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ABSTRACT

To determine the dfects of lime apgication on the postharvest qudity of carambola fruit, an experiment with
carambola trees cultivated on an acid soil was conducted at the Bebedouwo, S3o Paulo, Brazl. The trees were
treated with increasing dases of lime during the pre-planting period. Liming led to a increase in calcium
concentration of carambola leaves and fruits. Adequae nutrition of the plant with calcium improved post-harvest

fruit quality, permitting a longer (~ 2 days) period o storage under ambient conditions.
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INTRODUCTION

Improvement in fruit quality has economical
implications in the value of the product, as well as
in strengthening a expanding o  consumer
markets. The storage of fruits at low temperatures
is one option to preserve their post-harvest quality
andto increase the shelf life. However, ice crystals
are formed inside the cells during the freezing
process leading to an increased loss of juice and,
consequently, nutrients during thawing due to
exudation, thus further reducing the content of
soluble solids (Bernhardt et al.,1979). In addtion,
the freezing processrequires energy, which affeds
the final value of the fruit. Another efficient and
low- cost technique is the direct application o
nutrients to the fruits, with calcium being the most
promising and most extensively studied element.
Nutrition-related factors are among those aff eding
the quality of fruits. Use of fertilizers, inch as
nitrogen and potassum fertilizers, might affed the
absorption d other nutrients sich as calcium,
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reducing its content in the plant and consequently
in the fruits, and thus compromising fruit quality.
In this respect, researchers gudying plant nutrition
are facing a great challenge, i.e, to balance
production and cuality.

About 60% of the total cell calcium is found in
the cel wall (midde lamella) where it exerts a
stabilizing function (Tobias & a., 1993,
influencing the texture, firmness and maturation
of fruits (Hanson & al., 1993, and reducing
vitamin C degradation, ethylene and CO,
production and the incidence of post-harvest
diseases (Conway and Sams, 1983. The ladk of
this element leads to marked membrane
deterioration, with alterations in membrane
architecture, fluidity and water permeability
(Poovaiah, 1989.

Different methods are available to supdy calcium
to plants, and consequently to fruits. The
application o soil acidity-correcting material (lime
or sted industry dros9 as a source of calcium
might be advantageous snce it improves the sail's
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chemical properties, increases the utilization o
fertilizers, and guarantees the presence of calcium
in the fruits. The immobility of calcium in the
phloem requires its constant absorption by the
plant through the transpiration system (xylem)
and, therefore, leaf application of this eement is
inefficient in termsof fruit nutrition.

In addition to liming, other options exist to provide
the plant with the necessary calcium, such as the
direa application o calcium to fruits before or
after harvest; however, the efficacy of this practice
depends, among aher factors, on variables related
to the fruit being considered. The results of this
technique reported in the literature are
contradictory. This treatment had a positive dfed
on the of post-harvest quality for some fruits sich
as drawberry (Cheour & al., 1991) and passon
fruit (Silva and Vieites, 2000, whil e no significant
effed was observed for jaboticaba (Mota & al.,
1997 or guava cv. Kumagai (Carvalho et a.,
1998. Repeated applications (up to 4 times)
during development of the mango fruit did not
show any beneficial effect on fruit quality,
probably because there was no increase in calcium
concentration in the fruit pulp (Rabelo et al., 1996
Silva and Menezes, 2000.

Therefore, liming is considered to be an efficient
technique with long-lasting effects on the
maintenance of calcium content in the plant and
fruits, and direct effeds on the quality of fruits
such as carambola. However, no studies are
available in the literature regarding the dfect of
liming applied to caramboa trees on the fruit
production and quality (Donadio et al., 2001).
Thus, the objective of the present study was to
determine the effeds of the application o
increasing lime doses to soil on the quality of first-
production carambola by monitoring post-harvest
alterations in the physicochemical properties of the
fruits.

