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Abstract:
							                           
Internal breakdown (IB) of mangoes (Mangifera indica L.) is a major cause of quality losses in production areas around the world. Losses, sometimes exceeding 80%, have been associated to calcium deficiency and to fruit ripening on the tree. With the objective to reduce the incidence of IB and to evaluate the effects of fruit ripeness stage on the occurrence of IB, calcium chloride was sprayed to mango trees, cv. Tommy Atkins. Four calcium sprays were applied at concentrations of 5 or 10 g.dm-3 at anthesis and up to 81 days thereafter. Mangoes were harvested at the mature green and tree-ripe ripeness stages. There was no influence of calcium sprays on the percentage of damaged fruit by IB. Harvesting at the mature green ripeness stage resulted in less mangoes with IB compared to harvesting at the tree-ripe stage. Tree-ripe harvested mangoes had lower flesh firmness and titratable acidity, but higher total soluble solids/titratable acidity ratio than mangoes harvested at the mature-green ripeness stage. Calcium sprays did not improve concentrations in fruit pulp neither did they ameliorate fruit firmness or total soluble solids contents, however calcium applications increased the titratable acidity of the fruit and decreased the sugars to acids ratio.
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Resumen:
						                           
La descomposición interna (IB) del mango (Mangifera indica L.) es una de las principales causas de pérdidas de calidad en las zonas de producción de todo el mundo. Las pérdidas, a veces superiores al 80%, se han asociado a la deficiencia de calcio y a la maduración de los frutos en el árbol. Con el objetivo de reducir la incidencia de IB y evaluar los efectos de la etapa de madurez de la fruta sobre la ocurrencia de IB, se roció cloruro de calcio a los árboles de mango, cv. Tommy Atkins. Se aplicaron cuatro pulverizaciones de calcio a concentraciones de 5 o 10 g.dm3 en el momento de la antesis y hasta 81 días después. Los mangos se cosecharon en las etapas de madurez verde maduro y maduro de los árboles. No hubo influencia de las aspersiones de calcio en el porcentaje de fruta dañada por IB. La cosecha en la etapa de madurez verde madura resultó en menos mangos con IB en comparación con la cosecha en la etapa de madurez del árbol. Los mangos cosechados en los árboles tuvieron una menor firmeza de la pulpa y acidez titulable, pero una mayor relación entre sólidos solubles totales y acidez titulable que los mangos cosechados en la etapa de madurez verde maduro. Las aspersiones de calcio no mejoraron las concentraciones en la pulpa de la fruta ni mejoraron la firmeza de la fruta ni el contenido total de sólidos solubles, sin embargo, las aplicaciones de calcio aumentaron la acidez titulable de la fruta y disminuyeron la proporción de azúcares a ácidos.
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INTRODUCTION


One of the key factors accountable for quality losses in mangoes in almost all production areas is the occurrence of a physiological disorder known as mango internal breakdown. It is a disorder not completely understood. Several denominations are cited in the literature to describe symptoms with some similarity in the mesocarp of mango fruit (Raymond et al., 1998). Internal breakdown is characterized by pulp disintegration with losses of flesh consistence and, consequently, commercial devaluation of the fruit. The symptoms intensify with prolonged storage and ripening progression (Seshadri et al., 2019).

Observations published by Choudhury (1991) on fruit from an orchard of ´Tommy Aktins´ mangoes in the area of the São Francisco River in the northeastern part of Brazil, indicate that 75% of the fruit presented symptoms of internal breakdown. From that same area, Andrade et al. (2022) reported an incidence of 29% of some internal breakdown symptoms in cv. Keitt mangoes. Vasanthaiah et al. (2006), in India, have indicated overall losses in mangoes due to internal breakdown ranging from 35% up to 55%.

