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Summary. Bagging mango fruit during their between the bagged (plastic or paper) and unbagged
development on the tree can reduce insect and disefasitss. Postharvest weight loss was enhanced and [shelf
damage. However, it is also possible that bagging défie reduced in the ‘plastic bagged’ fruits. In an ancillary
interfere with transpiration and associated calciustudy, calcium concentrations in ‘Kensington Pride’
accumulation. Low calcium concentrations have beambbins (seedless fruit) were compared with those in
correlated with poor mango fruit quality. This study waseeded fruit, since it has been shown with apple fruit
conducted to evaluate the influence of bagging #Hiat greater seededness is positively correlated |with
various stages of fruit development on calciunmcreased flesh calcium concentrations. Conversely,
concentration and postharvest quality of ‘Kensingtdmwever, calcium concentrations in the flesh of mango
Pride’ mangoes. Fruits were bagged at 41, 25 or 9 daysbbins were found to be significantly higher
before harvest. No statistically significant differences if0.80 mg/g dry weight) than those in seeded ffuit
either skin or flesh calcium concentration were foun@.58 mg/g dry weight) of similar size.

Introduction The presence and number of seeds is another factor
Strong correlations between good quality and highat can affect calcium accumulation by multi-seeded
tissue calcium concentrations have been established fdngt. Bramlageet al (1990) found that increased seed
number of fruit crops (Bramlage al 1990). Calcium is number in apple was correlated with higher fruit
relatively immobile and is translocated almost entirely icalcium concentration, possibly because auxins are
the transpiration stream (Bangerth 1979). Developimgoduced in seeds (Bangerth 1976). Calcium movement
fruit usually accumulate most calcium during the earinto a particular plant organ may be induced by indole-
stages of growth (Bangerth 1979). Early accumulati®racetic acid (IAA) export from that organ. For
may be due to the comparatively large surface areaetcample, avocado fruit are believed to be poor IAA
volume ratio of small fruit (Clark and Smith 1988), thexporters, and are therefore considered to provide a
lack of a well developed cuticle, and the presence weak sink for calcium (Cutting and Bower 1990).
functional stomata (Dietzt al. 1988). Auxins and auxin transport inhibitors have been shown
Bagging fruit during their development has beeto increase and decrease, respectively, calcium
practiced for the control of insects (Bentley and Viveraeccumulation in apple and avocado fruit (Cutting and
1992) and diseases (Johnsginal 1994). Fruit bagging Bower 1990).
may also enhance fruit appearance by providing The present study was conducted to determine the
protection from temperature extremes and from abrasieffiect of bagging using paper or plastic bags on calcium
(Homes 1984; Kitagawat al. 1992). However, fruit accumulation by ‘Kensington Pride’ mango fruit.
bagging may have a potentially detrimental influence dkensington Pride’ is the most commercially important
fruit quality by inhibiting the transpiration-based flux ofmango cultivar grown in Queensland (Cull and Lindsay
xylem mobile calcium into fruit. 1995). This cultivar is susceptible to internal disorders
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thought to be associated with low flesh calciumnder shade at about 20°C for 30 min, labelled and weighed. The
concentrations (Mead and Winston 1991). fruit were ripened in a controlled environment room at 25°C and

. . . L, out 70% relative humidity. Fruit were arranged in a completely
In an earlier study, bagging of ‘Sensation’ mango fru?fndomised design within fibreboard mango fruit trays. There were

49 days before harvest did not affect their fruit calciugy @ = 20) individual replicate fruit for each treatment, and the
concentrations (Joycet al 1997). In a more extensivetotal number of fruit in this experiment was 180 (i.e. 20 replicate
study on ‘Keitt’ mangoes, fruit calcium concentration8uit x 3 bagging treatments3 bagging times).

were reduced by bagging 856 days before harvestassessments

(Hofmanet al. 1997). It was considered important to Fruit blush (percentage of surface area affected) and skin
extend this work to ‘Kensington Pride’, the mosklemish (severity ratings: 0, none; 3, slight; 5, moderate;
commercially important cultivar in Australia. In7' excessive; 9, extreme) were scored after harvest. Dry matter (%)

. . . . L . was determined for 5 sample fruit from each of the 3 bagging
addition, the hypothesis that ‘Kensington Pride nUbb'Qr%atments by oven drying their flesh at 60°C to constant weight.