Table 1 - Chemicd properties of the sail in the study area
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MATERIAL AND METHODS

This dudy was caried aut at the Bebedouro
Experimental Citrus Culture Station, municipality
of Bebedouro, SP, Brazil, 20°5316" South latitude
and 48°2811" West longtude, at an altitude of 601
m. According to the Kdppen clasdfication, the
local climate is of the subtropical Cwa type, with
short, moderate and dry winters, and hot and rainy
summers, characterizing two distinct seasons. The
soil is a Typic Hapludox. Before the beginning o
the &peiment, the composition o 20 soil
subsamples colleded at depths of 0-20, 20-40 and
40-60 cm was determined in order to characterize
the study site. The results of the chemical analysis
for the assessment of fertility areshown in Table 1.
The epeimental design consisted of random
blocks of five treatments and four repetitions. For
the treatments, increasing doses of lime were used,
considering a base saturation (V) of 70%. The
doses were calculated for the 0-30 cm layer as
follows: Do = zero lime, D; = 1,85 t.ha" (half the
dose necessary to increase V to 70%), D, = 3.79
t.ha’ (dose necessary to increase V to 70%), Ds =
5.56t.ha” (1.5 times the dose necessary to increase
V to 70%), and D, = 7.41 t.ha' (twice the dose
necessary to increase V to 70%), applied in
August 199. Lime was applied over the entire
soil surface and incorporated to a depth of 30 cm.
The eperimental plots consisted o five grafted
carambola trees (cv. Malasia), with the three
central trees being used for analysis. Spacing was
7 m between rows and 4.2 m between trees.
Carambadla trees were planted on December 12,
1999and were submitted to irrigation.

All plants received NPK throughout the year.
Basic fertilization consisted of a mixture of 200 g
P,Os, 20 L organic compost, 1.0 gB and 2.0 g Zn.
Cover fertilization for the first and second year
consisted o 140 and 200g N and 112 and 50 g
K0 per tree, respedively.

L ayer pH Organic P K Ca Mg  (H+AI) SB T \%
CaCl, matter resin
(cm) (g dm™) (mg dm) (mmoldm™) (%)
0-20 47 18 6 13 9 4 40 143 543 26
2040 44 16 3 Q6 6 3 42 9% 516 19
40- 60 44 16 4 06 7 4 45 116 566 20
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To evaluate the effect of liming on plant nutrition,
leaf calcium content was determined in fully
flowering trees by sampling two types of leaves,
i.e, the 3rd and 6th mature leaf, including the
petiole, in flowering branches. Calcium
concentration was determined in leaves and fruits
according to the method of Bataglia et al. (1983.
Fruits (30 per plot) were colleded (01 March
2002 when they showed a firm texture and a skin
color changing from green to mate, with the
beginning o a yellow color formation at the fruit
base (Donadio et al., 2001). This time of colledion
corresponded to the first year of carambola
production, by 2-year-old trees.

After colledion, the total weight, transverse
diameter (axis perpendicular to the length o the
fruit in the median part), length (axis between the
insertion o the peduncle and the estiolar scar,
juice weight, % juice, soluble solids (°Brix),
titratable acidity, and the soluble solid/ititratable
acidity ratio o the fruits were determined. In
addition, lossof fresh massand fruit firmnesswere
measured daily for 7 days during ambient storage.
Total soluble solid content (°Brix) of the pulp was
measured with atable refractometer (ATAGO-3T).
For the determination of total titratable acidity (g
citric acid per 100 g pulp), 5 mL of pulp was
titrated with 0.1 N NaOH using three drops of 10 g
L phenolphthalein as an indicator, and the results
are reported as g Eqg citric acid/100 ml pulp

B Weight loss
A Firmness

Loss of fruit weight, (%)

(Tresder and Joslyn, 1961). Firmness of the pulp
(N) was determined with a pengtrometer (Model
FDV-10) with a5/16 inch diameter paint.

