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Thidiazuron affects the quality of ‘Gala’ apples stored under controlled atmosphere

Thidiazuron afeta a qualidade de magds ‘Gala’ armazenadas sob atmosfera controlada

Ricardo Fabiano Hettwer Giehl' Ivan Sestari'" Ana Cristina Eisermann' Auri Brackmann'"

ABSTRACT

This work was carried out aiming to evaluate the
effect of thidiazuron (TDZ) on the quality of ‘Gala’ apples
stored under controlled atmosphere (CA) conditions. Plants
were sprayed at full bloom with TDZ at 0, 10, 20, or 40g ha*
(a.i.). Harvested fruits were then stored in CA with 1.0+2.5,
1.5+2.5 and 1.5+5.0 (kPa O,+kPa CO,), both at 0.5°C. In
addition, the partial pressure of 1.5kPa of O,+2.5kPa of CO,
was also evaluated at -0.5°C. Higher flesh firmness and
titratable acidity was obtained by applying 20 or 40g ha* TDZ.
Furthermore, these TDZ doses decreased the respiration rate
as well as the occurrence of flesh breakdown, mealiness and
decay. The application of TDZ at doses ranging from 20 to 40g
ha! maintains higher fruit quality for up to 8 months under
CA. In addition, the storage of ‘Gala’ apples under CA with
1.0kPa O,+2.5kPa CO, at 0.5°C results in higher flesh firmness
and titratable acidity. Moreover, this CA condition reduces the
incidence of flesh breakdown, mealiness and postharvest decay
in ‘Gala’ apple fruits.

Key words: phenylurea, cytokinin, ethylene, postharvest.
RESUMO

O objetivo deste trabalho foi avaliar o efeito da
aplicagdo de thidiazuron (TDZ) na qualidade de magés ‘Gala’
armazenadas em condicdes de atmosfera controlada (AC).
Avaliou-se o efeito do TDZ nas doses de 0, 10, 20 e 40g ha*
(i.a.), aplicadas no pleno florescimento. Apds a colheita, os
frutos foram armazenados em condicdes de AC com 1,0+2,5;
1,5+2,5 ou 1,5+5,0 (kPa de O,+kPa de CO,), ambas a 0,5°C.
Além disso, a pressdo parcial de 1,5kPa de O,+2,5kPa de CO,
também foi avaliada a -0,5°C. Doses de TDZ entre 20 e 40g
ha* mantiveram maior firmeza da polpa e acidez titulavel.
Além disso, essas mesmas doses reduziram a atividade
respiratdria e a incidéncia de degenerescéncia da polpa, de

polpa farinhenta e de podriddes. A aplicagédo pré-colheita de
TDZ, especialmente em doses entre 20 e 40g ha, melhora a
qualidade de magas ‘Gala’ armazenadas em AC por até oito
meses. Em relacdo as condi¢es de AC avaliadas, o uso de
1,0kPa de O,+2,5kPa de CO, a 0,5°C resultou em frutos mais
firmes e com maior acidez titulavel, além de menor incidéncia
de degenerescéncia da polpa, de polpa farinhenta e de
podriddes.

Palavras-chave: feniluréia, citocinina, etileno, pds-colheita.

INTRODUCTION

Thidiazuron [TDZ; 1-fenil-3-(1,2,3-tiadiazol-
5-iljurea] is a phenylurea with cytokinin-like activity
that regulates cell division and thereby affects many
aspects of fruit development, such as growth rate and
fruit shape (PETRI et al., 2001). This chemical shows
many effects on plants, depending on the
concentration, on the time of application and on the
species and/or variety treated. Furthermore, the
interaction of all aforementioned factors with the
environmental conditions might significantly affect the
physiological response of plants to TDZ application
(AMARANTEetal., 2003).

It has been shown that when applied at low
concentrations or close to the full bloom, TDZ increases
effective fructification (PETRI etal.,2001; AMARANTE
etal., 2002), as well as fruit growth (GREENE, 1995).
However, when delayed to 22 days after full bloom, the
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application of TDZ resulted in fruit thinning (GREENE,
1995). In addition, TDZ might also negatively impact
flowering and fruit quality, since application of high
doses inhibited the subsequent flowering
(AMARANTE etal., 2002) and resulted in asymmetric
and/or deformed fruits (PETRI et al., 2001), suggesting
that the mobility and/or redistribution of TDZ into the
fruit is limited.