Apparently, the breakdown processes begin with the collapse of the vascular system in the connecting area linking the stem to the core setting off the seed to become physiologically and physically disconnected from the tissues that support it. As of this point vascular cavities take shape. The portion of the mesocarp positioned along cavities commences to discolor gaining a paler color compared to healthy tissues (Raymond et al., 1998). Additionally, the mesocarp tissues surrounding the endocarp change from a yellowish color to a more orange color indicating the degradation of the tissues in that area. Afterwards, at more advanced stages the affected tissues turn to a more brownish color and with a necrotic appearance (Malo & Campbell, 1978).

The boundaries between healthy and degraded tissues are easily visualized (Burdon et al., 1992) and the affected parts of the mesocarp are less firm and release juice when applying slight pressure (Raymond et al., 1998). The authors also have observed extensive collapse of the cell walls of nearly all cells in affected tissues. In an advanced stage the mesocarp presents gelatinous consistency and a brownish color around the seed.

The main cause of internal breakdown in mangoes has yet not been identified. Apparently the disorder is associated with a nutritional imbalance induced by preharvest causes leading to the cell collapse in the mesocarp tissues (Singh et al., 2013). According to Ma et al. (2023) the different symptoms of internal breakdown may have a common cause and calcium deficiency is involved. Burdon et al. (1991) correlated the incidence of the disorder to low concentrations of calcium in the leaves and fruits. Young & Miner (1961), for example, observed that the occurrence of the disorder was much lower in orchards growing on limestone soils. Bitange et al. (2020) concluded that the earlier calcium sprays were applied to the mango trees the more reduced was the incidence of internal fruit disorders.

A number of physiological disorders in fruits of various species have been associated to calcium concentrations. The grounds for such understanding derive from the fact that calcium plays a role in cell wall integrity bridging pectin molecules, impeding to some extend enzyme activity and, consequently, depolimerization during the ripening processes (Hepler, 2005). Localized calcium deficiencies, especially, in fruit tissues because of limited calcium delivery may cause irregular cell wall breakdown and impacting fruit development and crop development (Hocking et al., 2016).

Calcium foliar sprays intend to reduce the occurrence of internal breakdown, however, the efficiency of these treatments have been rather inconsistent. On the other hand, authors such as Van Lelyveld & Smith (1979) credit internal collapse to fruit ripening on the trees. Unless internal breakdown symptoms are already present at the time of harvest, the symptoms hardly ever develop after harvest (Machhindra & Sharma, 2008). For that reason, grower´s alternative with some success in controlling internal breakdown incidence in mangoes has been harvesting mangoes at the mature green ripeness stage. As a result of these observations, in the present work we intended to settle on the understanding of the effects of foliar calcium sprays along the growing season and to evaluate the influence of the ripeness stage at harvest on the occurrence of internal breakdown in cv. Tommy Atkins mangoes.





MATERIAL AND METHODS


The experiment was conducted at an 8 years old ‘Tommy Atkins’ grove located close to the city of Portão located about 50 km north of the capital city of Rio Grande do Sul. Two calcium concentrations: 5 or 10 g CaCl2.dm-3 (w/v) were sprayed to the trees until runoff. Control trees were not sprayed. Four calcium sprays of either concentration were applied during the growing season: at anthesis, at fruit size of 0.5-2.0 cm, 2.0-3.0 cm and 3.0-4.0 cm in diameter.

The mangos were harvested on February 24 and March 20 at the mature green or tree ripe ripeness stage, respectively. Ten fruit from each experimental unit were harvested and the harvesting point was determined according to the categorization of Miller et al. (1986). The authors indicate that the mature green ripeness stage corresponds to the RS2 category. At this stage the fruits are well formed, with firm pulp and a light green epidermal color and with one side of the fruit with a pinkish tinge. Likewise, tree ripe fruit are classified as RS4 in which the mangoes present a yellow ground epidermal color and show evidences of losses in flesh firmness.

Mangoes harvested at the tree ripe stage were analyzed immediately after harvest, while mangoes harvested at mature green stage the analyses were performed when the fruit showed external traits of ripeness which occurred in about four to seven days after harvest when maintained at a 22°C. The mangoes were analyzed for calcium contents in the mesocarp, flesh firmness, total soluble solids and titratable acidity and incidence of internal breakdown.