RESULT S AND DISCUSS ON

As a result of the mean lime doses, a linear
increase in weight loss and a square reduction in
firmnesswas observed for fruits dored for 7 days
(Fig 1). The loss of fresh mass $owed a 6-fold
increase from the first to the seventh day of
storage, while firmness was reduced 1.4 times
during the same period. At the end of storage (day
7), weight loss reached 10%. Singh and Chauhan
(1982, studying guava (cv. L-49) cultivated in
India, observed an 18% weight lossafter 8 days of
storage at ambient temperature. These differences
were due to variations in climatic conditions and
in the fruit species/cultivar used by the authors.
This positive correation between weight loss and
days of storage has also been reported for grapes
(Castro et al.,1999.

Fruit softening has been attributed to changes that
occur in pectin substances cementing the cell wall
which are characterized by the soluhilization o
these substances in the middle lamella (Roe and
Bruemmer, 1981).

y =1.3994x + 0.5652 R = 0.99** 2
y =1.82+0.003x-0.0110¢ R® = 0.97**

Firmness, (N)

1 2 3 4
Days of storage

Figure 1 - Effed of days of storage on the loss of weight and firmness of carambda

(mean of five lime doses).
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At the beginning, relaxation o the cell wall and
hemicdlulose degradation are observed, finaly
foll owed by pectin depolymerization (Huber e al.,
2007, with this process being accelerated when
the fruits are stored at ambient temperature. Prati
(1999, studying carambala of the sweet and acid
types, noted that calcium was effedive in
maintaining fruit texture during industrial
processng, espedally in fruits of the sweet type.

Liming did not affect the physical characteristics
of the fruits auch as total weight, transverse
diameter, length o juice weight, but had a
significant effect on the percentage of juice and
titratable acidity (Table 2). With resped to fruit
length and dameter, values of 10.7 to 11.4 cm and
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5.8 to 6.4 cm, respedively, were high when
compared to measurements made on carambola in
Ceara, with values of 7.74 and 4.51 cm,
respectively (Oliveira & al., 1989), and similar to
those obtained for cv. Malasia in Sdo Paulo, with
mean values of 111 and 5.6 cm, respedively
(Teixeiraet a., 2007).

Although liming increased calcium content in the
leaves (Fig 2), it did not affect fruit growth (Table
2). It is known that calcium does not play a major
role in cel multiplication but rather in the
structure and functioning o  membranes.
Accordingto Tobias et al. (1993, 60% of the total
cdl calcium isfound in the cell wall.

Table 2 - Effects of liming an the physicochemical characterigtics of carambda fruits during the harvest season.

Bebedouro Experimental Citrus Culture Station, SP

Lime Fruit  Transverse  Fruit Juice  Juice Soluble Titratable Ratio
dose weight diameter  length  weight content solids acidity
(t.ha’) (9) (cm) (cm) (9) (%) (°Brix) (g acid/100Q)

0 1243 5.8 107 697 558 9.3 0.28 337
1.85 1423 6.4 114 868 612 9.5 0.25 389
3.79 1358 6.1 112 771 56.7 9.9 0.25 392
5.56 1223 5.9 107 703 57.5 100 0.26 390
7.41 1318 6.4 112 764 57.8 9.9 0.26 381
Ftest § 0.8™ 15" 0.1" 14" 4.1* 2.1" 4.0* 24"
CV.(%) 144 7.8 6.0 156 35 438 4.9 80

§F test (P<0.05); ™, * - nonsignificant and significant at the 5% level of probability; ratio = soluble solid/titratable acidity ratio

g S
=2 =2
< t
S S
E E
- LL
6.4 ® Cgaleaf 3 y=6.57+0.2661x R =0.81* - 0.2
A Caleaf 6 y=6.63+0.3677x R =0.89**
e Cafruit Y=016+0.137x-0.0166X R*=0.75*
5.4 - : T ‘ 0.1
0 1.85 3.79 5.56 7.41

-1
Limestone application, (t ha )

Figure 2 - Effed of the applicaion of lime on the clcium content in the leaves (3rd and
6th) and pulp of carambada (mean of four repetitions).
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The values obtained in the present study for
soluble solids (9.3 to 10.0° Brix) were greater than
the pattern classfied as sveet by Joseph and
Mendanca (1989, which was 4 to 8°. Mikami et
al. (2000 also did not abserve any favorable
influence of calcium or magnesium application to
soils on the mean weight of guava fruits (cv.
Paluma).