(fruit with aborted ovules; i.e. no seeds) would have Five mature green fruit were randomly selected from each
reduced calcium concentrations was tested. treatment for calcium analysis (i.e. 5 replicate foui bagging
The aim of the present study was to test tHgatmentsx 3 bagging times = 45 fruit in total). Skin and flesh

h hesis th inag would r Icium in r_tions were _separated apd samples were selected randomly after
ypothesis that bagging would reduce calciu ﬂugﬁ:mg and mixing the portions. About 10-20 g samples of skin or

m_to ,the fruit through ,an increased vapour PreSSUfigsnh tissue were oven-dried at 60°C to constant weight, ground to
within the bag, which would lead to reduced fine powder, and wet digested with nitric and perchloric acids.
transpiration and calcium accumulation, and possibGalcium was quantified using a Philips PYE Unicam SP9 atomic

increased incidence of physiological disorders. absorption spectrophotometer. Calcium concentration was
calculated as mg/g dry weight.

Materials and methods Fruit hand firmness was determined daily during ripening using

Treatments, harvesting and handling the following rating scale: 1, hard; 3, springy; 5, slightly soft;

Fruit on 6-year-old mangdViangifera indica cv. ‘Kensington 7, soft (eating ripe); 9, very soft. Fruit were considered ripe when a
Pride’ trees at a farm near Gatton (27°33'S, 152°17'E), Queensldiminness rating of 7 was recorded for 3 consecutive days.
were bagged with paper or plastic bags 41, 25 or 9 days befGigjective firmness measurements were carried out for all fruit
harvest. The treatments were: (i) unbagged (control); (ii) opageeery second day by measuring fruit deformation (mm) under a
white waterproofed paper bag (Japanese-made ‘T20' paper b&f¥) g weight applied for 30 s (Macnish al 1997). Fruit colour
335 by 215 mm; supplied by Palmwoods Farm and Gard&ms visually assessed using the following scoring scale: 1, 100%
Supplies, Palmwoods, QId); and (iii) opaque white plastic bagseen; 3, 75% green; 5, 50% green/yellow; 7, 75% yellow;
(Australian-made polyethylene bags, 295 by 170 mn9, 100% yellow. The fruit were also weighed every second day to
manufactured by Beaver Plastics Pty Ltd, Coopers Plains, Qldhable calculation of relative weight loss [% initial (at harvest)
Bagging was commenced after the first heavy fruit drop, when tfiesh weight].
mango fruit had reached the ‘golf ball size’ stage. The bagging Repeated measures ceased when all fruit in each treatment
dates were 29 November, 15 December and 31 December. Befggened (i.e. achieved a hand firmness sedtdor 3 days). Upon
each bagging, diameters of 100 randomly selected mango fruit wepening, skin shrivelling was scored using the following scale:
measured and fruit for bagging were selected from withih, none; 3, minor; 5, moderate; 7, excessive; 9, severe. Disease and
+ 10% average fruit size. At each time, 15 fruit (5 fruit/treatmenphysiological disorders were both rated subjectively using the
were randomly selected for treatments from each of 12 tregame 1-9 scale.

(i.e. 5x 12 = 60 fruit in total per treatment). Extra mango fruit Treatment effects on dry matter content (%), skin and flesh
(30 fruit/treatment) were bagged on each occasion to compensatieium concentration (mg/g dry weight) and weight loss (mg/g
for potential subsequent fruit drop. Mean = s.e. fruit weight anditial fresh weight. day) were evaluated by ANOVA using Minitab
cheek to cheek diameter at the first, second and third bagging tirf\éarsion 10). Means were separated using Tukey’s multiple range test
were 28.3 + 1.9 g and 31.3 + 1.0 mm, 129.6 + 10.6 g arf@ = 0.05). Days to ripen (shelf life), skin shrivelling, disease and
52.8 + 1.2 mm, and 334.3 + 11.1 g and 71.3 £ 1.3 mm respectivelyysiological disorders, were analysed by the Kruskal-Wallis test.
(n=15).

Additional mango fruit were harvested 6 days beforResults and discussion
commercial harvest on 3 January and later divided, following it characteristics at harvest

dissection, into groups with or without seeds. Mean * s.e. overall . . .
fruit weight and cheek to cheek diameter were 135.7 + 3.1 g andcompared with unbagged control fruit, bagging