Besides the effects described above, the
application of TDZ might also affect fruit maturation
(GREENE, 1995; PETRI etal., 2001; AMARANTE etal.,
2003) and ripening (GREENE, 1995). The effect of TDZ
on the ripening process might result from the
interaction with the plant hormone ethylene, since the
supply of cytokinins to Arabidopsis thaliana
seedlings significantly stimulated the synthesis of
ethylene (VOGEL et al., 1998). For instance, the
application of TDZ on ‘Gala’ apples, especially at 10mg
L1, was able to significantly delay the ripening process,
by maintaining higher flesh firmness and starch
contents (PETRI et al., 2001). However, in the same
experiment, TDZ had no effect on either the titratable
acidity or the soluble solid. In another experiment with
‘Gala’ and ‘Fuji’ apples, the spraying of TDZ negatively
affected the visual quality of the fruits by decreasing
peel red color and by increasing the occurrence of
asymmetric fruits (AMARANTE et al., 2003).
Furthermore, TDZ-treated fruits showed higher
occurrence of carperlar decay, as well as impaired
sensorial quality. The last one was reflected as a
reduced titratable acidity and soluble solids content in
‘Gala’ apples and as lower acidity in ‘Fuji’ apples.

As cytokinins might interact with ethylene,
either by affecting its synthesis or perception in plants
and fruits, it becomes important to unveil the potential
benefits or drawbacks of cytokinin-like compounds,
such as TDZ, on the ripening of apples, especially after
long-term storage. Therefore, in the present work we
aimed to investigate the impact of increasing doses of
TDZ sprayed at the full bloom on the quality of ‘Gala’
apples stored under controlled atmosphere (CA)
conditions.

MATERIALS AND METHODS

The experiment was carried out in an
experimental segment of a commercial orchard (Rasip®,
Vacaria, RS, Brazil) during the production year 2003/
2004. ‘Gala’ apple plants were sprayed with TDZ
(Dropp®) at the full bloom stage by means of a turbo
atomizer at a volume of 1000L ha'. The experiment
design was in completely randomized blocks with four
repetitions, where each experimental plot was

composed by six rows with 10 plants. Only the fruits
from the plants located in the center of each experimental
plot were harvested.

Prior to storage, apples were selected by
excluding those excessively ripe or injured. The factorial
design consisted of the combination of the preharvest
application of four TDZ doses (0, 10, 20 ¢ 40g a.i. ha'')
with four controlled atmosphere storage conditions
(1.0kPaO,+2.5kPaCO,; 1.5kPa O +2.5kPa CO,; 1.5kPa
0,+5.0kPa CO, both at +0.5°C; and 1.5kPa O +2.5 kPa
CO, at -0.5°C). All the procedures regarding the
installation and maintenance of both partial pressures
of gases and temperatures inside the storage room were
the same as described earlier by BRACKMANN et al.
(2000) and CERETTA (2003).

Analyses were performed after 8 months of
CA-storage plus 7 days of shelf-life at 20°C. The
physiological parameters assessed were: (a) ethylene
synthesis which was determined by gas
chromatography (Varian®, CX3400) in samples collected
from hermetically tight 5-liter jars containing around
1kg of apples representative for each experimental
sample. Results were expressed as uL ethylene kg h';
(b) the gas composition of the aforementioned sealed
S-liter jars was circulated through a continuous flow-
through O /CO, analyzer (Agridatalog®). The CO,
concentrations measured were then calculated as
respiration rate, expressed as mL CO, kg™ h''; (3) peel
background color, measured by a colorimeter (Minolta®,
CR-310) in the CIE L*a*b* system. Results were
expressed as hue angle (h°), were h°=arc tang (b*/a*),
and as chrome (C*), were C*=[(a**+b*?)""?]. Moreover,
other quality parameters, such as flesh firmness
(expressed in Newton, N), titratable acidity (meq 100mL"),
soluble solids content (°Brix) and the occurrence of
internal breakdown, mealiness and decays (expressed
as % of fruits affected) were also assessed following
exactly the same procedure as described previously
(BRACKMANN etal. 2000).