The application o lime significantly reduced
titratable acidity and increased athondh not
significantly, the content of total soluble solids and
the soluble solid/titratable acidity ratio. This ratio
was between 33 and 39, a value corresponding to
that necessary for desirable fruit quality according
to Knight Jr. (1989 (ratio >10). The increase in
thisratio (from 33.7 to 39.2) could be eplained by
the deaease in acidity, indicating that the
application o lime to the orchard resulted in
sweeter fruits.

In guava, the technique of calcium application to
fruits did not have any significant effect on their
general chemical characteristics (Amen, 1987 or
the soluble solid/titratable acidity ratio (Giannori,
2000. The higher acidity observed for the control
treatment (without lime) in the present sudy might
be due to increased degradation o ascorbic acid
(Khedkar et al., 1982, or even to a concentration
effed in the fruits as a result of greater moisture
loss(Adsule and Tandon, 1983, since these plants
did not receive any calcium application.

Analysis of the effect of the different lime doses
on each day of storage showed a significant
difference in the fresh mass of the fruits from the
third day of storage (Table 3), and in firmness on
day third and after the fifth day (Table 4). These
beneficial effeds of liming on the post-harvest
quality of carambala in terms of lossof fresh mass
and firmness can be &plained by the known role
of calcium in fruit quality. The application of lime
provided Ca to the plants, increasing its
concentration in leaves and fruits (Fig. 2). This
increase in calcium content as a consequence of
liming was linear for the two types of leaves and
quadratic for fruits. However, the regresson
coefficient of the line was higher for the 6™ leaf
(0.89) than for the 3 leaf (0.81). This finding
might indicate that the 6th leaf is could be bether
for foliar diagnosis of carambola trees;, however,

specific studies invalving aher nutrients would be
necessry to confirm this hypothesis.

The application o lime significantly reduced the
loss of fresh mass from the third day of storage,
with fruits from the control plots showing a 11.7%
weight losson the last day compared to 8.2% for
fruits receiving liming (Table 3). In addition, the
differences between control and liming-treated
fruits increased during storage (up to a certain
point), ranging from 2% on day 4 to 3.5% on day
7. Thisindicate that the bereficia effedsof liming
on the post-harvest preservation o fruits were
more dfedivethe longest storage period.

Since no field studies on carambola trees were
available in the literature, the present results were
compared to those reporting the post-harvest
application o cacium to ahe fruits. No
significant effect of calcium application on the
reduction of fresh mass losses was observed for
guava cv. Kumagai (Carvalho et al., 1998 or
strawberry (Peter, 2001). In contrast, other studies
have shown a difference in fresh mass loss
between fruits treated with calcium and untreated
control fruits, which reached 2% for guava cv.
Sardar (Singh et al., 1981) and 0.2% for guava cv.
Kumagai (Giannani, 2000.

With respect to the dfect of lime on the firmness
of carambdla, a significant increase was observed
on the third day and from the fifth day of storage
(Table 4). These findings on firmness might be
explained, as mentioned earlier, by the role of
calcium in the rigidity of skin tissue and,
consequently, in the deaeased loss of water from
the fruit (Table 3), and even in the reduction of
respiratory rate, proteéin degradation and the
presence of  opportunistic  microorganisms
(Bangerth e al., 1972. The results were in
agreement with those reported by Baldawi e al.
(1981 who dbserved that calcium nutrition o fruit
trees was frequently associated with firmness of
the harvested fruits.