54.5 + 0.4 mm respectively € 44). ‘Kensington Pride’ mango fruit in paper or plastic bags
All other mango fruit randomly selected from the same tre€luring development had no effe€>0.05) on either dry

were harvested on the morning of 9 January. Bags were removeghaitter content (overall mean = 13.9 + 0.528%, 90) or

harvest, and the fruit were transported in <1 h by road to tWeight (overall mean = 367.7 + 4.32 y= 180) at

laboratory in Brisbane. Stalks were then removed from the frujt . L
which were placed upside down on a wire mesh rack for 30 minhgrveSt' This result is similar to that reported by Joyce

allow sap to drain. Fruit were next dipped in fungicide [0.55 mEt al (1997) for ‘Sensation’ mango bagged 49 days
Sportak (a.i. 450 g prochloraz/L)/L water] for 2 min, air driedefore harvest. In contrast, Johnsinal (1994) found
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Table 1. Calcium concentrations (mg/g dry weight) in skin and Hofmanet al (1997), who found that bagging ‘Keitt’
flesh tissue samples from unbagged (control), paper bagged or mango fruit with paper bags 86 or 92 days before harvest
plastic bagged ‘Kensington Pride’ mango fruit which were treated . . . .
9, 25 and 41 days before harvest also redgced .blq\f,h. Bagging fruit with plastic bags
resulted in a significantly} = 0.003) greater degree of

Factor A (bagging)n(= 30), n.s.; factor B (skin/fleshi € 45),P<0.001, . . R .
factor C (time) 1 = 30), n.s.; interaction (A B), n.s.: interaction (k C), SKin blemish (brown scars similar to those on fruit

n.s.; interaction (& C), n.s.; interaction (& B x C), n.s. affected by windrub) than was recorded for either
Row or column means followed by the same letter are not significantynbagged or paper bagged fruit. The skin blemish score
different atP = 0.05 for fruit bagged with plastic was 2.83 + 0.44<90), as
compared with 1.88 + 0.351(= 90) and 1.99 + 0.38
Treatment Skin Flesh Rowmeans (n = 90) for unbagged fruit and for fruit bagged with
No. of fruit (n) 5 5 10 paper respectively. This result is contradictory to
observations reported for ‘Sensation’ mangoes by Joyce
Unbagged 9 days b;gge harVGStl 16 2 opa | €Ll (1997). Once again, this difference between studies
Paper bag 392 0.81 5 022 might be attributable to different varietal characteristics.
Plastic bag 3.15 0.69 1.92a | Notionally, skin blemishes should be reduced by bagging
Column meansn(= 15) 3.08a 0.89b due to avoidance of windrub and exclusion of microbes
and insects (Homes 1984; Bentley and Viveros 1992).
Unbagged 25 days gezfgre harvesg o 206 | High humidity around fruit within plastic bags may
Paper bag 3.05 116 5 554 perhaps have retarded formation of their cuticle, leading
Plastic bag 273 1.23 1.98a | 1o an enhanced susceptibility to physical injury (Joyce
Column meansn(= 15) 3.32a 1.07b etal 1997).
Bagging ‘Kensington Pride’ mango fruit in either
Unbagged 41 days ges‘;gre harVEStl o5 245, | PAPEr OF plastic bags did not significantB>0.05) affect
Paper bag 344 0.84 2144 skin or flesh cglmum concentra’uon; (Table 1). 'Howeve.r,
Plastic bag 3.01 0.71 1.86a | there was a slight tendency for fruit bagged with plastic
Column meansn(= 15) 3.45a 0.87b bags to have lower calcium concentrations than
unbagged fruit, especially in fruit bagged 41 days before

harvest. Skin calcium concentrations were about
2-3 times higher than those in the flesh, an observation
fimilar to that reported earlier on ‘Sensation’ mango fruit

that bagging ‘Keitt’ mango fruit 91-112 days befor .
harvest increased dry matter accumulation by z)goyceet al 1997). It was expected that the calcium

relative to unbagged fruit. This difference in responé;é)
between studies may be attributable to differences in

ncentration in mango fruit bagged with plastic bags
uld be reduced because the fruit were bagged when

. : . . ; ller [as compared with the older (49 days before
time of bagging and/or to varietal differences in respon a : S
to bagging. Time of bagging did, however, influence d .rvest) Sensation’ fruit bagged by Joyteal (1997)],