Data expressed as percentage was tested
and showed non-normal distribution. Therefore, prior
to the analysis of variance these data were transformed
by Y =arc sen (X+0.5/100)"?, where X = original values
as percentage. Firstly, the existence of interactions for
preharvest-applied TDZ concentrations and CA storage
conditions were tested. Since no interaction was
significant at 5% level for any of the parameters
evaluated, the means of each treatment were compared
by Duncan’s test at 5% level.
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RESULTS AND DISCUSSION

After 8 months of CA storage plus 7 days of
shelf-life at 20°C, no significant interaction for
preharvest application of TDZ and CA storage
conditions were detected by ANOVA at P<0.05. The
preharvest application of 20 and 40g ha! of TDZ
significantly reduced fruit respiration immediately after
the removal of fruits from the controlled atmosphere
storage (Figure 1A). While fruits treated with 20g ha™!
TDZ showed lower respiration rate (Figure 1B), those
treated with 10g ha! TDZ had lower ethylene synthesis
after 7 days of shelf-life (Figure 1C). Although

cytokinins are able to delay leaf senescence, little is
known about their effects on fruit ripening. It has been
reported that in some plant tissues cytokinins stimulate
ethylene biosynthesis. For instance, in seedlings of
Arabidopsis thaliana, the supply of cytokinin
increased ethylene production possibly by enhancing
the stability and/or the activity of one ACC synthase
isoform (VOGEL et al., 1998). However, regarding the
positive effects of TDZ in reducing fruit respiration
rates as observed herein, there is no report in the
literature linking cytokinins with the direct control of
respiration.

A B s
LN §
!*\ . \\i__———/
EE° d P
= B
g 22, y= 0.0018% - 0.08x + 6.8354
g8 B g 2
= 0 4 20 R™ =098
R £z
= y= 0.0007x - 0.0633x+ 7.3231 =
S 5
2 R =071 -
0 n
C 16 D »
12 68 *
B ,
g = 7
2 i
= "on g
e —
n & 8 EZ 64
£ 4 ¥
Z = .f
o2 y=-0.0012x" +0.1428x + 7.3544 )
4 R =045 60 y=-0.0046x + 0.3252x + 61.972
R’ =0.80
0 T T T 36
E 45
E 40
4 35
Z = ¢ =0.0321x" - 1.9572x + 34.695
£~ é 3 30 ¥ X : X ]
= = 3 R =0.99
2 E B o5
a@ = 5 = 2
sz = ¥=-0.001x + 0.0477x+ 3.3924 -
0 . R 2220
8 E 3 R =10.63 Z <
i 505
w2
10
5
2 T T T ] T T T
0 10 20 40 0 10 20 40
TDZ concentrations (g ha™!) TDZ concentrations (g haly
Figure 1 - Respiration after CA (A) and respiration (B), ethylene synthesis (C), flesh firmness (D), titratable acidity
(E) and breakdown (F) on ‘Gala’ apples after seven days at 20°C. Shown are the mean values * standard
deviations.
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Higher flesh firmness and titratable acidity
were obtained with the application of TDZ, mainly when
20 to 40g ha'' were applied (Figures 1D and 1E). The
higher acidity observed in TDZ-treated fruits was
probably due to the reduced respiratory activity of
these fruits (Figure 1E). However, these results are in
contrast with those reported by AMARANTE et al.
(2003) in which increasing concentrations of TDZ
reduced significantly fruit acidity. Regarding flesh
firmness, it was also reported in an earlier study that
the application of TDZ in ‘Gala’ apple trees resulted in
fruits with higher flesh firmness at the harvest (PETRI
etal.,2001). In another study, however, the application
of this compound again on ‘Gala’ apple trees at the
full-boom did not significantly affect the flesh firmness
of'the fruits at the harvest (AMARANTE et al., 2003).
These contradictions might indicate that other as yet
uncharacterized factors may also interfere with TDZ to
affect the flesh firmness of ‘Gala’ apples both at harvest
and after storage.

The occurrence of flesh breakdown,
mealiness and decays were significantly reduced by
treating fruits at the preharvest with TDZ, especially
when 20 or 40g ha™! was used (Figures 1F, 2A and 2B).

