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Preharvest boron application and its relation with the quality of
‘Galaxy’ apples after harvest and controlled atmosphere storage

Aplicacido pré-colheita de boro e sua relacio com a qualidade de macas
‘Galaxy’ apdés a colheita e armazenamento em atmosfera controlada

Auri Brackmann' Fabio Rodrigo Thewes"
Rogerio de Oliveira Anese” Wanderlei Linke Junior"
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ABSTRACT

The aim of this research was to evaluate the effect of
preharvest boron application on the physical and chemical quality
of ‘Galaxy’ apples after harvest and in controlled atmosphere
storage during eight months, plus seven days of shelf life at 20°C.
The experiment was performed with two treatments applied on the
field: [1] Control (fruit without boron application) and [2] Foliar
application of boron (four applications of 1.5kg ha). Findings
showed that the boron application promoted a higher ethylene
production and respiratory rate and it application also reduced the
flesh firmness in relation to the fruits without it. A similar result
was obtained after eight months of storage plus seven days of shelf
life. The preharvest application of boron makes it possible to
harvest apples earlier due to the fact that it accelerates the fruit
metabolism. However, the fruits end up presenting a lower storage
potential as a result of the higher ethylene production, respiration
rate, decay incidence, mealiness and a reduction of the healthy
[fruit percentage and flesh firmness after CA storage.
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RESUMO

O objetivo deste estudo foi avaliar o efeito da
aplicagdo de boro em pré-colheita sobre a qualidade fisico
quimica de ma¢d ‘Galaxy’, apés a colheita e armazenamento
em atmosfera controlada, durante 8 meses mais sete dias de
vida de prateleira a 20°C. O experimento foi composto por dois
tratamentos aplicados a campo: [1] controle (frutos sem aplica¢do
de boro) e [2] aplicagdo foliar de boro (quatro aplicagées de
1,5kg ha''). Apés a colheita, a aplicagdo de boro promoveu maior
produgdo de etileno, taxa respiratoria e reduziu a firmeza de polpa
em relagdo aos frutos sem boro. Resultado similar foi obtido apos
oito meses de armazenamento mais sete dias de vida. A aplicagdo
pré-colheita de boro torna possivel antecipar a colheita pelo fato

de que acelera o metabolismo dos frutos, mas os frutos tem menor
potencial de armazenamento, pois apresentam alta produgdo de
etileno, taxa respiratoria, incidéncia de podridoes, polpa farindcea
e redugdo da porcentagem de frutos sadios e firmeza de polpa apos
o armazenamento em AC.

Palavras-chave: Malus domestica, podridoes, disturbios fisiologicos.

The use of plant regulators is widely
performed on the field in order to regulate plant
growth, fruit development and maturation. Plant
regulators and other products (Boron) are used more
intensively on fruit production than any other crops.
Application of Ethephon (2-chloroethylphosphonic
acid) is extensively used to accelerate the apple
maturation and promote skin coloration (STEFFENS
et al., 2006; BAN et al., 2007). Application of boron
can be used along with Ethephon in order to promote
fruit maturation, skin coloration and staggered harvest
(ERNANI et al., 2010). Furthermore, the application
of boron 21 days after plantation (1.55kg ha') kept a
higher postharvest quality of crisphead lettuce (YURI
et al., 2004) and presented a reduction in the levels of
fruit drop and a higher quality of apples after harvest
(DONG et al., 1997).

Boron is a nutrient that is expressively used
in apple production. Its application (sprinkling) helps
the formation of the pollinic tube, which increases
fecundation, and has a relation with the calcium
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transportation and absorption (MARSCHNER, 1997;
WOICIK et al., 1999). Insufficient boron supply
does not inhibit the pollen germination, but it does
negatively affect the extension of the pollinic tube. A
small pollinic tube elongation, along with a low boron
concentration, is related to the callose synthesis, which
induces the synthesis of phytoalexins (comprising
phenols) in the stigma. This pathway is a defense
mechanism similar to the plant response to microbial
infection (MARSCHNER, 1997). Nevertheless, there
are no researches regarding the effect of preharvest
boron application on apples quality after harvest.
Thus, the objective of this research was to evaluate the
effect of preharvest boron application on the physical
and chemical quality of ‘Galaxy’ apples at the time
of harvest and after eight months under a controlled
atmosphere storage plus seven days of shelf life.