matter accumulation by ‘Kensington Pride’ mango fruit. is being closer to when the majority of calcium
Fruit bagged with either paper or plastic bags 41 da gcumulates (Bangerth 1979)' However, the I_ength of
before harvest had significantlyp<0.001) lower dry |.mej'for which the. fruit were pagged d'd. not
matter (13.2 + 0.36%) = 30) than those bagged 9 d‘,leggmflcantly affect calcium concentration in the fruit.
before harvest (14.5 + 0.67%,= 30). Dry matter of Fruit characteristics during shelf life
those fruit bagged 25 days before harvest (13.9 + 0.52%,Shelf life, as judged by days to ripen, was reduced
n = 30) was not significantlyR>0.05) different from significantly (°<0.001) as a result of bagging fruit with
fruit bagged at either 41 or 9 days before harvest. plastic bags. Unbagged mango fruit had a shelf life of
Bagging fruit with either paper or plastic bag43.6 + 0.73 daysn(= 60), compared with 11.6 + 0.63
significantly (P<0.001) reduced fruit skin blush,days 6 = 60) for fruit bagged with plastic bags. The
compared with unbagged fruit. The area of fruit skishelf life of mango fruit bagged with paper bags (13.7 +
blush on unbagged fruit was 4.10 + 0.478= 90) 0.36 daysn = 60) was not significantly different to that
compared with 1.59 + 0.30% £ 90) and 2.12 + 0.42% of unbagged fruit. Weight loss was significantly
(n = 90) for fruit bagged with paper bags and plasti®©<0.001) increased by bagging fruit with plastic bags.
bags respectively. This result is in agreement with thatfefuit bagged with plastic bags had an average weight
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Table 2. Calcium concentration (mg/g dry weight) in skin and flesh - apparently normal mature fruit had very little effect on
tissue samples from seeded mango fruit and from nubbins fruit size (>0.05). The fresh weights of seeded fruit and
(seedless fruit of nubbins were 141.0 £+ 4.4 g€ 11) and 134.8 + 3.8 g

Factor A (fruit type) i = 10),P = 0.029; factor B (skin/fleshh(= 10), .
(frui prigOOI)interaction (XB) ns( ' N 10) (n = 33) respectively. However, dry matter was

Row or column means followed by the same letter are not significanfignificantly (P = 0.003) higher in nubbins
different atP = 0.05 (15.4 + 0.79%,n = 5), compared with seeded fruit

(11.7 £ 0.41%n = 5). The calcium concentrations in the
skin and flesh of seeded mango fruit were significantly
No. of fruit () 5 5 10 (P = 0.029) lower than those in nubbins (Table 2). This
result was unexpected as increased seed number in
Eeed?d 1.67 0.58 L12b1 o iti-seeded fruits, such as apple, has been correlated
ubbin 2.87 0.80 1.83a . . . . .
Column meansi(= 10)  2.27a 0.69b with  higher fruit calcium concentration
(see Introduction). Higher dry matter content suggests
_that the nubbins had hung on the tree for a longer period
loss of 12.9 + 0.71 mg/g.day € 60), compared with (j e were more mature), which might account for their
7.36 £ 0.651G = 60) and 7.76 + 0.36 mg/g.day € 60) higher calcium concentrations. It is a common
for unbagged fruit and for fruit bagged with paper baggservation that nubbins abscise from the parent tree
respectively. A similar reduction in shelf life andyarly in the course of their development. Accordingly,
accelerated water loss of fruit bagged with plastic hayg, data might be considered to be generally similar to
been recorded for ‘Sensation” mangoes (Jogtal those of Quinlan (1969), who found that, at the same
1997). It is possible that water-deficit-induced strégint in time early in the season, shed apple fruit had

increases ethylene production by fruit, which may, ifigher calcium concentrations than retained fruit.
turn, initiate earlier ripening of climacteric fruits such as

avocado, bananas and pears (Littmann 1972; Adato a¥%hclusion
Gazit 1974; Cuttingt al 1992). The commercial implication of this research is that

Fruit characteristics at the end of shelf life bagging ‘Kensington Pride’ mango fruit within 40 days
Skin shrivelling was significantlyR<0.001) more before harvest in order to reduce damage from insects or
pronounced for fruit bagged with plastic bags, and becagigease-causing organisms will not adversely affect
progressively more severe with longer bagging times. T&lcium accumulation by developing fruits. However, as
skin shrivelling score for fruit bagged with plastic bag@as found earlier with ‘Sensation’ mango fruit (Joyce
was 3.32 + 0.39n(= 60), compared with 1.29 + 0.94 anct al 1997), closed plastic bags should be avoided as
1.00 + 0.01 for unbagged fruit and for fruit bagged wittheir use can result in accelerated postharvest water loss
paper bags respectively. Similarly, skin shrivelling as@&d reduced shelf life. Further research is required to
result of bagging ‘Sensation’ mangoes in plastic bags wégiermine the temporal dynamics of calcium uptake by
reported by Joycet al (1997). There were no differencesleveloping fruit.
(P>0.05) in disease scores among the different treatme
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