
indices which can be related to storage life, ripening attributes, and
marketability. According to Litz,” lack of simple and reliable methods
for determining the stage of fruit maturity also affect quality. For
Igbal,® one of the major problems currently restricting international
trade in mangoes is the variation in physiological maturity in a single
consignment. The International Plant Genetic Resources Institute’s
provisions include among other quite important plant data; maturity
period, productivity, eating quality, and attractiveness.'°

Singh et al.!! indicated that fully mature mango fruit are strictly
those which have produced a fully developed seed and which have
reached their full physiological potential for size increase and dry
matter accumulation within the constraints of the growth environment.
The authors reiterated that when fruits are detached from the tree
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before the onset of ripening, they are initially hard and green. The
fruit progressively softens, change colour and develop aroma at a
rate determined by storage environment and at-harvest maturity.
According to the authors there is a range of maturity levels within
which detached fruit will develop acceptable ripe fruit attributes. The
authors added that measurements of variables such as dry matter or
flesh colour provide indices which can be related to accumulated
information on storage life, ripening attributes, and marketability of
fruit.

The rate at which ripening occurs under particular storage
conditions will depend upon the stage of ontogeny at harvest. More
mature fruit will ripen more rapidly than less mature fruit.’ Teutsch'?
stated that maturity assessment may be on the basis of dry matter, flesh
colour, skin colour, fruit shape, brix, specific gravity or days from
flowering. According to the author, flesh colour is favoured in South
Africa while in Australia, skin colour and dry matter determination
may be considered as well; information would however be cultivar-
specific.”> Marques et al.’® reiterated that easy—to—assess harvest
indices determined by using visual attributes are needed and they
must correlate with the recognized variables measured in prescribed
tests. The authors added that workers who harvest and grade fruit
should be trained and tested for their ability to accurately select fruit
according to the preferred non—destructive index. Marques et al.!
however testified that visual assessment of maturity is complicated
by the fact that cultivars differ and fruits on the same tree may vary
significantly in maturity levels due to prolonged or uneven flowering.

If fruits in a single consignment are of mixed maturity levels, it is
impossible to find an effective storage regime which will ensure good
quality on arrival. One fruit of more advanced maturity among other
fruits in a container can accelerate the ripening of all fruit, resulting
in fruit health disorders and subsequent short storage life and poor
produce quality. Joyce et al.'* and Kouno et al."* also earlier on stated
that future research should consider easy—to—apply harvest indices
and non—destructive methods for checking fruit maturity which could
be incorporated in an automated grading system.

Ledesma et al.' attested that on-farm record keeping of seasonal
produce maturity, orchard management schedules, environmental
data, transport regimes, market destinations, and out-turn problems
may enable some prediction of future produce performance. The
authors added that improvements in produce quality and performance
resulting from the effective use of such records can provide
considerable competitive advantages when developing product brand
loyalty.

The objective of the study was to determine and establish the
optimum age and accompanying visual attributes/characteristics of
mango fruit harvest maturity as indices for the appropriate time to
harvest for export and local markets.

Materials and methods

Experimental site, period and plant materials

Field studies were conducted to determine appropriate mango fruit
harvest maturity, through age control, regular visual observations/
inspection, and subsequent photographing of changes in fruit
development attributes at different stages, intended for the export
and local markets. Four major export mango varieties (Haden, Kent,
Palmer, and Keitt) which are appreciated by importers of mango
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exported from Ghana,*'”!® were used for the study. The study was
conducted at Prudent Export and Import Company Ltd Mango
Plantation in the Somanya-Dodowa mango production zone of the
Dangme West District in the Greater Accra Region of Ghana. Two
major (April to July) and two minor (December to February) seasons
were used for the experiment.Randomized Complete Block Design
(RCBD) was used with four replications.