The decrease in firmness of fruits with increasing
storage time was in agreement with Chitarra and
Chitarra (1994, who stated that firmness (or
texture) was grictly related to the solubilization of
pedin substances, with the conversion o insoluble
into soluble pectin.
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Table 3 - Effects of liming an the loss of fresh massof carambda during storage. Bebedouro Experimental Citrus

Culture Station, SP

Limedose Days of storage
1 2 3 4 5 6 7
t.ha* L ossof fresh mass(%)

0 16 33 5.1 6.9 83 9.7 117
1.85 19 39 5.6 7.2 8.8 102 115
3.79 16 35 5.0 6.3 7.7 89 101
5.56 19 35 49 6.0 7.2 8.8 9.6
741 14 2.7 4.6 49 6.2 7.1 82
Ftest § 1.3™ 1.9% 1.7 3.5% 4.3* 4.8* 5.1*
C.V. (%) 231 186 180 153 129 119 127

8§ Ftest ™ and * - nonsignificant and significant at the 5% level of probabil ity

Table 4 - Effects of liming an the firmness of carambda during storage. Bebedouro Experimental Citrus Culture

Station, SP

Lime Days of storage

dose 0 1 2 3 4 5 6 7

t.ha* Firmness(N)
0 18 18 16 15 16 13 11 11
1.85 18 17 17 17 16 14 13 13
3.79 17 18 18 17 17 17 15 12
5.56 18 18 19 17 18 18 18 14
741 19 19 2.0 2.0 18 14 15 16
F test 0.6™ 1.0" 2.7 4.1* 2.2 5.8** 9.8** 4.4*
C.V. (%) 9.3 9.3 9.2 9.0 8.0 117 113 118

S % ** - nonggnificant, and significant at the 5% and 1% levels of probability

Giannori (2000 and Lima and Durigan (2002 did
not observe a positive response of guava fruit
firmness to calcium application. With resped to
post-harvest management, firmness is essential
since firmer fruits are more resistant to the
mechanical injury that occurs during transport and
commercialization.

CONCLUSIONS

The results obtained in this gudy showed that
liming led to a increase of calcium in the leaves
and fruits of the carambola tree. Adequate
nutrition o the plant with calcium improved post-
harvest fruit quality, permitting a longer period of
storage under ambient conditions.
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RESUMO

Tendo como dyjetivo avaliar os €feitos da
aplicacdo de doses crescentes de calcario ao solo,
na qualidade de frutos de caramboleira pda
avaliagdo das alteraces fisico-quimicas dos frutos
ap6s a alheita, foi instalado um experimento em
Bebedouro-SPBrasil, sobre um Latosslo
Vermeho distréfico, acido. Os tratamentos foram
doses crescentes de calcario, em pré-plantio, como
segue: Dy = zero; D; = metade da dose, D, = a
dose D; = 1,5vez adose e D, = 2 vezes a dose
para devar V= 70%. No florescimento da
caramboleira, avaliou-se o teor de cdlcio ma folha
Apbs a colheita dos frutos, determinou-se o teor de
cidlcio ma polpa, o peso dos frutos, diametro
transversal, comprimento, peso da polpa, % de
polpa, °Brix, acidez tituldvel e Ratio dos frutos.
Diariamente, durante sete dias de armazenamento
em condi¢Bes ambiente, determinou-se a perda de
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massa fresca e a firmeza dos frutos. A calagem
proporcionou um aumentou linear de célcio ras
folhas e nos frutos da caramboeira. A nutrigdo
adequada da planta com célcio mehorou a
qualidade dos frutos pos-colheita, permitindo um
periodo de armazenamento mais longo (~ 2 days),
em condi¢des ambiente.

REFERENCES

Amen, K. I. A. (1987), Effed of post-harvest calcium
treatments on the storage life of guava fruits. Assst
Journa of Agricultural Science, 18, 127-131.

Baldawi, A. M.; Sweiden, A. M.; Fayek, M. A. and EL-
Hawary, A. H. |. (1981), Effect of B, Zn and Ca on
growth, fruit quality and storage ahility of Le Conte
pear. Faculty of Agriculture, Ain Shams University:
Egypt.

Bangerth, F.; Dilley, D. R. and Dewey, D. H. (1972),
Effeds of post-harvest calcium treatments on internal
breakdown and respiration of apple fruits. Journa of
the American Society for Horticultural Science, 97,
679682,

Bataglia, O. C.; Furlani, A. M. C.; Teixeira, J P. F,;
Furlani, P. R. and Gallo, J. R. (1983), Métodcs de
andise quimica de plantas. Campinas. Instituto
Agronbmico, 48 pp. (Baletim Témico, 78).

