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Keywords: Abstract. This study was designed to confirm the efficacy of anti-transpirant sprays on
Parka, Sureseal, Prunus avium,  yeducing fruit cracking in cherry, and to evaluate the impact on fruit quality at harvest and
cracking, fruit firmness during post-harvest storage. In the study, it was observed that there were differences in the
rate of natural cracking depending on the amount of precipitation, but there were
inconsistencies in the differences. In some trials, the amount of precipitation has no effect on
the rate of cracking, but generally the increase in the amount of precipitation has increased
the rate of cracking. It has been determined that there is a significant reduction in cracking

*Corresponding author rate due to spray applications. Sprays consistently had minimal effect on fruit quality overall.

erdalaglar@hotmail.com Assessments of fruit post-harvest highlighted that all fruit, treated and untreated, exhibited

similar behaviour during storage.

Kirazda Hasatta ve Hasat Sonrasi Depolamada Meyve Catlamasi ve Meyve Kalitesi
Uzerine Anti-Transpirant Sprey Uygulamalarinin Etkisi

Anahtar kelimeler: Ozet. Bu calisma, anti-transpirant spreylerin kirazlarda meyve catlamasini azaltma tzerindeki
Parka, Sureseal, Prunus avium,  etkinligini dogrulamak ve hasatta ve hasat sonrasi depolama sirasinda meyve kalitesi
catlama, meyve eti sertligi Uzerindeki etkisini degerlendirmek icin yiritilmastar. Calismada, yagis miktarina bagl olarak
dogal catlama oraninda farkliliklarin meydana geldigi, ancak olusan farkliliklarda tutarsizliklarin
oldugu gorildi. Bazi denemelerde yagis miktarinin catlama orani Gzerine etkisinin olmadig,
ancak genellikle yagis miktarinin artirmasi catlama oranini artirmistir. Sprey uygulamalarina
bagli olarak catlama oraninda 6nemli azalmalar oldugu belirlenmistir. Spreylerin genel olarak
meyve kalitesi Gizerinde etkisi minimum olmustur. Hasat sonrasi yapilan 6l¢iim ve analizlerde
sprey uygulamasi ve kontrol uygulamasina ait meyvelerin depolama sirasinda benzer davranis

sergiledikleri belirlenmistir.
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INTRODUCTION

The production of sweet cherry fruit is intensive and high-risk. A major challenge throughout the growing
period is rain-induced fruit cracking, and the unpredictable nature of summer rainfalls that have the potential to
reduce both yield and quality (Simon, 2006; Measham et al., 2009; Kaiser et al., 2014). Technologies to mitigate
rain damage, such as rain covers, are costly (Simon, 2006) but there are in field strategies showing promise
(Measham et al., 2009; Kaiser et al., 2014). While less expensive, these strategies must not only improve
marketable yield of fruit but also not induce any negative impacts during post-harvest storage and transport.
Sweet cherry fruit are a thin-skinned, soft fruit and the major challenge post-harvest is maintaining quality for
greater than a few weeks (Mozetic et al., 2006). Many studies (Clayton et al, 2003; Sekse, 2008; Liu et al., 2013)
highlight the need to achieve high quality fruit at harvest, and improve post-harvest quality, extend storage
periods and improve market flexibility but few studies focus on pre-harvest treatments that also show benefits
post-harvest. Fruit harvested and then arriving at retail destinations (domestic or export) must be good quality;
it has been reported that losses of 12% at the retail level can occur due to low quality fruit (Clayton et al, 2003)
Maintaining fruit quality starts with producing optimum fruit at harvest. Prevention of rain-induced fruit
cracking during the growing season has a long history of investigating different spray applications with
inconsistent results. Long et al. (2009) suggest that some of the inconsistency associated with sprays is the
inconsistent level of wax components in fruit skin, and it has been established that no new cuticle formation
occurs in the later stages of fruit growth (Knoche et al., 2001) but becomes thin and under stress as fruit
enlarges allowing for increased skin conductance to water (Knoche and Peschel, 2001; Knoche et al,, 2004).
Additionally, fruit can develop microscopic cuticular fractures during the last two weeks of their growth period
(Hovland and Sekse, 2004) further reducing the natural barrier to water uptake (Alkio, 2012). It is this loss of
integrity that is thought to promote the visible cracking that is associated with rainfall. Measham et al. (2010)
suggested that inconsistency can also be associated with crack types not being differentiated in studies. The
assumptions underlying the use of sprays is to prevent uptake of water across the fruit skin, by either providing
an artificial covering on the fruit to improve integrity of the fruit surface or changing the osmolarity of the fruit
surface (Sekse, 1995). Anti-transpirants, such as Bioguard® (a calcium based product), and Vapor Gard ® (a
terpene polymer providing a protective film) have been trialled in relation to fruit cracking, on the premise that
they will limit water uptake, as well as loss, from the fruit (Hanson and Proebsting, 1996). Anti-transpirants are
commonly used to reduce plant water stress however they have also been shown to negatively impact on the
levels of soluble solids because they limit gaseous exchange (Webster and Cline, 1994). Bioguard® reduced
cracking by 52% in variety ‘'Van' in trials in South America (Torres et al., 2009). Recent investigations of a new
copolymer of stearic acid, cellulose and calcium (SureSeal) and a related product by the same developers with
palm oil replacing the stearic acid (Parka®), has shown that anti-transpirants may have considrerable potential.
A preliminary trial in Norway resulted in a 15% reduction of cracked fruit with the application of SureSeal in
conjunction with rain covers while further trials testing rate of application showed a reduction of up to 250%
cracking and an increase both soluble solids and fruit pedicel retention force, but some reduction in firmness
(Kaiser et al., 2014).