Sampling and determination of optimum harvest
maturitytime for mango fruit through age control
and fruit development attributes

Five mango trees in each caes of the four varieties were sampled at
random in each of the four replications. Date of fruit-set initiation was
noted on each sample tree. On each sample tree, ten different panicles
(all initiating fruit-set) were sampled and tagged. One fruit was then
sampled from each of these ten different panicles for the study. The
number of days each of the ten fruits sampled per tree took from
fruit-set to harvest maturity was recorded, summed up, and averaged
in each case of the five trees sampled per replication, for the four
varieties. The figure obtained represented the number of days from
fruit-set to harvest maturity (early, mid or late harvest) foreach sample
fruit on the sample tree; denoting age of fruit from fruit-set.>!*** The
experiment was replicated four times and values presented as means.

All visual determinations made on fruit growth and development
attributes/characteristicswere in relation to the age control criterion.
Parameters considered for visual studies on fruit growth and
development attributes were changes in fruit pulp/flesh colour, depth
of fruit indentation at its proximal end, purplish-red blush colour of
pedicel (first segment from the proximal end of the fruit), leathery
fruit peel/skin;*! and level of starch concentration in the fruit.* These
attributes were determined fortnightly by regular visual observation/
inspection and photographing.'>?* For convenience with respect to
optimum data management, the last four fortnightly data obtained and
recorded in each case of the different visual parameters studied were
used as terminal results. All determinations were made in relation to
the age control criteria followed in the experiment. Termination of
data collection for both age control and in each case of the different
visual parameters in this regard was, however, at physiological
maturity or pre-climacteric stage (green-hard, out grown shoulders,
pita round the stalk-end, turning yellow or showing an apparent break
of yellow colour in the pulp/flesh). According to Abu and Igbal,** the
number of days from fruit-set to harvest provides one of the Best and
reliable indicators of maturity early, midorlate harvest) and represents
the optimum age of the fruit for quality post-harvest behaviour.
Dadzie and Orchard,” and Manasa et al.”® indicated that High starch
content is represented by a higher degree of dark-blue colouration of
fruit pulp/flesh and that the starch index pattern is used to distinguish
among the various stages of growth and development of fruit.

Statistical analysis

All data were analysed using the Analysis of Variance (ANOVA)
technique® with the GENSTAT statistical program. Least Significant
Difference (LSD) at 5 % probability was used to determine treatment
differences among varieties. Separate analyses were carried out with
the data for each of the seasonal trials. The errors for these ANOVAS
were tested for homogeneity of variances® and found to be statistically
not different at p> 0.05, so the results for the seasonal experiments
were pooled for analysis.
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Results

Age control method for determining appropriate
harvest maturity time for mango fruit at the pre-
climacteric stage

For Haden, Kent, Palmer and Keitt mango varieties, the average
physiological maturity ages of fruits at early harvest were determined
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and established to be 112, 126, 133, and 140 days after fruit-set,
respectively (Table 1). The ages for mid harvest were determined and
established to be 119, 133, 140, and 147 days after fruit-set for Haden,
Kent, Palmer, and Keitt fruits, respectively. For late harvest, the ages
were determined and established to be 126, 140, 147, and 154 days
after fruit-set for Haden, Kent, Palmer, and Keitt fruits, respectively
(Table 1). Haden fruits matured earlier than fruits of the other varieties
while Keitt fruits matured later.

Table | Harvest periods/time-ranges for Haden, Kent, Palmer, and Keitt mango varieties at physiological maturity

Variety  Early harvest (days from fruit-set) Mid-harvest (days from fruit-set) Late harvest (days from fruit-set)
Haden 109-115 116-122 123-129
Kent 123-129 130-136 137-143
Palmer 130-136 137-143 144-150
Keitt 137-143 144-150 151-157

Generally, the average physiological maturity ages for early,
mid, and late harvests were seven days apart in each case of the four
varieties.

Table 2 shows atypical picking and shipping schedule for mango
fruits consigned by sea and by air to the European Union from Ghana.
The sea freight takes much longer time (20-27 days), almost three to
four times that of air freight (about 6 days).