Incidence of internal breakdown was determined visually in all fruit of the experimental units. Each fruit was sliced lengthwise. Incidence of the disorder was rated on a hedonic scale varying from 1 to 5 according to Rabelo et al. (1996) where index 1 corresponds to fully healthy fruit and index 5 corresponds to mangoes with a very collapsed pulp. The results are expressed as percentage of the total number of fruits.

Halves of the mangoes of each replicate, regardless of whether or not degraded, were homogenized and mesocarp calcium content was quantified according to the method described by Tedesco et al. (1995).

Flesh firmness was determined with a hand-held penetrometer equipped with an 11 mm diameter Magness-Taylor plunger at two sites: one in the equatorial area of the fruit and the other near the stalk. The results are expressed in Newton. Soluble solids (SS) were determined using a table refractometer. Results are expressed in °Brix. Titratable acidity (AT) was determined on 10 grams of homogenized mesocarp tissues diluted in 90 mL distilled water titrated until pH 8.1 with 0.1 M sodium hydroxide according to Coelho & Cunha (1982). Values are ​​expressed as % of citric acid. The ratio SS/TA was calculated dividing values of SS by AT.

The experiment was conducted in randomized blocks design with six treatments, three replicates/treatment and experimental units of one plant from which 10 fruits were harvested. The averages of the variables were separated by least significant difference (p ≤ 0.05). Effects of calcium chloride sprays were analyzed by means of a polynomial regression analysis (p ≤ 0.05).





RESULTS AND DISCUSSION


Basically internal breakdown was discernible in the form of jelly seed as described in Raymond et al. (1998). In sliced mangoes, the mesocarp portion located next to the seed exhibited a more orange color contrasting with the outermost mesocarp portions which were of a yellowish to light green color. The authors suggested to split up internal decay in mangoes as jelly seed, soft nose or stem end cavity depending on the symptoms which are visualized when the mangoes are sliced.

Calcium sprays of 5 g or 10 g CaCl2.dm-3 did not influence the incidence of internal breakdown in mangoes. Silva & Menezes (2001) also did not determine decreases in incidence of internal breakdown in response to calcium sprays. With regards to ripeness at harvest, the mangoes harvested at the mature green ripeness stage presented lower incidence of the disorder as compared with fruit harvested at the tree ripe stage, even after the allocated period to reach the same external characteristics of ripeness as the tree ripe mangoes.

Mangoes harvested at the mature green ripeness stage, independently of the sprayed calcium concentration, had 87.3% of fruits classified as class 1 or 2 in the ranking of internal breakdown (Table 1). These classes indicate healthy fruits or fruits with undamaged pulp, but with the stem end area with hardened vessels. 74.3% of the mangos harvested at tree ripe ripening stage were classified as class 3 or 4 of internal breakdown. Mangoes with these higher rankings have slightly or moderately disintegrated pulp.

Regarding as edible, healthy fruits or with a slight development of symptoms of internal breakdown, 87% of the mature green mangoes and 12.4% of the tree ripe mangoes could be considered acceptable and marketable. The results of the present study corroborate the very early findings on the manifestation of internal breakdown in mangoes, such as of Young (1957). The author pointed towards mango ripeness stage as related to the development of this physiological disorder. Later on, Donadio (1990) and Sobeih & El-Helaly (2002) as well did indicate the effects of ripeness stage at harvest on the incidence of internal breakdown in mangoes.




Table 1




Percentages of internal breakdown occurrence in mangoes (Mangifera indica L.) cv. Tommy Atkins harvested at the mature green and tree ripe ripeness stages.
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 Averages followed by same letter in rows are significantly different by Tukey test at p≤0.05.