Cherries decay rapidly post-harvest (Mozetic et al, 2006) and the inability to extend storage times has
economic implications (Liu et al., 2013) especially for countries exporting to counter-seasonal markets. Cold
storage is common for much horticultural produce (Clayton et al, 2003; Hu et al, 2011) and cherries are no
exception with typical storage temperatures varying between 0°C and 5°C (lkediala et al, 2002; Mozetic et al.,
2006; Puniran et al., 2012). Cooler temperatures, high humidity and modified atmosphere packing are all in use
for cherry post-harvest storage and will reduce the rate of respiration and subsequent loss of water and sugars
(Wang and Long, 2014). In cherries the rate of respiration has been shown to differ with varieties (Wang and
Long, 2014). However, cherry fruit degradation may still occur due to high skin conductance to water. During
storage cuticle integrity will impact on water loss and rate of degradation. Waxy coatings have shown to retard
water loss and increase firmness of pineapples (Hu et al, 2011) and are a common technique to delay
degradation in a number of fruit and vegetable products. To date, applying coatings on cherries post-harvest is
difficult given the delicate nature of the fruit however applying coatings pre-harvest could be used.

Consequently, these current studies were designed to comprehensively investigate the effects of application
of a novel cracking-prevention spray on sweet cherry fruit quality at harvest, but also on quality after post-
harvest storage. In this way, a level of confidence in the use of this management strategy for fruit cracking can
be determined. The study further aimed to confirm the efficacy of the spray to increase yield through the
reduction of cracking.
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MATERIALS AND METHODS

Plant Material and Trial Sites

Trials were undertaken in both northern and southern hemisphere cherry producing regions; see Table 1 for
trial year, location, region and cherry variety. Mature cherry trees of several variety, rootstock and training
system combinations were used; based on the common combination for each region. Those combinations
included ‘Stella, ‘Simone’ and ‘Sweetheart’ on F12/1 rootstock trained to a Kym Green Bush system; ‘Skeena'/Gi
6/multi-leader bush, 0900 Ziraat/Gi 6; tall spindle axe and 'Early Burlat’/Mazzard/multi-leader bush. All trial trees
were managed under commercial practices common to the region and were representative of commercial
production.

Table 1. Trial details.
Cizelge 1. Deneme detaylart.