Table 2 Typical picking and shipping schedule for mango fruits consigned by sea and by air to the European Union from Ghana

Operation

Days required

sea freight Air freight

Picking and Packaging

Pre-cooling and accumulation of load

Transport to port, port handling, and accumulation of load | |

Voyage time
Discharge handling
Transport and distribution

Total

20-27 5.25

Visualattributes/characteristicsfor determining
appropriate harvest maturity time for mango fruit at
the pre-climacteric stage

Visual physiological maturity indices were determined on mango
fruit pulp/flesh colour; mango fruit shape/fullness of mango fruit
cheeks/outgrown shoulders/fruit indentation; mango fruit starch
content; leathery fruit peel/skin; presence of ridges or grooves at the
stylar scarend of the fruit or the proximal end of the fruit, specifically
for Palmer; and changes in colour of fruit pedicel (first segment from
the proximal end of the fruit) (Figures 1-5). Specific descriptions are
outlined for each associate Figure.

Haden, Kent, Palmer, and Keitt mango fruits showed distinct pale-
yellow colouration on the flesh/pulp around the stone/seed at their
physiological maturity stages for early harvest (harvest at 112, 126,
133 and 140 days after fruit-set, respectively) (Figure 1).

At physiological maturity, Haden, Kent, and Keitt mango fruits’
indentation depths or cheeks of the fruits were fully developed (pit
created around the point of attachment of the pedicel to the fruit) and

the pedicels (segment/segments of the pedicel closer to the proximal
end of the fruit) developed a purplish-red blush colour (Figure 2).
The Palmer variety is an exception in this context; rather its fruit’s
physiological stage harvest maturity is determined by the intensity
of depressions/ridges/grooves around the stylar scarend of the fruit
(Figure 3).

The concentration of starch in fruit pulp/flesh continued to increase
during growth and subsequent development toward fruit maturity in
all the varieties when the starch iodine test was conducted (Figure
4). Starch concentration increased gradually up to physiological
maturity where the pulp/flesh colour depicteda higher degree of dark-
blue colouration (Figure 4). When the fruits were yet in their growth
and development stage before physiological maturity, iodine reaction
occurred very gradually and the pulp/flesh colour stained a pale tan
colour as indicated in the early stages (Figure 4).

Figure 5 shows a leathery fruit peel/skin with white-powdery gloss
as another maturity attribute that matches the fruit age and the other
fruit development attributes at the pre-climacteric stage. This attribute
also occurs in all varieties.
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Figure 3 Changes in ridge or groove formation by stage of development
around the stylar scarend of Palmer mango fruit.
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Figure | Mango fruit pulp/flesh colour changes by stage of development for Kent (34 days fiom Kent 98 days from Kén Kéat (112 days from Kent (126 days from
Haden, Kent, Palmer, and Keitt varieties. ruitset) fuitset) fruitsel) fruse)
Stagel Stage?2 Stage3 Staged
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fruit-set) frut- se1) from frust-set) fruit- se1)
Figure 4 Changes in mango fruit pulp/flesh starch content by stage of
development for Haden, Kent, Palmer, and Keitt varieties.The degree of dark-
blue colouration intensifies as development advances.
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Kent (84 days from
fruit-set)
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AL
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fruit-set) fruit-set) fruit-set)

Figure 2 Mango fruit indentation depth and pedicel (segment/segments of
the pedicel closer to the proximal end of the fruit) colour changes by stage of =~ Figure 5 Leathery fruit peel/skin with white-powdery gloss at physiological

development for Haden, Kent, Palmer, and Keitt varieties. maturity.
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Discussion

The physiological maturity ages for Haden, Kent, Palmer, and
Keitt mango fruits obtained from the number of days from fruit-set to
harvest, showed that Keitt and Palmer are late maturing varieties; Kent,
a medium maturing variety; and Haden, an early maturing variety.
All physiologically mature fruits subjected to study showed peculiar
accompanying visual fruit development attributes/characteristics
along-side maturity ages for the different levels as either early, mid, or
late harvest maturity, as indicated in the results column of this paper.