Besides effects of mango ripeness stage on the incidence of physiological disorders an effect of ripeness was also determined on the calcium content of fruit that were sprayed with 5 g CaCl2.dm-3. The mangoes harvested at mature green ripeness had mesocarp calcium concentrations significantly higher than calcium concentrations determined in fruit harvested at the tree ripe ripeness stage (Table 2).




Table 2




Calcium concentrations (mg.kg-1) in mesocarp tissues of mangoes (Mangifera indica L.) cv. Tommy Atkins harvested at the mature green and tree ripe ripeness stages.
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1
 Averages followed by the same letter in columns are not significantly different by Tukey test at p≤0.05.








Calcium chloride sprays of either 5 or 10 g.dm-3 resulted in a gradual increase, in the calcium content in the mesocarp of the mangoes of both ripeness stages. Rabelo et al. (1996) and Silva & Menezes (2001) did not observe increases in calcium levels in the fruit after field foliar sprays of calcium chloride. Increases in calcium contents determined in the mesocarp of tree ripe Tommy Atkins fruit in response to the increment in calcium concentration in the spraying solution did not suffice to reduce the occurrence of internal breakdown, in view of the fact that the reduction in the extent of the disorder as a result of foliar sprays is dependent of a sharp increase in calcium content in the fruits. Gunjate et al. (1979) working as well with cv. Tommy Atkins mangoes determined calcium contents of 88.08 and 76.12 mg Ca.100g-1 of dry weight in healthy and degraded parts of fruit affected by internal breakdown, respectively.


Chitarra et al. (2001) reported that ‘Tommy Atkins’ mangoes treated with CaCl. did not present symptoms of internal breakdown. The authors observed that fruit that had not received CaCl. sprays presented internal breakdown symptoms after three weeks of storage at 10°C, while fruits treated with 2.5% or 5.0 % CaCl. (w/v) showed no symptoms of internal breakdown and remained firm and were good for consumption after a 5-week storage. Mineral analysis of mango ‘Tommy Atkins’ mangoes performed by Assis et al. (2004) did indicate lower calcium contents in mangoes with the internal breakdown disorder.

These data are evidence for, overall, the fruit affected by internal breakdown have lower calcium levels than healthy fruits, which corroborates the hypothesis that the disorder is a result of calcium deficiency. However, the data of the present study suggest that it is possible that low levels of calcium only predispose the fruits to the development of internal breakdown, not being necessarily the causal agent of the disorder.


Shivashankara & Mathai (1999) report that calcium transport from roots or leaves to the fruit may also be controlled by fruit transpiration. In many species transpiration could be one of the reasons for the occurrence of disorders in fruit when farming occurs under high relative humidity levels. According to the authors in cv. Alfonso mangoes high relative humidity associated with rainfall reduced transpiration rates of the fruits and, thus, increased the incidence of jelly seed.

According to Rabelo et al. (1996), with calcium concentrations in the soil at reasonable levels there may be a reduction in the effect of foliar sprays on the incidence of internal breakdown. The soil of the orchard of the present trial was supplied with a content of 4.7 me Ca.dl-1 being considered appropriate to grow mangoes. That calcium availability may have contributed to restrict the resulting effect of sprays on the calcium content in the mesocarp. Yamane (2014) reasoned that inconsistencies of results with calcium sprays may derive from atmospheric effects on the absorption of calcium and uneven distribution of calcium in fruit within the canopy. This statement could be a possible explanation for the very high calcium concentration (132.57 mg.kg-1) in mature green Tommy Atkins mangoes.