These results might indicate that the efficiency of TDZ
in controlling decay and physiological disorders in
‘Gala’ apples is highly dependent on the dose that is
chosen. When applied at the full-bloom stage, higher
doses of TDZ increased occurrence of decay in the
carpelar cavity both in ‘Gala’ and ‘Fuji’ apples
(AMARANTE et al., 2003). These negative effects of
TDZ might be related to the reduced concentrations of
calcium in TDZ-treated apple fruits (PETRI etal., 2001;
AMARANTE et al., 2002). Whether the reduced
occurrence of decay and physiological disorders
reported herein were exclusively due to the TDZ-
induced reduction of respiration and/or ethylene
synthesis remains to be unveiled.

The preharvest application of TDZ resulted
in ‘Gala’ apples with greener peel background color, as
demonstrated by the highest values of hue angle (°h)
measured in TDZ-treated fruits after storage (Figure
2C). However, color purity, expressed as chrome (C*),
was not significantly changed in response to TDZ,
independently of the concentration used (Figure 2D).

Besides evaluating the effect of the
application of the cytokinin-like compound TDZ, the
effect of controlled atmosphere conditions on the
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Figure 2 - Flesh mealiness (A) decay (B) and peel color, represented as hue angle (C) and Chroma values (D) on ‘Gala’ apples
after seven days at 20°C. Shown are the mean values + standard deviations.
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maintenance of postharvest quality of ‘Gala’ apples
was also assessed. Reduced ethylene synthesis was
observed in fruits stored under 1.5kPa O,+2.5kPa CO,
at -0.5°C (Figure 3A). These levels of synthesis were,
however, similar to those produced by fruits stored at
0.5°C under 1.5kPa O_+2.5kPa CO, at removal from
storage. After seven days of shelf-life, whereas the
apples stored under 1.0kPa O,+5.0kPa CO, at 0.5°C
showed higher ethylene synthesis, those stored under
1.5kPa O_+2.5kPa CO, at -0.5°C had lower levels of
synthesis. In fact, it has been shown that the expression
and the activity of the main enzymes involved in
ethylene synthesis, namely ACC synthase and of ACC
oxidase, can be delayed by storing fruits under low
temperatures combined with either low levels of O, or
high levels of CO, (GORNY & KADER, 1996;
MATHOOKO et al., 2001). Therefore, the
aforementioned storage condition was possibly able
to delay the onset of the “auto-catalyctic” synthesis
of ethylene. Fruit stored under CA with 1.0kPa
0,+2.5kPa CO, at both temperatures showed lower
respiration rates after 7 days of simulated shelf-life at
20°C (Figure 3B). According to LIU et al. (2004), the
activity of isocitrate dehidrogenase is inhibited by CO,.
This enzyme is responsible for the conversion of
isocitrate to 2-oxoglutarate in the tricarboxylic acid
cycle. The storage of apples under 1.5kPa O_+2.5kPa
CO, at -0.5°C resulted also in low levels of ethylene
synthesis after 7 days of shelf-life, as mentioned above
(Figure 3A). Since the biosynthesis of ethylene
demands ATP, which is generated in e.g. the respiration
process (WILD et al., 1999), the reduced production of
ethylene observed in apples stored under 1.0kPa
O +2.5kPa CO, at -0.5°C might be, at least in part, due
to’the low respiration levels recorded on these fruits.
The storage of ‘Gala’ apples under CA with
1.0kPa O_+2.5kPa CO, reduced fruit softening,
expressed as higher flesh firmness, although this result

did not differ statistically from storage under 1.5kPa
0,+5.0kPa CO, and 1.5kPa O_+2.5kPa CO, at -0.5°C
(Table 1). The best CA condition for ‘Gala’ apples
produced in Brazil has been indicated as 1.0kPa of O,
combined with CO, levels ranging from 2.0 to 3.0kPa
(SAQUET et al., 1997). The loss of flesh firmness in
apples during the storage is most likely the result of
the breakdown of structural bridges between
hemicelluloses and pectins by cell-wall-hydrolyzing
enzymes (SIDDIQUI et al., 1996). The activity of many
of these enzymes, in turn, is strongly affected by CA
conditions (ZHOU et al., 2000).

