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I am among those who think that science has great
beauty. A scientist in his laboratory is not only a
technician: he is also a child placed before natural
phenomena which impress him like a fairy tale.

Marie Curie (1867 - 1934)
Chemist
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Chapter 8
DISCUSSION

Aerial plant parts are structured and presented in such a way as to ensure survival and
procreation. They are also exposed to all possible forms of meteorological and
environmental effects. Therefore, plant surfaces and immediate subcuticular tissue in
particular, must ensure continued existence through the evolution of an array of
mechanisms and morphological adaptations (Jeffree, 1996; Barthlott & Neinhuis, 1997).
These adaptations all contribute to protection of plant tissue against extreme levels of
light, debilitating temperatures, water stress (due to flooding or drought), wind induced
strain, chilling and desiccation, weight stress in snow and rain, and salt spray
(Kolattukudy, 1996). Biotic interactions such as microbial attacks, predation and
competition also contribute to morphological adaptations (Kays, 1999). Fruit, with the
single most important function of dispersing subsequent generations, are particularly
vulnerable to all the aforementioned calamities.
Management of fruit crops therefore rely on successful intervention of these potentially
detrimental factors. Crop management can take the form of manipulation of both
nutritional and water status, disease control by biological and chemical means, physical
alteration through horticultural practices, and genetically predetermined breeding
strategies. Mango fruit cultivar development exemplifies the expansion of characteristics
like shape, colour, texture, taste and smell, while simultaneously facilitating commercial
production of cultivars suited to export markets dictated by consumer and cultural
influences (Majumder et al., 1972; Saúco, 2004). In this way, custom, diet and trade
provide the impetus for the growth of fruit production in general. Benefits in fruit trade lead
to concurrent growth and development of applicable skills and knowledge bases,
secondary industries, and community infrastructures.
Less obvious, yet as important, is the particular role of the fruit surface in all phases of
crop management and cultivar development. It not only is the interface between fruit
contents and environment, but it also is the primary sensory input for consumers. Lack of
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knowledge of the fruit surface and its importance as environmental interface invariably
leads to costly and time consuming inefficiencies (Joubert, 2001). The complexity of
mango fruit surfaces revealed by the ontogenetical study of the epicuticular wax, and
subsequent study of lenticel morphology, illustrates this point. Exhaustive attempts have
been made to manage the manifestation of lenticel discolouration (O’Hare et al., 1999),
with the cosmetic nature of the condition established by this study. It was found that wax
crystalloid structures were not cultivar dependant, but that morphological characteristics of
lenticels play an important role. Although unclear what evolutionary pressures lead to the
development of chronologically and structurally intricate layers, their chemical and
morphological distinctiveness would suggest functionalities not yet fully understood.
However, the relevance of epicuticular wax in the propensity of some cultivars towards
lenticel discolouration has been proven (Donkin & Oosthuyse, 1996). Lenticel
discolouration is not only associated with lenticels of a particular size and shape, but also
with the density and complexity of the wax crystalloids inside the lenticels. With known
contribution of environmental volatiles to epicuticular wax (Riederer & Markstädter, 1996),
the role of volatiles in the chemistry of mango wax must be established. These volatiles
determine cultivar aroma (Beaulieu & Lea, 2003), and may contribute to lenticel
discolouration. If this should be the case, such information may assist in the formulation of
postharvest management practices aimed at controlling the condition.
However, both postharvest and preharvest management can benefit from better
understanding of the dynamics in the epicuticular membrane, since all crop management
practices impact on the fruit surface. The vulnerability of mango fruit during its
development, and continually more stringent requirements for non-chemical crop
management, necessitates continued consideration of alternative measures for preharvest
crop protection (De Oliveira Fonseca & Salomão, 2004). Such measures, however, must
be based on complete information that takes fruit physiology as well as morphology into
account. To this extent, understanding fruit epicuticular wax and its role as part of the fruitatmosphere interface is important, even more so in monoculture crops.

Cultivar

development must take innate physiological and morphological qualities of different
commodities into account. Wax crystalloids act both as light attenuators to screen against
harmful ultraviolet light (Grant et al., 2003), and assisting in light harvesting during fruit set
(Kolb et al., 2001). With the high levels of solarisation in South Africa, sunburn is a very
serious problem. Application of kaolin was found to be a promising alternative measure for
both sunburn and insect control. Nonetheless, repercussions and interference with the
epicuticular interface during fruit development are uncertain and warrant further study.
This includes not only the chemical interaction of the kaolin and the fruit wax, but also the
181