Trial Country Region Location Variety Harvest Rainfall Yield
(mm) (t ha)

1 Australia South Aust Lenswood Stella 01/01/11 18.8 16.1

2 Australia South Aust Lenswood Simone 14/01/11 17.0 154

3 Australia Tasmania Huonville Sweetheart 25/01/11 58.2 124

4 Australia Tasmania Old Beach Sweetheart 03/02/11 494 9.8

5 Australia Tasmania Huonville Sweetheart 01/02/12 53.6 10.6

6 USA Oregon The Dalles Skeena 07/03/13 193 8.4

7 USA Oregon Dufur Skeena 07/12/13 11.7 54

8 Turkey Manisa Turgutlu 0900 Ziraat 09/06/14 29.6 2.0

9 Turkey Aydin Soke 0900 Ziraat 10/06/14 77.6 9.7

10 Turkey Usak Esme Early Burlat NA 85.8 NA

Climate

In the southern hemisphere regions in Trials 1-5 climate data were accessed from the nearest Bureau of
Meteorology weather station (within 5 km from trial sites) with the total amount of rainfall recorded for each
site during the three-week period prior to harvest. Weather data for Trials 6-10 were obtained from grower
owned weather stations located in the orchard, or in the case of Trial 6, within 2 km of the trial.

Trial Designs

Trials 1, 2, 3, 4 and 5 were undertaken in a randomised complete block design, with five replicates of eight
tree plots. Each plot was isolated from other trees by four buffer trees within rows, and two rows within the
block. After harvest, a full block was abandoned in each of trials 3 and 5 due to issues beyond the control of the
experiment (pickers moving in early and irrigation failure respectively) leaving 4 replicates for analysis.

Trials 6 and 7 were undertaken in a randomized complete block design, with six replicates of four tree plots.
Each plot was isolated from other trees by four buffer trees within rows, and one row within the block.

Trials 8 through 10 were undertaken in a randomized complete block design, with six replications of twenty-
five trees per plot. Each replication was isolated from others by a buffer row.

Treatments for all trials included spray applications of SureSeal (SS) or Parka (P) and a no-spray control.
Spray applications for trials 1-5 used SS, trials 6 and 7 used both SS and P at different application timings to
assess any difference both between products and time of application. Timings included immediately after shuck
fall (T1), straw colour (T2), 10 days after straw colour (T3) and straw colour plus 10 days after straw colour (T4).
Spray applications for all other trials were applied according to the manufacturers’ instructions (equivalent to
T4) based on previous studies (Kaiser et al. 2014). All spray applications were made using commercial hydraulic
airblast sprayers.

Fruit Assessments-Harvest and Post-Harvest

In the study, harvest maturity (in line with commercial harvest) subsamples were collected for quality
analysis. For trials 1-5 and trials 6-10 at least 2 kg and 1kg fruit respectively were harvested from each trial tree
in each plot and transported immediately for assessment of cracking and quality parameters. Cracking was
recorded as a percentage of total fruit for each plot. Additionally, in trials 1-5 cracks were differentiated into
side-cracked, end-cracked (apical and stem-end) and non-cracked fruit given previous studies highlighting the
different mode of water uptake responsible for each crack type (Measham et al,, 2010). A subsample of 25 non-
blemished fruit from each tree in each plot was assessed for quality at the time of harvest with means for plots
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used for analysis. A further subsample of 25 fruit was stored for two weeks at between 0-2°C and assessed as
per fruit at harvest.

In all trials were: total soluble solids (recorded in brix using an Atago digital refractometer), size (recorded in
mm at the widest point of the fruit using digital calipers), and firmness (recorded in mm g using a Bioworks
Firmtech 2 for Trials 1-7 and in N using a Zwick Z0.5 (Zwick/Roell Z0.5, Germany) for Trials 8-10). Titratable
Acidity for trials 3-5 was also assessed (recorded in g L using an MEP Instruments Metrohm 702 Titrino auto-
titrator), In trials 5-7, pedicel-fruit retention force (FPRF) was recorded in g using either a stand mounted Mark
10 force gauge or a Shimpo FGV-5X force meter.

Statistical Analysis

Proc glm ANOVA (SPSS and SAS) was used to assess effect of spraying on cracking and quality parameters
at harvest, and post-harvest. Two-way ANOVA was used to assess the impact of spray type and timing of
application in Trials 6 and 7. Percentage data (cracking incidence) was transformed prior to analysis but means
of raw data are presented in the results. Fisher's protected least significant difference was used to compare
mean treatment effects (where there were no treatment interactions). Significance level was set as P<0.05.