The study was carried out in two stages.
The first stage was carried out on the field in the
city of Vacaria (RS - Brazil), in a commercial
orchard with 6 year old plants, spaced 3.5 meters
between lines and 0.80 meters between plants and
the rootstock used was EM-9. The second stage
was carried out at the Postharvest Research Center
(NPP) of the Universidade Federal de Santa Maria
(UFSM). The experiment was performed with two
treatments applied on the field: [1] Control (only
water application) and [2] Foliar application of
boron, four applications of boric acid (1.5kg ha'),
with an output of 1,000L ha'!, were carried out. The
first boron application was performed one month
before the expected harvest date and the other three
applications were done weekly until the harvest. The
concentration and application of boron were based on
the methodology proposed by ERNANI et al. (2010).
Each treatment was composed of five replicates, with
two plants per plot and 30 fruits were harvested from
each plant. Then, the fruits were separated into two
lots and transported to the NPP, where the physical
and chemical analysis were carried out on the first lot.
Thereafter, the fruits of the second lot were placed in
a hermetically closed chamber (0.233m?) for storage,
at a temperature of 1.5°C (£0. 1), during eight months.
The storage condition adopted had a controlled
atmosphere similar to the one used for commercial
storage with 1.2kPa of O, + 2.5kPa of CO,, and the
relative humidity was maintained at 94% (1.0).
The methodology described in WEBER et al. (2012)
was adopted in order to maintain the desired storage
condition and the relative humidity. The following
analysis were performed after harvest and eight
months of CA storage plus seven days of shelf life
at 20°C (relative humidity of 82+5%): a) Ethylene

production: assessed by gas chromatography. A sample
of approximately 1.5kg of fruits was placed into a 5
liter container and hermetically closed for about two
hours. Next, two samples of ImL were taken from the
container and injected into the gas chromatograph,
the results were expressed in pL C,H, kg'h'; b)
Respiratory rate: determined by the air circulation
of the same container used to ethylene measuring
through a gas analyzer, the data were expressed in mL
CO, kg'h™, according to the methodology proposed
by STEFFENS et al. (2007); c) Flesh firmness:
determined with a penetrometer (11mm) introduced
in the pulp, the results were expressed in Newton
(N); d) Iodine-starch: determined by cutting the fruit
and immerging the pulp in a solution of iodine during
one minute, after this the fruits were classified in
levels (0-10), where 0=100% of starch and 10=0%
of starch; e) Decay incidence; f) Mealiness; g)
Flesh breakdown: evaluated by counting the fruits
that presented any symptons of these physiological
disorders, expressed in percentage; h) Healthy fruit:
determined by the total of fruits minus the fruits
that showed any symptons of decay incidence, pulp
crack, mealiness and flesh breakdown, with the
results expressed in percentage; i) Soluble solids:
obtained by refractometry, the results were expressed
in °Brix; j) Titratable acidity: determined by titration
of a solution that contained 10mL of juice diluted in
100mL of distilled water, with a solution of NaOH
0.1N, the results were expressed in meq 100mL"'. A
variance analysis (ANOVA) was conducted for each
characteristic evaluated; the averages were submitted
to the Tukey test at 5% error probability. The data
expressed in percentage were transformed with the
arc.sin ((x/100)%°) formula and then submitted to the
variance analysis.

No decay incidence or flesh breakdown
were reported after the harvest plus seven days of
shelf life, however, the fruits treated with boron
showed a higher ethylene production in relation to
the fruits without boron (Figure 1A). This fact shows
that the fruits exposed to the application of boron
during pre-harvest had a higher metabolism, which
accelerated the maturation. The higher ethylene
production induced an elevated respiration rate on
the same treatment (Figure 1B). Perhaps the higher
respiration rate is related to the pathway that the
glucose follows. Previous studies suggested that
a high boron concentration stimulates the glucose
consumption by glycolysis and a low concentration
of boron by pentose-P cycle (MARSCHNER, 1997).
Apples have a climacteric metabolism, in which a peak
in the ethylene production occurs and, subsequently,
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Figure 1 - Ethylene production, respiratory rate, flesh firmness, iodine-starch, soluble solids and titratable acidity of ‘Galaxy’ apples after
harvest plus seven days of shelf life at 20°C. Vacaria, RS, Brazil, 2015. "Averages followed by the same letters in the same
variable do not differ by Tukey’s test, at 5% probability (p<0.05).