Ghana’s mangoes (fresh and processed forms) are largely exported
by both air and sea freights where air freights take at most 6 hours
and sea freights, a range of 14-21 days to various destinations with
particular reference to the European Union countries who are major
importers of mangoes produced in Ghana.'3?*2326 Hence, the need to
consider both air and sea freights, and even local market demand where
the determination of the appropriate harvest maturity for mango fruit
with particular reference to time (time with accompanying maturity
attributes/characteristics) is the main concern. To simulate sea freight
and other intended far-reaching market destinations where fruit for
the fresh market was transported to, fruits of Haden, Kent, Palmer,
and Keitt mango varieties were harvested at 112, 126, 133, and 140
days after fruit-set, respectively, for early maturity (pre-climacteric).
Asgharzade et al.”” observed that by analogy with apples, the stage of
maturity being just before the climacteric rise in respiration, would
appear to be a suitable stage of maturity for maximum transport and
storage. For fresh market fruit to be transported by air freight, fruit
for processing, and fresh market fruit for the local market, fruits
of Haden, Kent, Palmer, and Keitt mango varieties were harvested
at 126, 140, 147, and 154 days after fruit-set, respectively, for late
maturity. Abu'® and Ambuko et al.?® observed that fruit, especially for
export, should be harvested earlier and that the time for harvesting
should be established on the basis of the type of market, distance from
the orchard or the packing house, and the type of transport to be used.
According to the authors, fruit has to be harvested at the ideal stage in
order to allow for the development of the most adequate organo leptic
quality and the longest post-harvest life.

Mid or late harvest stage can be applied for fruit intended for
local market, processing or intended to be consumed very close to the
orchard. Fruit to be sold in distant markets within the country which
needs to be kept for a few days to a week before being sold/consumed
should be harvested at early harvest but at the higher side of the time-
range (115, 129, 136, and 143days from fruit-set, for Haden, Kent,
Palmer, and Keittmango varieties, respectively). Where customers/
consumers are accustomed to ripe fruits, and where the distance is
short, fruit can be harvested between full maturity and early stages of
ripening (mid or late harvest). Thus, fruit should always be harvested
at full maturity and before full ripe, but should never be harvested
over-ripe or immature for any market.?-%3

With most mango cultivars/varieties, including Haden, Kent,
Palmer, and Keitt, fruit flesh/pulp colour changes are consistent as
fruit advances in growth and development. Unfortunately, this is a
destructive index, but its application for determining the appropriate
stage of mango fruit harvest maturity has been found to be more
reliable and consistent than the application of skin colour change
in the same context.”> The author added that mango fruit flesh/pulp
colour changes from whitish to bright-yellow as it advances in growth
and development; and for Okoth et al.’! flesh/pulp colour is commonly
used as a maturity index in several mango growing regions.

According to Hemat et al.> mango flesh/pulpcolor attributes
(a, b, L, AE, chroma, and Hue angle) are also an important quality
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index. They added that the strongest color intensity was recorded
for flesh/pulp of Sinara, Sedeka, Awis, and Zibdia mango cultivars
common in Egypt. Hemat et al.*> reported that at physiological
maturity, reddish/yellow color shade was shown in the flesh/pulp of
Awis, Sinara, Alfonse, and Zibdiamango cultivars while the flesh/pulp
of Sukari and Sedeka mango cultivars showed a greenish yellow color
shade. Other findings by Hemat et al.*? indicated that at physiological
maturity Alfonse, Awis, Sinara, and Zibdia mango fruit flesh/pulp
showed orange-yellow coloration, while a pure yellow and yellow-
green coloration was shown in the flesh/pulp of Sedeka and Zibdia
mango cultivars, respectively. Findings by Spinelli et al.**; Vasquez-
Caicedo et al.** and Singh et al.** showed similar results, while Okoth
et al.’! attested that flesh/pulp colouration of different mango varieties
studied was found to be similar at physiological maturity.

Significant increases in dry matter and starch content in all the
varieties was observed as fruit growth, development, and subsequent
maturation advanced. This is depicted by a stained pale- tan colouration
through gradual dark-blue colouration to a higher level of dark-blue
colouration of the fruit flesh/pulp colour at physiological maturity.
However, this posts a limitation since differences in fruit flesh/pulp
colour among the different stages of high starch content at pre-
climacteric/physiological maturity/mature green stage,in each case of
the different varieties were not significantly distinct. Muengkaew et
al.* confirmed this finding. This finding is also confirmed by Dadzie
and Orchard® in their studies on bananas. According to Desphande et
al.¥’ the stage of maximum starch content of fruit was a good index
of full maturity for harvesting Alphonso, Pairi, and Kent mango
varieties. This was also confirmed for some Indian mango varieties.’