RESULTS

Climate

All trials received rainfall in the three-week period prior to harvest (Table 1). Prior to this no cracks were
evident on visual inspection of all trial sites. It was observed that there were differences in the rate of natural
cracking depending on the amount of precipitation, but there were inconsistencies in the differences. In some
trials, the amount of precipitation has no effect on the rate of cracking, but generally the increase in the amount
of precipitation has increased the rate of cracking. It has been determined that there is a significant reduction in
cracking rate due to spray applications.

Impact of Sprays on Cracking at Harvest

Significant reductions in total cracking due to spray treatments were seen in each trial; significant reductions
were seen in 9 of the 10 trials (all except trial 6). Total cracking incidence for trials 1-5 and 8-10 are presented in
Table 2. In trial 2 the reduction in cracking incidence in the field at harvest was due to lower incidences of both
end cracks and side cracks (Figure 1) but the reductions seen in trials 4 and 5 were due to significant decreases
in the level of end-cracks (apical and stem-end), not side cracks (Figure 2). Furthermore, while there was lower
incidence, but not a significant reduction, of total cracks in trials 1 and 3, there were significantly less end-cracks
with spray applications. In trial 6, there was no significant interactions, or main effect of product or timing on
cracking incidence, but trial 7 showed that while there was no interaction or difference between spray types
(cracking incidence with SureSeal was reduced to 2%, and with Parka (P) to 1.7% compared to 4.5% without any
spray application), there was a significant impact of application at all application times compared to the control
(Table 3). Trials 8 low levels of rainfall, 9 and 10 showed clear and significant reductions in total cracking after
high levels of rainfall (Table 2).
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Figure 1. Total cracking incidence (%) in treated (spray application) and untreated trees from trial 2.

Sekil 1. Deneme 2'den sprey uygulanmis ve uygulanmamis adaglarda toplam ¢atlama indeksi (%).
A significant reduction was found in total, side and end-cracked fruit (P < 0.01, P = 0.04 and P < 0.01 respectively). Raw data (percentage of
incidence) provided in figure, but significance was determined by ANOVA using transformed data.
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Figure 2. Total cracking incidence in treated (spray application) and untreated trees from trials 1, 4 (A) and 5 (B).

Sekil 2. 1, 4 (A) ve 5 (B) denemelerinden sprey uygulanmts ve uygulanmamis agaclarda toplam ¢atlama indeksi.
A significant reduction was found in total and end-cracked fruit in both trials. Significance was determined by ANOVA using transformed data. Raw
data (percentage of incidence) provided in figure.

Table 2. Cracking incidence (%) in treated spray applications of SureSeal (SS) or Parka (P) and untreated control (C) trees
from trials 1-5 and 8-10.

Cizelge 2. 1-5 ve 8-10 denemelerinde  SureSeal (SS) veya Parka (P) sprey uygulamalar: ve kontrol (C) uygulamasina ait
agaclarinda ¢atlama indeksit (%).

Trial Treatment Cracking (%)
1 C 840 a
SS 6.64 b
2 C 1244 a
SS 6.86 b
3 C 4319 a
SS 28.04 b
4 C 46.85 a
SS 31.93b
5 C 44.89 a
SS 20.99 b
8 C 2133 a
p 12.00 b
9 C 3133 a
p 716 b
10 C 36.33 a
p 29.16 b

Raw data (percentage of incidence) provided but significance was determined by ANOVA using transformed data. Within trials and columns, values
followed by the same letter were not significantly different at P < 0.05.

Table 3. Cracking incidence (%) in trees subjected to different timing of treatment applications in trials 6 and 7.
Cizelge 3. 6 ve 7 numarali calismalarda uygulama zamant farklt olan agaglarda catlama indeksi (%).