Bernhardt, L. W.; Tocchini, R. P. and Paschoalino, J. E.
(1979, Mudangas que ocorrem durante o
armazenamento de frutas e hortalicas congeladas.
Boletim do Ingituto de Tecnologia de Alimentos,
16, 9-34.

Carvalho, H. A.; Chitarra, M. |. F.; Chitarra, A. B. and
Menezes, J. B. (1998, Eficiéncia da mncentracdo de
cloreto de dlcio e do tempo de imersdo no tratamento
p6s-colheita de goiaba de polpa branca o/. Kumagai.
Revista Brasileira de Fruticultura, 20, 375381

Cadtro, J. V., Park, K. J. and Hondrio, S. L. (1999,
Utilizacdo de embalagens na mnservagdo de uvas
"Red globe". Revista Brasleira de Fruticultura,
21, 150-155.

Cheour, F.; Willwmot, C.; Arul, J; Makhlouf, J. and
Degardins, Y. (1991), Postharvest response of two
Strawberry cultivars to foliar application of CaCl,.
Hortscience, 26, 11861188

Chitarra, M. I. F. and Chitarra, A. D. (1999, Pés
colheita de frutas e hortalicas: fisiologia e manuseio.
Lavras: FAEPE. 293 pp.

Conway, W. S. and Sams, C. E. (1983), Cacium
infiltration of Golden Delicious apples and its effed
on decy. Phytopathology, 73, 1068-1071.

Donadio, L. C,; Silva, J. A. A.; Araljo, P. R. S. and
Prado, R. M. (2001, Caramboleira (Averrhoa
carambola L.). Jabaticabal: Sociedade Brasileira de
Fruticultura. 81 pp.

Garcig, J L. M. (1978), Matéria prima. In: Medina, J
C.; Garcig, J.L. M.; Kato, K.; Martin, Z. J;; Vieira, L.
F. and Renesto, O. V. (Eds). Goiaba: da ailtura ao
processamento e mmerciaizagdo. pp. 47-59. (ITAL:
Séo Paulo, Brazil)

Giannoni, J. A. (2000, Efeito daradiacdo gama e do
célcio na conservagao paés-colheita da gaaba branca
armazenaca sob refrigeracdo. Mader's thesis,
Faculdade de Ciéncias Agrarias, Universidade
Estadual Paulista, Brazil.

Hanson, E. J; Beggs, J. L. and Beaudry, R. M.
(1993, Applying cdcium chloride postharvest to
improve highbush blueberry firmness HortScience,
28,10331034.

Huber, D. J; Karakurt, Y. and Jeong, J. (2001), Pedin
degradation in ripening and wounded fruits. Revisa
Brasileirade Fisiologia, 13, 224-241.

Joseph, J. G. and Mendonga G. (1989), Chemica
characteristics of Averrhoa cacambada L. Proceeding
of the Interamerican Society of the Tropical
Horticulture. Homestead, 33, 121-126.

Khedkar, D. M.; Ansarwadkar, K. W.; Dabhade, R. S.
and Balal, A. L. (1982), Extension of storage life of
guava var.L-49. Indian Food Packer, 36, 49-52.

Knight J., R. J (1989), Carambda cultivars and
improvement programmes. Procealing o the
Interamerican Society of the Tropical Horticulture,
33, 72-78.

Lima, M. A. and Durigan, J. F. (2002, Reguladores
vegetais na conservagdo pos-colheita de goiabas
‘Paluma’. Rev. Bras. Fruticultura, 24, 370-375.

Mikami, E. E.; Pintro, J. C.; Tormena, C. A.; Costa, A.
C. S and Sengik, E. (2000), Influéncia da aplicacéo
de dlcio, de magnésio e de potésso no solo sobre a
producdo de goiaba (Psidium gugava L.) cv. Paluma.
Acta Scientiarum, 22, 1075108L.