Apples stored under CA with 1.0kPa
0,+2.5kPa CO, had higher titratable acidity (Table 1).
This result might also be due to the low respiration
activity of these fruits, since low respiration activity
reduced the consumption of malic acid by the activity
of the malic enzyme in the tricarboxylic acid cycle
(GOODENOUGH et al., 1985). The soluble solids
content, however, was higher in apples stored at 0.5°C
under 1.0kPa O,+2.5kPa CO,, even though not differing
statistically from those stored under 1.5kPa O,+5.0kPa
CO, (Table 1).

The storage conditions tested in this
experiment did not significantly affect the peel
background color of fruits, expressed as hue angle (°h)
(Table 1). However, the storage of apples under CA
1.5kPa O_+5.0kPa CO, kept higher values of chroma
(Table 1). In agreement with this observation, it has
been reported that the loss of green color in ‘Gala’
apples may be delayed by the storage under high CO,
levels (3.0 to 4.0kPa) (BRACKMANN et al., 2000).

Flesh breakdown was efficiently reduced
through CA storage at 0.5°C under 1.0kPa O,+2.5kPa
CO, and 1.5kPa O,+5.0kPa CO, (Table 1). Considering
the effect of the two storage temperatures tested, it
was observed that the storage under -0.5°C resulted in
increased flesh breakdown. In this regard, CERETTA
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Figure 3 - Ethylene (A) and respiration (B) of ‘Gala’ apples treated with TDZ, and CA-stored during 8 months plus seven
days at 20°C. *Means separation within columns by Duncan’s multiple range test (P<0,05).
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Table 1 - Quality of ‘Gala’ apples treated with TDZ following CA storage during 8 months plus seven days at 20°C.

Firmness (N) Titratable acidity (meq 100mL™") SSC (° Brix)
0,+CO,(kPa) Temp.(°C)
1.0+2.5 0.5 67.1 a* 397a 125a
1.5+2.5 0.5 63.4b 3.59b 12.1b
1.5+5.0 0.5 65.2 ab 3.61b 12.4 ab
1.5+2.5 -0.5 65.4 ab 3.59b 1220
Storage condition:
%

O0r+CO, (kPa) 0 Hue Chroma Breakdown Mealiness Decay
1.0+2.5 0.5 91.18 a* 48.34b 11.1¢c 8.0c¢c 6.5b
1.5+2.5 0.5 90.29 a 48.00 b 199b 25.0a 8.8 ab
1.5+5.0 0.5 90.42 a 50.88 a 10.1¢ 132b 133a
1.5+2.5 -0.5 9120 a 46.29b 282a 19.6a 9.6 ab

* Means separation within columns by Duncan’s multiple range test (P < 0,05).

(2003) observed that flesh breakdown in ‘Gala’ apples
was significantly increased when the temperature was
decreased from 0°C to -0.8 or -1.6°C.

A reduced occurrence of mealiness in fruits
stored under 1.0kPa O,+2.5kPa CO, at 0.5°C was
observed (Table 1). The development of mealiness in
apples has been associated with reduced cell adhesion
in the flesh, possibly due to an enhanced dissolution
of pectins in the middle lamella and a relatively high
resistance to cell “ruptures” (HARKER & HALLETT,
1992). According to ZHOU etal. (2000), high CO, and
low O, levels can reduce the activity of
polygalacturonases, which are the enzymes
responsible for the hydrolysis of pectins from the cell
wall. The storage of apples under 1.0kPa O, +2.5kPa
CO, at 0.5°C (Table 1) reduced the incidence of decay,
although this effect did only differ statistically from
the storage under 1.5kPa O +5.0kPa CO, (Table 1).

CONCLUSIONS

The preharvest treatment of ‘Gala’ apples
with thidiazuron (TDZ), especially at 20g ha™' improves
the postharvest quality up to 8 months under
controlled atmosphere (CA).

CA storage of ‘Gala’ apples under 1.0kPa
0,+2.5kPa CO, at 0.5°C results in higher flesh firmness
and titratable acidity levels. Furthermore, this condition
markedly reduces the incidence of flesh breakdown,
mealiness and decay.
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