Trial Timining Cracking(%)
C 13.60 a
T1 10.75 b

6 T2 8.66 b
73 7.16 b
T4 6.03 b
C 433 a
T1 2.00 b

7 T2 183 b
73 183 b
T4 1.75b

A significant (P < 0.05) impact of treatment on cracking incidence was found in trial 7.No interactions between treatment type (SureSeal (SS) or Parka
(P)) and timing of spray application (T1, T2, T3, T4) was noted in either trial 6 or 7. In both trials there was no significant difference in treatment type.
Raw data (percentage of incidence) provided in table, but significance was determined by 2-way ANOVA using transformed data. Within trials and
columns, values followed by the same letter were not significantly different at P < 0.05.
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Impact of Sprays on Quality at Harvest

Sprays consistently had minimal effect on fruit quality overall; some small improvements were seen. Trials 3,
5, and 9 produced fruit that showed no significant difference in any of the quality parameters measured. Trials
4, and 10 recorded improved quality parameters in fruit from sprayed trees. In trial 4 spray applications
increased both size and firmness of fruit and TSS too (Table 4). Trial 10 showed improvements in all quality
parameters (Table 5). Trials 1, 2 and 8 showed fruit with less sugar at harvest after spray application, and in trials
1 and 2 only decrease significant in firmness (Tables 4 and 5) although values were still above those favourable
for export.

Table 4. Fruit quality parameters for fruit at harvest from treated (SS) and untreated control (C) trees from trials 1-5.
Cizelge 4. 1-5 denemelerinde SureSeal uygulanmus ve uygulanmamus kontrol agaclarinda hasatta meyve kalite parametreleri.

Trial Treatment TSS Width Firmness
(° brix)] (mm) (mmg™)
1 C 1322 a 26.08 a 3405 a
SS 12.34 a 2581a 325.1b
2 C 18.59 a 2558 a 3506 a
SS 16.87 b 2597 a 3323b
3 C 15.83 a 29.64 a -
SS 16.40 a 29.13 a -
4 C 16.98 b 2546 b 400.8 b
SS 18.70 a 27.50 a 482.1a
5 C 21.04 a 28.70 a 4589 a
SS 2199 a 2945 a 4429 a

Within trials and columns, values followed by the same letter were not significantly different at P < 0.05

Table 5. Fruit quality parameters for fruit at harvest from treated (P) and untreated control (C) trees from trials 8-10.
Cizelge 5. 8-10 denemelerinden elde edilen Parka uygulanmis ve uygulanmamts kontrol agaclarindan hasatta meyve kalite
parametreleri.

Trial Treatment TSS Width Firmness
(° brix) (mm) (mmg™)
8 C 1348 a 28.57 a 1274 a
P 1148 b 29.65 a 12.12 a
9 C 1473 a 2831a 11.71a
P 13.86 a 27.60 a 12.54 a
10 C 10.90 b 2526 b 1216 b
P 12.81 a 3203 a 13.40 a

Within trials and columns, values followed by the same letter were not significantly different at P < 0.05.

Impact of Sprays on Post-Harvest Quality
Assessments of fruit post-harvest highlighted that all fruit, treated and untreated, exhibited similar behaviour
during storage; many of the significant differences seen in fruit at harvest were still apparent 2 weeks after
storage (Tables 6-8). Trials 3, 8 and 9 again showed fruit with no significant differences in quality parameters
between treatments at 2 weeks post-harvest. Fruit from trials 1 and 2 showed the same pattern as at harvest
(significant decreases in sugars and firmness with treatment) while the decrease in fruit sugars seen in trial 8
was not seen after storage. Control fruit in trial 5 decreased in size more than treated fruit during storage and
resulted in a significantly smaller fruit at postharvest than at harvest. In trial 4, fruit from trees sprayed pre-
harvest were significantly higher in size and sugars than control fruit. A large drop in sugars during storage was
noticed in trial 4 in fruit from untreated trees compared to treated trees (3 degrees brix compared to 0.3).
While results postharvest mirrored those at harvest in trial 7 differed slightly. Trial 7 showed that there was no
significant difference in the type of spray application (SS and P) treatment at either harvest or post-harvest, but
in trial 7 there was a significant impact of treatment on fruit quality. Application at 10 days post straw colour
(T4) simultaneously showed increased size and reduced firmness in fruit post-harvest (Table 7). In general, fruit
parameters showed small and insignificant changes over the 2 week storage period (i.e. about 1 mm and 0.5
degrees brix for size and sugars respectively) across treatments and in trials 1, 2, 4, 5 and 10 changes were
significant. Trial 5 was extended to include assessment at 28 days post-harvest storage, this showed continued
slow rate of degradation in fruit from both treated and untreated trees (Figure 3).
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Table 6. Fruit quality parameters after 2 weeks post-harvest storage for fruit from treated (SS) and untreated control (C)
trees from trials 1-5.