Mota, W. F.; Sdloméo, L. C. C,; Pereira, M. C. T,
Vieira, G. and Finger, F. L. (1997), Influéncia do
tratamento pGs-colheita com cdcio na @mnservagdo de
jabuticabas. In: Congres Brasileiro de Fisiologia
Vegetal, 6., Belém. Procedings.. pp. 247. Beém:
Sociedade Brasileirade Fisiologia Vegetd.

Natale, W.; Coutinho, E. L. M.; Boaretto, A. E. and
Pereira, F. M. (1996, Goiabeira: calagem e
adubago. Jabaticabal: FUNEP.

Oliveira, M. N.; Maia, G. A.; Guedes, Z. B. L.;
Guimardes, A. C. L. and Figueiredo, R. W. (1998,
Estudo das caracteristicas fisicas e do rendimento da
carambda (Averrhoa carambola L.). Ciéncia
Agrondmica, 20, 97-99.

Peter, M. A. (2001), Effed of preharvest CaCl, spray
on the postharvest quality of “Rainieg” and “Totem”
strawberries. Acta Horticulturae, 564, 159-163.

Poovaiah, B. W. (1986, Role of calcium in prolonging
storage life of fruits and vegetables. Food
Technol ogy, 40, 86-89.

Brazilian Archives of Biology and Technology



69¢€ Prado, R. M. Etal.

Prati, P. (1999, Avaliacdo de caambda (Averhoa
carambola L.) dos tipos doce e &cido, para o
processamento de fruta em calda Master's thesis,
Escola Superior “Luiz de Queiroz”. USP, Brazil.

Rabelo, J. E. S,; Slva, M. M.; Gaspar, J. W. and Couto,
F. A. A. (1996), Efeito da alicacdo foliar de doreto
de dlcio e &cido bdico sobre o "colapso interno” da
manga "Tommy Altkins'. In Manga teaologia de
produgédo e mercado. (Eds S8o José AR, Souza IVB,
Martins Filho J, Morais OM). pp. 136138
(DFZ/UESB:Vitéria da Conquista).

Roe, B. and Bruemmer, J. H. (1981), Changesin pedin
substances and enzymes during ripening and storage
of "Kett" mangoes. Journal of Food Sience, 46,
186-189.

Silva, A. P. and Vieites, R. L. (2000, Tratamento pos-
colheita @m cloreto de dcio aplicado por
infiltracdo, nas caacteristicas fiscas do
maracujazeiro. Revista Brasileira de Fruticultura, 22,
7376.

Silva, A. V. C. and Menezes, J. B. (2000), Qualidade de
manga "Tommy atkis'submetida a aplicacdo pré
colheita de doreto de cdcio. Revista Bradleira de
Fruticultura, 22, 86-90.

Singh, K. and Chauhan, K. S. (198), Effed of cetain
post-harvest treatments on storage life of cv. L-49 of
guava. Haryana Journal of Horticultural Science, 11,
163-167.

Singh, R. V.; Joshi, M. C.; Ram, H. B. and Bishi, N. S.
(1984, Effed of waxcoating and prepackaging on the
storage behaviour of guava cv. Allahabad Safeda.
Indian Food Packe, 38, 80-85.

Teixeira, G. H. A.; Durigan, J. F.; Donadio, L. C. and
Silva, J. A. A. (2001), Caracterizagdo pds-colheita de
seis cultivares de caambda (Averrhoa carambola
L.). Reviga Brasileira ce Fruticultura, 23, 546-550.

Tobias, R. B., Conway, W. S. and Sams, C. E. (1993),
Cdl wall composition of calcium-treged apples
inoculated with Botrytis cinera. Phytochemistry, 32,
35-39.

Tresder, D. and Jodyn, M. (1961, Fruits and
vegetables juice - processng technology. Westport.
AV Publications, 1961. 1028 pp.

Received: March 19, 2004
Revised: September 22, 2004
Accepted: May 24, 2005

Brazilian Archives of Biology and Technology