on the respiration rate (STEFFENS et al., 2007).
The higher ethylene production and respiration
rate culminated in a reduction of flesh firmness
(Figure 1C). WEBER et al. (2012) also suggested
that high ethylene production and respiration rate
decreasead the flesh firmness. Concerning the iodine-
starch, a lower starch concentration was reported
in the fruits submitted to the boron application
(Figure 1D), indicating that these fruits had a higher
metabolism and were riper in relation to the fruits that

did not receive the application of boron. However, the
higher metabolism of fruits with boron did not result
in a lower level of soluble solids and titratable acidity
after the harvest (Figure 1E and F).

Regarding the effect of the boron
application after CA storage, no significant difference
was observed in the flesh breakdown (1.32%) and
in titratable acidity (4.66meq 100mL") levels. The
ethylene production and the respiration rate, observed
upon opening the chamber, had the same response to
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Figure 2 - Ethylene production, respiratory rate, flesh firmness, mealiness, decay incidence, healthy fruits, soluble solids and mass loss
of ‘Galaxy’ apples after eight months in CA storage (1.5+0.1°C and 1.2kPa O,+2.5kPa CO,) plus seven days of shelf life at
20°C. Santa Maria, RS, Brazil, 2015. "Averages followed by the same letters in the same variable do not differ by Tukey’s test,
at 5% probability (p<0.05).
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the application of boron (Figure 2A and B), whilst the
fruits that did not receive boron presented a higher
metabolism. However, after four and six days of shelf
life, the response to boron application was the opposite.
This higher ethylene production and respiration rate,
after four and six days of shelf life, culminated in lower
flesh firmness (Figure 2C). Nevertheless, the lower
flesh firmness may be correlated to the higher mealiness
on fruits submitted to the boron application, once
some researchers suggested that ethylene production
activates enzymes that degrade the cell wall, decrease
the flesh firmness and increase mealiness (PAYASI et
al., 2009).

A higher fungal susceptibility due to
the higher decay incidence (Figure 2E) and lower
percentage of healthy fruits (Figure 2F) were also
verified on the fruits submitted to boron. These results
suggest that fruits submitted to the application of boron
cannot be stored for a long time without presenting a
significant quality loss, such as high decay incidence
and low percentage of healthy fruit. However, fruits
with boron showed higher levels of soluble solids
(Figure 2G) due to the higher metabolism of fruits
submitted to this treatment, leading in cell wall
degradation (Figure 2C and D). Similar results were
obtained in ‘Royal Gala’ apples (BRACKMANN et
al., 2007) and peaches (PINTO et al., 2012).

The preharvest application of boron makes
possible to harvest apples earlier due to the fact that it
accelerates the fruit metabolism. However, the fruits
end up presenting a lower storage potential as a result of
the higher ethylene production, respiration rate, decay
incidence, mealiness and a reduction of the healthy fruit
percentage and flesh firmness after CA storage.

ACKNOWLEDGEMENTS

To Conselho Nacional de Desenvolvimento Cientifico
e Tecnologico (CNPq), Coordenacdo de Aperfeicoamento de Pessoal
e de Nivel Superior (CAPES) and Fundagdo de Amparo a Pesquisa
do Estado do Rio Grande do Sul (FAPERGS), for financial support.

REFERENCES

BAN, T. et al. Effect of ethephon (2-chloroethylphosphonic acid)
on the fruit ripening characters of rabbiteye blueberry. Scientia
Horticulturae, v.112, p.278-281, 2007. Available from: <http:/

ac.els-cdn.com/S0304423806005152/1-s2.0-S0304423806005152-
main.pdf? tid=6473991c-8dda-11e5-9a23-00000aab0f02&acdnat
=1447840663 8beded621a687cf4e29748a2075c5cda>.  Accessed:
Oct. 02, 2013.