Cizelge 6. 1-5 denemelerinden SureSeal uygulanmis ve uygulanmamus kontrol agaclarinda elde edilen meyvelerde 2 hafta
depolamadan sonra meyve kalite parametreleri.

Trial Treatment TSS Width Firmness
(° brix) (mm) (mmg)
1 C 13.59 a 2516 a 3467 a
SS 12.04 b 2539 a 3312 b
2 C 18.09 a 25.04 a 3523 a
SS 1643 b 2510 a 3344 b
3 C 1542 a 2874 a -
SS 16.58 a 29.12 a -
4 C 13.71b 2465b 392.7 a
SS 1844 a 26.62 a 4481 a
5 C 19.90 a 2773b 466.5 a
SS 2233 a 2933 a 4494 a

* Within trials and columns, values followed by the same letter were not significantly different at P < 0.05.

Table 7. Fruit quality parameters after 2 weeks post-harvest storage for fruit from trees subjected to different timing of
treatment applications in trial 7

Cizelge 7. Deneme 7'de farkli uygulma zamanlamasina tabi agaclardan elde edilen meyvelerde hasat sonrast depolamadan 2
hafta sonra meyve kalite parametreleri.

Trial Timing TSS Width Firmness
(° brix) (mm) (mmg")

C 16.71a 25.17 b 44716 a

T1 16.53 a 25.85b 42420 a

T2 16.80 a 25.87b 436.50 a

7 T3 16.23 a 2570 b 42948 a
T4 17.06 a 2645 a 406.02 b

The effect of treatment type (SureSeal (SS) or Parka (P)) was not significant; the timing of spray application (T1, T2, T3, T4) showed differences in fruit
size, and firmness. Values followed by the same letter were not significantly different at P < 0.05.

Table 8. Fruit quality parameters after 2 weeks post-harvest storage for fruit from treated (SS) and untreated control (C)
trees from trials 1-5.

Cizelge 8. 1-5 denemelerinden SureSeal uygulanmis ve uygulanmamus kontrol agaclarinda elde edilen meyvelerde 2 hafta
depolamda sonra meyve kalite parametreleri.

Trial Treatment TSS Width Firmness
(° brix) (mm) (N)

8 C 1420 a 28.59 a 1322 a
P 14.48 a 28.62 a 12.50 a
9 C 14.53 a 27.85 a 11.50 a
P 14.85 a 2742 a 1238 a
10 C 13.70 a 30.14 b 12.69 a
P 1415 a 3181b 13.78 a

* Within trials and columns, values followed by the same letter were not significantly different at P < 0.05.
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Figure 3. Fruit sugars (A), size (B) and firmness (C) in fruit from treated (SS; light bars) and untreated control (C; dark bars)
trees at harvest (0 days) and after 14 and 28 days of storage post-harvest (trial 5).

Sekil 3. Hasat (0 giin) ve hasattan 14 ve 28 giin sonra depolamada Sureseal uygulanmus (actk renkli siitunlar) ve kontrol (C;
koyu renkli siitunlar) agaclarindan elde edilen meyvelerdeki seker (A), bliyiikliik (B) ve meyve eti sertligi (C) hasat sonrast

depolama (deneme 5).
Error bars represent the standard error of the mean.

DISCUSSION

This study was designed not just to confirm the efficacy of anti-transpirant sprays on reducing fruit cracking
in cherry, but to evaluate the impact on fruit quality at harvest and during post-harvest storage. We have shown
that fruit cracking can be significantly reduced without loss of quality at harvest, or after post-harvest storage
(except trials 1 and 2). Furthermore, this study provides a higher level of confidence in using pre-harvest sprays
such as SureSeal and Parka than has previously been determined. The significantly higher yields resulting from
the use of both SureSeal and Parka consisted of fruit of high quality, which performed well post-harvest and
was capable of meeting market expectations. We have demonstrated that increasing marketable period of
sweet cherry fruit through reduced damage with pre-harvest applications is possible, and that fruit quality at
post-harvest is maintained.