An adequate supply of boron, 0.4 ppm in the trial area, may also have contributed to reduce the effect of calcium chloride sprays in increasing mesocarp calcium contents. Rabelo et al. (1996) reported that in apples boron ameliorated the translocation of calcium to the fruit. Leaf absorption of minerals is a passive process and the driving force for nutrient penetration will occur as long as there is a concentration gradient across leaves (Fallahi & Eichert, 2013). Calcium, though, has a limited translocation rate when sprayed to the foliage resulting in saturation of adjacent tissues to the site of application (Bonomelli et al., 2021). Because of its low mobility, in most cases, it is not possible correct calcium deficiency in fruits via foliar sprays. Calcium contents in the foliage of the mango trees after sprays with calcium chloride were 0.93%, 1.34% and 1.6% in dried leaf tissues of the control plants or sprayed with 5 or 10 gram CaCl2 dm-3, respectively. These percentages are in the range of the percentages (0,76% up to 1.65%) determined by Silva et al. (2004) in fully developed mango leaves of the cv. Sensation.

Flesh firmness was not influenced by calcium chloride treatments at the stem end area of Tommy Atkins mangoes. There was no significant difference amongst the firmness values of mangoes harvested from plants sprayed with either 5 g or 10 g CaCl2.dm-3and the control, independently of ripeness at harvest (Table 3). Even though there is a tendency to correlate increases in flesh firmness with increasing calcium concentrations in tissues. Chitarra et al. (2001) observed greater flesh firmness in ‘Tommy Atkins’ mangoes treated with 5% (w/v) CaCl2 compared to 2.5% (w/v) CaCl2 and control fruits. Nonetheless, Joyce et al. (2001) concluded that calcium sprays to mango trees did not affect fruit flesh firmness of either at mature green or at tree ripe ripeness stages. Silva & Menezes (2001) also did not determine significant differences in mango flesh firmness between unsprayed and sprayed fruit with different CaCl2 concentrations. Conversely, Bitange et al. (2020) determined that calcium chloride concentrations up to 1.5% in cv. Van Dyke mango tissues correlated positively with flesh firmness.

The harvest point of the mangoes did, however, influence flesh firmness at the equatorial area of the fruit. Harvest of the mangoes in an earlier stage of ripeness and after the ripening of these fruit at room temperature resulted in higher flesh firmness in comparison to values determined on mangoes ripened on the plant. These values of flesh firmness at the equatorial area of the mangoes at harvest were observed in fruit of all concentrations of calcium chloride sprays (Table 3).




Table 3




Effects of the harvesting point on flesh firmness (N) at the equatorial and stalk area of cv Tommy Atkins mangoes Mangifera indica L sprayed with two calcium concentrations.
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1
 Averages followed by the same letter in columns do not present minimal significant difference (DMS) at p≤0.05.








Also, in general, it is known that texture changes which occur during fruit ripening are mainly associated with changes in cell wall pectins, being pectolytic enzymes, including pectin methyl esterase and polygalacturonase, the main enzymes associated to the depolymerization of the more complex pectin molecules (Huber et al., 2001).

At the stalk area of the mangoes, flesh firmness was also altered by harvest time, but only in control fruit (Table 3). Mangoes harvested at the tree ripe ripeness stage were not as firm as mangoes harvested at mature green ripeness. Mangoes that had been sprayed with calcium chloride did not present any difference in flesh firmness.

Analyses of maturity and internal quality of mangoes indicate that calcium sprays during vegetative growth of the fruit did not affect the soluble solids contents (Table 4). Silva & Menezes (2001) concluded similarly, nevertheless, there are references in which differences in the concentrations of soluble solids are affected by internal breakdown of mangoes. Rane et al. (1976) determined a lower content of non-reducing sugars and soluble solids in tissues degraded by internal breakdown in comparison to levels in healthy fruit. Assis et al. (2004), on the contrary, concluded that mangoes with degraded by internal breakdown mesocarp tissues presented much higher soluble solids contents than healthy fruits.

The mangoes harvested at the mature green ripeness stage reached values of soluble solids similar to those determined in tree ripe mangoes after the elapsed period for the development of the external characteristics of ripening. Possibly, the higher incidence of internal breakdown in mangoes harvested at the tree ripe ripeness stage may have contributed to reduce the content of soluble solids in these fruits, as already observed by Rane et al. (1976) and Kartrodia (1988). Soluble solids contents of fruit in the present trial were in the same range of soluble solid contents (8.2°Brix up to 14.7°Brix) determined by Silva et al. (2014) for the same cultivar Tommy Atkins.