BRACKMANN, A. et al. Indug@o da perda de massa fresca ¢ a
ocorréncia de disturbios fisiologicos em maga ‘Royal Gala’ durante
0 armazenamento em atmosfera controlada. Revista Brasileira de
Armazenamento, v.32, n.2, p.87-92, 2007.

DONG, R.H. et al. Boron and fruit quality of apples. Boron in
Soils and Plants, v.76, p.125-129, 1997. Availablefrom: <http://
link.springer.com/chapter/10.1007%2F978-94-011-5564-
9 24#page-1>. Accessed: Oct. 02, 2013.

ERNANI, PR. et al. Pulverizagdes com boro em pré-colheita
antecipam o amadurecimento de magas. In: CONGRESSO
BRASILEIRO DE FRUTICULTURA, 21., 2010, Natal, RN. Anais...
Sao Paulo: Sociedade Brasileira de Fruticultura, 2010. 1 CD-ROM.

MARSCHNER, H. Mineral nutrition of higher plants. 2.ed.
Hohenheim: Academic Press, 1997. 889p.

PAYASI, A. et al. Biochemistry of fruit softening: an overview.
Physiology and Molecular Biology of Plants, v.15, n.2, p.103-
113, 2009. Available from: <http://www.ncbi.nlm.nih.gov/pme/
articles/PMC3550369/>. Accessed: Oct. 05, 2013.

PINTO, J.A.V. et al. Indugdo de perda de massa na qualidade pds-
colheita de péssegos ‘Eragil’ em armazenamento refrigerado. Ciéncia
Rural, v42, n.6, p.962-968, 2012. Available from: <http:/www.
scielo.br/pdf/cr/v42n6/a16012cr5717.pdf>. Accessed: Oct. 06, 2013.

STEFFENS, C.A. et al. Maturagdo da maga ‘Gala’ com aplicagdo
pré-colheita de aminoetoxivinilglicina e ethephon. Ciéncia Rural,
v.36, n.2, p.434-440, 2006. Available from: <http://www.scielo.br/
pdf/cr/v36n2/al2v36n2.pdf>. Accessed: Oct. 10, 2013.

STEFFENS, C.A. et al. Taxa respiratoria de frutas de clima
temperado. Pesquisa Agropecuaria Brasileira, v.42, n.3, p.313-
321, 2007. Available from: <http://www.scielo.br/pdf/pab/
v42n3/03.pdf>. Accessed: Oct. 10, 2013.

WEBER, A. et al. Relative humidity and its interaction with the
storage temperature of ‘Gala’ apples and mutants. Ciéncia Rural,
v.42,1n.12, p.2159-2165, 2012. Available from: <http://www.scielo.br/
pdficr/v42n12/a35312¢r2012-0007.pdf>. Accessed: Oct. 05, 2013.

WOICIK, P. et al. Apple yield and fruit quality as influenced by
boron applications. Journal of Plant Nutrition, v.22, n.9, p.1365-
1377, 1999. Available from: <http://www.tandfonline.com/doi/pdf
/10.1080/01904169909365719>. Accessed: Oct. 15, 2013.

YURL J.E. etal. Comportamento da alface americana em fungéo do uso de
doses e épocas de aplicagido de boro em cultivo de inverno. Horticultura
Brasileira, v.22, n.3, p.593-596, 2004. Available from: <http:/www.
scielo.br/pdf/hb/v22n3/a18v22n3.pdf>. Accessed: Oct. 01, 2013.

Ciéncia Rural, v.46, n.4, abr, 2016.



	OLE_LINK31
	OLE_LINK48
	OLE_LINK11
	OLE_LINK12
	_GoBack
	OLE_LINK40
	OLE_LINK41
	OLE_LINK4
	OLE_LINK5
	OLE_LINK6
	OLE_LINK7
	OLE_LINK47
	OLE_LINK1
	OLE_LINK8
	OLE_LINK9
	OLE_LINK10
	OLE_LINK13
	OLE_LINK44
	OLE_LINK45
	OLE_LINK16
	OLE_LINK19
	OLE_LINK21
	OLE_LINK24
	OLE_LINK26
	OLE_LINK28
	OLE_LINK32
	OLE_LINK33