University of Pretoria etd – Du Plooy, G W (2006)
effect of the kaolin on the morphological development of the fruit surface, since kaolin may
impact on the fluidity of the cuticular wax and cutin integrity.
Both mechanical and chemical interference with epicuticular fruit structures cannot be
avoided in commercially cultivated fruit such as mango. Application of commercial wax on
the packline is the final and most severe interference with epicuticular structures.
Wherever plausible, such interferences should augment the physiological resilience of the
crop, as is the objective in commercial wax formulation development (López et al., 1995;
Manzano et al., 1997). These applications completely negate the architecture of the fruit
wax, integrating it with the commercial wax. Still, commercially applied formulations are
important in ensuring an appealing appearance and prolonged shelf life of marketable
fruit. Furthermore, despite this structural disruption, antimicrobial properties of fruit wax
(Moyna & Heinzen, 2001) may continue to be imbued in the aggregate film. However, this
was not established in the present study and, together with more detailed chemical
analyses of the fruit wax, should be the topic of future research.
Although many new questions have arisen and are still unanswered, this study of the
development, and structural and chemical complexity of the mango fruit epicuticular
membrane has contributed to current understanding of the mango fruit surface.

182

University of Pretoria etd – Du Plooy, G W (2006)
REFERENCES
Barthlott, W. & Neinhuis, C. 1997. Purity of the sacred lotus, or escape from
contamination in biological surfaces. Planta 202: 1 - 8.
Beaulieu, J.C. & Lea, J.M. 2003. Volatile and quality changes in fresh-cut mangos
prepared from firm-ripe and soft-ripe fruit, stored in clamshell containers and passive
MAP. Postharvest Biol. & Technol. 30: 15 - 28.
De Oliveira Fonseca, M.J. & Salomão L.C.C. 2004. Fungicides and Wax in Postharvest
Preservation of Mango ‘Haden’. Acta Hort 645: 557 - 563.
Donkin, D.J. & Oosthuyse, S.A. 1996. Quality evaluations of sea-exported South African
mangoes in Europe during the 1995/96 season. S. Afr. Mango Growers’ Assoc.
Yearbook 16: 1 - 5.
Grant, R. H., Heisler, G. M., Gao W. & Jenks, M. 2003. Ultraviolet leaf reflectance of
common urban trees and the prediction of reflectance from leaf surface
characteristics. Agric. Forest Meteorol. 120: 127 - 139.
Jeffree, C.E. 1996. Structure and ontogeny of plant cuticles. In: Plant cuticles - An
integrated functional approach, pp. 33 - 82. (Ed.) Kerstiens, G. Bios Scientific
Publishers Ltd, Oxford, UK.
Joubert, P.H. 2001. Field evaluation of Surround as a preventative remedy for insect
damage and sunburn in mangoes. Report for Engelhard Corporation, 18 pp. Iselin,
New Jersey, USA.
Joubert, P.H., Grové, T., De Beer, M.S. & Steyn, W.P. 2002. Further evaluation of
Surround against insect pests and solar injury on mangoes in South Africa. Report for
Engelhard Corporation, 17 pp. Iselin, New Jersey, USA.
Kays, S.J. 1999. Preharvest factors affecting appearance. Postharvest Biol. Technol. 15:
233 - 247.

183

University of Pretoria etd – Du Plooy, G W (2006)
Kolattukudy, P.E, 1996. Biosynthetic pathways of cutin and waxes, and their sensitivity to
environmental stresses. In: Plant cuticles - An integrated functional approach, pp. 83 108. (Ed.) Kerstiens, G. Bios Scientific Publishers Ltd, Oxford, UK.
Kolb, C.A., Käser, M.A., Kopecký, J., Zotz, G., Riederer, M. & Pfündel, E.E. 2001. Effects
of natural intensities of visible and ultraviolet radiation on epidermal ultraviolet
screening and photosyntheis in grape leaves. Plant Physiol. 127: 863 - 875.
López, A.C., Villegas, R.R., Yahia, E.M. & Torres, J.B.V. 1995. Ripening and quality of
mango fruit as affected by coating with ‘Semperfresh’. Acta Hort. 370: 203 - 216.
Majumder, P.K., Sharma, D.K., Singh, R.N. & Mukherjee, S.K. 1972. Preliminary studies
on inheritance in Mangifera indica L. Acta Hort. 24: 120 - 125.
Manzano, J.E., Pérez, Y & Rojas, E. 1997. Coating waxes on Haden mango fruits
(Mangifera indica L.) cultivar for export. Acta Hort. 455: 738 - 745.
Moyna, P. & Heinzen, H. 2001. Improving self-defense in plants. Martial arts for
vegetables. Pure Appl. Chem. 73 (8): 1325 -1330.
O’Hare, T.J., Bally, I.S.E., Dahler J.M., Saks, Y. & Underhill, S.J.R. 1999. Characterisation
and induction of ‘etch’ browning in the skin of mango fruit. Postharvest Biol. Technol.
16: 269 – 277.
Riederer, M. & Markstädter, C. 1996. Cuticular waxes: a critical assessment of current
knowledge. In: Plant cuticles - An integrated functional approach, pp. 189 - 200.
(Ed.) Kerstiens, G. Bios Scientific Publishers Ltd, Oxford, UK.
Saúco, V.G. 2004. Mango production and world market: Current situation and future
prospects. Acta Hort. 645: 107-116.

184