Given there was no significant difference in the impact on cracking incidence or fruit quality of the 2 spray
types (SureSeal and Parka) assessed in this study, we will discuss results in the context of the sprays being the
same. Reduction in rain-induced cracking damage of fruit was significant in all trials; a 20% reduction was seen
even with rainfall amounts of up to 86 mm in the weeks preceding harvest in trial 10. Trial 5 saw a reduction in
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cracking of 53% with 53 mm of rain. Rainfall amount was not related to cracking incidence, in accordance with
Measham et al. (2009) that quantified cracking and rainfall over several years and varieties, and with Nielsen et
al. (2014) that reported different cracking levels with similar rainfall amounts. There are now a growing number
of studies (Lane, 2000; Measham et al., 2009; Measham et al., 2012; Nielsen et al.,, 2014) that support a strong
environmental as well as an anatomical influence on susceptibility. In this study, spray applications resulted in
significant reductions in end-cracks but not side cracks, supporting the notion that these crack types are
generated by water uptake across the skin (Measham et al,, 2010). It further supports the idea that resilience
can be built into the fruit prior to rainfall events through spray applications and it follows then that fruit skin
properties are critical in response to environment, and that anatomical features can be more easily manipulated
than environment. It is worthwhile nothing that in this study, high reductions in cracking (77% and 53% in trials
9 and 5 respectively) were noted with high levels of rainfall. Thus, as a strategy to build resilience in fruit
(particularly through skin covering that prevents water uptake) these sprays offer benefit.

Adequate skin and cuticle integrity and skin elasticity are also important for optimal quality of fruit at harvest
and during storage. Preventing water loss from fruit is equally important in maintaining quality as water uptake.
Loss of water will impact on fruit size which is a key indicator of economic value (Zhang and Whiting, 2011;
Puniran et al., 2013), and can be rapidly lost during both the harvest process and during post-harvest storage. It
has been determined that the acceptable weight loss from orchard to consumer is only 5%. This study
highlights that water loss from fruit was not enhanced pre-harvest with spray applications; fruit size was not
significantly different, and in 2 trials (4 and 10) size was actually greater with spray treatment (as would be
expected given the anti-transpirant nature of the product). Indeed, this anti-transpirant effect seems to have
remained during storage in one trial (trial 5) which showed a greater loss in size in treated fruit after storage
compared to untreated. Water loss is a critical factor in postharvest management of cherry fruit during storage
given that cherry fruit have a relatively thin skin and higher water conductance than other fruit. Thus having a
potential new option for water loss post-harvest in addition to managing temperature and relative humidity
would be beneficial, and warrants research into the use of anti-transpirants post-harvest. Hu et al (2011)
proposes that the addition of coatings help maintain firmness in fruit due to decreased water loss. Cherry fruit
have been shown to become firmer during storage in other studies (Mozetic, 2006; Bound et al, 2013). This
study also showed fruit which increased in firmness over time, albeit only slightly, in all but 2 trials. Loss of
firmness, however, can also result from other physiological actions such as degradation of cell walls (Sekse,
2008) in addition to water loss. In one trial (trial 4) there was a greater loss of sugars during storage in control
fruit compared to treated fruit. It is possible that in this trial, greater respiration was promoted via a less
complete fruit covering. Greater respiration can also be associated with a higher incidence of decay organisms;
this was not assessed in this study but in field observations noted a higher than usual disease incidence at
harvest, rainfall was higher than usual (monthly average is 27 mm). Again, there is the potential to expand
research regarding pre-harvest spray management to improve the understanding of the impact of coating on
disease prevention during cherry fruit storage.

However, the results of this study showed that edible coating materials applied to reduce the rain-induced
cracking can be used to maintain fruit quality in storage. We provide evidence that of the continued benefit of
pre-harvest treatment post-harvest. Future investigation should target postharvest water transpiration patterns
(Measham et al,, 2012) and possible treatment for in-line cracking, and post-harvest cracking.

CONCLUSIONS

The use of both SureSeal and Parka improved the yield of marketable cherry fruit (except trials 1 and 2).
Reduced cracking was achieved, with negligible impact on fruit quality at harvest, or after storage. This
highlights the use of such sprays as a viable management technique for achieving a more consistent supply of
high quality fruit, and reduces the risk of variable climates. It also exposes the potential for these products to be
an alternative to other post-harvest chemical treatments for storage problems such as water loss and fungal
decay.
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