Titratable acidity of the mangoes was influenced both by calcium sprays and ripeness at harvest. Ripe mangoes had a significant increase in acidity in response calcium sprays. The lower acidity of mangoes harvested at the tree ripe stage and not sprayed with calcium chloride might be ascribed to higher mesocarp degradation by the internal breakdown disorder. Silva & Menezes (2001), however, presented differing results with Tommy Atkins mangoes The authors did not observe effects of calcium sprays and mesocarp disorders on fruit titratable acidity. In that respect, Kartrodia (1988) indicate that coming across diverging results on effects on titratable acidity and mango tissue disorders is not exceptional.




Table 4




Soluble solids (SS), titratable acidity (TA) and soluble solids/titratable acidity ratio (SS/AT) in mangoes (Mangifera indica L.) ‘Tommy Atkins’ treated with 0, 5 g or 10 g of CaCl­2.dm-3 and harvested at mature green and tree ripe ripeness stage.
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1
 Averages followed by same letter in lines within each variable and averages followed by same capital letter in columns within each variable do not differ statistically by Tukey test at p≤0.05.








Cell wall depolimerization unbounds acids, cell wall collapse at the degraded tissues does not add up to a higher acidity in these tissues. The lower acidity may result from a boost in respiratory activity where both the most abundant acids in mangoes, citric and malic acid, are used up in primary metabolism to provide energy and carbon moyeties for repair mechanisms (Selvaraj et al., 1989).

Moreover, the mangoes that were not sprayed with calcium chloride, when harvested at the mature green ripeness stage had higher titratable acidity in comparison to the acidity of the mangoes sprayed with calcium. Nonetheless, there was a high variation among not sprayed fruits. Uneven ripening, for example, might be a result of unequal calcium supply to the mangoes which could, subsequently, become more prone to tissue degradation along ripening. Furthermore, harvest date indication parameters encompass a subjective component which also could lead to variation amongst samples.


Selvaraj et al. (1989) emphasize that the most notorious consumption of acids occurs from the physiological ripening stage up to two to four days after epidermal color change. The authors determined on cv. Alphonso mangoes titratable acidity of 2,78% at harvest and 0,94% when epidermis started to turn yellow. Two days after complete color change of the epidermis titratable acidity had dropped to 0,39%. In view of these observations it is possible to presume that lower acidity concentrations determined on tree ripe fruit of the present experiment are not only consequence of high incidence of internal breakdown as indicated by Kartrodia (1988) but, in addition, from intense ripening metabolism.

Since soluble solids contents in the mangoes either sprayed with calcium chloride or harvested at different ripeness stage did not vary, the effects on the soluble solids/titratable acidity ratio are only attributable to the effects of the treatments on acid contents. Soluble solids/acidity ratio is an important quality trait and a determining influence on palatability and flavor (Oldoni et al., 2018). Costa et al. (2017) inform that the ratio between sugars and acids could be negative, which was not the case in the present trial and the differences were not significant except in tree ripe fruit. The remarkably high ratio (82.36) in Tommy Atkins mangoes not sprayed with calcium chloride might be partially explained by the high percentages of fruit with higher rankings of internal breakdown (Table 1). Tharanathan et al. (2006) associated high sugar to acids ratios to depolymerization of cell wall metabolites such as cellulose, pectins and hemicellulose to their basic constituents (glucose and fructose) enhancing sweetness and acid consumption by way of higher metabolic rates.




CONCLUSIONS

Harvesting mangoes at the mature green ripeness stage with subsequent ripening at room temperature reduces the incidence of internal breakdown in comparison to mangoes harvested at the tree ripe ripeness stage.

Spraying cv. Tommy Atkins mango trees with calcium chloride in the course of fruit development does not have an influence on after harvest extent of internal breakdown of mesocarp tissues of the fruits.
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