For Haden, Kent, and Keitt mango varieties, the cheeks of the
fruits were fully developed (out-grown shoulders or fruit indentation
at its proximal end) with pit around the point of attachment of the
pedicel to the fruit, and the pedicels (segment/segments of the pedicel
closer to the proximal end of the fruit) developed purple-red blush
colours at physiological maturity (112, 126, and 140 days from fruit-
set). These also matched with fruit flesh/pulp colour changes from
whitish to pale-yellow and the appearance of a leathery fruit peel/skin
with white-powdery glosson the surface of the mango fruits at the pre-
climacteric stage,*® which are all indicators of physiological maturity
in all the varieties studied.* Similar observations were reported by
Gill et al.** and Ellong et al.*! Hofman and Ledger** earlier on reported
that in South Africa, flesh colour is favoured for assessing mango fruit
maturity, while in Australia, skin colour, dry matter, and accumulated
heat units are considered as well. Palmer is an exception in this
context of applying/using the depth of fruit indentation at its proximal
end as a maturity index, rather its harvest maturity is determined by
the intensity of depressions with ridges/grooves around the stylar-
scar-end of the fruit. The intensity of depressions with ridges/grooves
around the stylar-scar-end of the fruit occurred in conjunction with the
formation of the other visual attributes/characteristics of the mango
fruit harvest maturity indices discovered earlier in this study. Abu®
reported that Haden, Kent, and Keitt mango fruits were harvested at
physiological maturity when fruits of each of the different varieties
maintained a constant indentation depth of 0.25, 0.49, and 0.50 cm,
respectively. According to the author, Palmer fruits did not show
any indentation of the sort from growth through development to
physiological maturity, but the harvest maturity index attribute/
characteristic determined and established was the intensity of ridges/
grooves around the stylar scar end of its fruit.

Igbal’ reported that fully mature mango fruits show significant
depths of indentation (out-grown shoulders) in some cultivars and
depressions with ridges/grooves in some other cultivars but they all
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occur at the proximal endof the fruit (the point of attachment of the
pedicel to the fruit), and that they are firm and green in some cultivars.
According to the author these criteria are used in several mango
producing regions but are cultivar dependent and must be considered
with other factors. By analogy with apples, this stage, being just
before the climacteric rise in respiration, would appear to be a suitable
stage of maturity for enhanced transport and storage.*

Ages of fruits were determined objectively though laborious and
time-consuming because of the need to obtain baseline data and fruit
growth and development attributes were determined subjectively in
conjunction with fruit age, but required no sophisticated equipment
and was easy to operate. But standards must be quantitative and not
qualitative. The approach then was to combine several methods of
assessing maturity stage in order to establish appropriate harvest
maturity time and indices that would enhance mango export and
improve the local market.

Conclusion

Fruit age, fruit flesh/pulp colour, depth of fruit indentation at
its proximal end, level of starch concentration in the fruit, colour
ofpedicel (first segment from the proximal end of the fruit), leathery
fruit peel/skin with whitish-powdery gloss, and depressions or ridges/
grooves developed at the stylar scar end of the fruit, could be applied/
used as recommended visual attributes/characteristics of mango fruit
harvest maturity indices appropriate for export and local markets.

Ranges of appropriate harvest time for fruits of Haden, Kent,
Palmer, and Keitt mango varieties at physiological maturity were
determined and established to be 109-115, 123-129, 130-136, and
137-143 days from fruit-set, respectively, for early harvest; 116-122,
130-136, 137-143, and 144-150 days from fruit-set, respectively, for
mid-harvest; and123-129, 137-143, 144-150, and 151-157 days from
fruit-set, respectively, for late harvest.
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